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ABSTRACT
Aim: Type 2 diabetes mellitus (DM), osteoporosis and obesity are increasingly common diseases due to the increase in the 
elderly population and the change in eating habits. However, the relationship between diabetes, obesity and osteoporosis has 
not been fully clarified in studies in the literature. In our study, it was investigated whether the combination of diabetes and 
obesity caused osteoporosis and increased fracture risk. 
Material and Method: Our study was carried out with a total of 95 patients between the ages of 40 and 80, including 24 males 
and 71 females, who were tested due to the preliminary diagnosis of osteoporosis and diagnosed with type 2 DM in the physical 
medicine and rehabilitation outpatient clinic. The demographic characteristics, body mass index (BMI), bone mineral density 
(BMD) measurements, X-ray imaging, and fracture risk assessment scale (FRAX) calculations of patients were performed. 
Groups were compared in terms of BMD and FRAX according to the BMI classification.  
Results: BMD and FRAX hip values were higher in the obese group according to the BMI classification compared to the pre-
obese/normal group (p<0.05). In the obese group, the number of patients with a history of low-energy fractures and with 
identified fractures on X-ray scanning was higher compared to the pre-obese/normal group; however, there was no significant 
relationship between the groups (p>0.05).
Conclusion: As a result of our study, it was observed that type 2 DM and obesity were associated with increased fracture risk 
despite high BMD values.
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INTRODUCTION
Type 2 diabetes mellitus (DM) is an increasingly 
widespread metabolic disease that is significantly 
associated with morbidity and mortality (1). Type 2 DM 
is characterized by hyperglycemia caused by defects in 
insulin secretion, efficacy, or both (2). As a result of chronic 
hyperglycemia and insufficient glycemic control, diabetic 
complications, including macrovascular (acute coronary 
syndrome, stroke, claudication intermittence) and 
microvascular (retinopathy, neuropathy, nephropathy) 
diseases occur (3). 

In addition to macro or microvascular long-term 
complications, patients with type 2 DM may develop 
various skeletal system disorders, including osteoporosis 
and fractures (4). Osteoporosis is the most important 
metabolic bone disease that develops in type 2 DM 
patients (4, 5). Patients with type 2 DM show an increased 

risk of fractures due to impaired bone quality (6). Obesity 
is the most important risk factor for type 2 DM (7). 
Obesity, which is common in type 2 DM, has been found 
to be associated with high bone mineral density (BMD) 
(8). However, in some studies, BMD was observed to be 
low (9) or normal in patients with type 2 DM despite 
high body weight (10, 11). 

Therefore, there is no clear conclusion about the 
relationship between type 2 DM patients and BMI 
and BMD in the literature. In this study, it is aimed to 
investigate whether BMI has a positive or negative effect 
on vertebral-hip bone mineral density and fragility of 
bone in patients with type 2 DM and to draw attention 
to the mutual potential interactions of these common 
diseases.
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MATERIAL AND METHOD
Using the hospital automation system, patient data to 
be used in our study were obtained within the scope of 
patient information security. In this retrospective study, 
a total of 95 patients between the ages of 40 and 80 who 
were diagnosed with type 2 DM and whose BMD values 
were measured, who applied to the Physical Medicine 
and Rehabilitation outpatient clinic of Amasya University 
Hospital between October 2019 and February 2020, were 
included. The demographic characteristics of the patients 
are shown in Table 1. Patients who have previously 
received or were receiving osteoporosis treatment were 
not included in our study. Ethics committee approval 
for the study was received from the Amasya University  
Non-interventional Clinical Researchs Ethics Committee 
(Date: 03.09.2020, Decision No: 9/104). All procedures 
were carried out in accordance with the ethical rules and 
the principles of the Declaration of Helsinki.

