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Type 2 diabetes mellitus (T2DM) and osteoporosis are chronic
diseases with increasing prevalence. The aim of this study was to
determine the prevalence of osteoporosis and osteoporotic fracture
in women with T2DM and to identify predictive factors of fracture
occurrence.
The prevalence of osteoporosis and fractures in postmenopausal women with T2DM was 23.1% and 16.9%, respectively. 46.2% of T2DM patients had normal bone mineral density
(BMD) (P<0.01) and 58.5% of control subjects had osteopenia
(P<0.01). Incidence of fracture in T2DM patients with osteopenia

was significantly increased versus control subjects when stratified
according the BMD (P=0.009). By stratifying T2DM patients according to fractures, factors that were significantly associated with
occurrence included T2DM duration (P=0.038), use of insulin
(P=0.017), and lower BMD (P=0.048).
Our study suggests that there was a higher prevalence of fracture in T2DM patients compared to control subjects and a significant difference in BMD was found between the groups. We also
showed that insulin use, low BMD, and long duration of T2DM
are factors associated with an increased risk of bone fracture.
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Type 2 diabetes mellitus (T2DM) and osteoporosis are chronic
diseases with increasing prevalence, especially in the elderly population. Osteoporosis is a benign osteopathy which can remain
asymptomatic until the appearance of osteoporotic fractures. The
most recent epidemiological studies show that T2DM patients are
at increased risk of fractures,1-3 even if they have normal or, as is
more often the case, high bone mineral density (BMD).4 Several
studies have attributed the increased risk of fracture in T2DM patients to various factors including diabetes duration, diabetic complications, inadequate glycemic control, insulin use, and increased
risk of falls.5,6 Diabetes has negative effects on bones over the
long term. Diminished bone remodeling in T2DM patients tends
to lead to lower bone quality. Chronic hyperglycemia causes an
accumulation of advanced glycation end products (AGEs) which
can reduce bone strength.7 By interacting with the receptor for
AGEs (RAGE), accumulated AGEs can inhibit the phenotypic development of the osteoblast and promote apoptosis, thus contributing to insufficient bone formation. AGEs can also increase
osteoclastic resorption. Conversely, insulin use can increase the
risk of fracture by inducing hypoglycemia that may cause falls.8
Several studies have suggested that increased risk of falls in
T2DM patients can also be explained by other diabetic complications, such diabetic retinopathy, neuropathy, and cardiovascular
disease.9
The aim of this study was to determine the prevalence of osteoporosis and fractures in postmenopausal women with T2DM,
and to identify factors which can predict fracture occurrence.
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Materials and Methods

A total of 195 post-menopausal women were recruited between June 2018 and December 2019 for this case control study
with a T2DM patient group and an age-matched control group.
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Discussion and Conclusions

In our study the prevalence of osteoporosis in post-menopausal
women with T2DM was 23.1% and the prevalence of fractures was
16.9%. These incidence rates are similar to what has been reported
in the literature. For example, in a cross-sectional study of 112 postmenopausal women with T2DM and 171 controls, the prevalence
of osteoporosis was 25% in T2DM women with 27% of them having fractures.10 In another study, the prevalence of osteoporosis in
women with T2DM was 21.9% with low trauma fractures in 5.7%
of them.11 Viégas et al. reported 30.4% and 23% of osteoporosis in
postmenopausal T2DM women at the LS and FN, respectively, with
vertebral fractures observed in 23% of them.12
Concerning the prevalence of fractures by location, we found
10.7% of T2DM patients with low vertebral fractures, 3.1% with
forearm fractures, 1.5% with hip fractures, and 1.5% with other
non-vertebral low trauma fractures compared to 3.8%, 0%, 0.8%,
and 0% at the same respective locations in the control group. This
result was different from that of Raška Jr. et al. who found 8% of
low trauma vertebral fractures, 13% of forearm fractures, 0% of
hip fractures, and 6% of other non-vertebral low trauma fractures
in T2DM patients against 15%, 18%, 2%, and 2% at the same locations, respectively, in the control group.10
BMD was higher in T2DM patients at the LS and FN (P<0.01)
compared to control subjects in our study. These results support
what was found by Raška Jr. et al., namely women with T2DM had
higher BMD at the LS (P<0.001), total femur (P<0.001), as well as
the FN (P<0.01) versus the control group.10 The higher BMD in
postmenopausal women was explained in their study by the higher
frequency of BMI in T2DM patients and the release of estrogen
precursors from the adipose tissue which can have several effects
on bones.13
By stratifying T2DM patients according to fractures, characteristics that were found to be associated with the occurrence of
fractures included T2DM duration, use of insulin, and lower
BMD. Other cross-sectional studies also showed that T2DM postmenopausal women with vertebral fractures had a longer duration
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Bone mineral density measurement
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Biochemical analyses of plasma samples were performed after
12 h of fasting. Fasting serum glucose was measured by the enzymatic colorimetric hexokinase method. The ARCHITECT c16000
Chemistry Analyzer (Abbott Laboratories) was used to quantify
serum concentrations of glycated hemoglobin (HbA1c), triglycerides, total cholesterol, high-density lipoprotein cholesterol, lowdensity lipoprotein cholesterol, creatinine, calcium, phosphorus,
alkaline phosphates, total 25-hydroxyvitamin D [25(OH)D], and
parathormone.
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A physical examination was performed on all participants
which included measurements of the weight and height and BMI,
which was calculated from the ratio of weight/height2 (kg/m2).

