
ABSTRACT
Background: Osteoporosis is a metabolic skeletal disease characterized 
by bone mineral density reduction, leading to increased susceptibility to 
fractures. Although several studies have investigated the association 
between body mass index (BMI) and bone mineral density (BMD), the 
results are inconsistent. The aim of this study was to further investigate the 
relation between BMI and BMD.

Patients and Methods: The retrospective study included 113 patients 
without any apparent illness referred to have a dual-energy x-ray 
absorptiometry (DEXA) examination in INMAS, Suhrawardy, in the 
period from October 2023 to November 2024. The following 
anthropometric data were collected: body mass index, body weight, 
height, dual-energy x-ray absorptiometry T-score, and bone mineral 
density (BMD), as well as some other data.

Results: The mean age was 56.17 years, the mean weight was 59.97 kg, 
and the mean height was 158.1 cm. There were 70 participants in the group 
of normal body mass index < 25.0 kg/m2, 34 participants were overweight 
(BMI 25.0-30.0 kg/m2), and 09 were obese (BMI > 30 kg/m2). In the 
obese group, 55.56% of participants had osteoporosis, 33.33% had 
osteopenia, and 11.11% had the normal T-score. In the overweight group, 
14.71% of the participants had osteoporosis, 26.47% had osteopenia, and 
58.82% had the normal T-score. In the normal body mass index group, 
32.86% of the participants had osteoporosis, 34.29% had osteopenia, and 
32.86% had the normal T-score.  

Conclusion:  This study reveals that the prevalence of osteoporosis and 
osteopenia is higher in obese  patients. It is obvious that there was a 
stronger correlation between body mass index and bone mineral density of 
the lumbar spine than between body mass index and bone mineral density 
of the total hip.
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INTRODUCTION

Osteoporosis is defined as a progressive, systemic, skeletal 
disease characterized by low bone mass and 

microarchitectural deterioration of bone tissues with a 
consequent increase in bone fragility and susceptibility to 
fracture. Studies have shown that bone loss starts from the 
age of 30–40 years in both men and women (1). Obesity and 
osteoporosis are two important and growing public health 
problems worldwide (2). Numerous diet and lifestyle 
factors, including body weight, influence BMD, and in turn, 
fracture risk (3). Bone density is the main measurable 
determinant of risk of occurrence of a fragility fracture (4). 
Today, BMD measurements have an important role in the 
evaluation of patients at risk of osteoporosis and in the 
appropriate use of antifracture treatment. In general, the 
preferred method of testing is to use DXA scans of the 
central skeleton to measure BMD of the lumbar spine and 
hip (5). The obesity affects practically all age groups in the 
population; its influence on health is manifested mostly at 
higher ages as a risk factor of diabetes, cardiovascular 
diseases, etc. The relation between obesity and the onset of 
metabolic, endocrine, and cardiovascular diseases is clearly 
approved (6). Low bone mineral density (BMD) is a major 
risk factor for osteoporosis and its related fractures (2, 3, 5). 
Therefore, undoubtedly the load on bones is the key factor 
for osteogenesis (3). BMD in the total body, hip, and lumbar 
spine is weakly to moderately correlated to body weight, fat 
mass, and lean body mass in adolescent, perimenopausal, 
and elderly women, possibly as the result of stress on the 
skeleton from the mechanical loading of body w(4). t alone 
(4).   Body weight or BMI has been found to be inversely 
related to the risk of osteoporosis in most but not all studies. 
Thus, the role of obesity as a risk factor for low BMD, 
osteoporosis, and its related fractures remains usettled (2).  
In contrast, the relation between obesity and osteoporosis is 

not so unambiguous. For example, there is a question of 
whether obesity associated with endocrine and metabolic 
diseases, immobilization, etc., will result in osteoporosis 
because of these diseases or because of the obesity itself.  
However, the open question is whether this positive effect of 
body weight burden is not hindered by concomitant 
disorders associated with osteoporosis (3). From both a 
clinical and public health perspective, it is essential to clarify 
the relationship between BMI, weight, and BMD. Our study 
addresses this topic by exploring the relationship between 
BMI, weight, and BMD among apparently healthy patients 
who were referred for dual-energy X-ray absorptiometry 
(DXA) scans. We hypothesize that obesity (BMI ≥ 30 kg/m²) 
plays a role in the etiology of low BMD, while overweight 
(BMI = 25-30 kg/m²) may be linked to higher BMD, 
although BMD and body weight can vary depending on 
other factors.

PATIENTS AND METHODS

The retrospective study included 113 patients without any 
apparent illness who were referred to have a dual-energy 
x-ray absorptiometry (DEXA) examination at the Institute of 
Nuclear Medicine and Allied Sciences, Suhrawardy, in the 
period from October 2023 to November 2024, with a mean 
(standard deviation (SD)) age of 56.17 (12.46) (range 
22–86) years. Patients who reported chronic medical 
conditions or were using medications affecting bone 
metabolism or had a family history of osteoporosis were 
excluded. Informed consent was taken from each of the 
participants chosen for this study.

Each patient’s height and weight were measured in light 
clothes without shoes. Weight was measured using a 
calibrated anthropometric scale. Height was measured using 
a stadiometer attached to the anthropometric scale. We 
calculated BMI as the ratio of weight (kg) to height squared 
(m2) by applying the Quetelet equation (5). Participants 
were categorized in three BMI groups according to World 
Health Organization (WHO) criteria: normal weight, BMI < 
25.0 kg/m2; overweight, 25-30 kg/m2; and obese, 
BMIMeasurements> 30 kg/m2. 

 Measurements of BMD (g/cm2) and bone mineral content 
(BMC) (g) were made using an APELEM 3-D DXA 
(D7M-40-008 Revision Ø). BMDs of the lumbar vrtebrae 
(L2–L4) and the hip region (total hip, femoral neck, 

trochanter, and femoral shaft) were measured according to 
protocols. The scanner was calibrated daily against the 
standard calibration block supplied by the manufacturer to 
control possible baseline drift, and proper positioning of 
patients was ensured. T-scores and Z-scores were also 
obtained. The diagnosis of osteoporosis/osteopenia was 
done according to T-score values: normal if T-score ≥ −1.0; 
osteopenia if −2.5 < T-score < −1.0; osteoporosis if T-score 
≤ −2.5 (2, 5).

