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Abstract

Background: To determine the relationship between lipid profile and bone turnover in pre and postmenopausal women.
Methods: In a cross-sectiona study, 279 women referred to Bone Mineral Densitometry (BMD) center of endocrinology
and Metabolism research center for premenopausal evaluation were assessed for serum osteoporotegerin, receptor activator
of nuclear factor kB (NF-kB) ligand (RANKL) and lipid profile in biochemistry and hormone laboratory.

Results: Serum Total cholesterol had significant inverse correlation with spine L2-L4 BMD (r=-0.152, P=0.02) and L2-L4
t-score (r=-0.151, P=0.02). Low density lipoprotein (LDL) cholesteral also related negatively to spine L2-L4 BMD (r=-0.184,
P=0.007), L2-L4 T score (r=-0.184, P= 0.007) and L2-L4 Z score (r=-0.134, P= 0.04).However no relation was found be-
tween triglyceride and high density lipoprotein and lumbar spine BMD values. Whereas 35.5 % of women with LDL >130
had serum RANKL upper than percentile 75, this value was 18.7% among women with LDL< 130(P=0.01, Odds Ratio=
2.39, CI: 1.24-4.6). Osteoprotegerin had no such arelation with LDL. In univariate analysis LDL had a significant relation-
ship with RANKL independent of age (P=0.02).

Conclusion: As RANKL is ahbone marker that show bone loss, our finding may contribute to demonstrate a negative effect

of LDL on bone metabolism.
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Introduction

Osteoporotic fractures and acute cardiovascular
events due to atherosclerosis remain the predo-
minant contributors to morbidity and mortality
among the elderly. Emergent epidemiological
and biological evidence puts forwards a possi-
ble link between these two diseases (1, 2). In
both cross-sectional and longitudinal epidemi-
ologic studies, increased cardiovascular mortal-
ity (3-5), cardiovascular morbidity (6, 7), and
sub clinical measures of atherosclerosis (8, 9)
has been related to low bone mass.

Common mechanisms have been concerned in
the possible relationship between bone loss and
atheroscleross. Immunological and inflammatory
factors play an important role in pathophisiology
of both diseases. One of these factors is Osteo-
protegerin (OPG). OPG is a soluble glycoprotein
that belongs to the tumor necrosis factor (TNF)
receptor super family. OPG acts as adecoy recep-
tor of the receptor activator of nuclear factor kB

(NF-kB) ligand (RANKL), which is an important
regulator of osteoclastogenesis OPG is known to
inhibit osteoclastogenesis by binding to RANKL,
to preventing it from binding to the receptor
activator of NF-kB on osteoclasts (10,11).

It has been reported that OPG is highly ex-
pressed in the bones, heart, and major arteries
(12). Recently, OPG has shown not only as an
inhibitor of osteoclastogenesis, but also as a
preventive mediator of cardiovascular diseases,
such as arterial calcification and atherogenesis.
Also OPG is present in atherosclerotic arteries
as an inflammatory cytokines (13).

Another common culprit acting in paralel on
both vascular and bone cells (14,15) are serum
lipids, which in addition to ther established
role in atherogenesis, were also shown to act on
osteoblasts (16-18) and osteoclasts (19). Prod-
ucts of lipoprotein oxidation and an atherogenic
diet inhibit preosteoblast differentiation (20) and
result in reduced bone mineraization. These ob-
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servations suggest a relationship between lipid
and bone metabolism.

The aim of this study was to determine relation-
ship between lipid profile and bone turnover in
pre and postmenopausal women.

Material and Methods

The study population consisted of 279 hedlthy
women, who selected from outpatient clinic of
Endocrinology and metabolism research center
(EMRC) of Tehran University of Medical Sci-
ences. Women with diabetes mellitus, ischemic
heart disease, cerebrovascular disease, thyroid
dysfunction, chronic liver, and renal diseases
were excluded. We also excluded the patients
taking medicine that can affect bone metabo-
lism.

The menopause was defined as the absence of
menstruation for at least 12 months. The proto-
col used was approved by the Institutional Re-
view Board of EMRC, and informed consent
was obtained from all participants.

We measured height, weight, and systolic and
diastolic blood pressures. Body mass index was
calculated as weight (kg) divided by height (m)
squared and was used as an index of overall adi-
posity (kg/m2).

