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Abstract
Introduction: The aim of this study was to determine the effects of diabetes mellitus (DM) on bone mineral density (BMD)
by comparing the BMD values of healthy controls with those of patients with type 1 and type 2 DM.
Methods: A total of 41 patients (23 men, 18 women) with type 1 DM aged 25 to 50 years and 40 (21 men, 19 women) sexand age-matched non-diabetic controls, as well as 91 patients (26 men, 65 women) with type 2 DM aged 40 to 55 years and
60 (17 men, 43 women) sex- and age-matched non-diabetic controls were included in the study. The BMD values of the
fingers of the non-dominant hand were measured using an Alara Metriscan bone densitometer (Alara, Inc., Hayward, CA,
USA). Patient height, weight, duration of DM, glycated hemoglobin (HbA1c) value, and smoking and exercise history data
were recorded. The level of statistical significance was established at p<0.05.
Results: The mean BMD value of the patients with type 1 DM and the matched healthy controls was 58.29±5.42 g/cm2 and
59.31±4.14 g/cm2, respectively, while the mean BMD value in the type 2 DM group and the matched healthy controls was
55.85±6.34 g/cm2 and 55.93±7.40 g/cm2, respectively. There was no statistically significant difference between the BMD value
of either the type 1 DM or the type 2 DM group and the healthy controls. There was a significant negative correlation between
the HbA1c level and T-score and the BMD value in the type 1 DM group, but no significant relationship was found in the type
2 DM group.
Discussion and Conclusion: There was no significant difference between the BMD value of the patients with either type 1
or type 2 DM and the healthy controls.
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D

iabetes Mellitus (DM) is a chronic metabolic disease
characterized by hyperglycemia, which can lead to
mortality and morbidity, primarily due to micro- and macrovascular complications. Osteoporosis (OP) is a systemic
bone disease characterized by deterioration in the bone

architecture, a drop in bone mineral density (BMD), and
an increase in bone fragility. Albright first mentioned a
relationship between DM and OP in 1948 [1]. Studies have
reported a decrease in BMD in type 1 DM. However, a definitive understanding of the impact of type 2 DM on BMD
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has not yet been determined. Nonetheless, recent meta-analyses have demonstrated a greater relative risk of fractures in type 1 and type 2 DM patients when compared with
non-diabetics [2].
A slight difference has been reported between DM-related
OP and postmenopausal and senile OP [3]. Bone turnover is
achieved through a balance between metabolism and catabolism. A disruption of this balance affects bone quality
and increases the risk of fracture. DM disrupts this turnover
via various mechanisms. Bone turnover may be impaired as
a result of insulin deficiency or resistance, hyperglycemia
affecting the periphery of the bone and bone marrow, the
accumulation of advanced glycation endproduct, a disrupted neuromuscular/skeletal system, or abnormal cytokine
and adipokine production, which have harmful effects on
bone cells [4].
Insulin is an anabolic hormone, and its absence or excess
affects bone metabolism in patients with DM. Insulin directly affects osteoblasts and osteoclasts. Furthermore, it
decreases sex hormone-binding globulin, and increases
the level of free estrogen and testosterone, leading to increased BMD [3]. Though type 1 and type 2 DM are generally
accepted as risk factors for the development of OP, its mechanism of action on BMD is unclear.
In our study, type 1 and type 2 DM patients aged 25 to 55
years and control groups were screened using radiographic absorptiometry (RA), then T-score, Z-score, and BMD values were compared to ascertain the effects of DM on BMD.

Materials and Methods
A total of 41 type 1 DM patients aged 25 to 50 years (23
men, 18 women), and 40 healthy, age-matched controls

(21 men, 19 women) were included in the study, as well as
91 patients aged 40 to 55 years with type 2 DM (26 men, 65
women) and 60 healthy, age-matched controls (17 men, 43
women). Patients with endocrinological or metabolic bone
disease, malignancy, patients who used potentially osteoporotic drugs (steroids, antiepileptics, heparin), and postmenopausal women were excluded. Patients with a history
of fracture or deformities involving the second, third, or
fourth digits of their non-dominant hands were not included in the study. Patient's data regarding height, weight,
duration of DM, HbA1c values, nutritional and menopausal status, and the smoking and exercise history of patients
who agreed to participate in the study and who also gave
their written, informed consent were recorded. The body
mass index (BMI) of all participants was calculated.
The BMD value of the fingers of the non-dominant hand
of all of the individuals in the study was measured using
radiographic absorptiometry (RA) (Alara Metriscan bone
densitometer; Alara, Inc., Hayward, CA, USA). BMD can be
calculated from the second through the fourth fingers in
a polyclinic setting in a very short time. The X-ray radiation
dose for each application is less than 0.012 µSv, and it is
a useful system for screening studies [5]. Ethics Committee
approval was obtained from the ethics committee of Istanbul Göztepe Training and Research Hospital.
NCSS 2007 and PASS 2008 statistical software (NCSS, LLC,
Kaysville, UT, USA) were used for the statistical analyses.
Descriptive statistics of mean, SD, and frequency were
used, and for the comparison of quantitative data, Student’s t-test was used. The Mann-Whitney U test was applied to compare parameters with non-normal distribution.
Spearman’s correlation test was used for the analysis of

Table 1. Demographic characteristics
		
		
		
Age (years)
Gender
(n, %)
BMI (kg/m2)

Exercise

Mean±SD
Male
Female
Mean±SD
<25
25-30
>30
None
Irregular
Regular

Type 1 DM
group
(n=41)

