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Plasma Lipids and Osteoporosis in Postmenopausal Women
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Abstract. Many clinical studies have shown that osteoporosis is associated with atherosclerosis and cardiovascular
death. Although both high plasma levels of low density lipoprotein cholesterol (LDL-C) and low plasma levels of
high density lipoprotein cholesterol (HDL-C) are known to be risk factors for atherosclerosis, it is unclear whether
such lipid derangements are also associated with the pathogenesis of osteoporosis. In this study, we evaluated the
relationships between plasma levels of total C, LDL-C, HDL-C, or triglyceride (TG) versus bone mineral density
(BMD) at the lumbar spine, femoral neck, radius, or total body as well as the presence of vertebral fractures in 214
Japanese postmenopausal women (age range, 47-86 years, mean 62.7). Multiple regression analysis was performed
between BMD at each skeletal site versus each lipid level adjusted for age, years after menopause, body mass index
(BMI), and %fat. Plasma LDL-C levels were significantly and inversely correlated with the absolute values of both
one-third radial (1/3R) and distal radial (UDR) BMD (p<0.01), and tended to be inversely correlated with the abso-
lute values of L-BMD (p=0.051). In contrast, plasma HDL-C levels were significantly and positively correlated with
the absolute values of L, 1/3R and UDR BMD (p<0.05). On the other hand, plasma TG levels were significantly
lower in women with vertebral fractures than in those without fractures (97.0+36.5 vs. 126.4+65.8 mg/dl, mean+SD,
p<0.05). When multivariate logistic regression analysis was performed with the presence of vertebral fractures as a
dependent variable and each lipid level adjusted for age, years after menopause, BMI, and %fat as independent vari-
ables, TG alone was selected as an index affecting the presence of vertebral fractures (odds ratio: 0.51, 95% confiden-
tial interval: 0.29-0.89 per SD increase, p<0.05). Our study showed that plasma LDL-C and HDL-C levels were in-
versely and positively correlated with both R- and L-BMD values, respectively, while low plasma TG levels were as-
sociated with the presence of vertebral fractures in postmenopausal women. Thus, plasma lipids might be related to
bone mass and bone fragility, and might be the common factor underlying both osteoporosis and atherosclerosis.
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MANY clinical studies have shown that osteoporosis
is associated with atherosclerosis or cardiovascular
disease. An epidemiological study indicated that
aortic calcification was more prevalent in communi-
ties where osteoporosis was more prevalent [1].
Other studies showed that after age-adjustment, cal-
cified aortic plaques were inversely related to bone

Received: November 12, 2001

Accepted: January 23, 2002

Correspondence to: Toshitsugu SUGIMOTO, M.D., Division
of Endocrinology/Metabolism, Neurology and Hematology
/Oncology, Kobe University School of Medicine, 7-5-1,
Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan

mineral density (BMD) of the lumbar spine [2] or dis-
tal and proximal radius [3]. A study using aortic
pulse wave velocity as a surrogate measure of aortic
calcification showed that calcification was inversely
correlated with radial BMD even after correction for
age and body weight [4]. Uyama et al. [5] also re-
ported that the plaque score assessed by ultrasono-
graphy of the carotid artery wall was significantly
correlated with low total BMD and total cholesterol
level after adjustment for age by multiple linear
regression analysis. Barengolts et al. [6] compared
coronary calcium scores measured by electron beam
computed tomography in asymptomatic, postmeno-
pausal women with normal and low BMD, who were
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similar in age and body mass index (BMI), and found
that the score was significantly higher in the osteo-
porosis group than in the control group. Moreover,
low radial BMD was associated with increased risks
of stroke [7] and cardiovascular death [8], after ad-
justments for age and several other potential con-
founders.

It is well established that the incidence of athero-
sclerotic cardiovascular disease is positively related to
plasma levels of low density lipoprotein cholesterol
(LDL-C) and is inversely related to those of high den-
sity lipoprotein cholesterol (HDL-C) [9]. Many in
vivo and in vitro experiments show that LDL oxida-
tion products play important roles in atherosclerotic
lesion formation by accumulating in the vessel wall
[10, 11], while HDLs may protect against excess lipid
accumulation by inhibiting the oxidation of LDLs
and facilitating cholesterol transport from the vessel
wall to the liver [12]. On the other hand, Parhami
and Demer [13] and Parhami et al. [14] showed that
minimally oxidized LDL also inhibited osteoblastic
differentiation of the MC3T3-E1 preosteoblastic cells
as well as M2-10B4 stromal cells and promoted adi-
pogenic differentiation of the latter cells as well as
3T3-L1 preadipocytes, suggesting that LDL oxida-
tion products could also promote osteoporotic loss of
bone by inhibiting differentiation of osteoblasts and
by directing progenitor marrow stromal cells to under-
go adipogenic instead of osteogenic differentiation.
Thus, it is possible that LDL oxidation products
may be the common factors underlying the patho-
genesis of both atherosclerosis and osteoporosis.

