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The present study was conducted with an objective to study the relationship between 
body composition, dietary pattern and physical activity with bone mineral density in 
200 perimenopausal (Group A) and 174 postmenopausal women (Group B) from 
Mumbai city. The recruited perimenopausal women were in the age group 40-50 
years and postmenopausal women were 55 years and above. A questionnaire was 
administered to the subjects to collect the general information, menstrual and medical 
history, dietary pattern and physical activity. Body composition and bone density 
were measured. The average mean BMI of the study population was found to be 27.67 
kg/m2±4.81 for Group A and 27 kg/m2±4.81 for Group B.  Results revealed that the 
overall population was found to be osteopenic with a mean bone density being -1.01. 
Bone mass showed a strong correlation with bone density in Group A (P value 0.009 
at 2-tailed sig.) and Group B (P value 0.01 at 1-tailed sig.). The correlation of bone 
density with muscle mass and fat free mass was significant in both group of women.  
Anthropometric measurements like height, weight and BMI were weakly correlated 
with bone density in general.  Physical activity index based on the intensity scores, 
showed that majority of the study population had poor physical activity index. To 
conclude, a significant association was found between body composition and bone 
density while there was a strong negative correlation found between muscle mass and 
bone mass with physical activity. 

KEYWORDS: body composition, bone mineral density, perimenopause, 
postmenopause, diet, physical activity 

INTRODUCTION 
With the progression of age, adult women experience lot of physiological changes. 
Especially beyond 40 yrs of age as body starts preparing for menopause there are 
series of changes women undergo such as body composition, bone mass and density 
and overall reproductive health affecting their physical activity and energy levels. All 
this together affect their overall health.  

Body composition describes different components that make up a person's body 
weight. (Quinn, E et al, 2012).  Two main components are fat-free mass (lean muscle, 
bones, tendons and ligaments) and fat mass. Body composition thus denotes the 
muscle to fat ratio, or our body fat percentage. A healthy muscle to fat ratio is an 
indicator of good health. Body composition of an individual keeps on changing 
throughout the life irrespective of the sex. As the age advances there is decrease in the 
lean body mass and increase in the fat mass. This is true for both the sexes but the 
degrees are different.  

Bone health which helps to perform daily activities is best expressed by bone mineral 
density (BMD) test. BMD refers to the weight of the skeleton; it is ratio of weight to 
volume or area of the bone (Rauch, 2008). In childhood and adolescence BMD 
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increases until peak bone mass is reached. Beyond 40 yrs of age most females 
experience a rapid bone loss and there is decrease in the BMD leading to loss of 
calcium from bones which in other words is termed as osteoporosis. The BMD test 
can identify osteoporosis, determine risk for fractures (broken bones), and measure 
response to osteoporosis treatment. (Centre for disease Control, 2012)  

Body size and body composition are significant predictors of bone mass along with 
body weight (Finkelstein et al, 2008). Menopause which is also related to reductions 
in physical activity may promote skeletal muscle atrophy and the loss of fat-free mass 
along with reduction in bone mineral content (Toth et al, 2000). Postmenopausal bone 
loss can be prevented by exercise or physical activity. Exercise, however, involves a 
mechanical force or load on bones to increase bone mineral content (BMC) and bone 
mineral density (BMD). (Marta D Van Loan and Nancy L Keim, 2000) 

Today in the Indian society there is increase in prevalence of osteoporosis. Low bone 
mineral density in women is a major public health concern which needs to be 
addressed to prevent the risk of fracture and osteoporosis as this is a phase of high 
social and medical morbidity and is associated with significant costs for the health 
care system.  This study provides information about relationship between body 
composition and BMD. There are not many studies reported in India on relationship 
between body composition and bone mineral density for perimenopausal as well as 
postmenopausal women. It is considered significant to study association between 
bone mineral density and body composition, physical activity, dietary intake. If results 
of the study demonstrate a relationship between bone mineral density and body 
composition, it can help to create awareness for osteoporosis and other bone disease. 
Body composition & physical activity determines the health status of the individuals. 
Nutrition education programme with a focus on creating awareness about behaviour, 
lifestyle modification that promote optimum health can be planned and executed. 

