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Abstract The objectives of this population-based study
were to investigate the potential association between bone
mineral density (BMD) and serum lipid profiles and to
compare the effects of serum lipids on BMD at various
skeletal sites in pre- and post-menopausal women. In July
and August of 2004, BMD was measured at a variety of
skeletal sites [lumbar spine (L1–4), femoral neck, tro-
chanter, Ward’s triangle, shaft and proximal total hip]
using the GE/Bravo Lunar DPX dual-energy X-ray
absorptiometer in a South Korean population-based
sample of 375 pre-menopausal and 355 post-menopausal
rural women aged 19–80 years. The levels of serum total
cholesterol (TC) and low-density lipoprotein cholesterol
(LDL-C)were inversely associatedwithBMDinbothpre-
and post-menopausal women. In the pre-menopausal
women, correlations were shown only for lumbar 1–4
(TC: r =)0.12, P<0.05; LDL-C: r =)0.12, P<0.05),
whereas in the post-menopausal women, no correlation
was evident for the lumbar sites. In the post-menopausal
subjects, the TC levels showed significant correlations
with the BMD values at the trochanter (r=)0.15,
P<0.01), shaft (r=)0.16, P<0.001) and proximal total
hip (r=)0.15, P<0.01) sites, while the LDL-C levels
showed significant correlations with the BMD values at

the neck (r=)0.13, P<0.05), trochanter (r=)0.21,
P<0.001), shaft (r=)0.20, P<0.001) and proximal total
hip (r=)0.20, P<0.001) sites. The levels of triglyceride
(TG) were shown to have a significant positive correlation
withBMDvalues at the trochanter site (r=0.11,P=0.05)
in the post-menopausal women; by contrast, subjects in a
higher quartile of TG levels show lower lumbar BMD
values in the pre-menopausal women. The levels of high-
density lipoprotein cholesterol (HDL-C) were not asso-
ciated with BMD values at any of the sites in the pre- and
post-menopausal subjects. Our data indicate a relation-
ship between BMD values and serum lipid levels and
suggest differences between pre- and post-menopausal
women in terms of the effects of serum lipids on BMD at
various skeletal sites.
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Introduction

As the percentage of elderly people in the population
increases, the number of osteoporosis and atheroscle-
rosis cases has risen sharply, particularly in the case of
post-menopausal women, who are more likely to suffer
from estrogen-induced osteoporosis than men, and older
women with low BMD have an increased risk of death
from cardiovascular disease [1], which seriously affects
their quality of life. Epidemiological data suggest that
estrogen deficiency is a risk factor for cardiovascular
diseases and osteoporosis. Estrogen receptors have been
demonstrated to have effects on osteoblasts [2] and
osteoclasts [3]. In the past decade, studies have suggested
a link between atherosclerosis and osteoporosis [4, 5, 6,
7]. Lipids are widely recognized as a risk factor for
atherosclerosis and cardiovascular disease, and bone
mineral loss is a direct cause of osteoporosis. Consid-
ering that osteoporosis and atherosclerosis are often
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found in the same person, and that some but not all
clinical studies [8] support a role for lipids in osteopo-
rosis, it is interesting to note that statins, which are used
to treat hyperlipidemia, are associated with increased
BMD and reduced risk for fractures [9, 10, 11, 12].
Conversely, estrogen therapy for post-menopausal
osteoporosis [13] is known to reduce TC and LDL-C
[14]. These studies imply that there are underlying pos-
sible etiological connections between bone metabolism
and lipid metabolism. Thus, an increasing number of
studies are investigating the relationship between BMD
and serum lipids. However, published data on this topic
are still scarce, and the reports that exist are inconsis-
tent; some studies have found an association between
BMD and serum lipids in post-menopausal women,
whereas others have not [15]. The studies also differ in
finding that individual lipid profiles are positively or
negatively correlated with BMD. Orozco et al. found
that early postmenopausal women with hypercholester-
olemia (‡240 mg/dl), high LDL-C (‡160 mg/dl) or high
lipoprotein (‡25 mg/dl) have a lower lumbar and fem-
oral BMD than do those with a normal lipid profile [16].
By contrast, Adami et al. found that the LC, LDL-C
and TG levels were positively related to the total body
and hip BMD in women aged 68–75 [17]. However, the
34-year Framingham Osteoporosis Prospective Study by
Samelson et al. found no strong correlation between the
TC levels and BMD [15].

