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AB STRACT
Purpose: Given that weight and body mass index (BMI) are considered as modifiable factors in
osteoporosis, the present study aimed to examine the relationship of weight and BMI with bone
mineral density (BMD) and bone mineral content (BMC) at the femur and lumbar vertebrae in
perimenopausal women.
Methods: In this descriptive-correlational study, we measured the bone density of the femur and
lumbar vertebrae (L1-L4) of 40 women in perimenopause stage (Mean±SD age: 42.85±1.86
years; Mean±SD weight: 69.55±10.97 kg; Mean±SD height: 159.42±6.01 cm; and Mean±SD
BMI: 27.60±4.04 kg/m2) using a bone densitometry system. The study data were analyzed using
descriptive statistics, analysis of variance (ANOVA), the Pearson correlation coefficient, and
regression analysis, at 0.05 significance level. All analyses were performed using SPSS v. 21.
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Results: Women in the normal group were significantly different from women in the obese
group with regard to BMD and BMC (P=0.001). Weight and BMI were positively correlated
with BMD and BMC. Weight and BMI, together, could explain 42% and 37% of the variance of
BMD and BMC at the lumbar vertebrae, respectively; and 70% and 63% of the variance of BMD
and BMC at the total hip, respectively.
Conclusion: The results of the present study support the predictive role of weight and BMI in
BMD and BMC. Therefore, future studies are suggested to examine other effective factors with
larger samples.

1. Introduction
steoporosis is defined as a reduction in
bone density and structural changes in
bones, and it is regarded as a risk factor

for bone fracture [1]. The World Health Organization
(WHO) defines osteoporosis as a reduction in bone
mineral density (BMD) 2.5 standard deviations below
the average value for young and normal individuals (Tscore<-2.5), and osteopenia as a reduction in BMD 1
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to 2.5 standard deviations below the average value for
young and normal individuals (-1≥T-score<-2.5), and
considers a BMD above that as normal (T-score≤-1) [2].
More than 80 factors have been identified for osteoporosis; a number of these factors are more significant. Risk
factors for osteoporosis are divided into modifiable and
non-modifiable factors. Weight, smoking, low physical
activity, low calcium intake, and prolonged glucocorticoid use are among modifiable factors; however, age,
race, and genetic predisposition are among non-modifiable ones [3].
Body mass index (BMI) is a common measure of assessing weight and level of obesity [4]. It is calculated
as weight in kilograms divided by the square of height
in meters [5]. WHO recommends the use of BMI for
classification of weight in people above 20 years of age
[2]. Body weight less than 57.8 kg and a reduction in
weight 10% below the weight at the age of 25 years are
among the risk factors for osteoporosis [6]. Estrogen is
known as an inhibitor of osteoclastic bone resorption [6].
It seems that obesity and gaining body weight in women,
due to an increase in the production of estrogen, leads to
the suppression of osteoclasts and as a result, an increase
in bone density [6]. A high BMI can also, through imposing a high mechanical loading on bones, lead to an
increase in BMD [6].
The relationship of weight and BMI with BMD can
be explained by the aforementioned mechanisms. However, further investigation may reveal more complex
relationships. Being overweight, on the one hand, is a
risk factor for cardiovascular diseases, and on the other
hand, is believed to have a protective role in bone density. Therefore, in today’s world that women tend to lose
weight and go on strict diets, it seems necessary to find
a balanced relationship between weight and BMI and
BMD in women, especially, in the perimenopause stage.
Perimenopause is a stage in a woman’s life that begins
a few years before menopause, when the ovaries gradually produce less estrogen, and it usually starts at the age
of 40 years. The average length of perimenopause is 4
years, but in some women, it may be longer or shorter
[1]. Research studies show that keeping an optimum
bone density during perimenopause is important in reducing the risk of osteoporosis and subsequent fractures
in the postmenopause stage, in which the risk for fractures is 1.5 to 3 times higher [7]. Given that Iran has a
very young population, and in the not too distant future,
there will be an old population, it is necessary to begin,
from the perimenopause stage, to recognize the factors
related to osteoporosis. Research studies are needed to

