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Leptin and Bone Mineral Density in Healthy
Postmenopausal Iranian Women: A Population-

based Study
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besity is associated with both higher
bone mineral density (BMD) and
plasma leptin concentration. Inconsis-
tent data are available about the rela-
tionship of leptin concentration and BMD, and
the aim of this study was to explore the relation-
ship of plasma leptin concentration with BMD
as well as bone-related markers in healthy post-
menopausal Iranian women.
Materials and Methods: Two-hundred and
ninety-six postmenopausal women from a popu-
lation-based study on prevalence of osteoporosis
in Shiraz participated in this study. The BMD
was determined at the lumbar spine (L1-L4) and
neck of femur by dual-energy X-ray absorpti-
ometry. Blood samples were taken in the fasting
state for plasma leptin, serum parathyroid hor-
mone, creatinin, calcium, albumin, phosphorus
and alkaline phosphatase evaluations.
Results: The mean age of the participants was
60.75+7.46 years and the mean body mass index
(BMI) was 27.51%5.3 kg/m?2. Mean leptin concen-
tration was 18.1219.08 ng/ml. One-hundred and
forty-two (48%) individuals were osteoporotic,
with mean plasma leptin concentration being
significantly lower in these individuals
(P<0.0001). BMDs at both ‘the lumbar spine
(r=0.25; P<0.0001) and the neck of femur (r=0.29;
P<0.0001) had significant positive correlation
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with plasma leptin. The association between
BMD and plasma leptin concentration was no
longer significant when adjusted for BMI. There
was no correlation between plasma leptin con-
centration and bone-related markers.

Conclusion: This cross-sectional study suggests
that the relationship of plasma leptin concentra-
tion with BMD is mediated through obesity and
plasma leptin is dependently associated with

BMD.
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Introduction

Obesity is associated with increased bone
mineral density (BMD) and a decreased risk
of fracture."® The related mechanisms are in-
completely understood, but the hypotheses
include muscle-mediated mechanical effects
of increased weight bearing,* increased aro-
matization of androgen to estrogen in adipose
tissue,® decreased sex hormone binding
globulin with increased free sex steroids® and
hyperinsulinemia.”

Leptin, the protein product of the obesity
(ob) gene, is synthesized and secreted by adi-
pocytes, and serum concentrations are highly
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correlated with adipose tissue mass.®*° Al-
though rare individuals with extreme obesity
are leptin deficient, most obese persons have
hyperleptinemia proportionate to body fat
and appear to be leptin resistant.® Leptin
might be another mediator between body fat
and bone. In vitro studies have shown that
leptin is expressed in and secreted from pri-
mary cultures of human osteoblasts during
the mineralization period" and it may en-
hance osteogenic activity in the marrow of
obese individuals.** Moreover, leptin may be
implicated in fetal and growing bone metabo-
lism***® and may reduce bone loss in ovariec-
tomized rats,'® suggesting its potential bone
anabolic effect in both the first and last stages
of life.

In several cross-sectional studies, research-
ers have found a correlation between serum
leptin and BMD in humans. Some report that
circulating leptin levels are not associated
with BMD,""* while others report that leptin
is positively associated,”* and yet others re-
port a negative association between leptin
levels and BMD.**

Most of these studies were performed in a
small population samples and in different na-
tions. To our knowledge there is no published
study about association of leptin and BMD in
Iranian population. Also, considering the
controversies in the mentioned published
data, we decided to study this phenomenon in
a larger sample of postmenopausal Iranian
women. This study explores the relationship
of fasting plasma leptin with BMD as well as
some bone-related markers in a group of
healthy postmenopausal women, representa-
tive of an urban Iranian postmenopausal
population.

Materials and Methods

One thousand and two-hundred (600
women and 600 men) hedlthy Iranian indi-
viduals were randomly selected from all re-
gions of Shiraz. All were in the age range of
20-79 years and all were originally Iranian.
According to the municipality of Shiraz, the
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city is divided into 88 areas. We selected the
areas with even numbers. In each area, the
population between 20-79 years of age was
selected using a cluster random sampling.
The response rate was ninety-five percent.
The study was approved by the local ethics
committee with written informed consent be-
ing obtained from patients. Participants were
evaluated by taking of medical history in-
cluding years since menopause (YSM) and
performing of limited physical examinations
with measurement of weight and height for
calculation of body massindex (BMI).