It seems likely that differences in BMD at various
skeletal sites are related to serum lipids in pre- and post-
menopausal women, as well as to the effects of onset and
rate of bone loss and the effect of estrogen. Most studies
have focused on this association in post-menopausal
subjects; few studies, however, have specifically included
both pre- and post-menopausal subjects. The objectives
of this population-based study were to investigate the
potential associations between BMD and serum lipid
profiles, which are regarded as surrogate markers of
osteoporosis and cardiovascular disease, respectively,
and to evaluate differences in the effects of serum lipids
on BMD of various sites in pre- and post-menopausal
women.

Materials and methods

Subjects

The study included 867 women, aged 19–80 years, who
participated in the Thyroid Disease Prevalence Study,
which compared the prevalence rate of thyroid nodules
and cancer for the rural population in different regions
and investigated the risk factors for chronic disease, such
as cardiovascular disease, osteoporosis and dementia.
This study was carried out in the Yeonggwang and
Muan Counties of Jeollanam-do Province, Korea, in
July and August 2004. All the women underwent clinical
examinations and answered a questionnaire regarding
their time of menopause, medical history and life style.

Menopause was defined as at least 12 months of
amenorrhoea resulting from the permanent cessation of
ovarian function. The post-menopausal group included
those subjects who had undergone a natural change of
life. Therefore, we excluded 52 cases of surgical meno-
pause, 22 cases of hormone replacement therapy, 26 and
3 women who reported menopause at <40 years and
>60 years, respectively, 14 women with unconfirmed
age of menopause and 18 women who had experienced
less than 12 months of amenorrhea. One case with sur-
gical menopause was also taking lipid-lowering medi-
cine, and one other case was taking lipid-lowering
medicine. Consequently, our study analyzed 730 women
(375 pre-menopausal women with regular menstrual
cycles and 355 post-menopausal women). All of the
participants provided informed consent, and the study
was conducted in accordance with the guidelines in the
Declaration of Helsinki. The study was approved by the
appropriate institutional research ethics committee.

Anthropometric measurements

Anthropometric measurements of subjects wearing light
clothing and no shoes were conducted by experienced
research staff. Height was measured to the nearest
0.1 cm, and weight was measured in the upright position
to the nearest 0.1 kg. Weekly fitness activity was defined
as more than three times weekly and for more than
30 min each time.

Measurements of bone mineral density

The BMD (g/cm2) of the right hip and lumbar vertebra
were carried out using the dual-energy X-ray absorpti-
ometer (GE/Bravo Lunar DPX; Lunar, Madison, Wis.).
BMD was measured in grams per square centimeter at
the lumbar spine (L1–4), right femoral neck, right tro-
chanter, right shaft, right Ward’s triangle and proximal
total hip. Calibration was performed daily with a
physical phantom. The within-day coefficients for
duplicate measurements in 50 adults were 2.2, 1.9, 1.6,
2.3, 1.3 and 1.5%, for the femoral neck, trochanter,
shaft, Ward’s triangle, proximal total hip and L1–4
lumbar vertebra, respectively.

Lipid measurements

All the participants underwent at least 10 h of overnight
fasting before blood samples were drawn from an ant-
ecubital vein. Serum was separated on-site and was
stored at –70�C until it was analyzed (within 3–4 weeks).
Serum TC and TG were analyzed enzymatically using
Pureauto S TC-N (Daiichi Chemicals, Tokyo, Japan)
and Determiner L TG (Kyowa Medics, Tokyo, Japan),
respectively. HDL-C was determined using direct
method and Determiner L HDL-C (Kyowa Medics,
Tokyo, Japan). All samples were measured using an
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automatic analyzer (AU5400, Olympus, Japan). LDL-C
was estimated using the formula of Friedewald et al.
[18]. The interassay coefficient of variation for determi-
nations of TC, TG and HDL-C range were 3.0, 3.0 and
5.0% lower, respectively.