Venus blood sampling was performed after 12 h
fasting. Tota cholesterol (TC), low density lipo-
protein (LDL), high density lipoprotein (HDL)
cholesterol and Osteoprotegerin was measured
by immunoassay (ELISA) using an Immunodi-
agnostic kit. The intra- and inter-assay CV were
6.6% and 5.7%, respectively. Serum sRANKL
was measured by immunoassay (ELISA) using
a Biomedica kit, with intra- and inter-assay CV
of 4.1% and 5.1%, respectively.

BMD was measured by DXA using Lunar DPX-
MD device (Lunar Corporation, Madison, USA).
The DXA device was cdibrated daily and weekly
by using appropriated phantoms methods. To
assess BMD, second to fourth lumbar spine and
from the femur bone (neck, trochanter and the
whole femur), bone density was calculated based
on gr/cm2.
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Results

Totaly 279 women pre and postmenopausal
women participated in this study. The study
population’s main clinical and laboratory featu-
res are shown in Table 1. The subjects included
177 postmenopausal women (age, 58.78+7.53 yr)
and 102 premenopausal women (age, 48.36x
7.25yr).

Serum Total cholesterol had significant inverse
correlation with spine L2-L4 BMD (r= -0.152,
P=0.02) and L2-L4 t score (r=-0.151, P= 0.02).
LDL cholesterol aso related negatively to spine
L2-L4 BMD (r= -0.184, P= 0.007), L2-L4 T
score (r=-0.184, P= 0.007) and L2-L4 Z score
(r=-0.134, P= 0.04). However no relation was
found between TG and HDL and lumbar spine
BMD values. Measured lipids had shown no
significant relation with BMD values of hip.
Serum OPG levels were correlated positively
with age(r= 0.225, P= 0.001).

Serum OPG levels had negative correlation with
hip BMD (r=-0.160, P= 0.02) and hip t score
(r=-0.158, P= 0.02). No significant correlation
was found between serum OPG level and BMD
values of lumbar spine. Serum TG and HDL-C
level were found to have no relationship with
serum OPG level. Serum RANKL showed no
significant relation with measured lumbar spine
and hip BMD.

Whereas 35.5 % of women with LDL >130 had
serum RANKL upper than percentile 75, thisvalue
was 18.7% among women with LDL< 130
(P=.01, Odds Ratio= 2.39, Cl: 1.24-4.6). OPG
had no such arelation with LDL. In univariate
analysis LDL had asignificant relationship with
RANKL independent of age (P=0.02).
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Table 1: Clinical characteristics and laboratory finding of participants

values Mean Std. Deviation
Age (yr) 55.34 8.70
Height (cm) 157.60 5.95
Weight (kg) 69.09 13.69
BMI (kg/m2) 27.73 5.00
BMD of femur (g/cm?2) 0.91 0.14
T score of femur -0.71 122
Z score of femur -0.16 101
BMD of L2_L4 (g/cm2) 1.03 0.18
T scoreof L2 L4 -1.37 152
Zscoreof L2 L4 -0.57 1.28
Triglyceride (mg/dl) 162.68 85.12
Tota cholesterol(mg/dl) 222.71 42.28
HDL (mg/dl) 50.16 12.69
LDL(mg/dl) 123.21 27.19
Osteoprotegerin(pmol/l) 5.87 1.99
RANKL (pmol/l) 0.09 0.16

Table 2: Comparison of laboratory finding in three groups based on bone mineral status

Bone mineral status

variables Normal (72) Osteopenia(94) Osteoporosis(50) Pvalue
TC(mg/dl) 211.88+39.54 227.36+46.83 230.36+35.34 0.024
LDL (mg/dl) 115.83+27.24 125.08+27.79 130.62+24.75 0.009
HDL (mg/dl) 49.27+11.93 50.51+13.25 50.40+12.18 0.805
TG(mg/dl) 153.87+83.38 166.77+86.22 170.84+88.44 0.496
OPG (pmol/l) 547+1.70 6.05+2.19 6.06+2.07 0.156
RANKL (pmol/l) 0.07+0.13 0.10+0.20 0.10+0.13 0.640

Mean £SD

Discussion A number of studies have suggested a positive

This study demonstrates that the lipid profile is
moderately related to BMD. The levels of se-
rum total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C) were inversely
associated with BMD in both pre- and post-
menopausa women.

