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Summary

Background: Menopause is associated with osteoporosis and an increased risk of metabolic disorders, including obesity, abdominal
adiposity, hyperlipidemia, hypertension, and insulin resistance, which may increase the risk of cardiovascular disease (CVD). Recent
studies have demonstrated a correlation between fat, glucose, and bone metabolism which could contribute to CVD and osteoporosis.
This study examined the association between metabolic risk factors and bone mineral density (BMD) in postmenopausal women. Ma-
terials and Methods: The authors determined the anthropometric values [waist-hip ratio (WHR), visceral fat area (VFA), body fat mass
(BFM), and skeletal muscle mass (SMM)], lipid profile, fasting plasma glucose levels, high-sensitivity C-reactive protein levels, home-
ostasis model assessment of insulin resistance (HOMA-IR) scores, serum leptin and adiponectin levels, serum osteocalcin level [total
osteocalcin (tOC) and undercarboxylated osteocalcin (ucOC)], and BMDs of the lumbar spine and femoral neck in 137 postmenopausal
women. Results: There was a positive correlation between BFM, HOMA-IR score, serum leptin level, and BMD of the lumbar spine,
and a negative correlation between BFM, total cholesterol, serum adiponectin, and BMD of the lumbar spine after adjusting for age,
years since menopause, current alcohol consumption, and current smoking status. In a multiple regression analysis, serum adiponectin
level and SMM were the most important predictors of the BMD of the lumbar spine. Conclusion: There were several metabolic risk vari-
ables that had a harmful effect on the BMD of the lumbar spine, but not the femoral neck. However, higher serum adiponectin levels

were negatively correlated with BMD of the lumbar spine as adiposity decreased.
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Introduction

Estrogen deficiency during menopause is associated with
decreased bone mineral density (BMD) and increased
metabolic risk factors such as higher body fat mass (BFM),
abdominal obesity, hyperlipidemia, elevated blood pres-
sure, insulin resistance, and increased levels of proinflam-
matory cytokines [1, 2]. Metabolic syndrome (MetS) is
defined as a cluster of metabolic risks that increases the risk
of cardiovascular disease (CVD)[3]. MetS and osteoporo-
sis in postmenopausal women are associated with increased
morbidity and mortality; thus, many preventive efforts have
been initiated.

Previous studies have shown interrelationships among
bone, fat, and glucose metabolism and that a higher body
mass index (BMI) and hyperinsulinemia have a protective
effect on BMD by increasing mechanical loading and ovar-
ian estrogen production [4, 5]. However, new concepts de-
scribing the fat-bone relationship have been introduced. For
example, adipocyte hyperplasia induces increased proin-
flammatory cytokine secretion which is associated with an
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increased risk of insulin resistance and osteoporotic frac-
ture [1, 6]. In addition, adipocyte-derived hormones, in-
cluding adipokines such as leptin and adiponectin have
direct skeletal and centrally mediated effects [7].

Experimental animal studies have shown that osteocal-
cin which regulates fat and glucose metabolism mediates
crosstalk between fat and glucose metabolism and bone.
Osteocalcin is a protein secreted mainly by osteoblasts that
is y-carboxylatedin a vitamin K-dependent manner. Under-
carboxylated osteocalcin (ucOC) acts as a hormone in the
body, causing B-cell proliferation, increased insulin secre-
tion and insulin activity, and adiponectin expression in
adipocytes [8, 9]. Given that these adipocyte- and os-
teoblast-produced hormones play regulatory roles in both
bone and energy metabolism (e.g. glucose and fat), meta-
bolic risk factors may affect bone mass; however, clinical
studies have drawn conflicting conclusions regarding the
association of metabolic risk factors with BMD [10, 11].
This study was performed to examine the association be-
tween metabolic risk factors and BMD of the lumbar spine
and femoral neck in postmenopausal women.
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Materials and Methods

The authors recruited 188 postmenopausal women at Saint Vin-
cent’s Hospital (Suwon, South Korea) between September 2009
and August 2010. This prospective and cross-sectional study was
approved by the Institutional Review Board of The Catholic Uni-
versity of Korea. Informed consent was obtained from each par-
ticipant. The exclusion criteria were: current cancer, laboratory
evidence of kidney, liver, or thyroid disease, diabetes, bone-alter-
ing conditions (bilateral oophorectomy, hyperparathyroidism,
nephrolithiasis, renal disease, or therapy with biphosphonates, cal-
citonin, estrogen, steroids, tamoxifen, or chemotherapy in the past
year), and use of anti-obesity agents or non-compliance with diet
or behavioral therapy for weight control. Postmenopausal women
had at least 12 consecutive months of amenorrhea with no other
medical cause for amenorrhea, and a follicle-stimulating hormone
level > 40 mIU/mL at the time of enrollment. After the applying
exclusion criteria, 137 women were enrolled in the present study.