Statistical analysis: Categorical variables (BMI groups and 
osteoporosis/osteopenia presence) are being dealt with; 
hence, a Chi-Square Test for Independence was appropriate 
to check if osteoporosis prevalence is significantly 
associated with BMI categories. Data was entered into Excel 
and exported to the SPSS software, version 16, for 
subsequent statistical analysis. Later, logistic regression 
analysis of the data was done to assess the odds of having 
osteoporosis in different BMI categories while adjusting for 
other variables. In logistic regression analysis, the dependent 
variable was the presence of osteoporosis/osteopenia (1 = 
Yes, 0 = No), and the independent variable was the BMI 
group, represented as categorical variables.

RESULT

Number of study subjects were 113 (age, 56.17±12.46 years; 
range, 22-86 years),  who were categorized into 3 groups 
based on BMI. Study population included 91 females 
(80.5%) and 22 males (19.5%) with a mean age of 56.36 ± 
11.61 years and 55.36±15.60 years respectively. 

Anthropometric Characteristics

Anthropometric variables have been described in Table 1, 
where mean values are listed along with the standard 
deviations of the individual parameters, except for BMI 
categories, where the number of BMI cases and the 
percentages are shown in parentheses. Men were 
significantly taller, had higher weight, but lower BMI than 
women. The percentage of obesity (BMI > 30 kg/m2) was 
significantly higher in women than in men (P < 0.05). No 
significant differences were seen between men and 
women with respect to age and normal BMI percentage 
indicating that they were at par with respect to these 
parameters (P > 0.05).

The data also showed lower values of densitometric 
parameters like T-scores, BMD, BMC, and BA of the right 
hip when compared to the left hip, which points to the 
majority of righty persons in this demography, both in the 
case of men and women. When the data of the lumbar 

region is compared to the hip region, the densitometric 
parameters like T-score and BMD have been observed to 
be lower for the spinal region compared to the total hip 
region, which may suggest the dominance of bone density 
loss in the spinal regions over the hip region.

Prevalence of Osteoporosis & Osteopenia in different 
BMI groups

Results from the DXA machine show that, according to 
the WHO definition based on T-score, the overall 
prevalence of osteoporosis was 32.86% in the normal 
weight group (BMI < 25 kg/m²), 14.71% in the 
overweight group (BMI 25-30 kg/m²), and 55.56% in the 
obese group (BMI > 30 kg/m²). The overall prevalence of 
osteopenia was 34.29% in normal, 26.47% in overweight, 
and 33.33% in the obese group. Normal T-scores were 
observed for 32.86% normal, 58.82% overweight, and 
11.11% obese patients. The distribution of osteoporosis, 
osteopenia, and normal cases is shown in Table 2. If the 
number of osteoporosis and osteopenia patients is 
considered together against the normal findings, a 
significant difference in observations is seen, which are 
represented in the Figure 1. In the bar diagram, there is a 
significant decrease of osteoporosis/osteopenia cases 
(41.18%) in the oveweight group (BMI 25-30 kg/m²), 
which enforces the conventional assumption about 
lowered risk of osteoporosis in comparatively healthier 
people. On the other hand, when the BMI went into the 
obese range, there was a spike of osteoporosis and 
osteopenia cases, which resulted in an aggregate value of 
88.89% compared to normal findings (11.11%). As the 
sample size of the obese group was comparatively smaller 
than the other groups, a statistical significance test was 
carried out using the chi-squared analysis according to 
diagnosis groups and one-way analysis of variance 
(ANOVA) of BMD and T-score with BMI groups. 

ABSTRACT
Background: The association between type 2 diabetes mellitus (T2DM) 
and bone mineral density (BMD) remains unclear.  Screening, 
identification and prevention of potential risk factors for osteoporosis in 
T2DM patients are important and necessary for preserving a good quality 
of life and decreasing the risk of fracture. This study is expected to help us 
find the trend of BMD in T2DM patients in Bangladesh and identify any 
risk factors that may predispose to low BMD.

Objective: To evaluate the bone mineral density in patients with long term 
history of type-2 diabetes mellitus.

Procedure: This cross sectional observational study was conducted in 
NINMAS for a period of 18 months among 200 patients with history of 
T2DM for more than five years who were referred for BMD test. The study 
subjects were divided according to duration of DM, glycemic status, BMI, 
menstrual status etc. DEXA scan was done and BMD was measured at 
lumbar (L1 to L4) vertebrae, right and left femoral necks. After getting the 
BMD report (normal, osteoporosis, osteopenia), the effects of independent 
variables (age, gender, duration of diabetes, status of diabetes and BMI) on 
dependent variable (BMD) were analyzed.

Result: Most patients were older (>50-60 and >60-70 years age group), 
female (85%), overweight and pre-obese. Mean age was 57.86 ±9.69 years. 
Most of them (158) were post-menopausal. Only 25.5% patients had good 
controlled diabetes. According to duration, most patients (61%) belonged 
to >5-10 years group. No statistically significant difference was found 
between the T-scores of the ‘pre-menopausal’ and ‘post-menopausal’ 
female. Among the patients, 67.5% had low spine BMD and 38% and 41% 
had low right and left femoral neck BMD respectively. Duration of DM had 
statistically significant association on BMD only in left femoral neck (p= 
0.046). No statistically significant correlation was found between HbA1c 
and T-score. Women have more than five times chance of having low BMD 
than men (odds ratio= 5.185, p = <0.001) in spine. Independent risk factors 
for low BMD were female gender, increasing age and low BMI.

Conclusion: Significant portion of T2DM patients had low BMD. Low 
BMD in left femoral neck has statistically significant association with 
duration of T2DM. Low BMD is also related to increasing age, female 
gender and low BMI. 