154

reveal the relationship of different factors with bone density in this stage of life, to provide scientific information
for women. This can help them control their weight and
at the same time, prevent a decrease in their bone density.
Although many studies throughout the world examined
the relationship between BMI and BMD, their results are
still contradictory. For example, Fares (2013) found a
positive relationship between the lumbar vertebrae BMD
and BMI [8]. Silva et al. (2007) also showed that BMI
was a strong and determining factor in femoral neck and
lumbar vertebrae [9]. Bener et al. (2005) concluded that
obesity was a protective factor against osteoporosis [10].
Liu et al. (2004) found a positive relationship between
BMI and the BMD at the lumbar vertebrae and total
body, in young Chinese women in perimenopause stage
[11]. López-Caudana et al. (2004) also showed that BMI
was the main predictor of BMD in working women [12].
However, other studies did not find a positive relationship between weight, BMI and BMD. For example, in a
study on elderly men, Paniagua et al. (2006) concluded
that overweight and obese participants had a lower BMD
than normal participants [13]. Robbines et al. (2006)
concluded that BMI was not a significant predictor of
BMD [14]. Suvithayasiri et al. (2010) found no significant relationship between BMI and the BMD at the lumbar vertebrae in women experiencing menopause [15].
Some previous studies have examined the relationship
of weight and BMI with BMC, and have had different results. Jeddi et al. (2012) showed that overweight
boys and girls had a higher BMC than girls with normal
weight [16]. Cifuentes et al. (2003) found a positive relationship between the total body weight of women experiencing menopause and their BMC [4]. However, Von
et al. (2007) found a negative relationship between body
fat and bone parameters (BMD/BMC) [17]. Jeddi et al.
(2012) showed that the total body BMC of Iranian girls,
at all stages of puberty, was lower than that of Lebanese
girls. The total body BMC to height ratio (representing
the total body volumetric bone density) was also lower
in Iranian girls than that of the girls who lived in the
United States [16].
It has been documented that reporting on bone density
should not be limited to only a single vertebra, because
in this way, the risk of osteoporosis is overestimated [3].
It is better to determine the bone density simultaneously
at the lumbar vertebrae and proximal femur (the region
that involves the most osteoporosis fractures, mortality
risk, and socioeconomic costs) [3]. A study is needed to
examine the relationship of weight and BMI, simulta-
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neously, with BMD and BMC at the lumbar vertebrae
and proximal femur. This research can be useful in explaining the contradictory results of previous studies.
The present study aimed to examine the relationship of
weight and BMI with BMD and BMC at the femur and
lumbar vertebrae in women in perimenopause stage.

According to a classification by WHO, a person with a
BMI less than 18.5 kg/m2 is underweight; 18.5 to 24.99,
normal; 25 to 29.99, overweight (the range before obesity); 30 to 39.99, obese; and 40 or higher, too obese.

2. Materials and Methods

A medical specialist assessed the bone density of each
participant at the proximal femur and lumbar vertebrae
L1 to L4, using a DEXA system (Osteosys, Dexxum-T
device, made in South Korea). In the process of assessing bone density by the central devise, after measuring
weight, participants laid on their back on the bed of the
device, and the receiver of the device was put on parts of
their bodies where bone density was intended to be measured. The X-ray directed toward the lumbar vertebrae
and femur in the pelvis region. This is a simple, fast, noninvasive, and painless method that does not require general or localized anesthesia. This method measures bone
density in 10 to 20 minutes, and uses low-dose X-ray to
scan the body. In the present study, the effective dose
was 0.10 which is close to the environmental radiation a
person receives daily. Before conducting the evaluation,
participants were informed about the bone densitometry
device and its possible dangers. BMD was calculated in
g/cm2 and BMC was calculated in g, and the results were
immediately prepared to be printed by a color printer attached to a computer.