Data on age, years since menopause, health behaviors, includ-
ing smoking and alcohol consumption, and personal history of di-
abetes and hypertension were provided by the participants through
questionnaires. Alcohol consumers were defined as those with at
least weekly consumption of alcohol. Subjects were classified as
having a smoking habit if they smoked at the time of the study.

Body size and composition were measured by bioelectrical im-
pedance analysis (BIA) using a body composition analyzer. The
data collected included waist-hip ratio (WHR), visceral fat area
(VFA), skeletal muscle mass (SMM), percentage body fat (PBF),
and body fat mass (BFM). The degree of accuracy of body size
and composition measurements had a 1.0% coefficient of varia-
tion. Blood pressure was measured twice with a mercury sphyg-
momanometer after a ten-minute seated rest and the average of
the two measurements was used for statistical analysis. BMI was
calculated as weight (in kg) divided by height (in meters) squared.

Blood was collected by venipuncture after an overnight fast,
and the total cholesterol, triglycerides, HDL-cholesterol, fasting
plasma glucose (FPG), and high-sensitivity C-reactive protein (hs-
CRP)levels were measured using an automatic analyzer. LDL-
cholesterol was calculated according to Friedewald’s formula
[total cholesterol (mg/dL) — HDL-cholesterol (mg/dL) — total
triglyceride (mg/dL)/5]. The coefficients of variation of total cho-
lesterol, triglycerides, HDL-cholesterol, fasting glucose, and hs-
CRP were 2.0, 2.2, 2.6, 2.3, and 6.75% (intra-assay) and 1.6, 2.6,
0.9, 1.6, and 7.91% (inter-assay), respectively. Serum fasting in-
sulin was measured by a chemiluminescent immunometric assay
with Immulite 2000 insulin. The coefficients of variation for in-
sulin were 3.7% (intra-assay) and 8.1% (inter-assay). Insulin re-
sistance was estimated by homeostasis model assessment of
insulin resistance (HOMA-IR) index [insulin (mIU/ml) x fasting
blood glucose (mg/dL) / 405].

The serum and plasma were separated from samples of whole
blood by centrifugation at 300 rpm for five minutes, and aliquots
were stored at -80°C until analysis. Subsequently, the authors used
the samples together and determined the serum leptin,
adiponectin, total osteocalcin (tOC), and ucOC levels. Serum lep-
tin and adiponectin levels were measured with a human leptin im-
munoassay and human adiponectin ELISA kit. The coefficients
of variation for leptin and adiponectin were 3.2 and 3.8% (intra-
assay), and 3.0 and 5.1% (inter-assay), respectively. Serum tOC
and ucOC levels were measured using osteocalcin ELISA and
human undercarboxylated osteocalcin ELISA kits, respectively.

The coefficients of variation for tOC and ucOC were 4.2 and <
8.0% (intra-assay), and 4.0 and < 10% (inter-assay), respectively.

The BMD of the lumbar spine and femur neck were measured
in all women by the same technician using the same dual-energy
X-ray absorptiometer. The precision coefficient of variation was
1.0%. Dual-energy X-ray absorptiometry measurements of the hip
and spine are currently used to establish or confirm a diagnosis of
osteoporosis. A real BMD is expressed in grams of mineral/cm?
scanned.

Statistical analysis was performed using SPSS (version 18.0).
All data are described as means = standard deviation (SD) or num-
bers (%). Variables, such as WHR, blood pressure, fasting insulin,
HOMA-IR, hs-CRP, and serum leptin and adiponectin, were log-
arithmically transformed prior to statistical analyses to approxi-
mate a normal distribution. The correlations between the
anthropometric profile, lipid profile, glucose and insulin levels,
blood pressure, serum adipokine level, and serum osteocalcin
level were examined using Pearson’s correlation test. Multiple lin-
ear regression analysis was performed to examine the influence of
the different variables on the BMD of lumbar spine and femoral
neck. The variables entered in the model were as follows: age,
years since menopause, current smoking status, current alcohol
consumption, BMI, WHR, VFA, BFM, total cholesterol, total
triglycerides, HDL-cholesterol, LDL-cholesterol, FPG, HOMA-
IR, hs-CRP, hypertension, serum leptin and adiponectin, serum
tOC and ucOC, and treatment for hyperlipidemia. In all analyses,
p value < 0.05 was taken to indicate statistical significance.

