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Evaluation of bone mineral density among type 2 
diabetes mellitus patients in South Karnataka

Abstract
Background: Diabetes is one of the world’s biggest health problems and the disease affects almost all organ systems. The 
relationship between type 2 diabetes mellitus (T2DM) and bone mineral density (BMD) has been controversial. Early identification 
of reduction in bone mass in a diabetic patient may be helpful in preventing the bone loss and future fracture risks. Objective: The 
aim is to study the effect of T2DM on BMD among patients in South Karnataka. Materials and Methods: A cross‑sectional study 
was conducted on 150 patients between 40 and 70 years of age which included 75 diabetic and 75 nondiabetic subjects. BMD was 
measured using qualitative ultrasound and the data were compared among age‑matched subjects of both the groups. Statistical 
analysis was performed using unpaired Student’s t‑test and test of equality of proportions. Results: No significant difference was 
observed in bone density of both the groups. On further analyzing the data, incidence of osteoporosis was higher among diabetic 
subjects, whereas incidence of osteopenia was higher among nondiabetic subjects. Conclusion: Although significant difference 
in bone mineral density was not observed in both the groups, the incidence of osteoporosis was higher among type 2 diabetics. 
Hence, all type 2 diabetics should be evaluated for the risk of osteoporosis and should be offered appropriate preventive measures.
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diabetes some authors report increased,[2] some report 
decreased[3] and some others report unaltered[4] BMD. 
Metabolic bone disease is underestimated in our country 
due to unawareness of  the same, both among patients as 
well as health providers. Early identification of  reduction in 
bone mass in a diabetic patient may be helpful in preventing 
the bone loss and future fracture risk.

Interpretation of  fracture data as a measure for bone health 
is particularly difficult in patients with long‑standing diabetes. 
Visual and neurologic complications can predispose patients 
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INTRODUCTION

Both diabetes and osteoporosis are common human diseases. 
Diabetes has evolved as one of  the world’s biggest health 
problems and the disease affects almost all organ systems 
with substantial morbidity and mortality. Osteoporosis is a 
silent disease with a harmful impact on bone health. Diabetes 
is often associated with changes in bone health and the term 
“Diabetic osteopathy” needs to be defined.

Most studies indicate less bone mineral density  (BMD) 
with insulin dependent diabetes mellitus[1] but with type 2 
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to accidents resulting in an increased fracture risk not 
necessarily dependent on bone density alone. Other factors 
that make studies difficult to interpret include the presence 
of  diabetic renal disease, autonomic, and neuropathic 
changes that could contribute to a loss of  BMD and a low 
level of  physical activity related to diabetic complications.[1]

Diabetes could influence bone through several mechanisms, 
some of  which may have contradictory effects. Obesity, 
widespread in type  2 diabetes mellitus  (T2DM), is 
strongly associated with higher BMD, probably through 
mechanical loading and hormonal factors, including insulin, 
estrogen, and leptin.[5‑7] Hyperinsulinemia may promote 
bone formation.[8] However, low levels of  insulin and the 
progression of  T2DM may cause reductions in BMD.

Higher glucose levels in the blood interact with several 
proteins to generate a higher concentration of  advanced 
glycation end‑products  (AGEs). Yamagishi et  al. 
hypothesized that AGEs in collagen may interact with 
bone to reduce bone strength, resulting in osteoporosis 
in patients with diabetes.[8,9] Accumulated AGEs in the 
body may stimulate apoptosis of  osteoblasts, thereby 
contributing to the defective bone formation.[10]

Another indirect effect of  hyperglycemia is glycosuria, 
which causes hypercalciuria, leading to decreased levels of  
calcium in the body and poor bone quality, thus hastening 
bone loss.[11,12] Some studies have shown low levels of  
Vitamin D with altered Vitamin D metabolism in patients 
with diabetic osteopenia.[13,14] In addition, microvascular 
complications of  diabetes lead to reduced blood flow to 
bone and may contribute to bone loss and fragility.[15,16]

Diabetic osteopathy may need attention as one of  the 
common disease complications. Recently, BMD has 
been identified as a key determinant of  future fracture 
risks. Each standard deviation of  a decrease in BMD 
yields three‑fold increases in fracture risk.[17] Quantitative 
ultrasound  (QUS) is a noninvasive, patient‑friendly 
method used for estimation of  the bone mass. It would 
also provide information regarding the bone elasticity 
and architecture.

Therefore, we decided to assess BMD of  type 2 diabetic 
patients with more than 5 years of  diabetes using QUS. 
The results from the diabetic patients were compared with 
nondiabetic age‑matched control subjects, recruited from 
the same geographical region.