Keywords: Type 2 Diabetes mellitus, Bone mineral density, Dual Energy 
X-ray Absorptiometry (DEXA), Osteopenia, Osteoporosis
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INTRODUCTION

Throughout the world, diabetes is among the most prevalent 
non-communicable diseases. It has a significant negative 
impact on health and the economy since it is linked to 
morbidity and death (1). Type 2 diabetes mellitus (T2DM) 
constitutes nearly 90% of all diabetes and the trend of T2DM 
is increasing due to rapidly changing lifestyles. According to 
the International Diabetic Foundation (IDF), in 2021, 537 
million adults (20 to 79 years old) had diabetes and the 
prevalence is increasing. It is predicted to rise to 643 million 
by 2030 and 783 million by 2045 (2). The magnitude of 
diabetes is also increasing in Bangladesh. According to the 
IDF, approximately 6.9 million Bangladeshi people have 
diabetes with a prevalence rate of 8.5% (3). In spite of 
continuous improvement in treatment, many people die 
because of their diabetes (4). In addition to that, fracture risk 
is higher in those with diabetes mellitus (DM) (5).

Bone mineral density (BMD) is the amount or mass of 
mineral content (mostly calcium and phosphorous) in bone 
per unit area. It is generally expressed as gm/cm2. It is an 
indirect indicator of osteoporosis and future fracture risk. 
BMD depends on various factors, such as age, sex, heredity, 
dietary factors, endocrine factors (estrogen, PTH hormone 
etc.), physical exercise and exposure to risk factors like 
certain drugs such as glucocorticoids. The association 
between T2DM and BMD is still unclear, and different 
studies show lower, higher or similar BMD values in 
comparison with healthy control subjects (5). It is assumed 
that, DM can influence bone through many mechanisms and 
some of the mechanisms have contradictory effects (6). Low 
levels of insulin, hyperglycemia, an alteration of vitamin-D 
metabolism and decreases in BMD may result from 
long-term T2DM. 
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Low level of insulin in diabetic patients causes decreased 
osteoblastic activity and lower BMD. Hyperglycemia 
causes low BMD by increasing the concentration of 
‘advanced glycation end products’ and calciuria. Also, 
derangement of calcium homeostasis occurs in DM. 
Elevated cytokines in T2DM, such as TNF-ɑ, RANKL, 
etc., cause accelerated bone resorption and lower BMD. 
Ethnicity plays a role as different trends of BMI are 
found in different regions of the world. As relatively low 
BMI is found in the Asian population, the risk of 
osteoporosis is also higher. The duration of DM also 
plays an important role on BMD. The patients with 
longer durations of DM had lower total hip and femoral 
neck BMDs than those with shorter durations (6-9). 
On the other hand, obesity, which is common in T2DM, is 
substantially correlated with higher BMD, most likely as 
a result of hormonal factors such insulin, estrogen, and 
leptin as well as mechanical loading. Increased plasma 
leptin as well as hyperinsulinemia in the early stage of 
DM stimulate osteoblasts and promote bone formation; 
thus increasing BMD. Drugs used in DM such as insulin 
also cause weight gain and hence increase BMD. An 
increased cholesterol level may also increase BMD (1, 10)
A number of techniques have been proposed for 
measuring BMD, but Dual Energy X-ray 
Absorbtiometry (DEXA) is used across the world and 
considered the ‘Gold Standard’ for the diagnosis of 
osteoporosis (11). The DEXA machine uses two 
low-energy x-rays to produce an image with good 
contrast. Standard measurements are most commonly 
made over the lumbar spine (L1 to L4 vertebrae), except 
where a particular problem occurs at any vertebra, in 
which case it is excluded and over the upper part of the 
hip or femoral neck (11, 12). Results are expressed as T 
or Z scores. The T score is defined as the number of 
standard deviations (SDs) from the mean values in a 
young adult. The Z score is defined as the number of 
standard deviations (SDs) from the age- and 
sex-matched control mean values. The T score is 
generally used to define osteoporosis (11).
In this study, the BMD of patients with T2DM was evaluated 
and any risk factors that predispose to low BMD were 
identified, which will help us to improve the management 
protocol of T2DM to reduce the risk of fracture and maintain 
a high quality of life in those with diabetes. 

PATIENTS AND METHOD
This cross sectional observational study was conducted in 
National Institute of Nuclear Medicine & Allied Sciences 
(NINMAS) from September 2022 to February 2024 and 
the study population was 200 patients with history of the 
T2DM referred to NINMAS for BMD test.  Inclusion 
criteria were- patient with history of Type-2 diabetes 
mellitus for > 5 years and age more than 30 years. Patient 
with type1 Diabetes mellitus, patient with H/O thyroid 
disorders, hyperparathyroidism, chronic liver disease 
(CLD), chronic kidney disease (CKD), chronic 
obstructive pulmonary disease (COPD), Patient taking 
drugs, like hormonal replacement therapy (HRT), 
corticosteroids, anticonvulsant medications, thyroxine 
and malignancy were excluded. Independent variables 
were- age, gender, duration of diabetes, menstrual status, 
BMI, status of Diabetes (identified by HbA1c) and 
dependent variable was BMD. Based on the selection 
criteria, patients were chosen. With proper approval from 
Medical Research Ethics Committee (MREC) of 
NINMAS, proper history was taken and the patient's 
medical records were collected, checked and documented 
on the formatted questionnaire.
The study subjects were divided according to duration of 
DM, glycemic status, BMI, menstrual status etc. The study 
subjects were divided according to duration of diabetes 
into three groups of five-year segments; Group-1: >5–10 
years, Group-2: >10–15 years, and Group-3: >15 years. 
Study subjects were further divided into controlled 
diabetes (HbA1c <7%), fairly controlled diabetes (7-8%) 
and poorly controlled diabetes(>8%). The study subjects 
were also divided into five groups according to BMI, i.e., 
1. low BMI group or underweight (<18.5 kg/m2), 2. normal 
BMI group or normal weight (18.5-22.9 kg/m2), 3. 
overweight (23-24.9 kg/m2), 4. pre-obese (25-29.9 kg/m2) 
and 5. obese (≥30 kg/m2). DEXA scan was done by the 
‘Medix DR’ bone dosimeter and BMD was measured at L1 
to L4 vertebrae, right and left femoral necks. After getting 
the BMD report, the enrolled subjects were divided into 
three groups-1. Normal BMD, 2. Osteopenia and 3. 
Osteoporosis. The effects of independent variables (age, 
gender, duration of diabetes, status of diabetes and BMI 
etc.) on dependent variable were analyzed. 

