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Abstract: To assess whether lean mass or fat mass is a better predictor of bone mineral density
(BMD) in premenopausal Egyptian women, associations between BMD and body composition were
analyzed. In addition, the study aims to evaluate the relationships between serum leptin concentrations,
bone mineral density and body composition.The sample consisted of 84 premenopausal women aged
25 - 50 years. BMI was used to classify overweight women (BMI > 25) and normal weight women
(BMI < 25). Body composition and fasting serum leptin were measured. Dual energy x-ray
absorptiometry (DXA) was used to determine BMD (g/cm ) at proximal femur (femoral neck, Ward’s2

triangle, trochanter), lumber spine (L2, L3, L4 and L2-L4) and ultradistal(UD) forearm sites.
Regression techniques were used to detect associations.Among overweight women, significant positive
association was found between lean mass and BMD at all sites except at UD-forearm. Body fat mass
was positively associated with BMD at the femoral neck and word’s triangle only. On the other hand,
there was no association between body composition components and BMD among normal weight
women. Serum leptin level was negatively correlated with BMD at UD-forearm among overweight
women as well as L2 and L2-L4 among normal weight women. Age was consistently negatively
associated with BMD.The study showed that lean mass is a better predictor than fat mass of BMD
in overweight Egyptian women and that serum leptin levels are not associated with BMD. However,
leptin may have some effects on BMD regionally.
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INTRODUCTION

Bone Mineral Density (BMD) attained in early life is considered to be determinant of the risk of
osteoporotic fractures (Cummings, et al 1998) .

Body weight is one of the strongest positive predictors of BMD in subjects of all age groups (Ngyuen et

al,1989) . However, the nature of this relationship remains unknown (Martini et al 2001). There is   also
controversy as to whether lean mass or fat mass is a better predictor of BMD(Thomas et al 2001, Van
Langendonk  et al 2002 and Mizuma et al 2006) . 

An association of lean mass with BMD may be due to mechanical load forces on bone (Takada et al

1997)
Fat mass is metabolically active; its effect on the skeleton may be influenced by hormonal factors, which

include alterations in vitamin D metabolism (Lie et al 1988). Fat mass may act as a peripheral site for the 

conversion of androgens to estrogen (Reid et al 1992 and Aloia et al 1995) and serum estrogens are thought
to be associated with BMD and the low risk of fracture in women (Ettinger et al 1998) . Additionally, 

decreased sex hormones binding globulin(SHBG)levels with increased free fraction of sex steroids is also
considered as possible mechanism for the association between fat mass and BMD (Haffner 1992), as well as
the direct augmentation of bone formation, by increased levels of circulating  insulin (Reid et al 1993) The
latter may be caused by direct mitogenic effects of insulin on osteoblasts (Barret- Connor and Kritz-Silverstein 

1996) . 

Leptin, the protein product of the obesity (OB) gene, is secreted mainly by adipocytes (Tartaglia et al

1995) and is strongly correlated with fat mass (Thomas et al 2000). Rarely obese individuals are leptin 
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deficient and most of them have hyperleptinemia proportionate to body fat mass and are leptin resistant
(Cosidine et al 1996).

Several lines of evidence suggest a relationship between leptin and bone health (Thomas et al 2004 and   

Weiss et al ,2006,  but published results are contradictory. Some studies found that leptin was associated with
greater BMD (Pasco et al 2001 and Blain et al 2002),reduced risk of fracture (Yamauchi et al 2001) and  

decreased bone resorption (Schett et al 2004 and Roux 2003) whereas others reported a negative association
with BMD(Odabasi et al 2000, Sato 2001 and Blum et al 2003)  and bone formation (Kontogianni et al 2004)
,or no association with BMD(Ruhl and  Everhart 2002, Scariano e al 2003 and Abou Samara 2005) , bone
loss (Dennison et al 2004) or bone turnover (Goulding et al 1998 and Martini et al 2001) .

In the present study, we investigated whether lean mass or fat mass is a better predictor of Bone Mineral
Density (BMD) in premeopausal Egyptian women. In addition, we analyzed the relationship between serum
leptin levels and (BMD) values as well as the relationship between serum leptin levels and body composition.

MATERIAL AND METHODS

Subjects:

The study comprises 84 premenopausal women living in Cairo with age range 22 - 50 years. They visited
outpatient clinic in the National Research Centre for the evaluation of osteoporosis. All of them gave informed
consent and entered the study. The study was approved by the ethics committee of National Research Centre.

