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Abstract

Objective: If bone absorption exceeds bone formation, bone mineral density decreases. If concentration of
parathyroid hormone (PTH) is high and concentration of estrogen is low, bone absorption is accelerated. Deficiency
in vitamin D and K leads to deterioration of bone quality, which leads to increased risk of fracture. We evaluated the
relationship among age, sufficiency situation of vitamins, bone metabolic markers, and PTH according to man and
woman in order to identify high risk group of fracture.

Methods: The subjects are 207 workers in Keio University who took staff medical examination. As markers
evaluating the sufficiency of vitamins, 25-hydroxy vitamin D (25(OH)D) and undercarboxylated osteocalcin (ucOC)
were measured. Bone alkaline phosphatase (BAP), tartrate-resistant acid phosphatase (TRACP)-5b, intact PTH,
calcium (Ca) and phosphate (P) were also measured. Then, correlation among 25 (OH) D, ucOC, BAP, TRACP-5b,
intact PTH, Ca, P, and age were investigated according to man and woman.

Results: Both in man and woman, there was a strong positive correlation among ucOC, BAP, and TRACP-5b. In
both sexes, there was a negative correlation between both Ca and intact PTH, and P and intact PTH. ucOC, BAP,
and TRACP-5b correlated positively with age only in women.

Conclusions: Sex hormones might play small role in the correlation among ucOC, BAP, and TRACP-5b. On the
other hand, in woman, estrogen deficiency might play important roles in the positive correlation between age and
three parameters: ucOC, BAP, and TRACP-5b.
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Introduction
Osteoporosis is the condition where fracture risk is increased in

whole body. From before, it has been known that female gender, old
age, and low bone mineral density [1] are the major risk factors for
osteoporotic fractures.

Even after the bone grew up, bone absorption by osteoclast and
bone formation by osteoblast are being repeated. This process of bone
destruction and formation is called bone remodeling [2]. In other
words, bone tissue is being renewed constantly. When the speed of
bone renewal is high, it is called ‘high bone turnover.’ When this speed
is low, it is called ‘low bone turnover.’ Under normal condition, the
amount of bone absorption and bone formation is equal [3]. If bone
absorption exceeds bone formation, bone mineral density decreases.

Estrogen suppresses bone absorption by increasing osteocytes and
by decreasing osteoclasts. Accordingly, the decrease in secretion of

estrogen leads to the decrease in bone mineral density, in other words,
the decrease in bone mass [4]. Menopause is an important risk factor
for fractures. Hormone replacement therapy with estrogen, which is a
major therapy of menopausal disorders, also increases bone mass [5].
Parathyroid hormone (PTH) is another hormone which plays great
roles in osteoporotic fracture. If the serum concentration of PTH is
chronically high, bone absorption by osteoclast is accelerated and bone
mass decreases.

In the National Institutes of Health Consensus Development Panel
on Osteoporosis Prevention, Diagnosis, and Therapy convened in
2000, osteoporosis was defined as a condition where bone strength is
lowered by decreased bone mineral density and by deteriorated bone
quality [6]. Bone strength is regulated by both bone mineral density
and bone quality. Not only decreased bone mineral density, but also
deteriorated bone quality increases the risk for fracture. It is speculated
that the deficiency in vitamin D and K [7] leads to the deterioration of
bone quality, which leads to increased risk of fracture.

Taking these backgrounds into consideration, we conducted this
retrospective cohort study in order to identify the high risk group for
fracture by evaluating the association among age, degree of vitamin D
and K sufficiency, bone metabolic markers, and PTH levels according
to man and woman.
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Methods
We performed a retrospective cross-sectional study in 207 healthy

Japanese (101 men and 106 women, age 54.8 ± 7.2 years). All of the
subjects were the workers in Keio University who took staff medical
examination. The study was approved by the ethics committee of Keio
University School of Medicine and performed in accordance with the
Declaration of Helsinki. Written informed consent was obtained from
all participants.