MATERIALS AND METHODS

After obtaining a time bound research committee 
approval and informed consent from the subjects, a 

cross‑sectional study was conducted at the tertiary 
care center from December 2010 to July 2012. Adults 
between 40 and 70  years of  age were selected, which 
included 75 diabetic subjects with at least 5  years of  
diabetes and 75 nondiabetic subjects. All patients and 
controls were subjected to detailed clinical evaluation 
and necessary blood investigations were done. Patients 
with chronic kidney disease  (glomerular filtration 
rate  <60 ml/min),[18] known cases of  malabsorption 
syndromes, malignant diseases, chronic pancreatitis or 
pancreatotomy, primary hyperparathyroidism, thyroid 
function abnormalities, paget’s disease, and inflammatory 
disorders such as rheumatoid arthritis, systemic lupus 
erythematosus, postmenopausal women or those with 
history of  hysterectomy and patients treated with steroids, 
gonadotropin‑releasing hormone agonists, gonadal 
hormones, immunosuppressants, anticonvulsants and 
calcium and Vitamin D supplements, thiazolidinediones 
and bed‑ridden patients were excluded from the study.

Bone mineral density measurements
BMD was measured in the distal end of  radius using QUS 
and the data were analyzed on the basis of  t‑score and 
Z‑score using the WHO criteria.[19]

T‑score above 1 Normal
T‑score between −1-−24 Osteopenia
T‑score below −2.5 Osteoporosis

Osteopenia and osteoporosis were taken as abnormal 
BMD.

Data analysis
BMD data of  type 2 diabetic subjects were compared with 
those without diabetes matched for age using unpaired 
Student’s t‑test. In patients with abnormal BMD, test of  
equality of  proportions was used to compare osteopenia 
and osteoporosis.

RESULTS

Characteristics of  the study populations with and without 
diabetes are given in Table 1. The mean age for diabetics 
was 56  years and nondiabetics was 54  years. Basic 
characteristics when compared, both groups had a similar 
body mass index (BMI), and no significant difference was 
found with regard to their smoking habits, alcohol intake, 
and history of  fractures. Prevalence of  hypertension was 
higher in diabetic subjects as compared to nondiabetics. 
Serum creatinine values also were higher in diabetic 
subjects. Other metabolic parameters such as serum 
calcium, phosphorous, and alkaline phosphate levels were 
similar in both the groups. BMD values were similar and 
no significant difference was found in both the groups.
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Table 2 depicts the BMD distribution among the study 
population. The majority of  the participants  (62%) in 
the study had abnormal BMD. Among them, 47% were 
diabetics and 52% were nondiabetics. The rest 38% 
with normal BMD, 54% were diabetics and 45% were 
nondiabetics. No significant difference was found in the 
groups with regard to BMD.

Sub‑analysis of  abnormal BMD was performedas 
osteopenia and osteoporosis, and on further studying the 
data, osteoporosis was found to be higher in diabetics and 
osteopenia was found higher in nondiabetics. Of  those 
who had osteoporosis, 75% of  them were diabetics and of  
those who had osteopenia 56% of  them were non‑diabetics. 
Table 3 illustrates the distribution of  osteopenia and 
osteoporosis among the study population.

The diabetic subjects who had normal BMD, the mean 
duration of  diabetes was 6 years as compared to 9 years 
in those with abnormal BMD. The mean hemoglobin 
A1c (HbA1c) value of  diabetics with abnormal BMD was 
8.1% as compared to 6.8% in those normal BMD.

DISCUSSION

Osteoporosis is a prevalent metabolic bone disease, 
and its occurrence in diabetic patients further increases 
their burden of  disease. BMD is used as an indicator for 
assessing susceptibility to osteoporosis.[19‑21] The study 
presents the status of  BMD among a cohort of  diabetic 
patients attending tertiary care center in South Karnataka. 
The total number of  patients studied was 150 which 
included 75 diabetic and 75 nondiabetic subjects. The mean 
duration of  diabetes among cases was 8 years.

In this study, no significant difference was observed 
in BMD among both the groups. These findings were 
supported by studies carried out by Sosa et  al.[4] and 
Wakasugi et  al.[5] When further analysis of  abnormal 

BMD was performed as osteopenia and osteoporosis, 
the incidence of  osteoporosis was found higher among 
diabetics, whereas incidence of  osteopenia was found 
higher among nondiabetics.

These findings were against the observations seen in few 
studies. Ishida et al. in their study assessed the degree of  
diabetic osteopenia and serum Vitamin D metabolic level 

Table 1: Clinical characteristics of study population
Subjects with diabetics Subjects without diabetics t χ2 P

Age (years) 56.17±8.40 54.47±9.92 1.137 ‑ 0.920 (NS)
BMI (kg/m2) 24.66±2.80 23.85±2.24 1.957 ‑ 0.052 (NS)
Serum creatinine (mg/dl) 1.03±0.17 0.87±0.15 6.214 ‑ 0.000 (HS)
Serum calcium (mg/dl) 8.69±0.40 8.76±0.34 1.102 ‑ 0.272 (NS)
Serum phosphorus (mg/dl) 2.48±0.38 2.57±0.35 1.509 ‑ 0.133 (NS)
Serum alkaline phosphatase (mg/dl) 84.40±15.14 84.63±12.46 0.100 ‑ 0.257 (NS)
Smoking (%) 34.7 29.3 ‑ 0.490 0.484 (NS)
Alchohol (%) 24 16 ‑ 1.5 0.221 (NS)
Hypertension (%) 49.3 29.3 ‑ 12.86 0.000 (HS)
Fracture (%) 8 5.3 ‑ 0.429 0.513 (NS)
BMD T‑score −0.42±1.23 −0.44±1.11 0.082 ‑ 0.935 (NS)
Z‑score −0.99±1.10 −0.97±1.07 0.122 ‑ 0.903 (NS)

