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ABSTRACT
With an aging population, osteoporosis is increasingly becoming a
public health concern. Bangladesh has a high incidence of
osteoporosis and occurs among a relatively younger age group than
in the developed world. There are several factors that could be
associated with bone mineral density (BMD). We are keen to
determine the association with BMD and BMI. The study was
carried out on 152 patients who were referred to INMAS for dual
energy X- ray absorptiometry (DEXA) measurement of bone mineral
density (BMD) during the periods of January 2018 to July 2019.
BMD was measured at right femoral neck and lumbar spines. Data
about age and sex, BMI were recorded. Reporting was done
according to the T score following WHO criteria. Prevalence were
compared using chi-squared tests. Among 152 patients, 84.9% were
females and 15.1% were males. Results showed for right femur that
normal bone density in 91 (59.1%), osteopenia in 54 (35.1%),
osteoporosis in 9 (5.8%) and BMD in spine was normal in 57
(37.0%) osteopenia in 44 (28.6%), osteoporosis in 53 (34.4%).
About 60% of the study population was normal weight and others
were underweighted or overweighed. Status of BMD was associated
with BMI in the lumbar spine and femur. In this study group, total
61.2% and 26.3%were found low BMD in spine and right femur
respectively. In age group ≥ 60 years, low BMD in spinewas 72.0%
that is 42.29% higher compare to below 60 years’ group
(50.6%).Correlation of BMI with lumbar spine T score, right femur
and left femur T score were measured by Pearson’s correlation
coefficient test. Positive significant Pearson’s correlation was
observedbetween BMI with spine T score (r = 0.397; p = <0.001),
BMI with right femur T score (r = 0.347; p = <0.001) and BMI with
left femur T score (r = 0.382; p = <0.001).
Keywords: Osteoporosis, Bone mineral density, Dual energy
x-ray absorptiometry (DEXA), Body Mass Index
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INTRODUCTION
Osteoporosis, which was once considered a disease of
the elderly, but now it is occurred in any age whose
conventional bone mineral density (BMD) has dropped

to a critical threshold (1).Thus, osteoporosis has become
a global health problem. The amount of BMD acquired
during childhood and adolescence may be important in
reducing the risk of osteoporosis in the future. The
number of osteoporosis patients has increased every
year due to the growth of the elderly population in
Bangladesh (2). BMD is a necessary component of the
assessment of bone quality and is used to assess the
osteoporotic status of the bone for the prevention of
osteoporotic fractures. As age increases, the bones
become naturally thin as the existing bone breaks down
faster than new bone made. As a result, bones calcium
and other mineral are reduced and they become lighter,
less dense and more brittle in weight (3). Bones can be
broken when it becomes thin and weak. Therefore,
thicker bones take longer to get osteoporosis (4).
The World Health Organization defines obesity as the
Body Mass Index (BMI) ≥ 30 kg/m2, the overweight as a
BMI = 25 to 29.9 kg/m2, and the underweight BMI as
<18.5 kg/m2. However, the relationship between high BMI
and fracture risk is complex. The existence of a positive
association between body size and bone mass is well
established. Moreover, low body mass index (BMI) is a
predictor of increased bone loss at the forearm. Therefore,
interest in studying the influence of obesity and
overweight on the risk of fracture has recently increased.
However, the association at other skeletal regions between
BMI, bone mass, and bone loss remains to be determined.
Since the sex-specific effects of BMI on the rapidly
increasing prevalence of obesity are unclear, we aimed to
research the association between BMI and therefore the
risk of low BMD of the lumbar spine and femur separately.
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PATIENTS AND METHODS
Study population and measurement of BMD
The present retrospective study was conducted in the
Institute of Nuclear Medicine and Allied Sciences
(INMAS), Sylhet. People who underwent DEXA scan
from January 2018 till June 2019 formed the study
subjects. DEXA Scanning was performed by one
technician, and the interpretation was done by two
nuclear medicine physicians. Height and weight were
measured. BMI was calculated from the height and
weight recorded while performing the DEXA scan on
the formula weight (kg)/ [height (m)]2. The WHO
criteria were used to classify respondents based on
DEXA results.

Figure 2: Normal BMD measurement at both femora

DEXA Output
The output from the DEXA examination includes
images of the body part scanned, quantitative data from
the scanned area, including the bone mineral content
(BMC), BMD, scanned area, T-scores, and Z-scores,
and a graph of where the patient fits within the reference
population.
Table I: The World Health Organization definitions
of osteoporosis and osteopenia used to interpret
lumbar spine, hip and forearm dual-energy x ray
absorptiometry (DXA) scan results
____________________________________________
Terminology
T‐score definition
____________________________________________
Normal
Osteopenia

T ⩾ −1.0

−2.5 < T < −1.0

Osteoporosis
T ⩽ −2.5
____________________________________________

Figure 1 : Normal BMD measurement of lumbar
spine (L1-L4)