Statistical analysis

The descriptive data for the major characteristics and
the BMD values of the two groups are expressed as
mean ± standard deviation (SD). We used t-tests to
determine statistical differences in the continuous vari-
ables and chi-square tests for the categorical variables.
The coefficient of correlations was examined between the
BMD at different skeletal sites and serum lipids using
partial correlation after adjustment for the known effects
on BMD of age, height, weight, age at menarche, men-
opause duration and weekly fitness activity.

The levels of serum lipid were divided into four
quartiles. A general linear model was used to evaluate
the linear relationship between adjusted BMD and ser-
um lipids and to compare the adjusted BMD means
according to the four quartiles of baseline serum lipid
levels in the pre- and post-menopausal women. Bonfer-
roni tests were applied to correct for multiple compari-
sons. The SPSS software version 11.0 (SPSS, Chicago,
Ill.) was used.

Results

Table 1 shows the main characteristics of the two groups
of women. There were significant differences between the
groups in terms of age, height, weekly fitness activity,
age at menarche, BMD and serum lipids. For the serum

lipids, with the exception of HDL-C, which was higher
in pre-menopausal women, the levels of serum TG, TC
and LDL-C were significantly lower in the pre-meno-
pausal women than they were in the post-menopausal
women. The values for the BMDs at all sites, height and
weekly fitness activity were significantly higher in pre-
menopausal than post-menopausal subjects, while age at
menarche was significantly lower for the pre-meno-
pausal subjects. No body-weight differences were noted
between the two groups. The mean ages of the pre- and
post-menopausal groups were 38.5±8.6 years and
63.5±6.5 years, respectively. The mean of menopause
duration was 14.4±8.4 years.

The partial correlations between the BMD values and
serum lipid levels are presented in Table 2. We adjusted
for the variables age, height, weight, age at menarche,
menopause duration and weekly fitness activity, which
are known to affect BMD. The associations between
BMD and serum lipids were different in pre- and post-
menopausal women. The serum levels of TC and LDL-C
were inversely correlated with BMD value at lumbar 1–4
in the pre-menopausal group (TC: r =)0.12, P<0.05
and LDL-C: r =)0.12, P<0.05), but not in the post-
menopausal group. In the post-menopausal subjects, the
TC levels showed significant correlation with the BMD
values at the trochanter (r=)0.15, P<0.01), shaft
(r=)0.16, P<0.001) and proximal total hip (r=)0.15,
P<0.01) sites, while the LDL-C levels correlated with
the BMD values at the neck (r=)0.13, P<0.05), tro-
chanter (r=)0.21, P<0.001), shaft (r=)0.20,
P<0.001) and proximal total hip (r=)0.20, P<0.001)
sites, but not in the pre-menopausal. The TG levels
showed a significant positive correlation only with BMD
value at the trochanter site (r=0.11, P =0.05) in the
post-menopausal group. The HDL-C levels were not
associated with BMD value at any site in the pre- and

Table 1 Characteristics of the subjects by status of menopause

Characteristics Pre-menopausal Post-menopausal P *

(n =375) (n =355)

Age (years) 38.5±8.6 63.5±6.5 0.00
Height (cm) 157.5±5.1 151.7±5.0 0.00
Body weight (kg) 58.1±8.5 57.4±7.9 0.20
Weekly fitness activity (%) 41.4 18.7 0.00
Menopause duration (years) - 14.4±8.4
Age at menarche (years) 15.8±8.4 17.9±4.7 0.00
Bone mineral density (g/cm2)
Lumbar (1–4) 1.18±0.13 0.94±0.14 0.00
Femoral neck 0.96±0.11 0.82±0.12 0.00
Ward’s triangle 0.83±0.14 0.60±0.13 0.00
Trochanter 0.78±0.10 0.68±0.11 0.00
Shaft 1.16±0.14 1.01±0.15 0.00
Proximal total hip 0.99±0.11 0.86±0.12 0.00
TG (mg/dl) 78.6±52.1 119.7±71 0.00
TC (mg/dl) 158.2±29.7 185.5±36.0 0.00
HDL-C (mg/dl) 48.9±11.5 46.4±11.8 0.00
LDL-C (mg/dl) 93.6±26.0 115.2±30.9 0.00