Data Processing and Statistical Analysis: Statistical 
analysis was done by using SPSS (The Statistical Package 

for Social Sciences, version 26.0 for Windows) software. 
Chi-square test was used to measure the association or 
relationship between two qualitative variables. Unpaired 
t-test was used for quantitative variables to compare mean. 
Binary logistic regression was done to predict a qualitative 
binary dependent variable from one or more independent 
variables. Other tests were done in appropriate settings. P 
values < 0.05 was considered statistically significant for all 
the analyses that were performed.  

RESULTS 

Among 200 patients, most of them were older (>50-60 
and >60-70 years age group), female (85%) and 
overweight and pre-obese. Mean age was 57.86 ±9.69 
years. Most of them (158) were post-menopausal. Only 
25.5% patients had good controlled diabetes. According 
to duration, most patients (61%) belonged to >5-10 years 
group (Table 1). No statistically significant difference was 
found between the T-scores of the ‘pre-menopausal’ and 
‘post-menopausal’ female. Among the patients, 67.5% 
had low spine BMD and 38% and 41% had low right and 
left femoral neck BMD respectively. Duration of DM had 
statistically significant association on BMD only in left 
femoral neck (p= 0.046) (Table 2). No statistically 
significant correlation was found between HbA1c and 
T-score. Binary logistic regression was performed to 
assess the impact of several factors on right femoral neck 
BMD. The model contains five independent variables 

(gender, duration of diabetes, HbA1c, age and BMI). 
Duration of diabetes and HbA1c had no statistically 
significant contribution to the model. Only age and BMI 
made a statistically significant contribution. For every 
1-year increase in age, the odds of having low BMD 
increases by a factor of 1.049 (odds ratio = 1.049, p= 
0.006). On the other hand, for every 1-unit (kg/m2) 
increase in BMI, the odds of having low BMD decreased 
by a factor of 0.919 (odds ratio = 0.919, p= 0.025) (Table 
3). In case of left femoral neck BMD, Duration of diabetes 
and HbA1c had no statistically significant contribution to 
the model. Only age and BMI made a statistically 
significant contribution. For every 1-year increase in age, 
the odds of having low BMD increases by a factor of 
1.048 (odds ratio = 1.048, p= 0.006). On the other hand, 
for every 1-unit (kg/m2) increase in BMI, the odds of 
having low BMD decreased by a factor of 0.914 (odds 
ratio = 0.914, p= 0.016) (Table 4). In case of spine BMD, 
again duration of diabetes and HbA1c had no statistically 
significant contribution to the model but gender and BMI 
made a statistically significant contribution. Women have 
more than 5 times chance of having low BMD than men 
(odds ratio = 5.185, p= 0.000). On the other hand, for 
every 1-unit (kg/m2) increase in BMI, the odds of having 
low BMD decreased by a factor of 0.878 (odds ratio = 
0.878, p= 0.001) (Table 5). 
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Low level of insulin in diabetic patients causes decreased 
osteoblastic activity and lower BMD. Hyperglycemia 
causes low BMD by increasing the concentration of 
‘advanced glycation end products’ and calciuria. Also, 
derangement of calcium homeostasis occurs in DM. 
Elevated cytokines in T2DM, such as TNF-ɑ, RANKL, 
etc., cause accelerated bone resorption and lower BMD. 
Ethnicity plays a role as different trends of BMI are 
found in different regions of the world. As relatively low 
BMI is found in the Asian population, the risk of 
osteoporosis is also higher. The duration of DM also 
plays an important role on BMD. The patients with 
longer durations of DM had lower total hip and femoral 
neck BMDs than those with shorter durations (6-9). 
On the other hand, obesity, which is common in T2DM, is 
substantially correlated with higher BMD, most likely as 
a result of hormonal factors such insulin, estrogen, and 
leptin as well as mechanical loading. Increased plasma 
leptin as well as hyperinsulinemia in the early stage of 
DM stimulate osteoblasts and promote bone formation; 
thus increasing BMD. Drugs used in DM such as insulin 
also cause weight gain and hence increase BMD. An 
increased cholesterol level may also increase BMD (1, 10)
A number of techniques have been proposed for 
measuring BMD, but Dual Energy X-ray 
Absorbtiometry (DEXA) is used across the world and 
considered the ‘Gold Standard’ for the diagnosis of 
osteoporosis (11). The DEXA machine uses two 
low-energy x-rays to produce an image with good 
contrast. Standard measurements are most commonly 
made over the lumbar spine (L1 to L4 vertebrae), except 
where a particular problem occurs at any vertebra, in 
which case it is excluded and over the upper part of the 
hip or femoral neck (11, 12). Results are expressed as T 
or Z scores. The T score is defined as the number of 
standard deviations (SDs) from the mean values in a 
young adult. The Z score is defined as the number of 
standard deviations (SDs) from the age- and 
sex-matched control mean values. The T score is 
generally used to define osteoporosis (11).
In this study, the BMD of patients with T2DM was evaluated 
and any risk factors that predispose to low BMD were 
identified, which will help us to improve the management 
protocol of T2DM to reduce the risk of fracture and maintain 
a high quality of life in those with diabetes. 