Participants
This was a descriptive-correlational study, and based
on the application of its results, an applied research. The
statistical population included all 40- 45-year-old women in perimenopause stage, living in Hamadan City, Iran
in 2015. Using a convenience sampling method, a total
of 40 participants were recruited (using the GPower 3.1
software). The exclusion criteria were as follows: having
rheumatoid arthritis; hyperthyroidism or hypothyroidism; parathyroid and adrenal; diabetes mellitus; kidney
failure; liver failure; cardiorespiratory disease; neurological disorders; brain injury; lower limb impairments;
menopause symptoms; fractures; cancer; menstrual disorder started after the age of 18 years; permanent cessation of menstruation or its cessation in the last 3 months;
less than 6 months menstruation in the past year; ovary
removal before menopause; infertility, pregnancy, or
breastfeeding during the time of study; smoking cigarettes; alcohol consumption; drug addiction; spine deformity; hospitalization due to an illness within 2 weeks
prior to the study; complete bed rest for 3 consecutive
months; and taking estrogen and progesterone, calcium,
multivitamin, vitamin D, and vitamin D3. The research
protocol was approved by the Ethics Research Committee (IR.UMSHA.REC.1394.421), and participants’ informed consents were obtained. A questionnaire assessing age, height, weight, a lifetime history of fractures,
medications, calcium use, physical activity, number of
deliveries, the age of first menstruation, pregnancy, and
illness was administered to 100 women. Finally, a total
of 40 women voluntarily participated in the study.
Anthropometric measurements
The anthropometric measurements of participants were
documented. Height (in centimeters) was measured using a stadiometer with 1 mm accuracy (after a normal
exhale), and weight was measured with minimum cloths
and without shoes, using a digital scale with 0.01 kg
accuracy. The BMI was calculated using the following
formula:
BMI(kg/m2)=Weight(kg)÷Height(m)

Clinical evaluations

Statistical analysis
Descriptive statistics (relative frequency and absolute
frequency, mean, and standard deviation) were calculated. The Kolmogorov–Smirnov test was used to assess
the normality of the measured parameters, analysis of
variance (ANOVA) was used to compare group means,
the Pearson correlation coefficient was used to determine relationship of weight and BMI with BMD and
BMC at the lumbar vertebrae and proximal femur, and
multiple regression analysis was used to examine the effect of weight and BMI on BMD and BMC at the lumbar
vertebrae and proximal femur, at 0.05 significance level.

3. Results
Table 1 shows the anthropometric characteristics of
participants who were divided into 3 groups of normal,
overweight, and obese, based on the BMI results. The
result of the Kolmogorov–Smirnov test for examination
of normality was not significant (P≤0.05), indicating
the normality of the data. Therefore, we used parametric analyses. Table 2 shows the bone parameters of the
women in perimenopause stage who were divided into 3
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Table 1. Anthropometric characteristics of participants divided into 3 groups, based on the BMI results.
Groups

Normal
n=12
Mean±SD

Overweight
n=18
Mean±SD

Obese
n=10
Mean±SD

Age (y)

42.33±1.83

42.94±2.04

43.30±1.64

Height (cm)

161±7.11

159.12±5.71

158.09±5.65

Weight (kg)

60.55±6.94

69.17±7.49

81.02±10.11

BMI (kg/m2)

23.32±1.63

27.41±1.83

33.08±1.80

Variables
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Table 2. Means and standard deviations for bone density at the lumbar and hip, and the results of ANOVA comparing 3
groups of participants.
Groups