Results

The baseline characteristics of the study subjects are pre-
sented in Table 1. The mean age of the participants was 55.6
+ 5.8 years. The mean time since menopause was 7.1 £5.6
years, and the mean BMI was 23.8 + 2.9 kg/m?. The BMD
of the lumbar spine and femoral neck was 0.896 + 0.124
and 0.799 £ 0.161 g/cm?, respectively.

When assessing correlative factors, the authors found that
the BMDs of the lumbar spine and femoral neck were neg-
atively correlated with age (» = -0.176 and p = 0.002, and
r =-0.140 and p = 0.049, respectively) and years since
menopause (7 =-0.204 and p = 0.009, and » =-0.157 and p
=0.034, respectively), and positively correlated with BMI
(r=10.262 and p= 0.001 and » = 0.243 and p = 0.002, re-
spectively, Table 2). In addition, the BMD of the lumbar
spine was positively correlated with BFM (»=0.169 and p
=0.024), SMM (r=10.311 and p < 0.001), fasting insulin (»
=0.229 and p = 0.004), HOMA-IR score (» = 0.229 and p
=0.004), serum leptin level (»=0.180 and p = 0.017), and
was negatively correlated with HDL-cholesterol level (r =
-0.194 and p = 0.011) and serum adiponectin level (r = -
0.221 and p = 0.005). The BMD of the femoral neck was
positively correlated with PBF (» = 0.188 and p = 0.014),
BFM (= 0.231 and p = 0.003), FPG level (» = 0.171 and
p =0.023), fasting insulin level (»=0.211 and p = 0.007),
HOMA-IR score (r=0.214 and p = 0.006), and serum lep-
tin level (»=10.196 and p = 0.011; Table 2).

When adjusted for age, years since menopause, current
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alcohol consumption, and current smoking status, BFM,
serum TC level and serum adiponectin level were nega-
tively correlated with the lumbar spine, while SMM was
positively correlated with the BMD of lumbar spine (p =
0.010, p = 0.041, p = 0.042, and p = 0.005, respectively;
Table 3). However, there were no metabolic risk factors as-
sociated with the femoral neck BMD (Table 3). A multiple
regression analysis was performed to identify independent
variables that may affect BMDs at the lumbar spine and
femoral neck. Among the independent variables, SMM and
serum adiponectin levels were the most important predic-
tors of the BMD of the lumbar spine (B = 0.234, p = 0.005
and B =-0.216 and p= 0.010; Table 3). However, there
were no predictors of BMD at the femoral neck (Table 3).

Discussion

Osteoporosis and metabolic risk factors, including obe-
sity, abdominal adiposity, insulin resistance, hyperlipi-
demia, and hypertension are major causes of morbidity and
mortality in postmenopausal women [1, 2]. Previous stud-
ies indicated that the metabolism of fat, glucose, and bone
is regulated by distinct unrelated mechanisms. However,
recent investigations have discovered hormones secreted
from bone and fat that have led to interesting new concepts
linking fat, glucose, and bone metabolism [12].

A higher fat mass has a protective effect on bone mass
by increasing mechanical loading and hyperinsulinemia,
which results in B-cell hypersecretion [4]. Hyperinsuline-
mia increases free sex hormone level by decreasing sex
hormone-binding globulin production in the liver and in-
creasing both ovarian estrogen production and osteoblast
activity [7]. However, recent studies have shown that in-
creased adiposity is associated with a deleterious effect on
bone, and several mechanisms linking fat and bone metab-
olism have been introduced. For example, adipocytes se-
crete proinflammatory cytokine including tumor necrosis
factor-a, interleukin (IL)-18, IL-6, and hs-CRP, indicating
an association between obesity and low-grade chronic in-
flammation. These inflammatory cytokines are not only im-
portant factors in the development and progression of
obesity-related metabolic risk factor, they are also key me-
diators osteoclast differentiation and bone resorption by
stimulating osteoclast activity via the receptor activator of
nuclear factor kappa-B ligand (RANKL)/RANK/osteopro-
togerin (OPG) pathways [6, 13]. In a clinical study of older
Puerto Rican adults, higher abdominal fat mass was asso-
ciated with poor bone health in the lumbar spine and total
femur, and was identified as a risk factor for osteoporosis
[14]. Moreover, adipocytes and osteoblasts are derived
from the same pool of mesenchymal stem cells (MSCs).
Adipocyte-secreting proinflammatory cytokines enhance
bone marrow adipogenesis and exert a lipotoxic effect on
osteoblast[15]. In addition, leptin and adiponectin repre-
sentative adipokines secreted by adipocytes, play a role in
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Table 1. — Clinical characteristics of study participants”.

