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A three-year prospective study of the risk factors influencing bone
mineral density and bone resorption 

among postmenopausal women

Tadayuki Iida1), Chiho Chikamura2), Hiroaki Ishikawa3), Tadashi Koyama4), Satomi Aoi4),
Hiromi Ikeda4), Kazuhiro Katada5), Yuichiro Ono1) and Fumiko Ishizaki6)

Summary Purpose: The risk factors for postmenopausal osteoporosis were studied prospectively in

healthy women for three years from 2000 to 2003.  Methods: We examined physical features

(height, weight, and body mass index (BMI)), bone mineral density (BMD) of the lumbar spine and

femoral neck, and bone resorption markers (urinary N-telopeptide of typeⅠcollagen: u-NTx, urinary

deoxypyridinoline: u-D-Pyr) in 128 women with a mean (SD) age of 56.5 (7.6).  Results: In a Cox

proportional hazards model, a 1% rise in BMD of the lumbar spine and femoral neck exerted a preven-

tive action against low BMD of the lumbar spine in 2003 with relative risks (RR) of 0.93 (95%CI:0.90-

0.95) and 0.96 (0.93-0.99) respectively, and against low femoral neck BMD in 2003 with RRs of 0.96

(0.93-0.98) and 0.92 (0.89-0.95), respectively.  Higher u-NTx levels increased the risk of BMD

reduction of the lumbar spine, while higher BMI decreased the risk.  A 1% rise in BMI exerted preven-

tive action against BMD reduction over the three-year study period (RR: 0.93(0.84-0.99)), a 1% rise

in BMD of the lumbar spine also showed such preventive action (RR: 0.98(0.96-1.00)).  Higher BMI,

however, was related to the risks of higher u-NTx and u-D-Pyr levels three years later (u-NTx RR: 1.10

(1.00-1.23), u-D-Pyr RR: 1.11 (1.02-1.20)).  Conclusions: We discussed the reasons why a high BMI

reduces the risk of osteopenia but increases the levels of bone absorption markers.

Key words: Bone mineral density, Urinary N-telopeptide of typeⅠcollagen, 

Urinary deoxypyridinoline, Lumbar spine, Femoral neck
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Ⅰ. Introduction

Early diagnosis of osteopenia in menopausal and
postmenopausal women is regarded as important for
preventing osteoporosis1). This is partly supported by
a report showing that most menopausal women are
diagnosed with osteopenia, a prodromal disorder of
osteoporosis2). Epidemiological studies among healthy
women found that the bone mineral density (BMD) of
the lumbar spine was significantly reduced with age
but increased with body weight and body mass index
(BMI)3-6). Osteoporosis, which involves a reduction of
BMD, is associated with femoral neck fractures3).
However, there have been few epidemiological studies
on the BMD of the femoral neck among postmenopausal
Japanese women. Most women commonly have bone
loss resulting from an increase of bone absorption
due to a reduction of endogenous hormones1, 2, 4).
However, longitudinal epidemiological studies on
bone metabolism have not examined bone resorption
markers in postmenopausal Japanese women in any
detail.

Thus, a 3 year follow-up study was conducted
among healthy postmenopausal women aimed at eluci-
dating the prognostic factors for an increase of bone
resorption and BMD reduction in the lumbar spine and
femoral neck.

Ⅱ. Materials and Methods

1. Subjects
The subjects of the study were recruited from

among the inhabitants using an advertisement in a
local public relations magazine of M city. Healthy
women aged 40-69 living in M city, Hiroshima
Prefecture were studied. Those with a past history of
hospitalization or of being ambulatory patients were
excluded. Health examinations were carried out twice:
from February to March in 2000 and from February to
March in 2003. Two-hundred-eighty-two women
participated in 2000, 241 of whom were within 20
years of menopause in 2000, while 196 women partic-
ipated again in 2003. Thirty-two women with a past
history of hysterectomy, oophorectomy, disorders
related to bone metabolism (hyperthyroidism, thyro-

toxicosis, etc.) and 36 women lacking some of their
examination data were excluded. Finally, we analyzed
the data of the remaining 128 who had a mean age of
56.5±7.6 years in 2000. The participants had the
content and method of the study explained to them in
advance and gave their written informed consent. The
study was conducted in accordance with the
Declaration of Helsinki and was approved by the
ethical committee of the Hiroshima Prefectural College
of Health Sciences.

2. Methods
We studied the subjects' physical features, BMD,

and markers of bone resorption. BMI (kg/m2) was
calculated from height and weight. Dual x-ray absorp-
tiometry (DXA) (Hologic Company QDR-4500, USA)
was used for measurements of BMD. BMDs of the
lumbar spine (L2-L4) and the left femoral neck were
measured.