Hence, the study was taken with following objectives. 
� To collect anthropometric data of the study population. 
� To assess their Body Composition (BC) and record their Bone Mineral Density 

(BMD). 
� To collect their dietary information and physical activity pattern. 
� To study the relationship between body composition and bone mineral density. 
� To study the effect of age on all above mentioned parameters. 

MATERIAL AND METHODS 

The study is a Cross-sectional Study in which we have tried to observe the association 
between BC and BMD in 374 female respondents recruited through health camps. All 
the above parameters were measured for perimenopausal and postmenopausal women 
of age above 40 years. This study was approved by The Institutional Ethical 
Committee (IEC) of Seva Mandal Education Society.  

Selection of the samples: 
The subjects for the study were selected from different social organizations like 
Mahila mandal from Mumbai city, Maharashtra. Total 374 women who were above 
40years of age were selected using purposive sampling technique and were divided 
into two groups namely, Perimenopausal (Group A 200 women) and postmenopausal 
(Group B 174 women). This was done as per the guidance of statistician.  
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Health camps were organized at various locations for the subjects to create 
“awareness on bone health and preventive measures for bone loss” during which data 
collection was done. During this session, procedures and techniques involved in the 
study were explained to the subjects and consent forms were signed by them.  

Following tools were used to collect data along with interview method. 
Case Record Form: It consisted of following information: name, age, occupation, 
qualification, family income, physical activity, menstrual details and current 
menstrual status with date of attainment of menopause. Medical history along with 
consumption of supplements was also recorded.  
Anthropometric measurements: Height and weight were measured and body mass 
index (BMI) was calculated. 

Body Composition: Body composition was measured using analyzer -Tanita (model 
no MA-420).  Recorded constituents were fat%, FM, FFM, Muscle mass, Bone mass, 
Visceral fat. 
Bone Mineral Density: It was analyzed by using Bone mineral densitometer of Lunar 
Achilles. It was used to analyze components such as T score and Stiffness index.  
Food Frequency questionnaire (FFQ): This tool was use to find out daily 
consumption of various foods like cereals, pulses, animal products, fats and oils, dairy 
products etc. Overall frequency and amounts consumed of these foods was recorded. 
Intake of snacks and other fried items was observed to record the intake of empty 
calories. 
24 Hour Diet record: This was used to validate the data filled in FFQ. Subjects were 
interviewed to answer their one day overall food consumption. Information was also 
taken on the timing and number of meals consumed in a day with its quantities and 
ingredients. 
Physical Activity: Type of Exercise with its duration and frequency were recorded. 
Subject’s intensity scores were devised on the basis of calories expended per hour for 
that activity as given by Mudambi S.R. and Rajagopal M.V. (2007) and Oxford Food 
and Fitness Dictionary (2012) Using those guidelines calorie expenditure per hour in 
various activities was calculated for e.g. moderate walking-139, yoga-172, aerobics-
183 etc. Then intensity scores were allotted in the following pattern sitting-1, 
walking-2, yoga-3, aerobics-4 etc. The intensity scores along with duration and 
frequency were used together to calculate the physical activity index for each sample 
as shown in Table 1 using the following formula: 
Physical Activity Index= (Intensity Factor)* (Durat ion)* (Frequency) 

Table I: Scores for duration and frequency  
Duration Frequency 

Time Score Frequency Score 
None 0 None 0 

30 minutes 1 Everyday 4 
45 minutes 2 Thrice/week 3 

1 hour 3 Twice/week 2 
>1hour 4 Once/week 1 

Statistical analysis: It was done using frequency, mean and standard deviation, Chi 
square test for the general questionnaire and the Karl Pearson’s co-efficient 
correlation for the FFQ. Other statistical tests like regression etc. were used to analyze 
the physical activity data. 
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RESULTS 