Exclusion Criteria:

Participants with current or previous (within 6 months) following conditions were excluded from the study:
type ² diabetes; renal failure; chronic infection, such as tuberculosis or other diseases; gastrointestinal diseases,
malignancy; rickets or other metabolic bone diseases; liver diseases; and endocrinal diseases e.g. thyrotoxicosis,
current or anticipated pregnancy; use of contraceptive pills, cortisone, anti –epileptic drugs, cholesterol
–lowering drugs, or binders. 

Questionnaires:

All subjects were screened with a comprehensive questionnaire to collect the participants’ occupational,
and lifestyle information; menarche (start, cessation), reproductive history; disease history; consumption of
alcohol; cigarette smoking; physical activity; history of fractures; and daily diet. 

Anthropometric Measurements:

Anthropometric assessment of body weight and height were performed, using standardized equipment and
following the recommendations of the International Biological Program (Hiernaux and Tanner 1969) . Three
consecutive measurements were taken and the mean was recorded. Body weight to the nearest 0.01 Kg was
measured using Seca scale balance adult type, with minimal clothes for which no correction was made. Body
height was measured to the nearest 0.1 cm using Holtain anthropmeter .The body mass index (BMI) was
calculated as weight/ height (Kg/m ).2 2

Body Composition:

Determination of body composition including total body fat (FM), lean mass (LM), LM% FM% and total
body water (TBW) were carried out for each case, using a bioelectrical impedance analyzer (BIA) –RJL. 

Dual Energy x-ray Absorptiometry (DXA):

BMD (g/cm ) at the lumber spine (L2, L3, L4 and L2-L4) ,proximal femur(femoral neck, Ward’s triangle,2

trochanter) and uluradistal (UD) sites were determined on each subject by use of dual-energy x-ray
absorptionmetry (DXA; Norland Bone Densitometer soft  version : 3.9.6.17 August 01.) 

Leptin Analysis:

All subjects were instructed to come after an overnight fasting on the day of the study. Venous blood
samples were collected into plain tubes. The samples were allowed to clot, serum was separated and stored
at -80 °C until assayed. Serum leptin concentration was measured using a commercially available quantitative
ELISA kit from Diagnostics Biochem Canada Inc.
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Statistical Analysis:

Serum leptin concentrations were transformed to the natural logarithm (ln) to normalize the data before
analysis. Regression techniques were used to develop equations for predicting BMD at each site. Partial r2

values of the predictors were calculated for each predictor using site- specific models. Significance was set
at P< 0.05 and all statistical analyses were performed using SPSS (12) software package.

RESULTS AND DISCUSSIONS

Results:

Table 1 lists anthropometry, body composition, BMD and leptin characteristics for normal and overweight
women. Body weight, BMI, fat mass, fat free mass and serum leptin were significantly increased in overweight
women compared to normal body weight women. There were no significant differences in other clinical
characteristics such as age, body composition and BMD at several sites.

Table 1: Anthropometry, body composition, BMD (g/cm ) and serum  leptin characteristics(mean and SD in normal and overweight2

premenopausal women.
Variable Normal Weight Women (N=32)  Overweight Women (N=52) 

------------------------------------------ --------------------------------------------------------------
M ean S.D. M ean S.D.

Age 35.564 14.54 40.936 10.479
Weight 58.672 1.031 70.290* 0.911
Height 158.181 6.091 158.704 7.156
BM I 23.427 1.621 27.874** 1.335
Sum.SFT 57.6 14.83 83.654** 14.691
LM (g) 41,752 41,27 44,947** 44,80
FM  (g) 16.919 31,40 25,290** 42,86
F. BM D 0.847 0.147 0.878 0.135
T. BM D 0.695 0.093 0.7 0.108
W.BM D 0.725 0.197 0.725 0.156
L2 BMD 0.998 0.155 1.038 0.151
L3 BMD 1.011 0.157 1.054 0.154
L4 BMD 0.981 0.135 1.013 0.146
L2-4 BMD 0.996 0.144 1.038 0.149
UD BM D 0.357 0.06 0.374 0.068
Leptin 24.803 13.801 30.927 14.214
Leptin (ln) 2.968 0.827 3.287* 0.6
*   P< 0.05         ** P< 0.01

Table 2 shows multiple regression analysis with BMD (g/cm ) as the dependent variable and age (year),2

fat mass (g), fat free mass (g) and leptin (ln) as independent variables in the models for the proximal femur,
spine and UD –forearm sites of the overweight women. There was an independent significant positive
association between lean mass and BMD at all sites except at UD-forearm. Fat mass showed significant
positive association with BMD at Ward’s triangle only. The significant negative associations between age and
BMD at all sites were observed, except at trochanter and UD-forearm sites. There was an independent negative
association of leptin (ln) with BMD at UD-forearm site. 