Three hundred and thirty postmenopausal
women entered the study. Inclusion criterion
was amenorrhea for at least 12 months. Ex-
clusion criteria were history of metabolic
bone disease, diabetes mellitus, thyroid and
parathyroid disorders, abnorma renal func-
tion test, a history of use of hormone re-
placement therapy, bisphosphonates, calci-
tonin, corticosteroids and any medication
known to affect bone metabolism.

The BMD was determined at the lumbar
spine (L1-L4) and the neck of femur in each
participant by dual-energy X-ray absorpti-
ometry (DXA) using the fast scan mode
(DPX-L, Lunar Co., Madison, WI, USA).
Quality control procedures were followed in
accordance with the manufacturer's recom-
mendations. Instrument variation was deter-
mined regularly by a daily calibration routine
using a phantom supplied by the manufac-
tures. The coefficient variation (CV) of the
instrument was less than 1.2% for the lumbar
spine and 1.1% for the femoral neck.

Blood samples were taken in the morning
after a 12-h overnight fast for plasma leptin
and serum parathyroid hormone (PTH),
creatinin, calcium, albumin, phosphorus, and
alkaline phosphatase. Plasma leptin concen-
trations were determined by radioimmunoas-
say (RIA) (human leptin RIA kit, DRG Di-
agnostics, Germany). The intra-assay and in-
ter- assay CVsfor the determination of leptin
in plasma were 4.7% and 3.0% respectively.
Serum intact PTH was measured by enzyme
immunoassay (IBL, Germany), and intera
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assay and inter-assay precisions for the de-
termination of intact PTH were less than
2.8% and 8.3% respectively. Serum creatinin,
calcium, albumin (for calcium adjustment),
phosphorus and alkaline phosphatase were
measured using commercially available kits
on the Caobas autoanalyzer.

Satistical analysis: Statistical analysis was
performed using SPSS for Windows, version
115 (SPSS Inc. 1989-2002, Chicago, IL,
USA). One-way ANOVA test was used for
comparison of mean plasma leptin concentra-
tion between normal, osteopenic and osteo-
porotic groups. Pearson's correlation coeffi-
cient was used to assess the correlation be-
tween BMD at lumbar spine/neck of femur
and plasma leptin concentration and other
variables. Partial correlations were used to
examine the relationship between BMD and
plasma leptin adjusted for BMI and other
variables. Stepwise multiple regression
analysis was also used to determine the pre-
dictors of BMD at the lumbar spine and the
neck of femur. P values less than 0.05 were
considered as significant.

Results

Three hundred and thirty persons entered
the study. Thirty-four were excluded; 20 had
a history of endocrinological disorders (such
as diabetes mellitus, hyperthyroidism), 8
were on hormone replacement therapy and 6
were on drug therapy known to interfere with

bone metabolism (such as corticosteroids, vi-
tamin D, bisphosphonates). Finally, two hun-
dred and ninety six persons remained for this
study. The mean age was 60.75+7.46 years
and mean YSM was 12.39+8.54. Thirty-six
(12.2%) were normal (T score > -1.0 in both
skeletal areas), 118 (39.8%) had osteopenia (-
1.0 > T score > -2.5) and 142 (48%) were 0s-
teoporotic (T score < -2.5 in any skeletal
area). Mean BMI was 27.51+5.3 kg/m” and
mean plasma leptin concentration was
18.12+9.08 ng/ml. Anthropometric and bio-
chemical characteristics of participants are
shown in table 1.

The mean plasma leptin concentration was
significantly lower in individuals with osteo-
porosis in comparison with normal and os-
teopenic subjects. (Table 1) BMD at the lum-
bar spine and at the femoral neck were posi-
tively and significantly correlated with BMI
and plasma leptin concentration, whereas
negatively and significantly correlated with
age, YSM, adkaline phosphatase level.
Plasma leptin concentration was positively
and significantly correlated with BMI, BMD
at both skeletal areas and creatinin, but had
significant negative correlation with age (Ta-
ble 2 and fig.1). . There was no. relationship
between plasma leptin concentration and
bone-related. markers like akaline phos-
phatase (Table 2).