This study was conducted to see if there is any relationship between body 
composition and bone mineral density in perimenopausal and postmenopausal women 
in the city of Mumbai.
information. Following 
Since the study included women in perimenopausal and postmenopausal stage
average mean age of the
61.64 years ± 6.024 in Group B.
study population are expressed in the percentages: (Table II) 
From the total population majority of the subjects
predominant population 
Information on monthly family income showed that 
A-49%, Group B-52.30%) were from family whose monthly income was <15,000 and 
lesser number (Group A
15,000-25,000 with a least of belonging to the income category of 25,000
annually.  
As far the educational qualification was concerned
(36%) from both the groups were primary educated
minimum percentage of post graduates.
Anthropometry:  So far as Anthropometry was concerned following 
tested and results obtained

Table II: Mean anthropometric measurements of both groups
Anthropometric Measurements

Height (cm)
Weight (kg)
BMI (kg/m2

From the above table it was seen that 
and weight of the women
average mean BMI was almost similar in both groups.
BMI was classified into various categories from which detailed information regarding 
BMI of the participants were obtained. 

Figure I,  II: BMI classification of both groups of women in percentages
             Figure I                                                        

As seen in the above graph, highest percentages of the subjects (42% from Group A 
and 40% from Group B)
percentage of the subjects were in underweight category.
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This study was conducted to see if there is any relationship between body 
composition and bone mineral density in perimenopausal and postmenopausal women 
in the city of Mumbai. A questionnaire was administered to collect general 
information. Following results were obtained: 
Since the study included women in perimenopausal and postmenopausal stage
verage mean age of the subjects was found to be 46.10 years ± 3.65 in Group A and 

± 6.024 in Group B. Observations based on general characteristics of the 
study population are expressed in the percentages: (Table II)  
From the total population majority of the subjects has sedentary lifestyle whereas 

population was housewife. 
monthly family income showed that higher number of women (Group 

52.30%) were from family whose monthly income was <15,000 and 
lesser number (Group A-32.5%,Group B-33.30%) women were in the category of 

000 with a least of belonging to the income category of 25,000

As far the educational qualification was concerned maximum percentage of women 
(36%) from both the groups were primary educated whereas both the groups had 

of post graduates. 
So far as Anthropometry was concerned following 

obtained were as follows: 
Mean anthropometric measurements of both groups

Anthropometric Measurements Group A (Mean±SD) Group B 
(cm) 152.24 cm ± 6.02. 149.52 cm ± 5.57
(kg) 64.28 kg ± 12.30 60.73

2) 27.67 kg/m2± 4.8 27 kg/m

From the above table it was seen that in perimenopausal women, average mean 
and weight of the women was slightly higher than postmenopausal women while 
average mean BMI was almost similar in both groups. 
BMI was classified into various categories from which detailed information regarding 
BMI of the participants were obtained.  

BMI classification of both groups of women in percentages
Figure I                                                                                 

above graph, highest percentages of the subjects (42% from Group A 
% from Group B) were belongs to overweight category while, 

percentage of the subjects were in underweight category.  

25%
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This study was conducted to see if there is any relationship between body 
composition and bone mineral density in perimenopausal and postmenopausal women 

A questionnaire was administered to collect general 

Since the study included women in perimenopausal and postmenopausal stage, 
± 3.65 in Group A and 

Observations based on general characteristics of the 

has sedentary lifestyle whereas 

higher number of women (Group 
52.30%) were from family whose monthly income was <15,000 and 

33.30%) women were in the category of 
000 with a least of belonging to the income category of 25,000-50,000 

maximum percentage of women 
whereas both the groups had 

So far as Anthropometry was concerned following parameters were 

Mean anthropometric measurements of both groups 
Group B (Mean±SD) 

149.52 cm ± 5.57 
60.73 kg ±12.27  
27 kg/m2±5.00 

average mean height 
was slightly higher than postmenopausal women while 

BMI was classified into various categories from which detailed information regarding 

BMI classification of both groups of women in percentages 
                          Figure II 

 

above graph, highest percentages of the subjects (42% from Group A 
overweight category while, very less 

Group B
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Body Composition: Body composition analyzer was used to
constituents of the body composition. 

