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Abstract

Purpose Present study aims to examine the relationship

of the bone mineral density (BMD) with body mass index

(BMI) in an apparently healthy premenopausal and post-

menopausal north Indian female population.

Methods Two hundred and fifty-five apparently healthy

women were evaluated by a detailed questionnaire

including all possible factors that could affect the BMD.

The height and weight of all the subjects were recorded and

BMI was calculated. Bone mineral density was measured

by DXA (Dual Electron X-ray Absorptiometry) at L1-L4

Lumbar spine (LS) and femur neck (FN) by using the

Prodigy DXA system (software version:8.50) manufac-

tured by GE medical systems LUNAR.

Results The population was divided into pre and post-

menopausal groups. The BMD at all sites increased with

BMI in both groups. In a multiple regression model, the

attributability of BMI and age to variation in LSBMD and

FNBMD was 10.3 and 13.9 %, respectively. In postmen-

opausal women, age, BMI, and a previous history of

fracture together attributed to a variance in BMI of 40.1

and 27.6 % at lumbar spine and femur neck, respectively.

BMI was found to be significantly associated with low

BMD at both sites in premenopausal women, while the

association was lost in postmenopausal females.
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Conclusion BMI is an important determinant of BMD in

Indian females. However, the association is not present in

postmenopausal women with osteopenia. In addition, the

effect of increase in BMI on BMD has a ceiling effect, and

moderate to morbid obesity might not actually be a pre-

ventive factor for osteopenia.

Keywords Bone Mineral Density � Menopause

Introduction

Osteoporosis is defined as a systemic skeletal disease

characterized by low bone mass and micro-architectural

deterioration with a consequent increase in bone fragility

with susceptibility to fracture [1]. Osteoporosis is a major

problem of health care delivery services in both developed

and developing countries. The first normative reference

database of bone mineral density (BMD) in the Indian

women and men was established using digital x-ray radi-

ometry. Further analysis of this database revealed that

29.9 % of women and 24.3 % of men between the age of

20 and 79 years had low bone mass. About 50 % women

and 36 % of men over 50 years of age had low bone mass,

suggesting a higher prevalence of low bone mass in the

Indian population compared to the west [2].

Several risk factors affect the BMD including age, sex,

diet, menopausal status, etc. However, the effect of body

mass index (BMI) on BMD is variable in different ethnic

groups. Currently, there is a paucity of data on the rela-

tionship between the two in the Indian population. The

present study aims to examine the relationship of the BMD

with a change in BMI in an apparently healthy premeno-

pausal and postmenopausal north Indian population.

Materials and Methods

The two hundred and seventy-three subjects in this study

were the same cohort of healthy normal women who par-

ticipated in a previous cross-sectional study [3].

Subjects with history of current or past chronic diseases like

Cushing’s disease, hyperparathyroidism, thyrotoxicosis, and

renal disease or those with history of drug intake like anticon-

vulsants, corticosteroids, thiazides, or thyroxinewere excluded.

In addition, the women using oral contraceptives, postmeno-

pausal hormone replacement therapy, other drugs to prevent or

treat osteoporosis and pregnant, and lactating women were

excluded.Menopausewas defined as previous natural cessation

of menstruation for more than 12 months [4].

All women who gave their consent to participate were

evaluated by a questionnaire. It dealt with the detailed

demographic, menstrual, and obstetric history and other

factors that could affect the BMD. The institutional ethics

committee approved the study.

The height and weight of all the subjects were recorded.

The woman’s standing height was measured by using a

wall mounted stadiometer in centimeters to the nearest

1 mm. The weight was recorded in kilograms to the nearest

0.5 kg (with clothes, without shoes). The same observer

took all the measurements. BMI in kg/m2 was calculated by

dividing the baseline weight in kilograms by height in

meters squared.

The subjects were classified into four groups according

to their BMI [5]: underweight (U), when BMI was

less\18 kg/m2; normal (N), when BMI was between 18

and 22.9 kg/m2; overweight (OW) with BMI between 23

and 24.9 kg/m2; and obese, when BMI was more than

25 kg/m2.

Bone mineral density was measured by DXA (Dual

Electron X-ray Absorptiometry) at L1-L4 Lumbar spine

(LS) and femur neck (FN) by using the Prodigy DXA

system (software version:8.50) manufactured by GE med-

ical systems LUNAR.

In this system, NHANES/USA population aged

20–40 years was used for anteroposterior (AP) spine and

femur reference BMD and 68 % of repeat scans fall within

ISD (±0.010 g/cm2) for AP spine L1–L4 and ±0.012 g/cm2

for total femur). Those subjects with lumbar osteophytes or

deformities were excluded.