Table 1. Comparison of anthropometric and biochemical characteristics* between normal, osteopenic
and osteopor otic postmenopausal women (n=296) by ANOV Artest

Characteristics Normal (n=36)

Osteopenia (n=118)

Osteoporosis (n=142) P value

Age (years) 56.9+4.7 59.2+6.9 63.2+7.7 <0.0001
Y ears since menopause 8.02+4.2 10.74+8.1 14.49+8.1 <0.0001
BMI (kg/m?) 28.8+3.6 28.5+3.9 25.4+4.2 <0.0001
Adjusted calcium (mg/dL) 9.7+0.5 9.60+1.0 9.9+1.2 0.35
Phosphorus (mg/dL) 3.46+0.54 3.45+0.58 3.49+0.59 0.87
Alkaline phosphatase (1U/L) 20664 227+60 243+65 0.005
Creatinin (mg/dL) 0.96+0.1 0.91+0.1 0.88+0.2 0.019
PTH (pg/mL) 11.07+11.5 13.27+12.7 12.38+11.2 0.62
Leptin (ng/mL) 21.3+9.9 20.3+9.0 15.5+8.3 <0.0001
*: Mean+SD
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Fig.1. Relationship between bone mineral density (BMD) at lumbar spine (a)/femoral neck (b) and
body massindex (BMI) and plasma leptin concentration in 296 postmenopausal Iranian women. Rela-
tionship between related BM D and plasma leptin concentration in the same population (c and d).

Table 2. Correlates of plasma leptin concentration and bone mineral density (BMD) at the lumbar
spine and the neck of femur

Plasma leptin L umbar ‘spine BMD Femoral neck BMD

Variables r* P value hé Pvalue r* P value
Age (years) -0.17 0.003 -0.31 <0.0001 -0.4 <0.0001
Y ears since menopause -0.07 0.23 -0.31 <0.0001 -0.33 <0.0001
BMI (kg/m?) 0.51 <0.0001 0.3 <0.0001 0.35 <0.0001
Adjusted calcium (mg/dL) -0.02 0.69 -0.1 0.07 -0.04 0.48
Phosphorus (mg/dL) -0.02 0.67 0.007 0.9 0.06 0.31
Alkaline phosphatase (1U/L) -0.01 0.91 -0.22 <0.0001 -0.19 0.001
Creatinin (mg/dL) 0.23 <0.0001 0.19 0.001 0.1 0.07
PTH (pg/mL) 0.03 0.:63 0 0.99 -0.04 05
Plasmaleptin (ng/mL) . - emmeee 0.25 <0.0001 0.29 <0.0001
BMD at lumbar spine (g/cm?) 0.25 <0.0001 - e 0.67 <0.0001
BMD at femoral neck (g/cm?) 0.29 <0.0001 0.67 <0.0001 @ - e

*: r =Pearson'’s correl ation coefficients
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Results from partial correlation analyses as
shown in table 3 suggest that the significant
positive association of BMD with plasma
leptin  concentration remained significant
when adjusted for age, Y SM, akaline phos-
phatase and creatinin. However, this relation-
ship did not remain statistically significant
after adjustment for BMI. In addition, the re-
lationship between BMI and BMD at both
skeletal areas remained statistically signifi-
cant after controlling for plasma leptin con-
centration. (r=0.28; P<0.0001 for BMD at
lumbar spine / r = 0.32; P<0.0001 for BMD
at femoral neck).

Results of the stepwise multiple regression
analysis presented in table 4 show that BMI,
Y SM, akaline phosphatase, creatinin and age
were the main predictors of BMD at the lum-
bar spine. The main predictors of BMD at the
neck of femur were age, BMI and akaline
phosphatase. Although BMI remained a sig-
nificant predictor and showed a positive and
independent association with BMD at both
skeletal areas, plasma leptin concentration
was not a predictor of BMD at either skeletal
area.

Table 3. Associations between plasma leptin concentration and bone mineral density (BMD) before

and after adjustment for different variables

Person’s correlation

Partial correlations

Skeletal site r (p value) r* (p value) r (pvalue) r*(p value)
BMD at Lumbar spine 0.25 (<0.0001) 022 (<0.0001)  .18(0.003) 0.00(0.99)
BMD at femoral neck 0.29 (<0.0001) 0.27(0.0001)  0.24(<0.0001) " .0.04(0.54)

* Adjusted for age, years since menopause; TAdjusted for age, years since menopause, akaline phosphatase,
creatinin; TAdjusted for age, years since menopause, akaline phosphatase, creatinin and BM|

Table 4. Predictors of bone mineral density (BMD) at the lumbar spine and the neck of femur

L umbar spine” Femoral neck

Independent variables B coeffi- SE pvaue Independent variables p coeffi- SE p value
cient cient

BMI 0.12 0.002 <0.0001 Age -0.007 0.001 <0.0001

YSM -0.004 0.002 0.015 <BMI 0.11 0.002 <0.0001

Alkaline phosphatase  0.0001 0.0001 -0.003 - Alkaline phosphatase = 0.0001 0.0001 0.003