However, few clinical studies have statistically inves-
tigated the linkage of plasma lipids to osteoporosis-
related factors such as BMD and fractures. In this
study, we examined the relationships between plasma
levels of total C, LDL-C, HDL-C, or triglyceride
(TG) versus BMD values at the lumbar spine, femo-
ral neck, radius, whole body as well as the presence
of vertebral fractures in 214 Japanese postmeno-
pausal women to determine whether plasma lipids
were associated with osteoporosis.

Subjects and Methods
Subjects

Two hundred and fourteen women (age range,

47-86 years, mean 62.7), who had been postmeno-
pausal for at least 12 months and who had been
referred for the first time to our hospital for the
evaluation of osteoporosis, were recruited into this
study. Of these 214 women, 35 had vertebral frac-
tures. Ethics approval for this study was granted by
the Institutional Review Board of our institution.
The subjects gave informed consent for monitoring
biochemical parameters and BMD values. None of
the subjects had diabetes mellitus, thyroid disorder
or metabolic bone diseases, or were taking drugs or
hormones that influence bone metabolism or plasma
lipids.

Biochemical measurements

Each patient came to the hospital after an over-
night fast and provided a fasting heparinized blood
samples and urine specimen for analysis of biochemi-
cal parameters. Concentrations of total C, HDL-C,
TG, calcium (Ca), phosphorus (P), alkaline phos-
phate (ALP), albumin (Alb), blood urea nitrogen
(BUN), and creatinine (Cr) were measured by auto-
mated techniques at the central laboratory of our
hospital (normal range: total C 146-233 mg/dl,
HDL-C 43-65 mg/dl, TG 28-147 mg/dl, Ca 8.5-9.9
mg/dl, P 2.4-4.5mg/dl, ALP 100-303 IU/l, Alb
4.1-5.0mg/dl, BUN 9-22mg/dl, and Cr 0.5-1.3
mg/dl). LDL-C was calculated using Friedewald’s
formula (LDL-C=total C-HDL-C-TG/S5) [15]
(normal range: <130 mg/dl). Midregion parathyroid
hormone (mPTH) was measured by a radioimmuno-
assay (Yamasa hypersensitive PTH-RIA kit, Yamasa
Shoyu Co., Ltd., Japan, normal range: 160-520 pg
/ml) [16].

BMD and body composition measurements

BMD values were measured by dual energy X-ray
absorptiometry (DXA) using QDR-2000 (Hologic
Inc., Waltham, MA) at the lumbar spine, femoral
neck, radius, and whole body as previously described
[17]. BMD was automatically calculated from the
bone area (cm?) and bone mineral content (BMC) (g)
and expressed absolutely in g/cm2.  Values except
that at the whole body were also expressed relatively
as the standard deviation (SD) of age- and sex-
matched normal Japanese mean values provided by
the manufacturer (Z score). Accurate Z scores of
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whole body BMD values were not available in Japan
because of a lack of sufficient data on a normal Japa-
nese reference population. The coefficients of varia-
tion (precision) of measurements of the lumbar
spine, femoral neck and radius were 0.9, 1.7 and 1.9
%, respectively. Body composition was measured
by the DXA method in array mode and the coeffi-
cient of variation of fat body mass measurement was
2.0%.

Ascertainment of fractures

Vertebral fractures were assessed by lateral thorac-
ic and lumbar spine radiographs and were defined
using ratios of vertebral heights according to the
diagnostic criteria provided by the Japanese Society
of Bone and Mineral Metabolism [18]. Prevalent
wedge fractures were defined by anterior heights
more than 25% below posterior heights. Crush frac-
tures were defined by midvertebral heights that were
more than 20% below anterior or posterior heights.