PATIENTS AND METHOD
This cross sectional observational study was conducted in 
National Institute of Nuclear Medicine & Allied Sciences 
(NINMAS) from September 2022 to February 2024 and 
the study population was 200 patients with history of the 
T2DM referred to NINMAS for BMD test.  Inclusion 
criteria were- patient with history of Type-2 diabetes 
mellitus for > 5 years and age more than 30 years. Patient 
with type1 Diabetes mellitus, patient with H/O thyroid 
disorders, hyperparathyroidism, chronic liver disease 
(CLD), chronic kidney disease (CKD), chronic 
obstructive pulmonary disease (COPD), Patient taking 
drugs, like hormonal replacement therapy (HRT), 
corticosteroids, anticonvulsant medications, thyroxine 
and malignancy were excluded. Independent variables 
were- age, gender, duration of diabetes, menstrual status, 
BMI, status of Diabetes (identified by HbA1c) and 
dependent variable was BMD. Based on the selection 
criteria, patients were chosen. With proper approval from 
Medical Research Ethics Committee (MREC) of 
NINMAS, proper history was taken and the patient's 
medical records were collected, checked and documented 
on the formatted questionnaire.
The study subjects were divided according to duration of 
DM, glycemic status, BMI, menstrual status etc. The study 
subjects were divided according to duration of diabetes 
into three groups of five-year segments; Group-1: >5–10 
years, Group-2: >10–15 years, and Group-3: >15 years. 
Study subjects were further divided into controlled 
diabetes (HbA1c <7%), fairly controlled diabetes (7-8%) 
and poorly controlled diabetes(>8%). The study subjects 
were also divided into five groups according to BMI, i.e., 
1. low BMI group or underweight (<18.5 kg/m2), 2. normal 
BMI group or normal weight (18.5-22.9 kg/m2), 3. 
overweight (23-24.9 kg/m2), 4. pre-obese (25-29.9 kg/m2) 
and 5. obese (≥30 kg/m2). DEXA scan was done by the 
‘Medix DR’ bone dosimeter and BMD was measured at L1 
to L4 vertebrae, right and left femoral necks. After getting 
the BMD report, the enrolled subjects were divided into 
three groups-1. Normal BMD, 2. Osteopenia and 3. 
Osteoporosis. The effects of independent variables (age, 
gender, duration of diabetes, status of diabetes and BMI 
etc.) on dependent variable were analyzed. 

Data Processing and Statistical Analysis: Statistical 
analysis was done by using SPSS (The Statistical Package 

for Social Sciences, version 26.0 for Windows) software. 
Chi-square test was used to measure the association or 
relationship between two qualitative variables. Unpaired 
t-test was used for quantitative variables to compare mean. 
Binary logistic regression was done to predict a qualitative 
binary dependent variable from one or more independent 
variables. Other tests were done in appropriate settings. P 
values < 0.05 was considered statistically significant for all 
the analyses that were performed.  

RESULTS 

Among 200 patients, most of them were older (>50-60 
and >60-70 years age group), female (85%) and 
overweight and pre-obese. Mean age was 57.86 ±9.69 
years. Most of them (158) were post-menopausal. Only 
25.5% patients had good controlled diabetes. According 
to duration, most patients (61%) belonged to >5-10 years 
group (Table 1). No statistically significant difference was 
found between the T-scores of the ‘pre-menopausal’ and 
‘post-menopausal’ female. Among the patients, 67.5% 
had low spine BMD and 38% and 41% had low right and 
left femoral neck BMD respectively. Duration of DM had 
statistically significant association on BMD only in left 
femoral neck (p= 0.046) (Table 2). No statistically 
significant correlation was found between HbA1c and 
T-score. Binary logistic regression was performed to 
assess the impact of several factors on right femoral neck 
BMD. The model contains five independent variables 

(gender, duration of diabetes, HbA1c, age and BMI). 
Duration of diabetes and HbA1c had no statistically 
significant contribution to the model. Only age and BMI 
made a statistically significant contribution. For every 
1-year increase in age, the odds of having low BMD 
increases by a factor of 1.049 (odds ratio = 1.049, p= 
0.006). On the other hand, for every 1-unit (kg/m2) 
increase in BMI, the odds of having low BMD decreased 
by a factor of 0.919 (odds ratio = 0.919, p= 0.025) (Table 
3). In case of left femoral neck BMD, Duration of diabetes 
and HbA1c had no statistically significant contribution to 
the model. Only age and BMI made a statistically 
significant contribution. For every 1-year increase in age, 
the odds of having low BMD increases by a factor of 
1.048 (odds ratio = 1.048, p= 0.006). On the other hand, 
for every 1-unit (kg/m2) increase in BMI, the odds of 
having low BMD decreased by a factor of 0.914 (odds 
ratio = 0.914, p= 0.016) (Table 4). In case of spine BMD, 
again duration of diabetes and HbA1c had no statistically 
significant contribution to the model but gender and BMI 
made a statistically significant contribution. Women have 
more than 5 times chance of having low BMD than men 
(odds ratio = 5.185, p= 0.000). On the other hand, for 
every 1-unit (kg/m2) increase in BMI, the odds of having 
low BMD decreased by a factor of 0.878 (odds ratio = 
0.878, p= 0.001) (Table 5). 

Table 1: Demographic characteristics of the study population (n=200) 
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Table 2: Association between BMD at left femoral neck and duration of diabetes (n=200)

Table 3: Effect of Independent variables on low BMD in right femoral neck (n=199)

Table 4: Effect of Independent variables on low BMD in left femoral neck (n=200)
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DISCUSSION

Nearly 90% of cases of T2DM and as people's lifestyles 
change more quickly; there are an increasing number of 
T2DM patients (2). The study revealed that, a significant 
portion of T2DM patients had low BMD. Osteoporosis is 
more common in lumbar spine than in both femoral necks 
and female diabetic patients are more prone to 
osteoporosis in lumber spine than male patients. Low 
BMD in left femoral neck has statistically significant 
association with duration of T2DM. No statistically 
significant correlation was found between glycemic status 
(HbA1c) and T-score. Binary logistic regression analysis 
revealed that, increasing age, female gender and low BMI 
in type 2 DM patients are independent risk factors for low 
BMD.

It was observed that, 41.5% patients belonged to the age 
group >50–60 years, which is the highest among the five 
groups. The mean age was 57.86 years, with patients 
ranging in age from 35 to 88 years. In a study conducted 
by Asokan et al. the mean age for diabetics was 56 years 
(6).  A similar study was conducted by Mathen et al., 
where 150 patients with T2DM (diagnosed at age > 30 
years) and an equal number (n = 150) of age and sex 
matched healthy controls were involved and the mean age 
of the diabetic group was 51.29 (SD ±8.05) years (13). 