A total of 195 postmenopausal women were enrolled which included 65 T2DM patients and 130 control subjects. The mean age
was 60.78±7.92 years. The mean duration of T2DM was
12.06±7.56 years. 87% of T2DM patients had inadequate glucose
control (mean HbA1C: 8.46±2.08%). Degenerative complications
were noted in 38.3% of cases. BMI was significantly increased in
T2DM patients (P<0.01). No significant differences in 25(OH)D
levels were observed between the two groups, even though it was
lower in T2DM women compared to control subjects (P=0.4).
46.2% of T2DM patients had normal BMD (P<0.01) and the 58.5%
of control subjects had osteopenia (P<0.01). The prevalence of fractures in T2DM patients was 16.9% compared to 4.6% in control
subjects (P=0.006) (Table 1). When stratified according to BMD,
fracture incidence was significantly increased in T2DM patients
with osteopenia versus control subjects (P=0.009) (Table 2). When
we compared the diabetics with and without fracture, the factors
associated with occurrence of fractures in T2DM patients were a
long duration of T2DM, the use of insulin, and lower BMD at the
LS (Table 3).
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All participants were asked to compete a questionnaire on the
characteristics and history of their diabetes, including specific diabetic parameters (duration, therapy, and complications). Patients
suffering from other diseases that would interfere with bone metabolism, such as primary hyperparathyroidism, liver or renal disease, malabsorption, inflammatory rheumatologic disorders,
Paget’s disease, malignancy during the previous 5 years, and any
bone disease (osteomalacia or osteogenesis imperfecta) were excluded from the study. Exclusion criteria also included the use of
drugs that affect bone metabolism such as bisphosphonates, raloxifene, strontium ranelate, glucocorticoids, and hormone replacement therapy. Patients with a body mass index (BMI) ≤18.5 were
excluded as well.
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Bone mineral density (BMD) was measured using a dual-energy X-ray absorptiometry densitometer (Hologic) at the lumbar
spine (LS) (L1-L4) and the femoral neck (FN). The BMD measurement was expressed by the standard deviation (SD) of the
mean reference for young adults (T-score) and classified using
World Health Organization (WHO) parameters.8 Osteoporosis
was defined as T-score ≤ –2.5 SD, osteopenia as T-score between
–1 and –2.5 SD, and normal bone mineral density as T-score ≥ –
1 SD.

N

The fracture-related questions elicited information concerning
skeletal location, date of fracture occurrence (year), and trauma
severity. Vertebral and non-vertebral fractures were analyzed, including, hip, tibia, humerus, and other sites. Fractures that occurred
spontaneously or after a fall while standing were defined as a nontrauma fracture. Fractures caused by traumatic events were excluded from the analysis.
Lateral spine X-rays were used to define morphometric fractures of the vertebral bodies from T4 to L5. X-ray interpretation
was performed by three rheumatologists, one of whom was a senior
physician.

Statistical analysis

Statistical analysis was performed using SPSS software, version 13.0. Normally distributed parameters are presented as mean
± standard deviation SD. Descriptive data are presented as frequencies (number and percentage). The differences between the
groups were analyzed using the Student’s t test for continuous
variables and the χ2 test or Fisher’s exact test for qualitative variables. A value of P<0.05 was considered significant.
[page 64]
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Table 1. Characteristics of the diabetic post-menopausal group compared to the age- and sex-matched control group.
P-value

60.78±7.92
29.92±5.68
1.67±0.66
91.10±2.67
41.16±5.09
81.40±8.69
15.01±7.83
23.97±8.27
7.30±1.39
1.89±0.55
0.46±0.09
1.30±0.24
1.44±0.64
0.905±0.145
0.900±0.133
15 (23.1%)
20 (30.8%)
30 (46.2%)
11 (16.9%)
2 (3.1%)
1 (1.5%)
7 (10.8%)
1 (1.5%)