To measure urinary deoxypyridinoline (u-D-Pyr),
the subjects were asked to provide a urine sample
from their second urination of the day. These samples
were obtained early in the morning and centrifuged at
500×g for 5 minutes. The supernatant fluids were
then frozen at -20℃. These samples were analyzed by
means of HPLC with fluorescence detection according
to the method described by Yamamoto et al.7). The u-
D-pyr levels were adjusted with urinary creatinine7). To
measure urinary N-telopeptide of type I collagen (u-
NTx), samples of the urine specimens were collected
and stored at -20℃. These samples were analyzed
by an enzyme-linked immunosorbent assay (ELISA)
technique, using Osteomark, a reagent for the detection
of NTx (Sumitomo Pharmaceutical Co., Ltd.)8). Urinary
NTx levels were also adjusted with urinary creatinine. The
standard range was set at 14.0-99.5 nmol BCE/mmol/Cr
for u-NTx and 2.8-7.6 pmol/μmol/Cr for u-D-Pyr
according to Hirota et al.8).

The Young Adult Mean percentage (YAM%) of
the BMD of the lumbar spine and femoral neck were
calculated by the following formula (1).

Mean BMD at age 20-44 was based on a report of
the Japanese Society for Bone and Mineral Research9).
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　　BMD (g/cm2) of subject

Mean BMD (g/cm2) at age 20-44
YAM% (%) =　　　　　　　　　　　　　　× 100・・・(1)



A YAM% of 80% or more was regarded as normal. In
2003, the YAM% of the lumbar spine and femoral
neck were below normal levels in 51 and 53 women,
respectively. The decrease in BMD was calculated
by subtracting the BMD level in 2003 from that in
2000. A decrease of less than 2.6% for the lumbar
spine and of less than 2.4% for the femoral neck was
regarded as normal9), 10). Thus, 57 women fell within the
normal range for the lumbar spine as did 93 women
for the femoral neck. A level of u-NTx less than 55
nmolBCE/mmol/Cr was defined as normal11), with 98
women so classified in 20037). A level of u-D-pyr
less than 5.9 pmol/μmol/Cr was regarded as normal,
yielding 76 women classified as normal in 20037).

3. Statistical analyses
The paired t-test was used for comparing contin-

uous data from 2000 with those from 2003. The
outcome variables dichotomized according to the
normal levels were used as dependent variables in
Cox proportional hazards models. Before applying
explanatory variables to the models, associations were
examined among age, height, weight, BMI, YAM%
for the lumbar spine and femoral neck in 2000, and
reductions in weight and BMI over 3 years. Strong
correlations were found between weight and BMI in
2000, between BMD (YAM%) of the lumbar spine
and femoral neck, and between weight and BMI
reduction (0.7 or more and p<0.001). Thus, age, BMI,
u-NTx, BMD (YAM%) of the lumbar spine, and
reductions in height and BMI over 3 years were used
as explanatory variables in Model 1. Although the
BMD (YAM%) of the femoral neck was used as an
explanatory variable instead of that of the lumbar
spine in Model 2, the other explanatory variables
were the same as those in Model 1. Statistical analyses
were conducted with SPSS12.0J (SPSS Japan Inc.,
Tokyo) software. For all analyses, the level of signif-
icance was set at p < 0.05.

Ⅲ. Results

We observed significant decreases in height and
BMD (YAM%) of the lumbar spine and femoral neck,
and increases in weight and BMI during the three-year

study period (Table 1). The exclusions differing from
those of subjects in 2003 were as follows: age (yrs)
[mean (SD): 56.5(7.6) vs. 56.7(5.6), p=0.750]; height
(cm) [153.7(5.1) vs. 153.1(4.9), p=0.442]; weight
(kg) [55.2(7.8) vs. 55.9(6.4), p=0.535]; BMI [23.4(3.3)
vs. 23.7(3.9), p=0.492]; BMD in the lumbar spine
(g/cm2) [0.87(0.15) vs. 0.91(0.16), p=0.070]; BMD
(YAM%) in the lumbar spine (%) [86.8(14.9) vs.
91.2(15.6), p=0.070]; BMD in the femoral neck
(g/cm2) [0.71(0.11) vs. 0.73(0.12), p=0.267]; BMD
(YAM%) in femoral neck (%) [90.1(14.5) vs.
92.7(14.9), p=0.267]. No significant differences
existed between any other variables.

Table 2 shows associations of risk factors with low
BMD of the lumbar spine and femoral neck in 2003.
The low BMD (YAM%) in 2003 as a dependent
variable was determined by a dichotomous classifi-
cation into normal (>=80%) and low (<80%) in the
models. In Cox proportional hazards models (Model 1)
in which YAM% of the lumbar spine and that of the
femoral neck were used as dependent variables, a 1%
rise in BMD (YAM%) of the lumbar spine in 2000
proved preventive against low BMDs of the lumbar
spine (RR: 0.93) and femoral neck (RR: 0.96) in 2003
(Table 2A). In Model 2, a 1% rise in BMD (YAM%)
of the femoral neck in 2000 was also preventive
against low BMDs of the lumbar spine (RR: 0.96) and
femoral neck (RR: 0.92) in 2003 (Table 2B).