In this current study, majority (85%) of patients were 
female. The mean age for males was 62.30 years and for 
females, it was 57.07 years. It was observed that, 158 
patients (79%) were post-menopausal. Mean T-scores 
were slightly lower in post-menopausal women than in 
premenopausal women in both femoral neck and spine. In 
case of right femoral neck, mean T-score in 
premenopausal women was -0.0667 and in 
post-menopausal women was -0.5993.  In case of left 
femoral neck, in premenopausal women was -0.433 and in 
post-menopausal women was -0.713; and in case of spine 
-1.667 and -1.828 respectively. But there was no 
statistically significant difference found between the 
T-scores of the ‘post-menopausal’ and ‘premenaupausal’ 
group (p= 0.190, 0.470 and 0.470 respectively for right 
femoral neck, left femoral neck and spine). It may be due 
to the effect of long-term diabetes on bones. In a study in 
comparison to post-menopausal controls, the authors 
found that post-menopausal women with T2DM had 
significantly reduced BMD at the femoral neck and 
lumbar spine (13). 

In the present study, the majority (61%) patients were 
involved in >5–10 year duration group. Chi-square test 
shows the duration of DM had no statistically significant 
association on BMD in right femoral neck (p = 0.083) and 

spine (p =0.381); but has statistically significant 
association on BMD in left femoral neck (p = 0.046). A 
study conducted by Jang et al. on 3383 Asian males (aged 
≥50 years) also stated that a significant correlation existed 
between DM duration and a lower BMD in the femoral 
neck (14). But in another study, no correlation between 
BMD and disease duration was found (8).

In this study, only 25.5% patients had good glycemic 
control (HbA1c <7 %) and 28.5% had poor glycemic 
control (HbA1c >8 %). 35.5% patients were preobese, 
20.5% patients were overweight and 16% were obese. On 
the other hand, 23.5% had a normal BMI and only 4.5% 
were underweight. In case of right femoral neck BMD, 63 
patients (31.5%) had osteopenia and only 13 patients 
(6.5%) had osteoporosis and in case of left femoral neck, 
69 patients (34.5%) had osteopenia and 13 patients (6.5%) 
had osteoporosis. On the other hand, in case of spine, 75 
patients (37.5%) had osteopenia and 60 patients (30%) 
had osteoporosis. So, it can be said that, 67.5% of diabetic 
patients had low spine BMD and 38% and 41% of diabetic 
patients had low right and left femoral neck BMD 
respectively. So, osteoporosis is much more prominent in 
lumbar spine and majority of the DM patients in this study 
had low BMD at least in one site. Another study also 
found a similar overall result (13). As per their hypothesis, 
the following could be the causes of the observed 
decreased BMD in diabetic patients : 1) diabetic patients 
in our country are thinner (in this current study, mean BMI 
25.66 kg/m2) compared to western diabetic patients 
(mean BMI 27.8 kg/m2) (15,16). 2) race also plays an 
important role, as several studies show that BMD tends to 
be lower in South Asians people (17). Other studies found 
that patients with type 2 diabetes had higher rates of 
osteoporosis and considerably lower T score values (7, 
18). Prakash et al. reported that, among 96 T2DM 
patients, the prevalence of osteoporosis at the spine 39.6% 
and at the hip it was 20.9%. The overall incidence seen 
was 43.8 % (19). Another study showed that, in diabetic 
patients who had low BMD, the mean BMI was 24.1 
kg/m2 and in those with normal BMD, the mean BMI was 
25.3 kg/m2. That study suggested that, BMI as an 
important predictor of BMD and that low BMI is 
associated with low BMD, increased risk of osteoporosis 
as well as fracture (6).      

Binary logistic regression was performed to assess the 
impact of several factors on BMD. It showed that, 
duration of diabetes and HbA1c had no statistically 
significant contribution to the models for both femoral 
necks and lumbar spine. A study conducted by Bridges et 
al. showed no correlation between BMD and HbA1c (8). 
Multiple studies also reported no significant correlation 
between BMD and HbA1c (1, 7, 8). On the other hand, 
current study showed that, women have more than five 
times chance of having low BMD than men (odds ratio= 
5.185, p = <0.001) in spine. Independent risk factors for 
low BMD were female gender, increasing age and low 
BMI. A study conducted by Bridges et al. reported, BMD 
in the type 2 diabetic group was significantly correlated 
with age (r=-0.350, p=0.001) and BMI (r = 0.314, p = 
0.003) (8). De Liefde et al. suggested DM patients has 
higher BMI and BMD but have an increased fracture risk 
due to increased glycation end products and insulin 
levels(20). But Mathen et al. mentioned decreased BMD 
in T2DM patients (13). 

 CONCLUSION

The current study revealed that, in Bangladesh, a 
significant portion of type 2 diabetes mellitus patients had 
low bone mineral density. Osteoporosis is more common 
in lumbar spine than in both femoral necks. Low bone 
mineral density in left femoral neck has statistically 
significant association with duration of type 2 diabetes 
mellitus . No impact of glycemic status on bone mineral 
density was found. Low bone mineral density is also 
related to increasing age, female gender and low BMI in 
type 2 diabetes mellitus  patients which is also common in 
non-diabetic patients.
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DISCUSSION

Nearly 90% of cases of T2DM and as people's lifestyles 
change more quickly; there are an increasing number of 
T2DM patients (2). The study revealed that, a significant 
portion of T2DM patients had low BMD. Osteoporosis is 
more common in lumbar spine than in both femoral necks 
and female diabetic patients are more prone to 
osteoporosis in lumber spine than male patients. Low 
BMD in left femoral neck has statistically significant 
association with duration of T2DM. No statistically 
significant correlation was found between glycemic status 
(HbA1c) and T-score. Binary logistic regression analysis 
revealed that, increasing age, female gender and low BMI 
in type 2 DM patients are independent risk factors for low 
BMD.