Unless otherwise indicated, the data are shown as mean ± standard deviation. TG: triglycerides; TC: total cholesterol, HDL-C: high-
density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol. *P value, as determined by the t -test or chi-square test as
appropriate
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post-menopausal women. As the result of general linear
model analysis, and only in the post-menopausal group,
a significant linear relationship was observed between
the adjusted mean BMD values at the proximal total hip
site and the quartiles of the LDL-C and TC levels
(Table 3, Table 4), but not at the lumbar site, with linear
trend P values of 0.001 and 0.01, respectively, while in
the pre-menopausal group, this linear correlation was
not observed. The adjusted mean BMD values at the
proximal total hip site in the highest quartile of the
LDL-C levels were significantly lower than that in
the lowest (0.84±0.01 vs. 0.89±0.02) and second
(0.84±0.01 vs. 0.88±0.01) quartiles in the post-meno-
pausal women (Table 3). There was no significant dif-
ference between the adjusted mean BMD values at the
proximal total hip site in each quartile of the TC levels in
the post-menopausal women (Table 4). There was no
significant difference between the adjustment mean
BMD values at lumbar and proximal total hip site in
each quartile of serum TG levels (Table 5). However, in
the pre-menopausal women, there was a significant dif-
ference between the adjusted mean BMD values at the
lumbar site in each quartile of serum TG levels, but not
at the proximal hip site (Table 5), even if the partial
correlation was not observed between BMD values at
the lumber site and serum TG levels.

Discussion

This study was conducted to explore the associations
between the serum lipid levels and BMD values of rural
Korean women. Our results indicate that there are
skeletal site-specific differences between pre- and post-
menopausal women in terms of the association of BMD
with serum lipids

Our results show that the levels of LDL-C are
inversely correlated with the hip BMD values in post-
menopausal women and the lumbar BMD values in pre-
menopausal women. Yamaguchi et al. [19] found an
inverse association between the BMDs at two (lumbar
spine and radius) of the four sites measured (lumbar
spine, femoral neck, radius and total body) and serum
LDL-C levels. Poli et al. [20] found that the BMD of
only the measured lumbar spine (2–4) site showed a
negative association with serum LDL-C levels in post-
menopausal women. Although these two reports, which
indicate an inverse relationship between LDL-C and
BMD, are similar to our findings, they differ from our
results with respect to the sites of BMD. These differ-
ences can be explained by different study populations
(i.e., pre-menopausal women were not included in two
studies), age distribution and differences in the methods

Table 3 Adjusted mean BMD values at lumbar and proximal total hip sites by quartiles of LDL-C in pre- and post-menopausal women

Quartile of LDL-C Lumbar(1–4) Proximal total hip

Pre-menopausal Post-menopausal Pre-menopausal Post-menopausal

1 (<84 mg/dl) 1.19±0.01 0.95±0.02 0.99±0.01 0.89±0.02
2 (85–102 mg/dl) 1.18±0.01 0.95±0.02 0.99±0.01 0.88±0.01*

3 (103–124 mg/dl) 1.19±0.01 0.94±0.01 1.00±0.01 0.85±0.01�

4 (>124 mg/dl) 1.15±0.02 0.94±0.01 0.97±0.01 0.84±0.01�

Between group (P value) 0.24 0.97 0.52 0.01
Linear trend (P value) 0.18 0.85 0.87 0.00

Adjusted for age, height, weight, age at menarche, weekly fitness activity, and menopause duration in post-menopausal women; adjusted
for age, height, weight, age at menarche, and weekly fitness activity in pre-menopausal women. *P<0.05: group 2 compared with group 4
(Bonferroni adjustment for multiple comparisons). �P<0.05: group 1 compared with group 3 (Bonferroni adjustment for multiple
comparisons). �P<0.01:group 4 compared with group 1 (Bonferroni adjustment for multiple comparisons)

Table 2 Partial correlation between BMD at various sites and lipid content in pre- and post-menopausal women

Lumbar (1–4) Femoral neck Ward’s triangle Trochanter Shaft Proximal total hip

Pre-menopausal
TG )0.09 )0.02 )0.02 0.03 0.01 0.01
TC )0.12c )0.01 )0.01 0.00 )0.05 )0.03
HDL-C 0.03 0.02 0.02 )0.01 )0.01 0.00
LDL-C )0.12c )0.02 )0.01 )0.01 )0.05 )0.04