Figure 3: Very low BMD measurement (osteoporotic)
at lumbar spine

Figure 4: Very low BMD measurement (osteoporotic)
at right femur
Statistical analysis
It includes the sociodemographic features and
descriptive statistics to rule out the association between
the DEXA scan results, BMI, and BMD status. First, the
variables were analyzed in descriptive means and
standard deviations. For continuous variables, including
mean ± standard deviation (SD), and categorical data
were presented as count and percentage (%). The
statistical tests used in this study was chi-square tests.
The variables considered were gender, age, and BMI.
P-value less than 0.05 was considered significant. We
examined the relationship between BMI and BMD(T
score) by bivariate Pearson’s correlation for each study.
An IBM SPSS Statistics 25 performed the statistical
analyses; two-tailed p<0.05 was considered statistically
significant.
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RESULTS
The study population consisted of 152 individuals.
Distribution of gender showed that 84.9% were females
and the remaining were males. Age ranged from 23 to 85
years. The mean and standard deviation of age was
57.73 ± 13.30 years. The mean and standard deviation of
right femur T-score, left femur T-score and lumbar spine
T-score was -0.32 ± 1.25), -0.37 ± 1.28 and -1.67 ± 1.62
respectively. The mean and standard deviation of BMI
was 24.07 ± 4.19 kg/m2 (Table 1).
Table 1: General traits of the participants (mean ±
standard deviation)
Min

Max

Mean ± SD

BMI

15.11

38.21

24.07 ± 4.19

Age (in years)

23.00

85.00

57.73 ± 13.30

Right Femur T-score

-4.70

4.00

-0.32 ± 1.25

Left Femur T-score

-4.20

3.30

-0.37 ± 1.28

Lumber Spine T-score -5.50

3.10

-1.67 ± 1.62

respectively. According to gender, female patients
suffered from osteopenia and osteoporosis in the right
femur of about 24.3 % and 2 % respectively and for
lumbar spine 27% and 34.2 % respectively. In male
patients,17.4% and 17.4% suffered from osteopenia
and osteoporosis in lumbar spine respectively and rest
had normal BMD. According to BMI from right
femur, about 46.2% were osteopenia and under
weight, among the patients with normal weight, 60.4%
patients were with normal BMD. A detailed
description is given in Table 3.
Table 3: Distribution of bone mineral density according
to independent factors for right femur and lumbar spine

In this study, 52.6 %of the patients had normal BMI. The
respondents were classified in to two broad age groups,
less than 60 and equal above 60years. About 49.3% in
the study were in the age group of above 60 years.
Approximately 52.6 % of the subjects were normal,
30.3% patients were Overweight and 8.6% patients were
obese. A detailed description is given in Table 2.
Table 2: Distribution of respondents according to
age, gender, and BMI.
Variables

Group

Number

Percentage

Gender

Male

24

15.6

Female

130

84.4

Underweight

13

8.6

Normal

80

52.6

Overweight

46

30.3

Obese

13

8.6

< 60

77

50.7

≥ 60

75

49.3

BMI

Age (in Years)

This study also showed that about 2 % and 34.2% had
osteoporosis in the right femur and lumbar spine,

For further analysis, the whole group based on the
DEXA scan result was divided as normal and low BMD.
There were 112 (73.7%) patients with normal BMD in
right femur and 40 (26.3%) with low BMD. In the
lumbar spine, normal BMD was found in 59 (38.8%)
patients and 93 (61.2%) patients with low BMD.
Statistically significant association (p = <0.001 in right
femur and p = 0.022 in lumbar spine) was found between
different age groups and low BMD. There was
significant association ( p = 0.005) between gender and
low BMD in lumbar spine but lack of association (p =
0.978) in right femur. According to BMI compares to
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Simple Scatter with Fit Line of Spine T score by BMI
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right femur, low BMD were found in 8 (61.5%), 24
(30.0%), 8 (17.4%) among underweight, normal and
overweight patients but all the obese patient had normal
BMD. According to BMI compare to lumbar spine, low
BMD were found in 11 (84.6%), 53 (48.9%), 25
(54.3%), 4 (30.8%) among underweight, normal,
overweight and obese patients respectively. Association
between BMI and BMD was found statistically
significant (p = 0.001) and (p=0.02) in right femur and
Lumbar spine respectively. Low BMD was more
marked in age group 60 or above in both right femur
(42.7%) and lumbar spine (72.0%) compared to age
group below 60. The details are depicted in Table 4.