NS: Not significant, HS: Highly significant, BMI: Body mass index, BMD: Bone mineral density

Table 2: Distribution of bone mineral density 
among diabetics and nondiabetics

Group Total
Diabetics Nondiabetics

BMD
Normal 31 26 57

54.4% 45.6% 100.0%
41.3% 34.7% 38.0%

Abnormal 44 49 93
47.3% 52.7% 100.0%
58.7% 65.3% 62.0%

Total 75 75 150
50.0% 50.0% 100.0%

100.0% 100.0% 100.0%
χ2=0.707, P=0.400, n. BMD: Bone mineral density

Table 3: Distribution of osteopenia and osteoporosis 
among diabetics and nondiabetics

Group Total P
Diabetics Without

BMD
Normal 31 26 57

54.4% 45.6% 100%
41.3% 34.7% 38.0%

Osteopenia 35 46 81 0.035
43.2% 56.8% 100.0%
46.7% 61.3% 54.0%

Osteoporosis 9 3 12 0.035
75% 25.0% 100.0%

12.0% 4.0% 8.0%
Total 75 75 150

50.0% 50.0% 100.0%
100.0% 100.0% 100.0%

BMD: Bone mineral density
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in type  2 diabetics and found decreased bone mass in 
diabetic subjects.[11] Gregorio et al. observed reduced bone 
mineral content in poorly controlled diabetic subjects.[3] 
Interestingly, some other studies had shown diabetes as a 
promoter for bone health. Barrett‑Connor and Holbrook 
found that women with T2DM had a significantly higher 
BMD level than women with normal glucose tolerance.[2] 
Meema and Meema postulated in 1967 that diabetes was 
an anti‑osteoporotic condition.[22]

In this study, the prevalence of  hypertension was higher 
among diabetic subjects and similar was their serum 
creatinine value, although the mean serum creatinine 
values of  both the groups were within normal range. 
The mean serum creatinine among diabetics was 
1.0 mg/dl and among nondiabetics was 0.8 mg/dl. 
Diabetic subjects with abnormal BMD had a mean 
creatinine of  1.11 mg/dl and with normal BMD had 
a mean creatinine of  0.9 mg/dl. Thus, a negative 
correlation was found between serum creatinine values 
and BMD. These findings stress on the role of  kidneys 
in the maintenance of  bone health.

In this study, no significant difference was observed in 
the BMI of  two groups and the study did not signify 
BMI as a predictor for BMD. In diabetic subjects who 
had normal BMD, mean BMI was 25.3 kg/m2 and in 
those with abnormal BMD, mean BMI was 24.1 kg/m2. 
This was against a meta‑analysis that had demonstrated 
BMI as an important predictor of  BMD and that low 
BMI is associated with decreased BMD, increased risk of  
osteoporosis and increased risk of  fracture.[23]

In this study, a negative association was observed between 
the duration of  diabetes and BMD. These results were 
consistent with findings of  Wakasugi et  al.[5] and Kao 
et al.[15] They demonstrated duration of  diabetes as a risk 
factor for decreased BMD in T2DM subjects. This study 
also demonstrated a negative association between glycemic 
control and BMD. Those with abnormal BMD had a mean 
HbAIc of  8.1% and normal BMD had a mean HbAIc 
of  6.8% which was statistically significant. The mean 
fasting blood sugar among diabetics with normal BMD 
was 122 mg/dl and abnormal BMD was 174 mg/dl, the 
differences were statistically significant. These findings 
were supported by studies carried out by Okazaki et al. who 
found that metabolic improvements in poorly controlled 
T2DM decreased bone loss within a short period.[24] 
However, these findings were against the observation 
of  Weinstock et al. who found no significant relationship 
between BMD, duration of  diabetes or HbAIc.[25]

Although, in this study diabetic subjects had no significant 
difference in BMD when compared to nondiabetic 

counterparts, the incidence of  osteoporosis was higher 
among them. The study revealed a negative association 
between glycemic control, duration of  diabetes and 
BMD. The study also observed an increasing creatinine 
values among those with abnormal BMD. Henceforth, all 
diabetics should be evaluated for the risk of  osteoporosis 
and appropriate preventive measures may be offered.

CONCLUSION

•	 Although diabetic subjects had no significant difference 
in BMD as compared to the nondiabetic counterparts, 
prevalence of  osteoporosis was higher among them

•	 BMI had no effect on BMD scores
•	 BMD scores had negative correlation with duration 

of  diabetes and glycemic control.

However, additional studies are required to determine 
whether osteoporosis is aggravated by T2DM and 
whether it should be considered as one of  the long‑term 
complications of  diabetes. Further studies with Vitamin 
D levels and assessment of  BMD using DEXA scan may 
be required. Thus, identifying and evaluating populations 
at increased risk of  developing osteoporosis is critical in 
disease prevention and management.
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