Post-menopausal
TG 0.07 0.08 0.05 0.11c 0.07 0.09
TC 0.02 )0.10 )0.05 )0.15b )0.16a )0.15b

HDL-C 0.01 )0.05 0.04 )0.04 )0.03 )0.04
LDL-C )0.01 )0.13c )0.10 )0.21a )0.20a )0.20a

TG: triglycerides; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol. Ad-
justed for age, height, weight, age at menarche and weekly fitness activity in pre-menopausal women; adjusted for age, height, weight, age
at menarche, weekly fitness activity and menopause duration in post-menopausal women. a P<0.001; bP<0.01; cP<0.05
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used (the skeletal site of BMD measurement). In
addition, previous studies have shown differences in age-
related BMDs at various skeletal sites in different races
[21]. Therefore, it is possible that BMD values at dif-
ferent sites produce different outcomes. Orozco et al.
found that early postmenopausal women with high
LDL-C (‡160 mg/dl) have lower lumbar and femoral
BMD than those with normal lipid profile [16]. How-
ever, Adami et al. reported a significant positive asso-
ciation of serum LDL-C levels with total body BMD
and hip BMD in female subjects aged 68–75 years [17].

Previous studies on the association between BMD
and serum TC also show several inconsistencies. Three
previous studies have shown no significant correlation
between serum TC and BMD [15, 22, 23, 24], which
suggests that serum TC plays no significant role in bone
cell activity. However, associations between serum TC
and BMD have come not only from animal studies, but
also from clinical trials. Cholesterol-fed rabbits show
trabecular bone loss in the hip [25]. Cholesterol and its
metabolites influence the functional activities of osteo-
blasts both in vitro and in vivo [26, 27]. The cholesterol
biosynthetic pathway is important in osteoblast differ-
entiation [28]. Broulik and Kapitola [29] have demon-
strated that women with osteoporosis have higher
cholesterol levels than control subjects. Our findings that
serum TC levels are negatively correlated with lumbar
BMD in pre-menopausal women and with hip BMD in
post-menopausal women support this observation.

Our results indicate that serum TG levels show a
significant positive correlation with hip BMD in the

post-menopausal group, which is similar to Adami
et al.’s [17]. In contrast, subjects in the higher quartile of
serum TG levels show lower lumbar BMD values in the
pre-menopausal group. These findings suggest that there
is a difference in the effect of TG levels on BMDs at
various skeletal sites in pre- and post-menopausal
women. However, it is difficult to illustrate the role of
serum TG on the BMD through a cross-sectional study,
such as the present study. Moreover, the reference in the
effect of serum TG on BMD is scarce.

Notably, several studies have reported that BMD is
associated with the levels of HDL-C [19, 30], although
theses results are not in accordance. Yamaguchi et al.
[19] reported a positive relationship, while D’Amelio
et al. [30] reported a negative relationship between these
two parameters. However, to the best of our knowledge,
Poli et al. [20] did not find an association between BMD
and serum HDL-C levels in post-menopausal women.
Similar to their findings, our study did not find any
significant association between the BMDs at the lumbar
and hip sites and the serum HDL-C levels in pre- and
post-menopausal women.

There are several possible explanations for skeletal
site-specificity differences between pre- and post-meno-
pausal women. First, lumbar spines measurement in
elderly persons are difficult owing to aortic calcifica-
tions, osteophytes and other degenerative changes; these
age-related artifacts probably induce lumbar BMD
changes that have no association with the serum lipid
levels in post-menopausal women. Second, the initiation
and speed of loss of bone mass are not the same for bone

Table 4 Adjusted mean BMD values at lumbar and proximal total hip sites by quartiles of TC in pre- and post-menopausal women

Quartile of TC Lumbar (1–4) Proximal total hip

Pre-menopausal Post-menopausal Pre-menopausal Post-menopausal

1 (<147 mg/dl) 1.19±0.01 0.93±0.02 0.99±0.01 0.89±0.02
2 (148–169 mg/dl) 1.19±0.01 0.93±0.02 1.00±0.01 0.87±0.01
3 (170–196 mg/dl) 1.16±0.01 0.95±0.01 0.98±0.01 0.85±0.01
4 (>197 mg/dl) 1.16±0.02 0.95±0.01 0.98±0.02 0.84±0.01
Between group (P value) 0.16 0.74 0.39 0.07
Linear trend (P value) 0.06 0.40 0.32 0.01