Statistical analysis

BMD values, demographic, and biochemical para-
imeters were expressed as mean+SD for each group.
Statistical analysis was performed using the com-
puter program Statview (Abacus Concepts, Inc.,
Berkeley, CA). Multiple regression analysis was used
to assess the relationship between BMD values and
plasma lipid levels. To evaluate the contribution
of plasma lipid levels to the presence of vertebral
fracture, multivariate logistic regression analysis was
performed. Comparisons between two groups were
made with unpaired #tests. P-values less than 0.05
were considered significant.

Results

The characteristics of the participants are summa-
rized in Table 1. The subjects enrolled in the present
study had normal values of BMI and %fat, indicat-
ing that they had an average nutritional status. The
Z scores of BMD values at each skeletal site were
normal compared to the age-matched reference popu-
lation provided by the manufacturer.

Since our statistical analysis showed that BMI and
%fat were significantly correlated with each other

Table 1. Baseline characteristics of the subjects
Number of subjects 214
Age (year) 62.7+8.1
Years since menopause 13.7£8.1
Body weight (kg) 51.9+8.1
Height (cm) 152.1+5.1
BMI (kg/m?) 22.4+3.2
% fat 35.7+7.4
Alb (g/dl) 4.15+0.28
Ca (mg/dl) 9.29+0.35
P (mg/dl) 3.80+0.63
Alp (IU/1) 229+ 66
BUN (mg/dl) 16.1+3.5
Cr (mg/dl) 0.62+0.11
U-Ca/U-Cr 0.229+0.122
mPTH (pg/ml) 368+128
Total C (mg/dl) 220+35
LDL-C (mg/dl) 129+35
HDL-C (mg/dl) 66.7+19.0
TG (mg/dl) 122463
L-BMD (g/cm?) 0.763+0.134
L-BMD (Z score) 0.065+1.257
F-BMD (g/cm?) 0.615+0.097
F-BMD (Z score) 0.262+1.348
1/3R-BMD (g/cm?) 0.501+0.074
1/3R-BMD (Z score) -0.703+£1.210
UDR-BMD (g/cm?) 0.301+0.062
UDR-BMD (Z score) 1.352+1.112
Total BMD (g/cm?) 0.905+0.090

Abbreviations: C, cholesterol; L, lumbar; F, femoral neck;
1/3R, mid-radial; UDR, ultradistal radial

and were significantly associated with both BMD and
plasma lipid levels (data not shown), a multiple re-
gression analysis was performed between BMD at
each skeletal site and each plasma lipid level adjusted
for age, years after menopause, BMI, and %fat
(Table 2). Plasma LDL-C levels were significantly
and inversely correlated with the absolute values of
both one-third radial (1/3R) and distal radial (UDR)
BMD (p<0.01), and tended to be inversely correlated
with the absolute values of L-BMD (p=0.051). In
contrast, plasma HDL-C levels were significantly and
positively correlated with the absolute values of L,
1/3R and UDR BMD (p<0.05). Neither plasma total
C levels nor TG levels were significantly correlated
with BMD values at any skeletal sites, except for a
significant inverse correlation between plasma total
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Table 2. Multiple regression analysis between BMD at each
skeletal site versus each plasma lipid level adjusted
for age, years after menopause, BMI, and %fat as
independent variables
Numbers in each cell describe a correlation coeffi-
cient.

Independent variables

BMD region Total C LDL-C HDL-C TG

L (g/cm?) —0.074 -0.125 0.139* —-0.062

F (g/cm?) -0.014 -0.052 0.091 —-0.024

1/3R (g/cm?) -0.079 —0.177** 0.154* 0.045

UDR (g/cm?) —0.127*  —0.204%%* 0.129* 0.023

Total (g/cm?) 0.045 0.035 —0.008 0.042

*p<0.05, **p<0.01

Table 3.

C levels and the absolute values of UDR-BMD (p<
0.05).

Since an elevated circulating PTH level due to
secondary hyperparathyroidism may be involved in
cortical bone loss in aged women, we analyzed the
relationship among LDL-C, HDL-C, PTH and ra-
dial BMD. Simple regression analysis revealed that
there were no significant correlations between these
factors (data not shown).