62.72±8.00
26.02±4.95
1.10±0.11
91.38±2.47
40.39±7.84
83.82±20.87
16.50±5.52
28.48±8.90
6.48±0.77
1.61±0.38
0.57±0.25
1.23±0.27
1.18±0.21
0.855±0.136
0.811±0.150
32 (24.6%)
76 (58.5%)
22 (16.9%)
6 (4.6%)
0 (0%)
1 (0.8%)
5 (3.8%)
0 (0%)

0.11
<0.05
<0.05
0.7
0.3
0.26
0.4
0.002
0.001
0.001
0.05
0.003
0.006
0.015
0.001
0.86
0.001
0.001
0.006
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Control nondiabetic
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N=130
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Age (years)
BMI (kg/m2)
Serum fasting glucose (g/L)
Serum calcium (mg/L)
Phosphorus (mg/L)
Alp (UI/L)
Serum 25(OH)D (ng/mL)
Parathormone
Serum creatinine (mg/L)
Serum total cholesterol (g/L)
Serum HDL-cholesterol (g/L)
Serum LDL-cholesterol (g/L)
Serum triglycerides (g/L)
BMD lumbar spine (g/cm2)
BMD total femoral (g/cm2)
Osteoporosis [n(%)]
Osteopenia [n(%)]
Normal BMD [n(%)]
Patients with fx [n(%)]
Patients with forearm fx [n(%)]
Patients with hip fx [n(%)]
Patients with vertebral fx [n(%)]
Patients with other low trauma fx [n(%)]

Postmenopausal
T2DM Women
N=65

om

25(OH)D, 25-hydroxyvitamin D; Alp, alkaline phosphatase; BMD, bone mineral density; BMI, body mass index; fx, fracture; HDL, high-density lipoprotein; LDL, low-density lipoprotein; T2DM, type 2 diabetes mellitus.
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Osteoporosis [n(%)]
Osteopenia [n(%)]
Normal BMD [n(%)]
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Table 2. Prevalence of fractures in patients with type 2 diabetes compared to control subjects based on bone mineral density.
T2DM

Fractures
Control subjects

P-value

4 (26.7%)
3 (15%)
4 (13.3%)

6 (18.8%)
0 (0%)
0 (0%)

0.7
0.009
0.11

BMD, bone mineral density; T2DM, type 2 diabetes mellitus.

Table 3. Clinical, metabolic and bone mineral density parameters in diabetic women according to the presence of fractures.

Age (years)
Duration of T2DM (years)
Use of insulin
Serum HbA1c (%)
<6.5% [n(%)]
>6.5% [n(%)]
BMD lumbar spine (g/cm2)
BMD total femur (g/cm2)

Yes

Fractures
No

61.18±3.38
14.63±3.36
10/11
8.67±1.15
3 (37.5%)
8 (14.8%)
0.828±0.161
0.875±0.123

60.70±7.92
11.58±0.92
27/54
7.48±1.45
5 (62.5%)
46 (85.2%)
0.923±0.138
0.905±0.135

P-value
0.85
0.038
0.017
0.087
0.2
0.048
0.49

BMD, bone mineral density; HbA1c, glycated hemoglobin; T2DM, type 2 diabetes mellitus.
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of T2DM.12,14 Jackuliak et al. reported that the patient group with
fractures had higher HbA1c.15 The duration of T2DM can influence the occurrence of fractures, since it has negative effects on
bone pathology.7 The relationship between the use of insulin and
the risk of fractures was reported by other studies,16,17 which however are not all in agreement.4 Insulin can increase the risk of fractures by inducing hypoglycemia or long-term diabetic
complications.7 However, fall-related fractures increase with hypoglycemia even after adjustments for confounding factors
such as the presence of microvascular complications, which are
more prevalent among patients with more frequent hypoglycemic
events.18
The occurrence of fractures was related to lower BMD values
in our study and previous studies also reported this correlation.19-21
It has been suggested that a higher risk of fractures exists in T2DM,
despite higher BMD in the hip.18 This could be explained by the
fact that women with T2DM have greater bone loss, which contributes to an increased risk of fractures, even if they have higher
BMD values.22-24
The limitation of our study was a small sample size of T2DM
patients. Also, control subjects were recruited from the Rheumatology Unit, where they benefited from analysis of bone densitometric measurement. Therefore, the prevalence of osteoporosis in
our control group might not reflect the prevalence of osteoporosis
in the general population.
In conclusion, our study found a higher prevalence of bone
fracture in T2DM patients and a significant difference in BMD between T2DM and control groups. We also showed that use of insulin, low BMD, and long duration of T2DM correlated with an
increased risk of bone.
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