Among normal body weight women (table 3), there was an independent significant negative association
of leptin (ln) with BMD at L2, L3 and L2-L4 sites. Age had negative significant association with BMD at all
sites except at UD-forearm site. No significant associations were found between either body lean mass or body
fat mass and BMD at all the studied sites.

Discussion:

Several mechanisms have been proposed regarding the association between BMD and estimates of lean
mass and fat mass. Increased fat mass or lean mass implies an increased mechanical load on bone. In the
present study, lean mass was significantly increased in overweight women compared to normal body weight
women. The relationship between body composition and BMD was studied   in overweight women (table 2)
and indicated to be determined by lean mass than by fat mass.

Fox et al., 2000 concluded that BMD is associated more with lean mass than with fat mass., while
increased body fat and lean tissue mass are the main determinants of bone mass. It has also been reported that
both BMD and lean mass were significantly lost shortly after hip fracture (Bedogni et al 2000). Nakaoka et

al., 2000 found that lean mass was positively correlated with BMD at all sites studied in postmenopausal
Japanese 
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Table 2:  M ultiple regression analysis of BM D (g/cm ) as the dependent variable for the overweight premenopausal women.2

Variable Coefficientâ P Value  Partial r 2

Femoral Neck
 Age -0.290 0.006* -0.397
 F M 0.259 0.011* 0.371
 L M 0.493 0.000** 0.585
 Leptin(In) -0.11 0.228 -0.181
Trochanter
  Age -0.242 0.303 -0.314
  F M 0.15 0.155 0.213
  L M 0.530 0.000** 0.579
  Leptin(In) -0.101 0.357 -0.139
Ward's Triangle
  Age -0.402 0.000** -0.517
  F M 0.217 0.030* 0.320
  L M 0.440 0.000** 0.544
  Leptin(In) -0.90 0.368 -0.136
L2
  Age -0.349 0.006* -0.397
  F M 0.107 0.368 0.136
  L M 0.377 0.004** 0.417
  Leptin(In) -0.106 0.381 -0.132
L3
  Age -0.366 0.003** -0.430
  F M 0.094 0.405 0.126
  L M 0.359 0.004** 0.417
  Leptin(In) -0.208 0.073 -0.267
L4
  Age -0.226 0.077 -0.263
  F M 0.130 0.288 0.16
  L M 0.368 0.006** 0.399
  Leptin(In) -0.227 0.071 0.268
L2- L4
  Age -0.342 0.007* -0.391
  F M 0.083 0.483 0.106
  L M 0.362 0.005* 0.404
  Leptin(In) -0.171 0.158 -0.212
UD forearm
  Age 0.024 0.863 0.026
  F M 0.047 0.728 0.053
  L M 0.261 0.075 0.265
  Leptin(In)         -0.337 0.018 -0.347
* p< 0.05      ** p< 0.01
women and  reported that reduced lean mass was a useful mark which predicted the risk of reduced BMD and
its cause to spinal fractures. Similar results were reported in premenopausal Turkish women (Sahin et al 2003)
women from Estonia (Jurimae et al 2005) and from Sweden (Lorentzon et al 2006)

However, controversial findings were reported regarding the association between fat mass and BMD.
Yamauchi et al. 2001,found no correlation between percentage of fat and BMD. Blum et al. 2003, and Hsu
et al. 2006, suggested that higher proportion of fat appear to be negatively associated with BMD in their
studies on premenopausal women from Boston and premenopausal and post menopausal Chinese women
respectively .  