Creatinin 0.165 0.6 0.006

Age -0.005 0.002 0.009

* Dependent variable: BMD at the lumbar spine; T Dependent variable: BMD at the neck of femur
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Discussion

In this population-based, cross-sectional
study of hedthy postmenopausal Iranian
women, we found that mean plasma leptin
concentration was significantly lower in os-
teoporotic individuals. Also there was a
strong positive correlation between plasma
leptin concentration and BMI and BMD at
spine and hip, but the association between
plasma leptin and BMD was no longer sig-
nificant after adjustment for BMI, i.e. plasma
leptin concentration had a dependent associa-
tion with BMD.

Although obesity is a major risk factor for
many diseases and has become a severe bur-
den on healthcare costs in societies, it may
have at least one beneficia effect, that of
preventing osteoporosis. The effect of obesity
on bone has not been fully explained, and be-
cause both bone mass and leptin are related
to body weight, it has been suggested that
this hormone may be a mediator of this ef-
fect. In human studies there are conflicting
data on the relationship between BMD and
serum leptin.?**3" The effects of leptin on
bone vary with age, gender and bone site.
During the first few years of life, leptin may
enhance bone growth via its angiogenic
properties and its osteogenic effect on corti-
ca bone; in life, leptin may decrease bone
remodeling and improve the balance between
bone formation and bone resorption, particu-
larly when trabecular bone turnover is high.®

The only data from humans come from
cross-sectional epidemiological studies and
anecdotal case-reports. The relation between
serum leptin levels and bone parameters
seems to differ between males and females.®
In females, serum leptin levels and BMD
were directly correlated in some cross-
sectional studies,*””® but not in others. ¥
Pasco et al. reported a direct relation between
serum leptin levels and bone mineral content
(BMC) in agroup of healthy non-obese Aus-
tralian women, aged 20-91 years, even after
adjustment for fat mass® Martini et al.
showed significant positive associations be-
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tween leptin and BMI (stronger with fat mass
than lean mass) as well as with bone turnover
markers and bone mass. These last two asso-
ciations became nonsignificant after adjust-
ment for BMI.®® As in our study an inde-
pendent effect of BMI on BMD remained af-
ter adjustment for plasma leptin concentra-
tion. Yamauchi et a. also demonstrated an
effect of leptin on bone mass in 139 post-
menopausal women, independent of percent-
age of fat. In this group, plasma leptin (but
not percentage of fat) was significantly lower
in women with vertebral fractures than in
those without fractures.?® This is in accord-
ance with our result of lower mean plasma
leptin concentration in osteoporotic women.
In males, there was either no relation® or a
negative relation® between leptin and BMD.
The reasons for this sex-specific difference
are poorly understood but may involve the
two- to three-fold higher leptin levels in fe-
males than in males, independent from fat
mass. Similarly anecdotal case-reports sup-
port a direct or indirect effect of leptin on
bone® Patients with anorexia. nervosa ex-
perience more hone loss than those with hy-
pothalamic amenorrhea.™ Although this dif-
ference may be related in part to nutritional
factors,* another possible mechanism is the
marked 'decrease in serum leptin levels asso-
ciated with anorexia nervosa.®® Furthermore,
replacement estrogen therapy fails to prevent
bone |oss induced by anorexia nervosa.”?

The global picture of the skeletal effects of
leptin. remains highly speculative and re-
quires additional studies. Nevertheless, most
studies, as does our study support the hy-
pothesis that leptin may be involved in bone
metabolism and may act as a mediator be-
tween fat mass and bone tissue. Although we
found that leptin was not an independent fac-
tor for BMD, it might be due to some limita-
tions of our study including the small sample
size of postmenopausal women. The second
limitation was that the study was on con-
ducted population of an urban area of Shiraz
which is not representative of the entire Ira-
nian population.
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In summary, our results suggest that mean
plasma leptin concentration is related to pres-
ence of osteoporosis. Also, the plasma leptin
concentrations strongly and positively corre-
lated with both BMI and BMD at the lumbar
spine and the neck of femur. The relationship
between plasma leptin and BMD at both
skeletal areas was no longer significant after
adjustment for BMI. Our observations are
consistent with previous reports and suggest
that the relationship between plasma leptin
concentration and bone mass may be medi-
ated through the obesity rather than a direct
relationship of plasma leptin concentration
with bone density.
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