BMD values were classified according to WHO criteria:

BMD within 1 standard deviation (SD) of reference mean

based on normal values for a young adult was considered

normal, more than 1 SD below mean was taken as low

BMD (including both osteopenia and osteoporosis) [6].

Statistical Analysis

The subjects selected were divided into 2 different cohorts,

first of young menstruating females and second cohort of

postmenopausal females. Student’s t test was applied to

compare continuous data between the two groups. Quali-

tative data were compared using Chi- square or Fisher’s

exact test wherever applicable. Bonferroni’s post-hoc

comparison tests were used at the second stage of the

analysis of variance (ANOVA) if the null hypothesis was

rejected. The question of interest at this stage was which

subgroups significantly differed from others with respect to

the mean. This quantified the difference between individual

subcategories of BMI. The relationship between continu-

ous variables like BMD and BMI with respect to other risk

factors was analyzed by applying multiple regression

analysis. The population was further subdivided into nor-

mal and low BMD and the relationship with BMI was

analyzed using logistic regression analysis. P\ 0.05 was

considered significant.
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Results

Of the population, screened 14 patients had hypothyroid-

ism, two were on hormone replacement therapy, and two

were on anticonvulsants. The data of 160 premenopausal

and 95 postmenopausal women were analyzed.

The mean BMI of the study population was

24.2 ± 4.7 kg/m2. Of these, 21(8.23 %)) were under-

weight, 139(54.51 %) had a normal BMI, 64(25.09 %) of

subjects were overweight, and 31(12.15 %) belonged to the

obese category.

The descriptive features of the participants have been

shown in Table 1.

The association between BMD and the various sub

categories of BMI was studied in the overall population,

premenopausal, and postmenopausal women, at femur neck

and lumbar spine. Furthermore, the post-hoc test was

applied to study the difference in BMD between the vari-

ous sub categories of BMI. It was found that, BMD at both

sites increased with BMI in the study population but the

association was not statistically significant at lumbar spine

in premenopausal women (Table 2).

Multiple regression analysis was applied to assess the

individual affect of BMI on BMD in the presence of other

factors like age and previous history of fracture which were

also affecting the BMD significantly. It was found that the

attributability of BMI and age to variation in LSBMD and

FNBMD was 10.3 and 13.9 %, respectively. In postmen-

opausal women, age, BMI, and a previous history of

fracture together attributed to a variance in BMI of 40.1

and 27.6 % at lumbar spine and femur neck, respectively

(Table 3).

Table 4 depicts the analysis done on the population with

low BMD. When the study population was divided into

either a low BMD or a normal BMD and then the logistic

regression analysis was applied to determine the associa-

tion, it was found that BMI was an important determinant

of low BMD in the premenopausal age group along with

age. However, in the postmenopausal age group, the sig-

nificant determinants of low BMI were a previous history

of fracture and the years since menopause. BMI did not

seem to be associated with a low BMD.

Discussion

There are a number of studies on the effect of BMI on

BMD. However, as ethnicity may modify the relation

between the two, this is the first study on the relationship

between BMI and BMD in the Indian population.

On univariate analysis, BMD increased with BMI at both

lumbar spine and femur neck. On multiple regression, BMD

along with other factors like age and a previous history of

fracture was an important determinant of BMD. However,

when a targeted population of only low BMD was taken, the

association with BMD was lost in the postmenopausal group.

This implies that the relationship between the two ismuchmore

complex than can be easily assumed in the Indian population.

Preventing osteoporosis, a multifactorial disease,

requires not only recognizing its risk factors, but also

identifying the potentially modifiable determinants of bone

mineral density (BMD) [7]. Among postmenopausal

women of Caucasian descent, there is sufficient evidence to

suggest that moderate obesity is a protective factor in

osteoporosis [8]. In this high-risk group, BMI has been

shown to be positively correlated with BMD [8–10]. As

BMI increases, BMD increases while the rate of bone loss

decreases [11]. It is unclear as to what extent ethnicity

plays a role in modifying the effect of BMI on BMD. The

National and regional surveys in the United States dem-

onstrate significant ethnic differences with higher inci-

dence of hip fracture in Caucasian women compared with

African American and Mexican–American women [12,

13]. In another study, with each unit increase in BMI, BMD

increases for White women, while a slight but significant

decrease in BMD occurs in African American women [14].

We found that the BMD was positively correlated to the

BMI in a representative subpopulation of Indian women.