Variables All (N=137)
Age (years) 55.6£5.8
Years since menopause (years) 7.1+5.6
Height (cm) 156.2+5.0
Weight (kg) 58.0+7.2
FSH (mIU/mL) 521£168
Estradiol (pg/mL) 17.5+18.7
BMI (kg/m?) 238+29
WHRY 0.89 £0.05
PBF (%) 33.5+5.9
VFA (cm?) 99.6£222
SMM (kg) 207£26
BFM (kg) 197+52
Total cholesterol (mg/dL) 205.0 £37.1
Total triglycerides (mg/dL) 121.1 £ 66.0
HDL-cholesterol (mg/dL) 498 £12.5
LDL-cholesterol (mg/dL) 130.5+35.3
FPG (mg/dL) 95.2+13.2
Fasting insulinf(uIU/mL) 3.7+4.2
HOMA-IRY 0.91 £1.09
hs-CRP'(mg/dL) 0.11+0.11
SBP (mmHg) 123.7+16.3
DBP (mmHg) 77.3+9.9
Serum tOC (ng/mL) 16.6 £ 6.4
Serum ucOC (ng/mL) 5.9+3.1
Serum adiponectin” (ng/mL) 159+7.7
Serum leptin” (ng/mL) 9.0+4.38
Lumbar spine

BMD (g/cm?) 0.896 £0.124

T-score -0.92+1.06

Z-score 0.26 +0.93
Femoral neck

BMD (g/cm?) 0.799 +£0.161

T-score -0.36 £ 0.77

Z-score 0.26 £0.74
Current alcohol consumption (%)

No 114 (83.2)

Yes 23 (16.8)
Current smoking status (%)

No 135 (98.5)

Yes 2 (1.5)
Hypertension or treatment for hypertension (%)

No 104 (75.9)

Yes 33 (24.1)
Lipid-lowering therapy (%)

No 120 (87.6)

Yes 17 (12.4)

Data are presented as the mean + SD or number (percentage and its 95% con-

fidence interval [CI]). "Values were analyzed after logarithmic transformation.

FSH=follicle stimulating hormone, BMI=body mass index, WHR=waist-to-
hip ratio, PBF=percent body fat, VFA=visceral fat area, SMM= skeletal mus-
cle mass, BFM=body fat mass, HDL=high-density lipoprotein, LDL=
low-density lipoprotein, FPG=fasting plasma glucose, HOMA-IR=homeostasis
model assessment of insulin resistance, hs-CRP=high sensitivity C-reactive
protein, SBP=systolic blood pressure, DBP=diastolic blood pressure,
tOC=total osteocalcin, ucOC=undercarboxylated osteocalcin.

energy metabolism, and bone metabolism. Leptin, which
regulates appetite and energy expenditure,is associated with
central obesity, stimulating proinflammatory cytokines, and
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Table 2. — Coefficients of correlation between lumbar
spine and femoral neck BMD and body composition pa-
rameters, lipid profile, glucose metabolism-related param-
eters, hs-CRP, blood pressure, serum adipokine, and
osteocalcin.