Table 3 shows the associations of risk factors
with decrease in BMDs of the lumbar spine and
femoral neck for three years from 2000 to 2003. The
decrease in BMD (YAM%) for those three years as a
dependent variable was determined by a dichotomous
classification into normal (<2.6%) and decrease
(>=2.6%) for the lumbar spine, and into normal
(<2.4%) and decrease (>=2.4%) for the femoral neck
in the models. In Model 1, a 1pmol/μmol/Cr rise in
the u-NTx level in 2000 increased the risk of BMD
reduction of the lumbar spine (RR: 1.02), while a 1
point increase in BMI in 2000 decreased it (RR: 0.93)
(Table 3A). In Model 2, a 1pmol/μmol/Cr increase in
the u-NTx level also increased the risk of BMD
reduction of the lumbar spine (RR: 1.02), but a 1
point increase in BMI in 2000 decreased it (RR: 0.93)
(Table 3B). In Model 1, a 1% rise in BMD (YAM%)
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of the lumbar spine in 2000 was preventive against a
BMD reduction of the femoral neck (RR: 0.98) (Table
3A), while in Model 2 it was not (Table 3B).

Table 4 shows the associations of risk factors
with high levels of bone resorption in the lumbar
spine and femoral neck in 2003. High levels of bone
resorption as dependent variables were determined
by a dichotomous classification into normal (<55
nmoleBCE/mmol) and high (>=55) for u-NTx, and
into normal (<5.9 pmol/μmol/cr) and high (>=5.9) for
u-Dpyr in the model. In Model 1, a 1-point rise in BMI
in 2000 increased the risk of high u-NTx levels in
2003 (RR: 1.10), whereas a 1% rise in BMD (YAM%)
of the lumbar spine in 2000 decreased it (RR: 0.96)
(Table 4A). In Model 2, a 1-point increase in BMI in
2000 increased the risk of high u-NTx levels in 2003
(RR: 1.12), while a 1% increase in BMD (YAM%) of
the femoral neck in 2000 was preventive against high
u-NTx levels (Table 4B). In Model 1, a 1-point rise in
BMI in 2000 increased the risk of high u-D-pyr levels
in 2003 (RR: 1.11), whereas a 1% rise in BMD
(YAM%) of the lumbar spine in 2000 decreased it
(RR: 0.97) (Table 4A). In Model 2, a 1-point increase
in BMI in 2000 also increased the risk of high u-D-pyr
levels in 2003 (RR: 1.11) (Table 4B).

Ⅳ. Discussion

In this three-year-follow-up study on
postmenopausal women, we found that higher BMD
(YAM%) levels proved to be preventive against low
BMDs of the lumbar spine and femoral neck, and a
BMD reduction of the femoral neck. We also found
that BMD levels of the lumbar spine in 2000 were
associated with those of the femoral neck in 2003, and
vice versa, suggesting to us it was possible to prevent
decreases in bone density. The amount of bone in
postmenopausal women was reported to be related
to the sreatest amount of bone achieved in a growth
period. In this study, we concluded that if the bone
density of a growth period was high, this would
prevent decreases in bone density12), 13).

The fact that osteoporosis is regarded as a lesion
of the entire physiological system14), 15) suggested that
the relationship between BMD levels of the lumbar

spine and femoral neck in our study displayed a
biological coherence.

High u-NTx levels were found to have a relation-
ship with BMD reductions of the lumbar spine three
years later. It is recognized that bone resorption
markers are not an absolute index but rather a useful
substitute in measuring fracture risk16). This can be
regarded as biologically coherent because an increase
in u-NTx levels reflects an augmentation of bone
resorption17), 18). Accordingly, u-NTx levels can be
utilized not only for diagnostic and therapeutic indices,
but also for the actual prevention of osteoporosis. It
was also found that higher levels of BMI were preven-
tive against BMD reductions of the lumbar spine over
a three-year period. Decreases in BMD induced by
quadriplegia, postoperative immobility, or the micro-
gravity of spaceflight have been reported19). Therefore
it could be explained that higher levels of BMI
produce a larger load on the spine, consequently
preventing bone loss20)-23).

Higher BMI levels were found to increase u-NTx
and u-D-Pyr levels over a three-year period while
preventing BMD reductions of the lumbar spine. This
may be interpreted to suggest that the increase in the
spinal load due to a higher BMI intensifies the formation
and absorption of the bone and consequently inhibiting
bone loss18). This requires further confirmation by an
examination of the levels of bone formation markers.

In this study, higher BMD levels of the lumbar
spine lowered the risk of incurring abnormally high u-
D-Pyr levels three years later. As the bone metabolism
in women with high BMD levels is still unclear, it is
necessary to study changes in bone metabolism
markers longitudinally among them22), 23). Since our
subjects showed almost the same anthropometric
(height, weight, and BMI) averages as women of a
similar aged in Japan2), it is suggested that the results of
our study can be applied to average healthy women
around 50 to 60 years of age.
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