Femur
Status of bone mineral density P-value
Normal
Low BMD
N (%)
N (%)
Right Femur
Gender
Male
17 (73.9)
6 (26.1)
0.978
Female
95 (73.6)
34 (26.4)
BMI
Underweight 5 (38.5)
8 (61.5)
Normal
56 (70.0)
24 (30.0)
0.001
Overweight 38 (82.6)
8 (17.4)
Obese
13 (100)
0 (0)
Age (in Years) < 60
69 (89.6)
8(10.4)
≥ 60
43 (57.3)
32 (42.7) <0.0001
Total
112 (73.7)
40 (26.3)
Lumbar spine
Gender
Male
15 (65.2)
8 (34.8)
0.005
Female
44 (34.1)
85 (65.9)
BMI
Underweight 2 (15.4)
11 (84.6)
Normal
27 (31.1)
53 (48.9)
0.02
Overweight 21 (45.7)
25 (54.3)
Obese
9 (69.2)
4 (30.8)
Age (in Years) < 60
38 (49.4)
39 (50.6)
0.007
≥ 60
21 (28.0)
54 (72.0)
Total
59 (38.8)
93 (61.2)
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Table 4: Association between bone mineral density
and independent factors
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Correlation of BMI with lumbar spine T score, right
femur and left femur T score were measured by
Pearson’s correlation coefficient test. Positive
significant Pearson’s correlation was observed between
BMI with lumbar spine T score(r=0.397; p=<0.001) Fig
-1(a), BMI with right femur T score (r=0.347;
p=<0.001) fig-1(b) and BMI with left femur T score
(r=0.382; p=<0.001) fig 1(c).
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Figure 1: (a) Scatter diagram showing positive
correlationbetween BMI (kg/m2) and lumbar spine T
score. (b) Scatter diagram showing positive correlation
between BMI (kg/m2) and right femur T score. (c)
Scatter diagram showing positive correlation between
BMI (kg/m2) and LeftFemur T score.
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DISCUSSION
DEXA is a recognized reference method for measuring
BMD with acceptable precision errors and good
accuracy. WHO has established DEXA as the best
densitometric technique for determining BMD (5).
DEXA allows accurate diagnosis of osteoporosis,
fracture risk estimation, and monitoring of patients
undergoing treatment. Identification of patients with
low BMD is an important strategy to reduce the
tendency for osteoporotic fractures.
This study revealed a positive association between
T-score of BMD and BMI diagnosis in total sample. In
addition, BMD of the right femur were not associated
with gender. However, low BMD of lumbar spine and
right femur were negatively related with age.
In this study, more than half of the population exhibited
low BMD either osteopenia or osteoporosis. This
finding is in accordance with previous studies (6,7).
Arround 61.2% and 26.3 % showed low BMD in lumbar
spine and right femur respectively, indicating that low
BMD was more prevalent in lumbar spine. However,
osteoporosis and osteopenia were found in 34.2 % and
27.0 % subjects in spine, 2% and 24.3 % subjects in
right femur indicating that osteoporosis was more
common in spine but osteopenia was more prevalent in
femur. In a study done by Mou et al (8) osteoporosis and
osteopenia were found in 48.2% and 37.3% subjects in
spine, 29.1% and 51.8% subjects in right hip, 34.6% and
52.7% subjects in left hip (9). also found osteoporosis
and osteopenia in 49.5% and 36.4% study subjects in
lumbar spine, in 24.2% and 38.4% study subjects in hip
BMD measurements.
In age group ≥ 60 years, low BMD in spine was 72.0%
that is 42.29% higher compared to below 60 years’ group
(50.6%). Fawzy et al. (3) found that the chance of low
BMD among people with age 60 and above is 23 times
higher compared to those with age 25-39. Moreover, this
finding is comparable with those reported in the
literature (10,11). Among the 23 male patients, about one
out of four were found low BMD. Moreover, we found
some association between BMD with BMI and age as
reported in the previous cross-sectional studies (12,13).

However, significant association was observed between
BMD and sex of the patients in lumbar spine only.
Several studies established positive association of
higher body weight and / or BMI with bone mineral
density or even protective effect against osteoporosis
and fractures(3). We found that patients who are
overweight had relatively better bone density than the
low body weight patients. Overweight and obese
subjects were more likely to have osteoporosis and
osteopenia.Similar studies by Nguyen et al.(14)their
associations with bone mineral density (BMD,Felson et
al. (15) and Baheiraei et al. (16) also stated the
consistent finding that lower BMI was associated with
lower BMD. However, the result also shows that,
elderlies showed an association with low BMD and the
percentage of patients who were over 60 years was at
higher risk of lower BMD. These findings are
compatible with previous literature (16,17).
This study is an attempt to address one of the major
public health problems which can be controlled if
preventive measures are taken at an early stage. This
study has some limitations too. We couldn’t consider all
factors related with BMD. Thus, Future studies on BMD
must be taken into consideration with detail history of
other factors, including calcium intake, physical
activity, lifestyle, sun exposure, alcohol consumption,
smoking, reproductive factors, milk intake and parity of
female patients are recommended, which could possibly
confound the associations we observed.
CONCLUSION
This study suggests an association between BMD and
BMI. The results of this study propose that normal and
underweight person (BMI) have risk factors for the
incidence of low BMD. This also suggested that
increased body mass (independently of body fat
percentage) may benefit BMD. We recommend
increasing public awareness for the negative impact of
the low BMD in Bangladesh.
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