Lumbar spine Femoral neck

r P r p
Age (years) -0.176"  0.002  -0.130" 0.065
Years since menopause  -0.204™  0.009  -0.157" 0.034
BMI (kg/cm?) 0.262™  0.001  0.243™ 0.002
WHR 0.093 0.141  0.113  0.094
VFA (cm?) 0.080 0.177 ~ 0.110  0.100
PBF (%) 0.049 0.285  0.188" 0.014"
BFM (kg) 0.169" 0.024  0.231™ 0.003
SMM (kg) 0.311"  <0.001 0.120  0.082
TC (mg/dL) -0.122 0.078  -0.102  0.117
TG (mg/dL) 0.012 0.445  0.065  0.224
HDL-C (mg/dL) -0.194 0.011  -0.129  0.066
LDL-C (mg/dL) -0.069 0211  -0.095 0.134
FPG (mg/dL) 0.106 0.109  0.171"  0.023
Insulin (uWIU/mL) 0.229™  0.004  0.211" 0.007
HOMA-IR 0.229™  0.004  0.214™ 0.006
hs-CRP (mg/dL) 0.081 0.173  0.039  0.326
SBP (mmHg) 0.138 0.054  0.080  0.176
DBP (mmHg) 0.053 0.269  0.071  0.204
Adiponectin (ng/mL) -0.221"  0.005  -0.091 0.146
Leptin (ng/mL) 0.180" 0.017  0.196" 0.011
tOC (ng/mL) -0.043 0.308  0.114  0.092
ucOC (ng/mL) 0.014 0.436  -0.026  0.380

Statistical analyses by Pearson’s correlation test. "p < 0.05, " p < 0.01.

insulin resistance. In contrast, adiponectin has anti-inflam-
matory properties resulting in insulin-sensitizing and anti-
atherogenic effects, and serum adiponectin levels are lower
among obese individuals[16]. Thus, leptin and adiponectin
mediate the effects of fat mass on bone [17].

The effect of leptin on bone metabolism has both stimu-
latory and inhibitory effects. Leptin receptor is expressed
on osteoblast, and it promotes osteogenesis and differenti-
ation in bone marrow MSCs [18]. Leptin also inhibits adi-
pogenesis, stimulates the differentiation of osteoblasts from
blood stem cells in bone marrow, and suppresses the os-
teoclastic activity of human peripheral blood mononuclear
cells [19, 20]. However, leptin decreases bone mass by in-
hibiting hypothalamic neuropeptide Y and the sympathetic
nervous system by stimulating RANKL [21, 22]. Due to
these conflicting central and peripheral mechanisms, many
clinical studies have reported no correlation between leptin
and BMD and that leptin is not an independent predictor of
fracture risk [23].

Adiponectin also influences osteoblastogenesis and os-
teoclastogenesis by different pathways. Adiponectin pro-
motes osteoblastic proliferation and increases matrix
mineralization via the p38 mitogen-activated protein kinase
pathway [24]. In contrast, another study reported that in-
creased adiponectin levels activate RANKL and inhibit

Table 3. — Multiple regression analysis for metabolic risk factors and the BMD of lumbar spine and femoral neck.

Femoral neck

Al

Lumbar spine

Al

A2

A2

B (95% CI)

B (95% CI)

B (95% CI)

B (95% CI)

0.375

-0.148 (-1.488 ~ 0.565)
0.211 (-0.002 ~ 0.005)

0.355

20.154 (-1.501 ~ 0.543)
20.035 (-0.002 ~ 0.002)
0.047 (-0.006 ~ 0.009)
0.041 (-0.008 ~ 0.013)

0.140
0.266
0318

-0.409 (-2.276 ~ 0.324)

0.109
0.345
0.010

20261 (-1.386 ~ 0.140)
20.139 (-0.002 ~ 0.001)
20333 (:0.012 ~ -0.002)
0.240 (0.003 ~ 0.019)

WHR

0.410

0.814

0.238 (-0.001 ~ 0.004)

VFA (cm?)

0.957

20.019 (-0.004 ~ 0.007)
0.017 (-0.011 ~0.013)

0.727

20.190 (-0.013 ~ 0.004)
0.234 (0.003 ~ 0.008)

BFM (kg)

0.865

0.648

0.005

0.005

SMM (ke)
TC (mg/dL)

TG (mg/dL)

0.206

1.277 (-0.003 ~ 0.015)

0.102
0.794
0.428

20.139 (-0.001 ~ 0.000)
20.024 (-0.001 ~ 0.000)

0.726
0.068

0.343 (-0.005 ~ 0.008)
20.165 (-0.001 ~ 0.000)
0.114 (-0.003 ~ 0.001)
20.102 (-0.001 ~ 0.000)

0.089 (-0.001 ~ 0.002)

0.041

20.170 (-0.001 ~ 0.000)