Table 1. Demographic features type 2 DM patients
Total 95

Age 60.589 ±8.20
Gender

Male 24 25.3%
Famale 71 74.7%

BMI
BMI <30 (Pre-obese/Normal) 26 27.4%
BMI ≥ 30 (Obese) 69 72.6%

Blood tests (Hemogram, biochemistry, electrolyte 
levels, vitamin levels) and thoracolumbar spine X-rays 
are routinely requested from patients who apply to our 
outpatient clinic for osteoporosis screening. Weight and 
height are measured and BMI is calculated with the 
TANITA MC-180MATM (Tanita Corporation, Japan) 
device. L1-L4 posteroanterior lumbar spine, femur 
total and femoral neck BMD measurements are then 
performed on the dual-energy Hologic DXA device. 
BMD values are calculated by T scores defined according 
to peak young adult bone density values. According to 
the World Health Organization (WHO) classification, 
patients with a T score ≤ -2.5 are considered osteoporotic, 
those with a score between -2.5 and -1 are considered 
osteopenic, and those with a score of ≥ -1 are considered 
normal (12). Fracture risk assessment scale (FRAX) is 
a fracture assessment tool developed by WHO. FRAX 
is a scale that can calculate the ten-year fracture risk in 
terms of hip or major fractures (hip, wrist, humerus or 
spine fractures) (12). In this scale age, BMI, low-energy 
fracture history, family history of hip fractures, current 
smoking, alcohol use (alcohol 3 or more units/day), 
and other secondary osteoporosis causes are used to 
calculate. Also, femoral neck T scores are included in the 
calculation (13) Figure 1 shows the routine evaluation 

diagram of the patients who applied to our outpatient 
clinic in terms of osteoporosis. The patients included 
in our study were divided into two groups according to 
their BMI as "pre-obese/normal" for those with a BMI < 
30 (n =26), and "obese" for those with a BMI ≥ 30 (n = 
69) (14). 

SSPS® version 21.0 statistical package program (SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis. In 
the statistical analysis, after evaluating whether the data 
showed normal distribution or not, using the Kolmogorov 
Smirnov test, independent samples t-test was applied to 
the parameters showing normal distribution, while the 
Mann Whitney U test was used for the parameters that 
did not show normal distribution. P <0.05 values were 
considered statistically significant.

RESULTS
It was determined that 25.3% of the type 2 DM patients 
included in the study were male, 74.7% were female, and 
the general average age was 60.589 (± 8.20). When the 
demographic characteristics are examined according 
to the BMI classification in Table 2, the average age of 
the patients was found to be 60.44 (±9.00)  in the obese 
and 60.96  (±5.68)  in the pre-obese/normal. In addition, 
according to the BMI grouping, the mean duration of 
disease diagnosis was 12.36  (±8.37) years in the obese 
group, while it was 14.80(±8.47) years in the pre-obese/
normal group, and the p-value between the duration of 
diagnosis and the BMI groups was found to be 0.215. 
There was no significant difference between the two 
groups in terms of smoking.

Table 2. Demographic characteristics according to BMI classification
BMI < 30 

(Pre-obese/Normal)
BMI ≥ 30 
(Obese)

P 
value

Age (year) 60.96  (±5.68) 60.44 (±9.00) .743
Gender 
(n: female/male) 16/10 55/14 .087

DM time (year) 14.80(±8.47) 12.36  (±8.37) .215
Smoking rate 11.5% 7.2% .574

Figure 1. Routine evaluation diagram of patients in terms of 
osteoporosis
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FRAX and BMD values according to the BMI 
classification are shown in Table 3. When the groups 
were compared in terms of FRAX and BMD values, it 
was noted that the averages of these values were higher 
in the obese group. When FRAX and BMD values are 
examined according to BMI classification in Table 3, 
FRAX hip, L1-L4 total T score, femoral neck T score, 
femur total T score and femur total g/cm2 values were 
found to be significantly higher in the obese group 
(p<0.05).

Table 3. FRAX and BMD values according to BMI classification

 
 

BMI <30 
(Pre-obese/Normal)

BMI ≥ 30
 (Obese)  

p 
valueMean Std. 

Deviation Mean Std. 
Deviation

FRAX major 6.353 1.875 6.518 3.931 .341
FRAX hip 0.542 0.404 0.629 1.203 .018*
L1-L4 total 
T score -0.073 1.578 0.727 1.761 .047*

L1-L4 total 
g/cm2 1.142 0.202 1.238 0.222 .052

Femoral neck 
T score -0.719 0.753 0.215 1.919 .019*

Femoral neck 
g/cm2 0.917 0.120 1.018 0.237 .060

Femur total 
T score -0.396 0.944 0.755 1.925 .001*

Femur total 
g/cm2 0.979 0.132 1.108 0.239 .006*

FRAX: Fracture risk assessment scale, BMI: Body mass index, BMD: Bone mineral 
density, *p-value: Mann Whitney U Test (p<0.05)

In addition, while the history of low-energy fracture was 
8.69% in the obese group, there was no fracture history in 
the pre-obese/normal group. While fractures were seen in 
the obese group with a rate of 17.39%, in the pre-obese/
normal group, fractures were detected in 3.84% in the 
X-ray scan. Accordingly, although the low-energy fracture 
history and the number of fractures detected in the 
X-ray scan were higher in the obese group, no significant 
difference was observed between the two groups (p> 0.05).