The pathogenesis of postmenopausal osteoporosis is

complex and incompletely understood. In a study by Lim

et al. [15], BMI was not a determinant of postmenopausal

BMD in multiple regression analysis in a population of

Korean women. They found that age, years since menopause

and possibly a genetically determined alteration of hydrox-

ylation of estrogen could be important for determination of

BMD in postmenopausal osteopenia. The loss of association

Table 1 Descriptive data for the population studied

Premenopausal women (n = 160) Postmenopausal women (n = 95)

Age (years) 32.51 ± 7.22 53.8 ± 7.3

Parity 2.12 3.82

Years since menopause(YSM) (years) 7.86 ± 2.84

BMI(body mass index) (kg/m2) 24.32 ± 4.91 24.22 ± 4.31

Average BMD spine (L1 ? L2 ? L3 ? L4)(LS) (g/cm2) 1.201 ± 0.007 0.921 ± 0.009

BMD right femur neck(FN) (g/cm2) 0.943 ± 0.011 0.912 ± 0.010
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betweenBMI andBMDwhen the specific subgroupwith low

BMD was taken in Indian population in our study further

substantiates this hypothesis.

Another important observation that can be made from

observing the trend of post-hoc tests of significant sub-

categories is that the difference between BMD of

Table 2 Variation of bone mineral density (BMD) at various sites according to body mass index (BMI) in the population studied

Cohort Site of measurement BMI

category

BMD (g/cm2) P value Significant sub category

(Bonferroni’s post-hoc test)

Study population Lumbar spine U 0.782 ± 0.173 P\ 0.001* U/OW(0.004)

U/Ob(\0.001)

N/OW(0.05)

N/Ob(0.03)

N 0.943 ± 0.201

OW 1.071 ± 0.182

Ob 1.182 ± 0.211

Femur neck U 0.712 ± 0.181 P = 0.04* U/OW(0.03)

U/Ob(0.05)N 0.891 ± 0.234

OW 0.962 ± 0.233

Ob 0.971 ± 0.253

Premenopausal Lumbar spine U 1.071 ± 0.152 P = 0.053

N 1.153 ± 0.163

OW 1.201 ± 0.181

Ob 1.212 ± 0.182

Femur neck U 0.913 ± 0.114 P = 0.003* U/Ob(0.005)

N/Ob(0.02)N 0.985 ± 0.131

OW 1.021 ± 0.132

Ob 1.075 ± 0.154

Postmenopausal Lumbar spine U 0.783 ± 0.171 P\ 0.001* U/OW(0.003)

U/Ob(0.001)

N/OW(0.03)

N/Ob(0.008)

N 0.942 ± 0.202

OW 1.082 ± 0.183

Ob 1.173 ± 0.222

Femur neck U 0.671 ± 0.191 P = 0.002* U/OW(0.003)

U/Ob(0.007)N 0.891 ± 0.234

OW 0.983 ± 0.161

Ob 1.015 ± 0.233

U underweight, N normal, OW overweight, Ob obese

* Statistically significant P values

Table 3 Attributability of change in BMI to variation in BMD after adjusting for other significant variables

BMD (g/cm2) Variables B Standard error P value

Postmenopausal women

Lumbar spine BMI 0.018 0.004 0.004

Age -0.008 0.003 0.000

h/o fracture -0.100 0.034 0.004

Femur neck BMI 0.015 0.005 0.006

Age -0.008 0.003 0.018

h/o fracture -0.082 0.041 0.050

Premenopausal women

Lumbar Spine BMI 0.009 0.003 0.001

Age -0.005 0.002 0.005

Femur neck BMI 0.010 0.002 0.000

Age -0.144 0.059 0.015

BMD bone mineral density, BMI body mass index
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overweight and obese category was not significant in any

of the groups. This implies that the effect of increase in

BMI on BMD has a ceiling effect, and moderate to morbid

obesity might not actually be a preventive factor for oste-

openia and osteoporosis as has been hitherto believed.

Greco et al. [16] also observed that when the study popu-

lation was divided into subgroups based on different BMI,

it was noted that overweight (BMI[ 25\ 29.9) was

neutral or protective for BMD, whereas obesity

(BMI[ 30) was associated with a low bone mass, com-

patible with a diagnosis of osteoporosis.

To conclude, BMI is an important determinant of BMD

in Indian females. However, the association is not present

in postmenopausal women with osteopenia. In addition, the

effect of increase in BMI on BMD has a ceiling effect, and

moderate to morbid obesity might not actually be a pre-

ventive factor for osteopenia.

The limitation of the present study firstly lies in the fact

that this study involves the participants who visited the

hospital for their patients. The demography of the partici-

pants was comparable in terms of age and BMI to that of

the Indian female population [17]. Secondly, the Lunar

USA normal database supplied by the manufacture was

used to define low BMD (reference range 20–40 years) as

the nomograms for BMD values in different age groups for

Indian female population are not available.

Compliance with ethical requirements and conflict of inter-
est No conflicts of interest or disclosures to be made. The study was

approved by the institute ethics committee.
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BMI 0.87 0.84–0.98 0.001* YSM 0.09 0.01–0.19 0.02*
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