0.234

-0.114 (-0.001 ~ 0.000)

0.310

-0.092 (-0.001 ~ 0.000)

0.352

-0.080 (-0.003 ~ 0.001)

-0.069 (-0.003 ~ 0.001)

0.191
0.210

0.117

-0.133 (-0.003 ~ 0.000)
-0.100 (-0.001 ~ 0.000)

0.063 (-0.001 ~ 0.002)

HDL-C (mg/dL)
LDL-C (mg/dL)
FPG (mg/dL)
HOMA-IR

0.155
0.101
0.564
0.767
0.516

-0.118 (-0.001 ~ 0.000)
0.137 (0.000 ~ 0.004)

0.151

-0.120 (-0.001 ~ 0.000)
0.138 (0.000 ~ 0.004)

0.223

0.101
0.307
0.693

0.274

0.908

0.448

Chae Chun Rhim

0.059 (-0.021 ~-0.038)

0.098 (-0.013 ~ 0.042)

0.012 (-0.021 ~ 0.024)
0.061 (-0.103 ~ 0.230)

0.567
0.335

0.054 (-0.015 ~ 0.028)

0.027 (-0.203 ~ 0.275)

0.034 (-0.184 ~ 0.276)

0.454

0.080 (-0.087 ~ 0.254)

hs-CRP (mg/dL)

0.049 (-0.010 ~-0.007)

0.670

-0.216 (-0.008 ~-0.002) 0.010 -0.036(-0.012 ~ 0.008)
0.149 (-0.023 ~-0.003)

0.042

20.169(-0.006 ~ -0.001)
0.054 (<0.009 ~ 0.005)

Adiponectin (ng/mL)
Leptin (ng/mL)
tOC (ng/mL)

0.186
0.144
0.900
0.900
0.543

0.128 (-0.003 ~ 0.008)
0.122 (-0.001 ~ 0.007)

0.303
0.136
0.966

0.101(-0.027 ~ 0.083)
0.126(-0.001 ~ 0.007)
0.004(-0.009 ~ 0.008)
0.044(-0.044 ~ 0.074)

0.136
0.357

0.574
0.668

-0.073 (-0.004 ~ 0.002)
0.066 (-0.004 ~ 0.009)
0.240 (-0.013 ~-0.152)

-0.035 (-0.004 ~ 0.003)
0.048 (-0.005 ~ 0.008)

-0.011 (-0.001 ~ 0.009)
-0.011 (-0.010 ~ 0.009)
0.014 (-0.032 ~ 0.060)

0.424
0.099

0.558

ucOC (ng/mL)
Hypertension

0.619

0.161
0.077

0.170 (-0.018 ~ 0.108)

0.645

0.754 0.014 (-0.029 ~ 0.057)

0.025 (-0.041 ~ 0.090)

Al — Adjusted for age, years since menopause, BMI, current smoking status, and current alcohol consumption

0.057 (-0.006 ~0.119)

Lipid lowering therapy

A2 —Adjusted for age, years since menopause, BMI, current smoking status, and current alcohol consumption, WHR, VFA, BFM, SMM, TC, TG, HDL-C, LDL-C, FPG, HOMA-IR, hs-CRP, adiponectin, leptin, tOC, ucOC,

hypertension, and lipid lowering therapy.
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OPG resulting in osteoclastogenesis [25].

However, in a meta-analysis, Liu ef al. reported an in-
verse relationship between serum adiponectin levels and
BMD, although higher serum adiponectin levels were as-
sociated with lower adiposity [23]. They also stated that the
conflicting result obtained in biological and clinical studies
could be accounted for by the difference in serum
adiponectin levels due to age, menopausal status, hormone
levels, smoking, and diabetic status, and by the gap be-
tween serum and bone marrow levels of adiponectin which
has a paracrine effect [23]. Similar to the results reported by
Liu et al., the present study showed that BFM and
adiponectin, but not leptin, have a negative effect on BMD
at the lumbar spine and serum adiponectin is independent
factor affecting the BMD of the lumbar spine.