Table
 

Constituents 
Body fat % 
Fat mass (kg)
Fat free mass 
Muscle mass
Bone mass (kg)
Visceral fat 

 
Figure III

 
As seen in above graph, highest percentage (Group A
women from both groups showed high body fatness of >36. 

From the above table it was showed that in group A majority of the women (84.5%) 
had normal range (20
normal range (40 kg).
mass while 6.5% had above the normal range. 
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Body composition analyzer was used to analyze the following 
constituents of the body composition. The results are as follows- 

Table III: Body fat % classification of women 
Mean ±SD 

Constituents  Group A 
 38.98 % ± 6.53 38.93 ±7.18

(kg) 25.88 kg ± 8.84 24.37 kg 
Fat free mass (kg) 38.58 kg ± 4.41 36.32 kg ±4.56
Muscle mass (kg) 36.33 kg ± 4.02 34.36

(kg) 2.22 kg ± 0.37 2.02
 (kg) 8.24±2.67 

Figure III: Body fat % classification of women

As seen in above graph, highest percentage (Group A-72.5% and Group B
women from both groups showed high body fatness of >36.  

From the above table it was showed that in group A majority of the women (84.5%) 
(20-40 kg) of muscle mass while rest (15.5%) had more than 

(40 kg). In group B, 93.6% belonged to the normal range of muscle 
mass while 6.5% had above the normal range.  

<22(Low) 22-35.9 

(Recomended)

>36 (Overfat)

1.50%

26%
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analyze the following 

 

Group B 
38.93 ±7.18 

24.37 kg ±8.92 
36.32 kg ±4.56 
34.36 kg ±4.10 
2.02 kg ±0.39 
8.58±2.684 

: Body fat % classification of women 

 

72.5% and Group B-61.49%) of 

From the above table it was showed that in group A majority of the women (84.5%) 
mass while rest (15.5%) had more than 

In group B, 93.6% belonged to the normal range of muscle 

61.49%

Group A

Group B
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Bone Mineral Density:
Figure IV

Bone mineral densitometer
high frequency sound waves to evaluate bone status in the heel. 
figure __ percentage of women with normal BMD was more in Group A (44%) 
compared to Group B (17.2%). Group B showed more percentage of osteopenic and 
osteoporotic women compared to Group A, thus indicating that as age advances bone 
status deteriorates. 
Dietary pattern: 
The following results were obtained from

Table 
 

Nutrients N 

Energy (kcal) 200
Protein (g) 200
CHO (g) 200
Fat (g) 200
Ca (mg) 200
 
Overall mean nutrient intake was v
and calcium intake was found to be 
both groups was much below RDA.
only 1 serving equivalent to 150 ml daily. Other dairy intake like curd, paneer were 
found to be very less.
overall group had very poor habits of supplementation. Only 23.5% from Group A 
and 42.5% from Group B were taking Calcium supplements once a day. Calcium and 
Vitamin D supplementation as suggested by Indian RDA was 
negligible in this study population.

Physical Activity:  Observations on physical activity showed that in our study group 
most of the women were moderately activ
of 20-59.  Very negligible percentage of women was physically very active
V) 

>-1= Normal

44%
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Bone Mineral Density:  
IV: Bone density classification with respect to T

Bone mineral densitometer was used to analyze bone mineral density with the use of 
high frequency sound waves to evaluate bone status in the heel. As 
figure __ percentage of women with normal BMD was more in Group A (44%) 
compared to Group B (17.2%). Group B showed more percentage of osteopenic and 
osteoporotic women compared to Group A, thus indicating that as age advances bone 

s were obtained from 24 hour dietary record of the subjects:
Table IV: Mean nutrient intake of both groups 

Group A 
 Mean±SD N 

200 1621.01kcal ±186.70 174 
200 36.38gm ±5.53 174 
200 249.48gm ±29.32 174 
200 51.12gm ±8.44 174 
200 288.05mg ±87.19 174 

Overall mean nutrient intake was very low in both the groups, even 
and calcium intake was found to be better in Group B, still mean nutrient intake in 
both groups was much below RDA. It was evident from FFQ that the milk intake was 
only 1 serving equivalent to 150 ml daily. Other dairy intake like curd, paneer were 
found to be very less. Data on supplementation of Ca and Vitamin D showed that 
overall group had very poor habits of supplementation. Only 23.5% from Group A 
and 42.5% from Group B were taking Calcium supplements once a day. Calcium and 
Vitamin D supplementation as suggested by Indian RDA was 

in this study population.   