Normal
n=12
Mean±SD

Overweight
n=18
Mean±SD

Obese
n=10
Mean±SD

F

P

Vertebrae L1 to L4

1.147±0.145

1.267±0.088

1.435±0.195

11.453

0.000**

Vertebra L1

1.172±0.128

1.228±0.088

1.390±0.082

13.870

0.000**

Vertebra L2

1.194±0.147

1.267±0.084

1.362±0.096

6.424

0.004*

Vertebra L3

1.145±0.155

1.270±0.117

1.374±0.102

9.124

0.001*

Vertebra L4

1.070±0.204

1.280±0.108

1.394±0.110

14.575

0.000**

Total hip

0.882±0.091

1.082±0.092

1.177±0.082

43.736

0.000**

Femoral neck

0.785±0.095

0.961±0.097

1.107±0.073

43.673

0.000**

Trochanter of the
femur

0.685±0.083

0.907±0.146

0.994±0.098

20.593

0.000**

Vertebrae L1 to L4

56.027±10.38

63.097±7.186

67.214±8.803

4.837

0.014*

Vertebra L1

12.73±2.134

13.637±1.442

14.874±1.778

4.080

0.025*

Vertebra L2

14.057±2.208

15.194±1.804

15.83±2.264

2.186

0.127

Vertebra L3

14.775±2.380

16.448±2.040

17.521±2.150

4.547

0.017*

Vertebra L4

14.919±3.291

17.966±2.192

19.017±2.946

6.995

0.003*

Total hip

13.358±1.207

16.282±2.148

19.506±1.762

31.185

0.000**

Femoral neck

3.833±0.559

4.438±0.345

5.255±0.586

23.927

0.000**

Trochanter of the
femur

9.058±1.897

9.416±1.626

10.558±1.209

2.521

0.094

Variables

BMD

BMC

**P≥0.001, *P≥0.05.

groups of normal, overweight, and obese, based on the
BMI results. As you can see, the increase of BMD and
BMC (except at the L2 and trochanter of the femur) from
normal to overweight and from overweigh to obese was
more evident (ANOVA). Therefore, there were differences among 3 groups. Post hoc analyses revealed a significant difference between the normal and obese groups,
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in all parameters (P=0.001). There was no significant
difference between the normal and overweight groups
with regard to BMD at the vertebrae L1 to L4(P=0.085)
and vertebra L1(P=0.337), and also in the BMC at the
vertebrae L1 to L4(P=0.104), vertebra L1(P=0.391), and
vertebra L3(P=0.133). However, there was a significant
difference between the two groups for all other param-
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Table 3. Correlation of age, weight, and BMI with BMD and BMC at the lumbar vertebrae and proximal femur.
Age (y)

Variables

BMI (kg/m2)

Weight (kg)

p

r

p

r

p

r

Vertebrae L1
to L4

0.180

0.216

0.000**

0.580

0.000**

0.608

Vertebra L1

0.846

-0.032

0.000**

0.576

0.000**

0.608

Vertebra L2

0.467

0.118

0.000**

0.580

0.000**

0.517

Vertebra L3

0.381

0.142

0.000**

0.606

0.000**

0.610

Vertebra L4

0.151

0.231

0.000**

0.634

0.000**

0.645

Total hip

0.624

0.080

0.000**

0.591

0.000**

0.740

Femoral neck

0.639

0.076

0.000**

0.659

0.000**

0.750

0.474

0.117

0.018*

0.371

0.000**

0.558

0.419

0.132

0.000**

0.608

0.001*

0.498

Vertebra L1

0.981

-0.004

0.000**

0.560

0.004*

0.447

Vertebra L2

0.397

0.138

0.000**

0.541

0.020*

0.366

Vertebra L3

0.335

0.157

0.000**

0.615

0.001*

0.504

Vertebra L4

0.169

0.222

0.000**

0.600

0.001*

0.524

Total hip

0.143

0.236

0.000**

0.598

0.000**

0.723

Femoral neck

0.559

0.095

0.000**

0.602

0.000**

0.700

Trochanter of
the femur

0.608

0.084

0.103

0.262

0.045*

0.319

BMD

Trochanter of
the femur
Vertebrae L1
to L4

BMC

**P≥0.001, *P≥0.05.
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Table 4. The results of multiple regression for dependent variables y1, y2, y3, and y4, with weight and BMI as independent variables.
Dependent

y1=BMD at the lumbar vertebrae (L1 to L4)

Independent

y2=BMD at the total hip

y3=BMC at the lumbar vertebrae (L1 to L4)