It was observed that, 41.5% patients belonged to the age 
group >50–60 years, which is the highest among the five 
groups. The mean age was 57.86 years, with patients 
ranging in age from 35 to 88 years. In a study conducted 
by Asokan et al. the mean age for diabetics was 56 years 
(6).  A similar study was conducted by Mathen et al., 
where 150 patients with T2DM (diagnosed at age > 30 
years) and an equal number (n = 150) of age and sex 
matched healthy controls were involved and the mean age 
of the diabetic group was 51.29 (SD ±8.05) years (13). 

In this current study, majority (85%) of patients were 
female. The mean age for males was 62.30 years and for 
females, it was 57.07 years. It was observed that, 158 
patients (79%) were post-menopausal. Mean T-scores 
were slightly lower in post-menopausal women than in 
premenopausal women in both femoral neck and spine. In 
case of right femoral neck, mean T-score in 
premenopausal women was -0.0667 and in 
post-menopausal women was -0.5993.  In case of left 
femoral neck, in premenopausal women was -0.433 and in 
post-menopausal women was -0.713; and in case of spine 
-1.667 and -1.828 respectively. But there was no 
statistically significant difference found between the 
T-scores of the ‘post-menopausal’ and ‘premenaupausal’ 
group (p= 0.190, 0.470 and 0.470 respectively for right 
femoral neck, left femoral neck and spine). It may be due 
to the effect of long-term diabetes on bones. In a study in 
comparison to post-menopausal controls, the authors 
found that post-menopausal women with T2DM had 
significantly reduced BMD at the femoral neck and 
lumbar spine (13). 

In the present study, the majority (61%) patients were 
involved in >5–10 year duration group. Chi-square test 
shows the duration of DM had no statistically significant 
association on BMD in right femoral neck (p = 0.083) and 

spine (p =0.381); but has statistically significant 
association on BMD in left femoral neck (p = 0.046). A 
study conducted by Jang et al. on 3383 Asian males (aged 
≥50 years) also stated that a significant correlation existed 
between DM duration and a lower BMD in the femoral 
neck (14). But in another study, no correlation between 
BMD and disease duration was found (8).

In this study, only 25.5% patients had good glycemic 
control (HbA1c <7 %) and 28.5% had poor glycemic 
control (HbA1c >8 %). 35.5% patients were preobese, 
20.5% patients were overweight and 16% were obese. On 
the other hand, 23.5% had a normal BMI and only 4.5% 
were underweight. In case of right femoral neck BMD, 63 
patients (31.5%) had osteopenia and only 13 patients 
(6.5%) had osteoporosis and in case of left femoral neck, 
69 patients (34.5%) had osteopenia and 13 patients (6.5%) 
had osteoporosis. On the other hand, in case of spine, 75 
patients (37.5%) had osteopenia and 60 patients (30%) 
had osteoporosis. So, it can be said that, 67.5% of diabetic 
patients had low spine BMD and 38% and 41% of diabetic 
patients had low right and left femoral neck BMD 
respectively. So, osteoporosis is much more prominent in 
lumbar spine and majority of the DM patients in this study 
had low BMD at least in one site. Another study also 
found a similar overall result (13). As per their hypothesis, 
the following could be the causes of the observed 
decreased BMD in diabetic patients : 1) diabetic patients 
in our country are thinner (in this current study, mean BMI 
25.66 kg/m2) compared to western diabetic patients 
(mean BMI 27.8 kg/m2) (15,16). 2) race also plays an 
important role, as several studies show that BMD tends to 
be lower in South Asians people (17). Other studies found 
that patients with type 2 diabetes had higher rates of 
osteoporosis and considerably lower T score values (7, 
18). Prakash et al. reported that, among 96 T2DM 
patients, the prevalence of osteoporosis at the spine 39.6% 
and at the hip it was 20.9%. The overall incidence seen 
was 43.8 % (19). Another study showed that, in diabetic 
patients who had low BMD, the mean BMI was 24.1 
kg/m2 and in those with normal BMD, the mean BMI was 
25.3 kg/m2. That study suggested that, BMI as an 
important predictor of BMD and that low BMI is 
associated with low BMD, increased risk of osteoporosis 
as well as fracture (6).      

Binary logistic regression was performed to assess the 
impact of several factors on BMD. It showed that, 
duration of diabetes and HbA1c had no statistically 
significant contribution to the models for both femoral 
necks and lumbar spine. A study conducted by Bridges et 
al. showed no correlation between BMD and HbA1c (8). 
Multiple studies also reported no significant correlation 
between BMD and HbA1c (1, 7, 8). On the other hand, 
current study showed that, women have more than five 
times chance of having low BMD than men (odds ratio= 
5.185, p = <0.001) in spine. Independent risk factors for 
low BMD were female gender, increasing age and low 
BMI. A study conducted by Bridges et al. reported, BMD 
in the type 2 diabetic group was significantly correlated 
with age (r=-0.350, p=0.001) and BMI (r = 0.314, p = 
0.003) (8). De Liefde et al. suggested DM patients has 
higher BMI and BMD but have an increased fracture risk 
due to increased glycation end products and insulin 
levels(20). But Mathen et al. mentioned decreased BMD 
in T2DM patients (13). 

 CONCLUSION

The current study revealed that, in Bangladesh, a 
significant portion of type 2 diabetes mellitus patients had 
low bone mineral density. Osteoporosis is more common 
in lumbar spine than in both femoral necks. Low bone 
mineral density in left femoral neck has statistically 
significant association with duration of type 2 diabetes 
mellitus . No impact of glycemic status on bone mineral 
density was found. Low bone mineral density is also 
related to increasing age, female gender and low BMI in 
type 2 diabetes mellitus  patients which is also common in 
non-diabetic patients.
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DISCUSSION

Nearly 90% of cases of T2DM and as people's lifestyles 
change more quickly; there are an increasing number of 
T2DM patients (2). The study revealed that, a significant 
portion of T2DM patients had low BMD. Osteoporosis is 
more common in lumbar spine than in both femoral necks 
and female diabetic patients are more prone to 
osteoporosis in lumber spine than male patients. Low 
BMD in left femoral neck has statistically significant 
association with duration of T2DM. No statistically 
significant correlation was found between glycemic status 
(HbA1c) and T-score. Binary logistic regression analysis 
revealed that, increasing age, female gender and low BMI 
in type 2 DM patients are independent risk factors for low 
BMD.