Observations on physical activity showed that in our study group 
most of the women were moderately active having physical activity index

59.  Very negligible percentage of women was physically very active

 

1= Normal Between -1 and -

2.4=Osteopenia

<-2.5=Osteoporosis
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50%
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T-score 

 

was used to analyze bone mineral density with the use of 
As can be seen from 

figure __ percentage of women with normal BMD was more in Group A (44%) 
compared to Group B (17.2%). Group B showed more percentage of osteopenic and 
osteoporotic women compared to Group A, thus indicating that as age advances bone 

24 hour dietary record of the subjects: 
 

Group B 
Mean±SD 

1710.51kcal ±125.21 
48.11gm ± 5.70 

255.86gm ± 40.45 
51.44gm ±7.49 

467.58mg ±143.79 

ery low in both the groups, even though protein 
better in Group B, still mean nutrient intake in 

FFQ that the milk intake was 
only 1 serving equivalent to 150 ml daily. Other dairy intake like curd, paneer were 

ation of Ca and Vitamin D showed that 
overall group had very poor habits of supplementation. Only 23.5% from Group A 
and 42.5% from Group B were taking Calcium supplements once a day. Calcium and 
Vitamin D supplementation as suggested by Indian RDA was found to be very 

Observations on physical activity showed that in our study group 
e having physical activity index in the range 

59.  Very negligible percentage of women was physically very active. (Figure 

2.5=Osteoporosis
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Figure V:

Discussion: 
Bone health is of extreme importance in women
women approach menopause their body composition changes
density. This study was taken up to establish as
and bone mineral density in 
many studies have been reported which highlight the concern of low bone density and 
also report the increased prevalence of osteoporosis 
wanted to find out whether
menopause and to create awareness and prevent osteoporosis by nutrition education, 
proper diet, supplements and following good lifestyle inclusive of exercise

Our findings showed 
correlated with height
These results matched with the study carried out by
patterns of change in body composition and showed that there were significant
related decreases in FFM and height and increases in total BF, percentage BF, weight, 
and BMI. This could be due to decreased energy expenditure and fat oxidation that 
predisposes to obesity in women of menopausal age which was
done by Lovejoy JC et al (2008). Another factor could be lower lipoprotein lipase 
activity and higher lipolytic responsiveness (promoting fat storage) which is se
estrogen deficient women 

In both groups it was found that bo
mass and fat free mass
significance. This shows that muscle mass has a definite effect on bone density and is 
a sole predictor of bone density. In
correlation with bone density. Our findings are similar to the findings of Wagner et al 
(2004) & Ho-Pham et al (2010) who opine that overall body fat mass and lean mass 
had positive relationships with BMD 
was the sole predictor of total proximal femur BMD. Fat mass was not a significant 
predictor of BMD. 
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Figure V: Physical Activity Index of the study population

 

Bone health is of extreme importance in women especially near the menopause. As 
women approach menopause their body composition changes along with their bone 

This study was taken up to establish association between body composition 
and bone mineral density in perimenopausal and postmenopausal women. Globally, 
many studies have been reported which highlight the concern of low bone density and 
also report the increased prevalence of osteoporosis in women
wanted to find out whether the bone changes are initiated in the period much before 

create awareness and prevent osteoporosis by nutrition education, 
proper diet, supplements and following good lifestyle inclusive of exercise

showed that all parameters of body composition w
correlated with height as well as weight and BMI with p value 0.01(sig. 2 tailed)

matched with the study carried out by Guo et al (1999) who examined 
patterns of change in body composition and showed that there were significant
related decreases in FFM and height and increases in total BF, percentage BF, weight, 