At staff medical examination, we collected blood samples for the
measurement of the serum concentration of 25-hydroxy vitamin D
(25(OH)D), undercarboxylated osteocalcin (ucOC), bone alkaline
phosphatase (BAP), tartrate-resistant acid phosphatase (TRACP)-5b,
intact PTHcalcium (Ca), and phosphate (P). 25(OH) D and ucOC
were used as markers evaluating the sufficiency of vitamin D and K,
respectively. BAP and TRAC-5b were used as markers evaluating the
bone formation and absorption, respectively. The correlation among
25(OH)D, ucOC, BAP, TRACP-5b, intact PTH, Ca, P, and age were
investigated comprehensively according to man and woman.
Correlations between the two variables were assessed using Pearson’s
coefficient. All statistical analyses were conducted using the SPSS
(version 17.0, Chicago, IL, USA). All data are expressed as mean ± SD,
and values of p<0.05 (two-sided) were considered significant.

Results
The results were shown in Figure 1 (men) and Figure 2 (women). In

man, the serum concentrations of ucOC, BAP, and TRACP-5b were 2.9
± 1.6 ng/mL, 12.0 ± 3.3 μg/L, and 370.0 ± 159.4 mU/dL, respectively.
In woman, the serum concentrations of ucOC, BAP, and TRACP-5b
were 4.0 ± 2.6 ng/mL, 12.6 ± 4.5 μg/L, and 316.4 ± 125.6 mU/dL,
respectively. Both in man and woman, there were strong positive
correlation among ucOC, BAP, and TRACP-5b (in man, ucOC and
BAP, r=0.39, p>0.0001; ucOC and TRACP-5b, r=0.45, p<0.0001; BAP
and TRACP-5b, r=0.50, p<0.0001; in woman, ucOC and BAP, r=0.56,
p<0.0001; ucOC and TRACP-5b, r = 0.50, p<0.0001; BAP and
TRACP-5b, r=0.63, p<0.0001).

In man, the serum concentrations of Ca, P, and intact PTH were 9.5
± 0.3 mg/dL, 3.2 ± 0.5 mg/dL, and 38.3 ± 14.0 pg/mL, respectively. In
women, the serum concentrations of Ca, P, and intact PTH were 9.5 ±
0.3 mg/dL, 3.7 ± 0.4 mg/dL, and 38.1 ± 14.0 pg/mL, respectively. Both
in man and woman, there were negative correlations between both Ca
and PTH, and P and intact PTH (in man: Ca and intact PTH, r=-0.29,
p=0.0035; P and intact PTH, r=-0.29, p=0.0037; in women: Ca and
intact PTH, r=-0.25, p=0.0103; P and intact PTH, r=-0.41, p<0.0001)

In woman, ucOC, BAP, and TRACP-5b were all positively correlated
with age (ucOC, r=0.29, p=0.0029; BAP, r=0.40, p<0.0001; TRACP-5b,
r=0.48, p<0.0001). On the other hand, in man, all of ucOC, BAP, and
TRACP-5b did not show significant correlation with age (ucOC,
r=-0.054, p=0.59; BAP, r=0.024, p=0.81; TRACP-5b, r=0.037, p=0.72)

The serum concentration of 25(OH)D were 28.8 ± 7.1 ng/mL in
man and 26.4 ± 5.7 ng/mL in women. In man, 25(OH)D did not show
correlation with age (r=0.09, p=0.37). On the contrary, in woman,
25(OH)D showed a significant positive correlation with age (r=0.22,
p=0.025).

Figure 1: The correlation among age, degree of vitamin D and K
sufficiency, bone metabolic markers, PTH levels, calcium, and
phosphate in man (*: p<0.05, **: p<0.01).

Figure 2: The correlation among age, degree of vitamin D and K
sufficiency, bone metabolic markers, PTH levels, calcium, and
phosphate in woman (*: p<0.05, **: p<0.01).
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Discussion
In the present study, there was a strong positive correlation among

ucOC, BAP and TRACP-5b in both sexes. In the subjects of this study,
BAP, which is a bone formation marker, correlated positively with
TRACP-5b, which is a bone absorption marker. This means that bone
turnover (bone formation and bone absorption) was well balanced.
When bone formation and absorption lose balance and bone
absorption exceeds bone formation, bone mass decreases and fracture
risk increases. Therefore, bisphosphonate which inhibit bone
absorption and synthesized human PTH which stimulate bone
formation elicit remarkable effects of increasing bone mineral density
and prohibiting fracture. On the other hand, high concentration of
ucOC reflects insufficient vitamin K status, which deteriorates bone
quality. ucOC was reported to be an important predictive factor of
femoral neck fracture [8]Moreover, it was reported that the
administration of vitamin K decreased the concentration of ucOC and
showed the protective effect against fracture [9]. Because there were no
reports that ucOC and bone mineral density was correlateducOC is
thought to be a marker of bone quality, not of bone mineral density.
Although the mechanisms underlying the correlations among ucOC,
BAP, and TRACP-5b are unclear, sex hormones might not be deeply
involved because these correlations are seen in both sexes.