y4=BMC at the total hip

B

t

B

t

B

t

B

t

0.76

5.070

0.699

7.034

26.431

3.116

9.016

4.518

Constant
P=0.000
0.005

P=0.000
1.704

0.000

P=0.004
0.167

0.494

P=0.000
3.164

0.024

0.664

Weight (kg)
P=0.097
0.095

P=0.869
2.357

0.175

P=0.003
6.529

0.634

P=0.511
0.277

2.820

5.246

BMI (kg/m2)
P=0.024

P=0.000

P=0.783

P=0.000

F

R2

P

F

R2

P

F

R2

P

F

R2

P

13.565

0.423

0.000*

42.672

0.698

0.000*

10.920

0.371

0.000*

31.686

0.631

0.000*

Model

*P≥0.001.
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eters. There was no significant difference between the
overweight and obese groups with regard to MBD at the
vertebrae L2(P=0.101), vertebra L3(P=0.125), vertebra
L4(P=0.131), and the trochanter of the femur (P=0.195),
and also at the BMC of the vertebra L4(0.464) and the
trochanter of the femur (P=0.628). However, there was a
significant difference between the two groups in all other
cases.
Table 3 shows the correlation coefficients for age,
weight, and BMI with BMD and BMC at the lumbar vertebrae and proximal femur. As you can see, weight and
BMI are positively correlated with BMD at all regions
(P≥0.05), and the strongest correlation was found between BMI and the BMD at the femoral neck (P=0.001,
r=0.750). No significant relationship was found between
age and BMD (P≤0.05). There was a positive relationship between weight and BMC at all regions (except for
the trochanter of the femur) (P=0.001). Also, positive
relationships were found between BMI and the BMC at
all regions (P≥0.05). The strongest correlation was found
between BMI and the BMC at the total hip (P=0.001,
r=0.723). No significant correlation was found between
age and BMC (P≥0.05).
Table 4 presents the results of multiple regression (using the enter method) for age and BMI as independent
(predictor) variables and the BMD/BMC at the lumbar
vertebrae (L1 to L4) and total hip as dependent (criterion)
variables (n=40). As you can see, BMI explains the most
part of the variance of the BMD at the lumbar vertebrae
(L1 to L4) (P=0.024, B=0.095), the BMD at the total
hip (P=0.000, B=0.175), and the BMC at the total hip
(P=0.000, B=2.820). Weight explains the most part of the
variance of the BMC at the lumbar vertebrae (L1 to L4)
(P=0.003, B=0.494). Weight and BMI, together, could
significantly explain 42% of the variance of the BMD at
the lumbar vertebrae (L1 to L4) (F=13.565), 70% of the
variance of the BMD at the total hip (F=42.672), 37% of
the variance of the BMC at the lumbar vertebrae (L1 to
L4) (F=10.920), and 63% of the variance of the BMC at
the total hip (F=31.686) (P<0.001).

4. Discussion
The goal of the present study was to examine the relationship of weight and BMI with BMD and BMC at the
femur and lumbar vertebrae in women in perimenopause
stage. The BMD and BMC in the normal group were
significantly different from those in the obese group
(P=0.001), but in some cases, the overweight group was
not significantly different from the normal and obese
groups (P≤0.05). Age was not significantly correlated