Adjusted for age, height, weight, age at menarche, weekly fitness activity, and menopause duration in post-menopausal women; adjusted
for age, height, weight, age at menarche, and weekly fitness activity in pre-menopausal women

Table 5 Adjusted mean BMD values at lumbar and proximal total hip sites by quartiles of TG in pre- and post-menopausal women

Quartile of TG Lumbar (1–4) Proximal total hip

Pre-menopausal Post-menopausal Pre-menopausal Post-menopausal

1 (<57 mg/dl) 1.20±0.01 0.96±0.02 1.00±0.01 0.86±0.01
2 (58–83 mg/dl) 1.17±0.01 0.93±0.01 0.97±0.01 0.86±0.01
3 (84–123 mg/dl) 1.16±0.02 0.93±0.01 0.99±0.01 0.85±0.01
4 (>124 mg/dl) 1.15±0.02 0.95±0.01 0.99±0.02 0.86±0.01
Between group (P value) 0.04 0.31 0.18 0.81
Linear trend (P value) 0.01 0.71 0.63 0.95

Adjusted for age, height, weight, age at menarche, weekly fitness activity, and menopause duration in post-menopausal women; adjusted
for age, height, weight, age at menarche, and weekly fitness activity in pre-menopausal women
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tissues at different sites [31]. Spinal bone loss diminishes
by age 60 and may even stabilize, while femoral bone
loss continues and may even accelerate [32, 33, 34].
Therefore, it is important in the assessment of the effects
of lipids on bone to evaluate different skeletal sites and
the influence of ageing.

Previous studies have suggested a link between ath-
erosclerosis and osteoporosis [4, 5, 6, 7]. Tanko and
Bagger recently reported that low BMD of the hip and
atherosclerosis in post-menopausal women were linked
by common risk factors and pathomechanisms [35]. The
co-existence factors of osteoporosis and age-indepen-
dent atherosclerotic calcification include oxidized lipids,
leptin and osteoprotegerin [36]. Bone matrix proteins
such as osteopontin [7], osteocalcin [6] and bone mor-
phogenetic protein [37] have been found in atheroscle-
rotic plaques. Regulators of bone resorption, such as
vitamin D(38) and osteoprotegerin [39], are associated
with vascular calcifications. Several clinical studies have
shown that statin use is associated with increased BMD
and reduced risk for fracture [9, 10, 11, 12]. More re-
cently, LDL-receptor-related protein 5 has been found
to be a key regulator of osteoblast proliferation and
bone formation [40, 41]. The loss of function of LRP5 in
both humans and mice led to decreased bone formation
[42, 43]. These findings suggest that the processes of
atherosclerosis and osteoporosis are related.

The mechanism governing the relationship between
lipids and BMD is unclear. The following hypothesis has
been proposed. Increased serum lipids and lipoproteins
may lead to the progressive accumulation in the artery
walls and the subendothelial matrix of bone vessels,
where they undergo oxidation. Oxidized lipids not only
promote inflammatory responses by artery wall cells that
initiate the atherosclerotic lesion formation [44], but also
inhibit the differentiation and mineralization of bone
cells [27]. Although our study did not evaluate the levels
of oxidized lipids directly, this mechanism may explain
our finding that serum lipid levels, such as TC and LDL-
C, are inversely related to BMD. The association
showed skeletal site-specific differences in pre- and post-
menopausal women. Consequently, our results also
indirectly support an association between osteoporosis
and atheroclerosis.

Our study is population-based and includes a rela-
tively large sample size. Most previous studies dealing
with the relationship between BMD and serum lipid
content focused only on post-menopausal subjects, while
relatively few studies have focused on comparing post-
menopausal women with pre-menopausal women.
However, in this type of cross-sectional study, it is dif-
ficult to determine directly differences in the effects of
lipid levels on BMDs between pre- and post-menopausal
women.

In conclusion, our data indicate an association be-
tween BMD and serum lipid levels. This relationship
suggests skeletal site-specificity differences between pre-
and post-menopausal women in terms of the effects of
serum lipids on BMDs at various skeletal sites.
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