In the present study, in both man and woman, intact PTH was
inversely correlation with both Ca and P. This observation might
indicate that the bone metabolism is regulated by PTH and that sex
hormones are not involved strongly. Although it is not significant,
there was a tendency that intact PTH inversely correlated with
25(OH)D in both man (r=-0.17, p=0.083) and woman (r =-0.14,
p=0.15). This observation also reflects the regulatory mechanisms in a
living body that when serum Ca concentration is low, PTH secretion
increases in order to raise the concentration of vitamin D, then Ca
absorption from the gut increases [10]. If PTH is secreted continuously
and excessively, bone absorption exaggerates and bone absorption is
stimulated [11]. On the contrary, when PTH is administered
intermittently, bone formation is stimulated. That is the reason why
synthesized human PTH is applied for the injectable medicine for the
patients with severe osteoporosis [12].

The sufficiency degree of vitamin D is judged by the serum
concentration of 25(OH) D. Two standards, which are less than 20
ng/mL and less than 30 ng/mL, are frequently used as reference ranges
as vitamin D deficiency [13]. The average serum concentration of
25(OH) D of the subjects in this study was less than 30 ng/mL in both
sexes (28.8 ng/mL in man and 26.4 ng/mL in woman). This result
indicates that among medical checkup examinee that looks apparently
healthy, vitamin D deficiency is identified very frequently. Vitamin D
deficiency leads to the decrease in Ca absorption from the gut. When
Ca absorption decreases and serum Ca concentration declines, PTH
secretion is stimulated and bone absorption is accelerated, then finally
leading to the decrease in bone mineral density and the development
of osteoporosis. Recently humans eat more meat, less fish, and avoid
ultraviolet light more than necessary, all of which accelerate vitamin D
deficiency. It is pointed out that Japanese food is nutritionally well-
balanced but contains small amount of Ca. This might be one of the
reasons why the participants of this study showed low concentration of
25 (OH) D. Taking enough Ca through food is effective for the
improvement of vitamin D sufficiency degree.

It is interesting that ucOC, BAP, and TRACP-5b positively
correlated with aging in woman but not in man. This observation
might indicate that vitamin K deficiency is more common in old

women than in young women, because high concentration of ucOC
reflects the insufficient effect of vitamin K on bone. On the other hand,
increased concentration of BAP and TRACP-5b might reflect the
accelerated bone turnover associated with aging. It is reported that
increased value of bone metabolism markers can be a predictive factor
for fracture in the future [14] and that this predictive ability is
independent of bone mineral density [15]. As the average of the female
participants of this study was as old as 50.3 years, it was suggested that
many postmenopausal women were included. Estrogen deficiency
greatly contributes to the pathophysiology of postmenopausal
osteoporosis. It is pointed out that estrogen deficiency might not only
stimulate bone absorption, but also inhibit bone formation through
increasing oxidative stress [16]Therefore, selective estrogen receptor
modulator (SERM) is expected as a medicine which can prevent
fracture due to postmenopausal osteoporosis and it is actually eliciting
this excellent effect in clinical practice.

This study has several limitations. This is a retrospective, cross-
sectional study in a small number of the subjects. Therefore, cause and
effect relationships cannot be clarified, and the possibility of bias
cannot be excluded. In addition, this research is limited by its single
source of participants. All participants are workers from the same
university. Therefore, the results of this study may not be applicable to
the general population.

Conclusions
In our study, it is suggested that the fracture risk can be increased

with aging more easily in woman than in man. In order to prevent
fracture in aged woman, the administration of estrogen or SERM, and
the ingestion of sufficient vitamin K and D might be effective.
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