It was observed that, 41.5% patients belonged to the age 
group >50–60 years, which is the highest among the five 
groups. The mean age was 57.86 years, with patients 
ranging in age from 35 to 88 years. In a study conducted 
by Asokan et al. the mean age for diabetics was 56 years 
(6).  A similar study was conducted by Mathen et al., 
where 150 patients with T2DM (diagnosed at age > 30 
years) and an equal number (n = 150) of age and sex 
matched healthy controls were involved and the mean age 
of the diabetic group was 51.29 (SD ±8.05) years (13). 

In this current study, majority (85%) of patients were 
female. The mean age for males was 62.30 years and for 
females, it was 57.07 years. It was observed that, 158 
patients (79%) were post-menopausal. Mean T-scores 
were slightly lower in post-menopausal women than in 
premenopausal women in both femoral neck and spine. In 
case of right femoral neck, mean T-score in 
premenopausal women was -0.0667 and in 
post-menopausal women was -0.5993.  In case of left 
femoral neck, in premenopausal women was -0.433 and in 
post-menopausal women was -0.713; and in case of spine 
-1.667 and -1.828 respectively. But there was no 
statistically significant difference found between the 
T-scores of the ‘post-menopausal’ and ‘premenaupausal’ 
group (p= 0.190, 0.470 and 0.470 respectively for right 
femoral neck, left femoral neck and spine). It may be due 
to the effect of long-term diabetes on bones. In a study in 
comparison to post-menopausal controls, the authors 
found that post-menopausal women with T2DM had 
significantly reduced BMD at the femoral neck and 
lumbar spine (13). 

In the present study, the majority (61%) patients were 
involved in >5–10 year duration group. Chi-square test 
shows the duration of DM had no statistically significant 
association on BMD in right femoral neck (p = 0.083) and 

spine (p =0.381); but has statistically significant 
association on BMD in left femoral neck (p = 0.046). A 
study conducted by Jang et al. on 3383 Asian males (aged 
≥50 years) also stated that a significant correlation existed 
between DM duration and a lower BMD in the femoral 
neck (14). But in another study, no correlation between 
BMD and disease duration was found (8).

In this study, only 25.5% patients had good glycemic 
control (HbA1c <7 %) and 28.5% had poor glycemic 
control (HbA1c >8 %). 35.5% patients were preobese, 
20.5% patients were overweight and 16% were obese. On 
the other hand, 23.5% had a normal BMI and only 4.5% 
were underweight. In case of right femoral neck BMD, 63 
patients (31.5%) had osteopenia and only 13 patients 
(6.5%) had osteoporosis and in case of left femoral neck, 
69 patients (34.5%) had osteopenia and 13 patients (6.5%) 
had osteoporosis. On the other hand, in case of spine, 75 
patients (37.5%) had osteopenia and 60 patients (30%) 
had osteoporosis. So, it can be said that, 67.5% of diabetic 
patients had low spine BMD and 38% and 41% of diabetic 
patients had low right and left femoral neck BMD 
respectively. So, osteoporosis is much more prominent in 
lumbar spine and majority of the DM patients in this study 
had low BMD at least in one site. Another study also 
found a similar overall result (13). As per their hypothesis, 
the following could be the causes of the observed 
decreased BMD in diabetic patients : 1) diabetic patients 
in our country are thinner (in this current study, mean BMI 
25.66 kg/m2) compared to western diabetic patients 
(mean BMI 27.8 kg/m2) (15,16). 2) race also plays an 
important role, as several studies show that BMD tends to 
be lower in South Asians people (17). Other studies found 
that patients with type 2 diabetes had higher rates of 
osteoporosis and considerably lower T score values (7, 
18). Prakash et al. reported that, among 96 T2DM 
patients, the prevalence of osteoporosis at the spine 39.6% 
and at the hip it was 20.9%. The overall incidence seen 
was 43.8 % (19). Another study showed that, in diabetic 
patients who had low BMD, the mean BMI was 24.1 
kg/m2 and in those with normal BMD, the mean BMI was 
25.3 kg/m2. That study suggested that, BMI as an 
important predictor of BMD and that low BMI is 
associated with low BMD, increased risk of osteoporosis 
as well as fracture (6).      

Binary logistic regression was performed to assess the 
impact of several factors on BMD. It showed that, 
duration of diabetes and HbA1c had no statistically 
significant contribution to the models for both femoral 
necks and lumbar spine. A study conducted by Bridges et 
al. showed no correlation between BMD and HbA1c (8). 
Multiple studies also reported no significant correlation 
between BMD and HbA1c (1, 7, 8). On the other hand, 
current study showed that, women have more than five 
times chance of having low BMD than men (odds ratio= 
5.185, p = <0.001) in spine. Independent risk factors for 
low BMD were female gender, increasing age and low 
BMI. A study conducted by Bridges et al. reported, BMD 
in the type 2 diabetic group was significantly correlated 
with age (r=-0.350, p=0.001) and BMI (r = 0.314, p = 
0.003) (8). De Liefde et al. suggested DM patients has 
higher BMI and BMD but have an increased fracture risk 
due to increased glycation end products and insulin 
levels(20). But Mathen et al. mentioned decreased BMD 
in T2DM patients (13). 

 CONCLUSION

The current study revealed that, in Bangladesh, a 
significant portion of type 2 diabetes mellitus patients had 
low bone mineral density. Osteoporosis is more common 
in lumbar spine than in both femoral necks. Low bone 
mineral density in left femoral neck has statistically 
significant association with duration of type 2 diabetes 
mellitus . No impact of glycemic status on bone mineral 
density was found. Low bone mineral density is also 
related to increasing age, female gender and low BMI in 
type 2 diabetes mellitus  patients which is also common in 
non-diabetic patients.
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