Our finding is consistent with the results of Cui
et a. (21) studied pre- and post-menopausal
rural women in South Korea. However Zaba-
glia et a. (22) found no association between
total cholesterol, LDL-C and BMD in meno-
pausal women.

relationship between BMD and triglyceride
levels. Cui et al. (21) reported that the levels of
triglyceride (TG) had a significant positive cor-
relation with BMD values at the trochanter site
in the post-menopausal women. Adami et al.
(23) aso found that total body and hip BMD
were positively related to serum triglyceridesin
women. However Zabaglia et al. (23) found no
association between serum triglycerides and
BMD in menopausa women. We aso did not
find relation between TG and BMD.
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Literature concerning relationships between
HDL cholesterol levels and BMD is contradic-
tory (24-28). Some reports showing a negative
association between BMD and HDL cholesterol
even though in a limited number of postmeno-
pausal osteoporotic women (24). Zabaglia (23)
found no association between lipid profile vari-
ables and BMD, except for high density lipo-
protein (HDL), which showed an inverse cor-
relation in postmenopausa women. However
Cui et a. (21) report was consistent with our
finding that the levels of high-density lipopro-
tein cholesterol (HDL-C) were not associated
with BMD values at any of the sites in the pre-
and post-menopausal subjects.

In spite of that several studies show the asso-
ciation between different components of lipid
profile and BMD, a constant relation has not
been found. BMD decreases by advancing age
and has a positive relation by BMI. Since both
of these factors have close relation with lipid
profile, age and BMI adjustment should be con-
Sidered.

We found that serum level of total cholesterol
and LDL significantly different in various bone
conditions. These measured lipids were signifi-
cantly higher in osteopenic patients than normal
individuals and also higher in osteoporotic than
osteopenic women. This finding was remained
after adjustment for age and BMD. This upward
trend isin agreement with our other finding that
showed negative relationship between total
cholesterol and LDL and BMD.

Despite many studies conducted to reveal the
relation between lipid profile and BMD, patho-
phisiology and molecular mechanisms of this
relation have not been fully investigated. Re-
cent studies emphasize on important role of
Osteoprotegerin (OPG) and receptor activator
of nuclear factor kB (NF-kB) ligand (RANKL)
in bone metabolism. OPG is a soluble glyco-
protein that belongs to the tumor necrosis factor
(TNF) receptor super family (12, 29, 30). OPG
acts as a decoy receptor of the RANKL, which
is a critica regulator of osteoclastogenesis and
is known to restrain osteoclastogenesis by
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binding to RANKL and preventing RANKL
from binding to the receptor activator of NF-kB
on osteoclasts (10, 11).

We found a significant positive relation be-
tween OPG and age. Previous reports have pre-
sented similar results about the association be-
tween serum OPG levels and the age in women
(31-33). The increasing serum levels of OPG
with aging could be interpreted as a compen-
satory mechanism to neutralize the acceleration
of bone resorption (31). Further studies on the
changes of production and clearance of OPG
with aging are required.

We found no relation between OPG and lipid
profile. However Oh et d. (34) studying healthy
Korean women reported that the mean serum
OPG levels tended to be higher in those with
high serum TC and LDL-C levels. But serum
TG and HDL-C level were found to have no re-
lationship to the mean serum OPG level. They
also showed by bivariate correlation analysis
that serum OPG levels were positively corre-
lated with serum TC and LDL-C levels.

Our study showed that LDL had a significant
relationship with RANKL independent of age.
Through a search in the literature we found no
previousreport about the relation between RANKL
and lipid profile. However, there are some re-
cords that hyperlipidemia and minimally oxi-
dized low-density lipoprotein exert negative ef-
fects on bone metabolism (18, 35). As RANKL
is a bone marker that show bone loss, our find-
ing may contribute to demonstrate the adverse
role of LDL playing in bone metabolism.

There were some limitations in our study. Due
to its cross-sectional nature, we are not able to
clarify whether lipid profile is associated with
peak bone mass acquisition or to age-related
bone loss. So understanding the exact effects of
lipids on bone metabolism required cohort stud-
ies. In addition, the coloration of serum and tis-
sue levels of bone markersis suspicious. So for
confirmation of findings, further studies should
be undertaken on target tissue to investigate the
precise relation between bone and serum bio-
markers.
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In conclusion, our data show that lipid profileis
partially associated with BMD and osteoporosis
in pre and postmenopausal women. Evaluation
of lipid profile in relation with bone markers
may suggest LDL negative effect on bone me-
tabolism. Regarding Crucial role of LDL-C in
Pathogenesis of atherosclerosis, the common
pathopysiological metabolic pathways result in
atherosclerosis and osteoporosis should be in-
vestigated.
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