158

with BMD and BMC (P≤0.05). There was a positive correlation between weight and BMD. The BMD increased
with the increase of weight, and the BMD at the femoral
neck had the strongest correlation with weight. There
was a positive relationship between weight and BMC,
and the third lumbar vertebra (L3) had the strongest correlation with weight. There were positive correlations
between BMI and BMD. There was an increase in BMD
as BMI increased, and the strongest correlation was between BMI and the BMD of the femoral neck. There
were positive correlations between BMI and BMC,
and the strongest correlation was between BMI and the
BMC at the total hip. The multiple regression showed
that weight and BMI could significantly explain the variance of the BMD and BMC at the lumbar vertebrae (L1
to L4) (P<0.001).
In a study on 50- 79-year-old men, Salamat et al. (2013)
found the positive correlation of weight and BMI with
the BMD and BMC at the lumbar and hip, and the strongest correlation was found between weight and the BMC
at the total hip and the trochanter of the femur [18]. These
results are consistent with the results of the present study,
but there are difference between the two studies with regard to the age and gender of the participants. Salamat et
al. (2013) found a negative correlation between weight
and BMD and BMC, and reported weight as a stronger
predictor of BMD and BMC than BMI [18]. Baheiraei
et al. (2005) found a positive relationship between age
and BMI and the BMD at the femoral neck and lumbar
vertebrae [19]. Farrokhseresht et al. (2013) found age to
be a significant factor in reduced bone density, and found
an increase in the risk for fracture in higher age groups
[20]. In a study by Aghaei et al. (2013) a positive relationship was found between age and bone density [21].
Vilasdechanon et al. (2011), Soheili et al. (2008), Derakhshan et al. (2006), and Mojibian et al. (2006), reported
age to be an important and effective factor in reduced
bone density [22-25].
Salekzamani et al. (2009) and Eghbali et al. (2008) also
found an increase in the bone density reduction with the
increase of age [26, 27]. Larijani et al. (2003) showed
that BMD at lumbar vertebrae and femoral neck decreases significantly, every decade after the age of 40 years
[28]. Most of the above studies found negative relationships between age and BMD; however, in the present
study, no significant relationship was found between age
and BMD and BMC. Our different results in this regard
may be due to the age range of study participants who
were between 40 and 45 years old. Shahidi et al. (2012)
found a positive relationship between age and bone den-
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sity, but they found no significant relationship between
BMI and BMD at the lumber vertebrae [30].
Zhao et al. (2007) showed a positive association between weight and BMI and BMD at the lumbar vertebrae [30]. Sordia et al. (2004) showed that shorter height
and lower weight are better determining factors (compared to BMI) in osteoporosis [31]. In a study by Liu et
al. (2004) weight was not found to be a good predictor
of BMD in women in perimenopause, but a positive correlation was found between BMI and the BMD at the
total body, vertebral column, and hip [13]. In this study,
a positive relationship was found between weight and
BMD. BMD increases as the age increases. In fact, body
weight and BMD at the femur and lumbar vertebrae that
bear mechanical pressures, are highly correlated, but the
responsible mechanisms are not fully known. The results
of some of the above studies are consistent with the study
results, but the age range of participants was different.
Researchers believe that higher body weight with adipose tissue, as the main source of estrogen, significantly
prevents bone density reduction [32]. On the other hand,
given that adipose tissue is the origin of osteoblasts,
from a metabolic perspective, it is also considered to be
an active tissue that its effects on the bones maybe not
only because of its weight effects, but also because of its
non-weight effects, such as hormone metabolism [33].
In a study conducted by Hosseini et al. (2014), BMD
was reported to increase with the increase of BMI, but
no significant difference was found between overweight
and obese groups [34]. Arimatsu et al. (2009) showed the
positive effect of BMI on the BMD at the lumbar [34].
Sharami et al. (2008) showed that osteoporosis was more
prevalent in women with BMI less than 25 than women
with BMI greater than 25 [36]. Morin et al. (2009), Silva
et al. (2007), El Maghraoui et al. (2007), Asomaning et
al. (2006), Benet et al. (2005), and Castro et al. (2005)
also confirmed the positive relationship between BMI
and BMD [9-12, 37-40]. Toth et al. (2005), examined
the effect of BMI on BMD in men, and found out that
the BMD at the femoral neck was significantly higher
in obese than thin participants, but no significant relationship was found between BMI and the BMD at the
lumbar vertebrae [41].
However, Fawzy et al. (2011) did not find any significant relationship between BMD in overweight and normal participants [42]. Greco et al. (2010) observed that
overweight participants had a normal BMD, but obese
participants had a low BMD [43]. Paniagua et al. (2006)
also showed that reduced bone density was more prevalent in overweight and obese, elderly men [10]. Robbines

October 2015 . Volume 5 . Number 3

et al. (2006) found that BMI was not a good predictor of
BMD [11]. Larijani et al. (2005) found a significant relationship between BMI and BMD in men, but failed to
find a significant relationship in women [44]. Barrera et
al. (2004) confirmed the positive and high effect of BMI
on BMD at the femur region in elderly participants [45].
Lopez-Caudana et al. (2004) believed that BMI was
the main determining factor in women [14]. Wu et al.
(2002) also showed a positive relationship between BMI
and BMD [46]. Sowers et al. (1992) reported that BMI
had no determining effect on BMD [47]. In the present
study, positive correlations were found between BMI
and BMD and BMC, and weight and BMI could predict
the variance of BMD and BMC. Our results were consistent with the results of some previous studies but were
not consistent with the results of some other studies. This
indicates a need for further research to understand the
underlying mechanisms.
The present study had some limitations, such as having
a small sample and the age range and gender of the study
participants. Future studies are suggested to investigate
our study variables with larger samples in different age
groups, and to compare the obtained results between
men and women subjects.
There was no significant increase in bone density in
obese participants compared to overweight ones. Normal-weight participants, compared to overweight and
obese ones, had lower bone density. Given that obesity
is an important risk factor for osteoporotic fractures, it
seems that keeping bone density at a normal level, and
reaching a normal weight, along with doing activities
that increase mechanical pressure on bones (such as
hiking and exercises that involve pressure) are effective methods, which are recommended for women in the
perimenopause period in which the hormonal changes
resulting from menopause are yet to occur. These findings can be helpful in designing proper strategies for prevention and treatment of osteoporosis.
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