No association was found between body composition component and BMD values in normal weight
women in the present study. This may be due to decrease of the mechanical load effect on BMD as compared
to overweight women who had higher values of body composition components. Several studies reported that
increase lean mass indicate a higher level of habitual physical activity and is associated with higher bone
strength as a consequence of greater forces acting on the bone (Inomoto et al 2008 and  Hingorjo et al 2008)  

These conflicting results in the literature regarding the association of body composition with BMD may be due
to difference between studies in skeletal regions measured, bone mass parameters or body composition
parameters used in analysis and / or age and menopausal status of the subject studied . Alternatively, body
composition may affect BMD differently according to race (Nakaoka et al 2000)  

Regarding serum leptin this study revealed that while serum (In)leptin was significantly increased in
overweight women compared to normal weight women, there was insignificant association between serum
leptin and BMD at most sites of the body. There was an independent negative association with BMD at UD-
forearm site in overweight women and at L2, L3 and L2-L4 sites among normal weight women therefore,
leptin is not a major regulator of BMD.
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Table 3: M ultiple regression analysis of BM D (g/cm ) as the dependent variable for the normal BM I premenopausal women.2

Variable Coefficientâ P Value  Partial r 2

Femoral Neck
  Age -0.614 0.002** -0.578
  F M 0.208 0.223 0.243
  L M 0.128 0.444 0.153
  Leptin(In) -0.198 0.226 -0.241
Trochnter
  Age -0.575 0.004** -0.539
  F M 0.308 0.085 0.337
  L M 0.139 0.421 0.161
  Leptin(In) -0.166 0.323 -0.198
Ward's Triangle
  Age -0.724 0.000** -0.673
  F M 0.244 0.121 0.305
  L M 0.092 0.545 0.122
  Leptin(In) -0.133 0.372 -0.179
L2
  Age -0444 0.015* -0.462
  F M 0.230 0.172 0.271
  L M 0.096 0.557 0.118
  Leptin(In) -0.426 0.012 -0.478
L3
  Age -0452 0.020 -0.447
  F M 0.167 0.345 0.189
  L M 0.167 0.339 0.191
  Leptin(In) -0.167 0.054 -0.375
L4
  Age -0.455 0.024 -0.433
  F M 0.162 0.380 0.176
  L M 0.252 0.174 0.270
  Leptin(In) -0.217 0.224 -0.242
L2- L4
  Age -0.463 0.016 -0.459
  F M 0.192 0.274 0.218
  L M 0.179 0.302 0.206
  Leptin(In) -0.334 0.053 -0.376
UD forearm
  Age -0.168 0.418 -0.150
  F M -0.128 0.518 -0.120
  L M -0.233 0.239 -0.220
  Leptin(In)         -0.105 0.580 -0.102
* p < 0.05         ** p< 0.01

The exact role of leptin on bone mass remains controversial and unclear. Yamauchi et al. 2001 concluded
that serum leptin levels are increased in obesity and directly related to fat mass in Japanese postmenopausal
women. In contrast, Goulding et al. 1998 speculated that leptin played insignificant role in the regulation of
bone cell activity. Moreover, his results didn’t support the hypothesis that leptin mediates the bone –sparing
effects of obesity. Ducy et al. 2000, reported that leptin was a potent inhibitor of bone formation acting
through the central nervous system. Blum et al. 2003, found that for premenpausal women in general, for any
given weight, higher fat % or a higher serum leptin appears to be associated with an increased risk of low
bone mass. Chanprasertyothin et al. 2005, concluded that circulating leptin is negatively associated with BMD 

in men and premenopausal not in postmenopausal women from Thailand. They cited that these associations
strengthen the notion that leptin may inhibit bone formation during the accumulation of bone mass early in
life. Kontogianni et al. 2004, concluded that leptin doesn’t seem to contribute as fat mediator to increased 

BMD in perimenopausal women. Moreover, the negative correlation between leptin and BMD may be attributed
to a more complicated circuit of events between hormones, sympathetic system, and fat distribution during this
period of a woman’s life rather than to only fat content. Martini et al. 2001, concluded that serum leptin had
no direct effect on bone formation. Iwamoto et al 2000, reported that leptin is not a key regulator of bone
metabolism, although it may have some effects on bone metabolic markers and BMD regionally in
premeopausal Japanese women. At a local level, bone marrow adipocytes produce leptin, which may enhance
osteogenic activity and inhibit adipogenic activity. Thus it is possible that local production of leptin may play
a partial role in bone metabolism.
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Conclusion:

The study concluded that lean mass is a better predictor than fat mass of BMD in overweight Egyptian
women and that serum leptin levels are not associated with BMD. However, leptin may have some effects on
BMD regionally.

Recommendations:

Due to the controversy found in the different studies, it is recommended to undergo a large scale National
wide study to include the different stages in the life of Egyptian women.
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