Next, we compared demographic and biochemical
parameters including plasma lipids as well as BMD
values at each site between women with and without
vertebral fractures (Table 3). Women with vertebral
fractures were significantly older in age (P =0.0001)
and shorter in height (P=0.0381), and had signifi-

Comparison of subjects with and without vertebral fractures

Vertebral fractures

Yes No p value
Number of subjects 179
Age (year) 69.7+7.3 61.3£7.6 0.0001*
Years since menopause 20.0+8.1 12.5+7.6 0.0001*
Body weight (kg) 49.3+8.8 52.4%7.9 0.0355*
Height (cm) 150.1+£6.6 152.5+4.7 0.0108*
BMI (kg/m?) 21.7+2.7 22.5+3.3 0.1739
% fat 33.5+7.3 36.1+7.4 0.0584
Alb (g/dl) 4.14+0.29 4.16+0.28 0.7383
Ca (mg/dl) 9.23+0.33 9.30+0.36 0.3104
P (mg/dl) 3.66+0.43 3.83+0.66 0.1438
Alp (IU/1) 252+87 224+61 0.0245*
BUN (mg/dl) 16.5+4.1 16.0+3.4 0.4051
Cr (mg/dl) 0.67+0.15 0.61+0.10 0.0026*
U-Ca/U-Cr 0.21+0.12 0.23+0.12 0.3494
mPTH (pg/ml) 385+168 365+119 0.4313
Total C (mg/dl) 214+35 222+35 0.2370
LDL-C (mg/dl) 128+34 130+35 0.7416
HDL-C (mg/dl) 66.9+18.2 66.6+19.2 0.9390
TG (mg/dl) 97.0+36.5 126.4+65.8 0.0110*
L-BMD (g/cm?) 0.631+0.104 0.789+0.123 0.0001*
L-BMD (Z score) —0.767+1.065 0.227+1.229 0.0001*
F-BMD (g/cm?) 0.543+0.084 0.629+0.093 0.0001*
F-BMD (Z score) 0.012+1.255 0.311£1.364 0.2316
1/3R-BMD (g/cm?) 0.437+0.069 0.514+0.068 0.0001*
1/3R-BMD (Z score) —1.139£1.081 —0.617+1.218 0.0213*
UDR-BMD (g/cm?) 0.239+0.047 0.313+0.057 0.0001*
UDR-BMD (Z score) 0.676+1.254 1.486+1.034 0.0001*
Total BMD (g/cm?) 0.834+0.069 0.919+0.088 0.0001*

*p<0.05
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Table 4. Associations between the presence of vertebral frac-
tures and each plasma lipid level® in the subjects

Presence of vertebral fractures

OR (95% CI) p value
Total C 0.93 (0.58, 1.47) 0.7492
LDL-C 1.16 (0.74, 1.82) 0.5227
HDL-C 0.96 (0.61, 1.53) 0.8701
TG 0.51 (0.29, 0.89) 0.0187*

aMultivariate analysis adjusted for age, years after menopause,
BMI, and %fat; unit of change=per SD increase.
*p<0.05

cantly lower absolute values and Z scores of BMD at
each of the skeletal sites than women without ver-
tebral fractures (mostly P =0.0001) except for the Z
scores of F-BMD. Among plasma lipids, only TG
was significantly lower in women with vertebral frac-
tures than in those without fractures (p=0.0110).
When a multivariate logistic regression analysis
was performed with the presence of vertebral frac-
tures as a dependent variable and each lipid level ad-
justed for age, years after menopause, height, BMI,
and %fat as independent variables (Table 4), only
TG was found to be associated with the presence of
vertebral fractures (odds ratio: 0.51, 95% confiden-
tial interval: 0.29-0.89 per SD increase, p =0.0187).

Discussion

In this study, we found that plasma LDL-C and
HDL-C levels were inversely and positively corre-
lated with both R- and L-BMD values, respectively,
after correction for age, BMI, and %fat in post-
menopausal women. These relations are very similar
to those between the two lipids and atherosclerosis,
where plasma LDL-C and HDL-C levels are inversely
and positively correlated with the incidence of athero-
sclerotic cardiovascular disease, respectively, and
the correction of these lipid abnormalities by diet and
drug therapies is the best way to protect against the
disease [9].

Although both R- and L-BMD values were cor-
related with LDL-C and HDL-C in this study, R-
BMD was more significantly correlated with these
lipids than L-BMD. Other researchers have also re-
ported the significant association of BMD with aortic
calcification, stroke, and cardiovascular death at the

radial site but not at other sites [3, 4, 8, 19]. Thus,
there might be a difference in the association with
plasma levels of the two lipids or the incidence of
lipid-related disorders between the appendicular and
axial bones.