DISCUSSION
In this study, obese and pre-obese/normal patient groups 
diagnosed with type 2 DM with similar lifestyles (smoking 
and alcohol consumption), average age and duration 
of diagnosis were examined. There was a significant 
difference between the groups in terms of BMD values 
(L1-L4 total T score, femoral neck T score, femur total 
T score, and femur total g/cm2) and FRAX hip fracture. 
Obesity is a common finding in patients with type 2 DM. 
Obesity is thought to improve bone quality and mass by 
increasing the tension on the skeleton, thus protecting it 
from osteoporosis(15). However, in the study conducted 
by Nielson et al. (16) on 5918 obese and elderly men, it 
was found that obesity was not protective against fracture 

angle. Again, in the study of Tanaka et al. (17) 1614 on 
female patients in the postmenopausal period, obesity 
was associated with an increased incidence of vertebral 
fractures. Similarly, higher BMD values were found in 
the patient group with a BMI ≥ 30 in our study. However, 
in this group, it was observed that the number of patients 
with a history of fracture, fracture on X-ray and the mean 
FRAX major and FRAX hip values were higher than the 
patient group with a BMI <30. Low-energy fracture 
history, family history of hip fractures, current smoking 
may be the reason for the high fracture risk according 
to the FRAX score despite the high BMD values in the 
obese group in our study.

Although DXA is accepted as the gold standard analysis 
in measuring BMD (18), it is known that type 2 DM has 
effects on the bone that cannot be measured by the DXA 
device (15). Despite high BMD values, there is a high risk 
of fractures in patients with type 2 DM. Although fragility 
of bone increases in type 2 DM, FRAX underestimates the 
risk of bone fracture (19). Obesity, which is common in 
patients diagnosed with type 2 DM, can be shown as one 
of the reasons for these effects (20). Type 2 DM and obesity 
have been found to cause deterioration in bone quality by 
affecting bone remodeling (20). The practical way to adjust 
the fracture risk in these patients is to reduce the standard 
deviation of 0.5 in the BMD T score (21).

Although type 2 DM affects bone metabolism with 
many mechanisms, its results are controversial. A study 
conducted in Brazil showed that blood glucose control is 
not an independent risk factor for vertebral fracture(22). 
However, an in vivo study by Garcia et al. (23), it was found 
that high blood glucose levels decrease bone mineral 
quality by affecting the biomineralization in osteoblasts. 
Serum levels of osteocalcin, which has an important role 
in binding calcium and hydroxyapatite crystals to bone, 
were found to be low in patients with type 2 DM (24). 

Melton et al. (25), evaluated bone structure and strength 
with quantitative computed tomography in their study 
consisting of diabetic patients and nondiabetic control 
groups. In this study, it was shown that despite higher 
BMD values in patients with type 2 DM, this increase 
was entirely due to trabecular bone. In another cross-
sectional study, higher trabecular volume was found in 
patients with postmenopausal type 2 DM compared to 
the control group, but cortical bone strength was found to 
be impaired (26). The mechanisms behind these changes 
in type 2 DM are mainly related to obesity, diabetic 
complications, age, duration of diabetes, comorbidities 
and medications (27). In our study, although BMD values 
were higher in the obese patient group with a diagnosis of 
type 2 DM, the average FRAX and the number of patients 
with fractures were found to be higher than in the pre-
obese/normal group.
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CONCLUSION
In our study, when the obese and pre-obese/normal 
groups diagnosed with type 2 DM were evaluated in 
terms of BMD values (L1-L4 total T score, femoral neck 
T score, femur total T score and femur total g/cm2), a 
significant difference was found between the groups. 
However, when the patient groups are examined, fracture 
risk in the obese patient group is higher than in the 
pre-obese/normal group. More studies are needed to 
understand the relationship between diabetes, obesity, 
and fracture.
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