This could be due to decreased energy expenditure and fat oxidation that 
predisposes to obesity in women of menopausal age which was also

ne by Lovejoy JC et al (2008). Another factor could be lower lipoprotein lipase 
activity and higher lipolytic responsiveness (promoting fat storage) which is se
estrogen deficient women (Rebuffe-Scrive et al, 1986). 

was found that bone density had significant correlation with 
mass and fat free mass [P value 0.010 and 0.013 Sig. (2 tailed)] at 0.05 level of 
significance. This shows that muscle mass has a definite effect on bone density and is 
a sole predictor of bone density. In both groups fat mass did not show any significant 
correlation with bone density. Our findings are similar to the findings of Wagner et al 

Pham et al (2010) who opine that overall body fat mass and lean mass 
had positive relationships with BMD of lumber spine and the femur. Hence, lean mass 
was the sole predictor of total proximal femur BMD. Fat mass was not a significant 
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of the study population 

 

especially near the menopause. As 
along with their bone 

sociation between body composition 
postmenopausal women. Globally, 

many studies have been reported which highlight the concern of low bone density and 
in women. The researchers 

the period much before 
create awareness and prevent osteoporosis by nutrition education, 

proper diet, supplements and following good lifestyle inclusive of exercise  

body composition were significantly 
p value 0.01(sig. 2 tailed). 

Guo et al (1999) who examined 
patterns of change in body composition and showed that there were significant age-
related decreases in FFM and height and increases in total BF, percentage BF, weight, 

This could be due to decreased energy expenditure and fat oxidation that 
also seen in a study 

ne by Lovejoy JC et al (2008). Another factor could be lower lipoprotein lipase 
activity and higher lipolytic responsiveness (promoting fat storage) which is seen in 

significant correlation with muscle 
[P value 0.010 and 0.013 Sig. (2 tailed)] at 0.05 level of 

significance. This shows that muscle mass has a definite effect on bone density and is 
both groups fat mass did not show any significant 

correlation with bone density. Our findings are similar to the findings of Wagner et al 
Pham et al (2010) who opine that overall body fat mass and lean mass 

of lumber spine and the femur. Hence, lean mass 
was the sole predictor of total proximal femur BMD. Fat mass was not a significant 

Group A

Group B
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In group A, Physical activity index (a cumulative factor of 
intensity*duration*frequency) did not show any significant correlation with bone 
density as the overall group was found to be physically inactive whereas in group B, 
Physical activity index showed significant correlation with bone density. Women who 
were physically active had normal T-score than women who were not physically 
active. This shows that physical activity is important determinant of bone density, 
which was in agreement with Goksen. D et al,(2006).  The effect of physical activity 
on bone not only increases the bone size but also increases BMD. 

Our findings on bone density are consistent with studies done by Finkelstein et al 
(2008) According to these researchers BMD loss increases substantially in the late 
perimenopause and remains rapid in the first few postmenopausal years.  Overall bone 
mass was strongly correlated with bone density for group A, [P value 0.009 Sig. (2 
tailed)] at 0.01 level of significance and for group B [P value 0.01 Sig. (1 tailed)]. It 
was seen that, 89.5% (N=179) from Group A and 96.5% (N=164) from group B had a 
bone mass less than 1.95 kg which is below the normal range indicative of low bone 
density.  

The mean calcium intake of women participants from Group A and Group B was 
found to be 288.05 mg ± 87.18 and 467 mg±143.7 respectively which could be 
possibly due to lower consumption of milk and milk products. Therefore, dietary 
calcium which plays an important role in bone building showed a weak association 
with bone density. Study by Welten et al (1995) on correlation between calcium 
intake and bone mass for the cross-sectional population had also concluded that 
calcium intakes of 1000 mg/d could prevent the loss of 1% of bone per year at all sites 
except the ulna. There was significant correlation (Chi square= 4.101) with bone 
mineral density found in group B of the study population and these women who were 
taking calcium supplementation showed a higher T-score.  

Thus, to conclude in the present population a significant association was found 
between body composition and bone density while there was a strong negative 
correlation found between muscle mass and bone mass with physical activity. 
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