Osteocalcin is a bone matrix protein expressed by os-
teoblasts and a known marker of bone formation. Osteo-
calcin has three glutamic acid residues, which are converted
to y-carboxyglutamic acid by y-carboxylase, which uses vi-
tamin K as a cofactor. Vitamin K is thus essential for the y-
carboxylation of osteocalcin, and it confers increased
affinity for calcium and hydroxyapatite in the bone extra-
cellular matrix. ucOC lacks structural integrity and the abil-
ity to bind hydroxyapatite. ucOC migrates via the blood
stream and has non-skeletal effects that induce the prolif-
eration of pancreatic B-cells and increase insulin and
adiponectin secretion, resulting in insulin sensitivity and
fat metabolism [26]. Vitamin K influences the carboxyla-
tion of osteocalcin and indirectly increases osteoblastic ac-
tivity and bone formation; it also prevents bone loss [27].
It is thought that a low vitamin K level and high ucOC level
are associated with increased insulin sensitivity, and a neg-
ative effect on bone density; however, human studies sup-
porting this hypothesis are lacking. Indeed, the present
study showed no correlation between ucOC and lumbar and
femoral neck BMDs.

Menopause is associated with a decreased SMM due to
reduced physical activity, reduced protein intake, increased
oxidative stress, and increased myokine secretion which
have an anti-estrogen-like effect and a negative effect on
BMD [28, 29]. Increased muscle mass is associated with
metabolically healthy obesity and increased biomechanical
loading on bones, resulting in BMD maintenance and a re-
duced fracture risk [30]. The present study showed that a
higher SMM not only had a positive effect on lumbar spine
BMD, but also was an independent factor affecting lumbar
spine BMD. Increased SMM is considered to be an impor-
tant protective factor in maintaining bone mass.

In vitro and in vivo studies indicated that cholesterol and
its metabolites can influence the functional activity of os-
teoblasts. Oxidized lipids and hyperlipidemia inhibit os-
teoblastic differentiation in bone, and reduced bone
mineralization was observed in mice and rabbits fed an
atherogenic high-fat diet [31, 32]. In a recent clinical study,
Makovey et al. showed an inverse relationship between

lumbar spine and serum TC and LDL-cholesterol levels in
postmenopausal women [33]. The present study indicated
the negative correlation between serum TC and the BMD of
the lumbar spine (but not femoral neck), consistent with the
findings of Makovey ef al. [33].

In the present study, VFA, HOMA-IR score, and blood
pressure were not correlated with the BMDs of the lumbar
spine and femoral neck although negative effects on bone
density have been demonstrated in several clinical studies
[34, 35].

The present study also indicates an association between
previously identified metabolic risk factors including a high
BFM, TC level and low SMM, and low BMD of the lum-
bar spine (but not the femoral neck). These metabolic risk
factors are associated with oxidative stress and estrogen de-
ficiency in menopause, which causes oxidative stress [36-
38]. Estrogen has osteoprotective effects on trabecular bone
formation rather than cortical bone via estrogen receptor-
alpha [39]. The lumbar spine is primarily composed of tra-
becular bone, while the femoral neck is predominantly
cortical bone. Thus, postmenopausal osteoporosis of the
lumbar spine is more heavily influenced by post-
menopausal metabolic risk factors than that of the femoral
neck.

This study has several limitations. First, due to its cross-
sectional design, the authors failed to determine the causal
mechanism of metabolic risks that affect BMD. Second, the
small sample size limited the authors’ interpretation of the
association between metabolic risk factors and BMD. Thus,
the authors organized to recruit a greater number of sub-
jects for a more extensive analysis. Third, although many
adjusting factors were applied and statistically controlled,
the possibility of hidden adjusting factors cannot be ruled
out.

The main strength of the present study is that the authors
investigated the effects of various metabolic risk factors,
adipokines, and bone-produced hormones on the BMDs of
the lumbar spine and femoral neck in postmenopausal
women. Various metabolic risk factors had a negative effect
on the BMD of the lumbar spine, while serum adiponectin
had a conflict effect on the BMD of the lumbar spine as ad-
iposity decreased.

In conclusion, the present results suggest that persistent
pre- and peri-menopausal obesity has a negative effect on
metabolic changes, as well as postmenopausal BMD. Select
postmenopausal women who have some metabolic risk fac-
tors should be followed up regarding their individual risks
for osteoporosis and osteoporotic fracture. To prevent bone
loss during menopause, these women should participate in
an adequate muscle-strengthening and fat-burning exercise
program pre- and peri-menopause. Conflicting and incon-
clusive definitive mechanisms regulating the effects of
adipokines and bone-secreted hormones should be clarified
in future human studies.
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