On the other hand, this study showed that plasma
TG but not LDL-C or HDL-C were significantly low-
er in women with vertebral fractures than in those
without fractures. A logistic regression analysis in-
dicated that every 1 SD increase in plasma TG levels
in the patients reduced the chance of having vertebral
fractures by nearly half. The mechanisms under-
lying this relation are unclear. A search of the litera-
ture failed to find other reports of the association of
TG with vertebral fractures. Since this association
was observed even after correction for BMI and
% fat, it is unlikely that differences in the nutritional
status of the subjects affected the statistical outcome.

Although no method for evaluating bone quality
or bone geometry is clinically available at present,
the presence of a vertebral fracture might be useful
as a crude indicator of bone quality in individual
patients. A large study on the incidence of vertebral
fractures in postmenopausal osteoporosis showed
that patients with previous vertebral fractures were
more likely to suffer new vertebral fractures [20, 21]
and hip fractures [20] than those without vertebral
fractures during several-year study periods. We
found that high TG was associated with the lower in-
cidence of vertebral fractures, or possible better bone
quality, in postmenopausal women. In contrast, re-
cent large-scale clinical studies showed that TG was
an independent risk factor for major coronary events
after controlling for LDL-C and HDL-C [22]. Thus,
this study suggests that circulating TG might have
opposite impacts on the bone and the vessel wall,
while LDL-C and HDL-C have similar effects on
both tissues.

Accumulating evidence shows that patients with
lower bone density or osteoporosis are prone to have
more severe atherosclerosis and a greater risk of
cardiovascular death [1-8]. It is well known that ox-
idized LDL can contribute to the pathogenesis of
atherosclerosis by many mechanisms [10, 11]. Oxi-
dized LDL attracts monocytes to the vessel wall and
facilitates their conversion into macrophages. In
turn, macrophages express scavenger receptors that
take up oxidized LDL, leading to lipid-laden foam
cells and fatty streak lesions. The products of oxi-
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dized LDL are toxic, producing endothelial damage
and initiating thrombosis and smooth muscle cell
proliferation by releasing platelet-derived growth fac-
tors from platelets attracted to the lesion. Since the
bone is also abundant in such cells and growth fac-
tors, it is possible that oxidized LDL could evoke
similar reactions in its microenvironment and could
eventually cause bone loss and osteoporosis. In-
deed, recent in vitro studies showed that LDL oxida-
tion products had the abilities to inhibit osteoblast
differentiation and to promote adipocyte differentia-
tion [13, 14], suggesting that the products could be
harmful to both the vessel wall and bone structure.
However, few clinical studies have examined the
association of plasma lipids with bone mass or fragil-
ity. Although Broulik and Kapitola [23] reported
that women with osteoporosis diagnosed by low
BMD had higher total C levels than control subjects,
it was not determined whether BMD values were cor-
related with plasma LDL-C or HDL-C levels. The
present study is the first to show that both high LDL-
C and low HDL-C are clinically associated with low
bone mass in postmenopausal women, similar to the
way in which such lipid derangements are linked to
the incidence of atherosclerotic cardiovascular dis-
ease. Thus, our clinical study together with previous
experimental studies [13, 14] suggest that disturb-

ances in plasma lipids might induce both atheroscle-
rosis and osteoporosis. Alternatively, it is interest-
ing that statins, estrogens, and nitrogen-containing
bisphosphonates have similar stimulatory effects on
bone mass, because all of them are known to reduce
LDL-C and increase HDL-C in the plasma [24].

This study has some limitations. First, we only
analyzed the subjects who attended Kobe University
Hospital, a tertiary care center, for the evaluation of
osteoporosis. Therefore, the patients enrolled in this
study might not be representative of normal Japanese
postmenopausal women. Second, the analysis of
effects of plasma lipids on vertebral fractures only
included 35 fracture cases and, thus, the statistical
power to detect meaningful differences for LDL-C or
HDL-C was probably not large.

In conclusion, our study suggests that high LDL-C
and low HDL-C are associated with low bone mass
as well as atherosclerosis, and that high TG is as-
sociated with the lower incidence of vertebral frac-
tures in postmenopausal women. Thus, abnormali-
ties in lipid metabolism might be the common factors
underlying both osteoporosis and atherosclerosis.
Our study together with recent basic and clinical
studies suggest that plasma lipids play some physio-
logical role in maintaining bone mass and better bone
quality in postmenopausal women.
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