Control
p
group 1		
(n=40)		

Type 2 DM
group
(n=91)

Control
group 2
(n=60)

p

37.80±9.19
23 (56.1%)
18 (43.9%)
25.58±4.10
21 (51.2%)
16 (39.0%)
4 (9.8%)
24 (58.5%)
10 (24.4%)
7 (17.1%)

36.20±6.58
0.37
21 (52.5%)
0.91
19 (47.5%)		
26.26±4.71
0.49
19 (47.5%)
0.59
14 (35.0%)		
7 (17.5%)		
25 (62.5%)		
9 (22.5%)
.0.82
6(15.0%)		

48.27±6.17
26 (28.6%)
65 (71.4%)
30.30±4.54
8 (8.8%)
37 (40.7%)
46 (50.5%)
67 (73.%6)
13 (14.3%)
11 (12.1%)

49.23±5.25
17 (28.3%)
43 (71.7%)
29.24±4.66
9 (15.0%)
26 (43.3%)
25 (41.7%)
44 (73.3%)
12 (20.2%)
4 (6.7%)

0.97
0.97

p<0.05. BMI: Body mass index; DM: Diabetes mellitus.

0.16
0.38

.0.08
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Table 2. Duration of type 1 and 2 diabetes mellitus and HbA1c
level

Table 4. Comparison of T-score, Z-score, and BMD values in Type 2
DM and healthy control groups

		
		
		

		
		
		
		

HbA1c level
<6.5
>6.5
DM duration
<10 years
>10 years

Type 1 DM group
(n=41)
n
%

Type 2 DM group
(n=91)
n
%

Control group
(n=60)
Mean±SD
(median)

p

0.23±1.76 (-0.28)
-0.49±2.11(-0.22)
55.93±7.40

0.988
0.200
0.945

6
34

15.0%
85.0%

21
70

32.1%
76.9%

T-score hand
-0.25±1.54 (-0.02)
Z-score hand
0.06±1.08 (0.08)
BMD hand (g/cm2)
55.85±6.34

20
21

48.8%
51.2%

71
20

78.0%
22.0%

p<0.05. BMD: Bone mineral density; BMI: Body mass index; DM: Diabetes
mellitus.

DM: Diabetes mellitus; HbA1c: Glycated hemoglobin.

Table 3. Comparison of T-score, Z-score, and BMD values in Type 1
DM and healthy control groups
Type 1 DM group
(n=41)
Mean±SD
(median)

Control group
(n=40)
Mean±SD
(median)

p

T-score hand
0.40±1.28 (0.37)
Z-score hand
-0.029±0.96 (-0.30)
BMD hand (g/cm2)
58.29±5.42

0.58±1.00 (0.69)
0.27±0.87 (0.46)
59.31±4.14

0.587
0.073
0.348

		
		
		

Type 2 DM group
(n=91)
Mean±SD
(median)

p<0.05. BMD: Bone mineral density; BMI: Body mass index; DM: Diabetes
mellitus.

correlations between parameters. The results were evaluated within a 95% confidence interval (CI) and p<0.05 was
selected as the level of statistical significance.

Results
The demographic features of the cases are demonstrated
in Table 1. There was no statistically significant difference
between type 1 DM or type 2 DM and the control groups in
terms of age, gender, BMI, exercise, nutritional status (oral
intake of caffeine, milk, and yogurt), smoking status, or presence of fractures (p<0.05). As expected, the age and BMI
of the type 2 DM patients were higher than those of type
1 DM patients. Patients with type 2 DM also exercised less
compared with the type 1 DM patients (p<0.05). The duration of disease and the HbA1c level of the DM patients are
shown in Table 2.
No statistically significant difference was detected between T-score, Z-score, or the BMD value of the patients with
type 1 DM and the matched healthy control group (p<0.05)
(Table 3). Similarly, a statistically significant difference was
not detected between the T-score, Z-score, or the BMD value of the patients with type 2 DM and the healthy controls
(p<0.05) (Table 4).

A statistically significant negative correlation was detected
when comparing the HbA1c, T-score, and BMD values in
patients with type 1 DM, but a statistically significant correlation was not detected in these parameters in type 2 DM
patients. The BMD values of type 1 DM patients with higher
HbA1c values were statistically significantly lower than the
BMD values of type 1 DM patients with normal HbA1c values (p<0.05).
The duration of DM was not statistically significantly correlated with the T-score, Z-score, or BMD values in either
the type 1 or type 2 DM group. Furthermore, nutritional
status, exercise, and smoking habit did not statistically significantly correlate with the T-score, Z-score, or BMD values
(p<0.05).

Discussion
Although type 1 and type 2 DM, which affect the skeleton
and bone metabolism, are recognized as potential risk factors for OP, the mechanism of action on BMD remains controversial [3,6]. In our study, we compared cases with type 1
and type 2 DM with healthy controls, and no difference in
the T-score, Z-score, or BMD value was found.
Literature studies performed with type 1 DM patients have
demonstrated a decrease in BMD [3,6,7,8]. Liu et al. (7) used
a dual energy X-ray absorptiometer (DEXA) to measure femoral neck and vertebral BMD in type 1 DM women aged
20 to 37 years and healthy, age-matched controls, and
found lower BMD values in women with type 1 DM. They
suggested the hypothesis that changes in BMD start at an
early age in type 1 DM. Insulin deficiency is known to be a
possible cause of impaired bone formation. In one study,
when diabetic rats were given insulin therapy, abnormal
bone turnover and BMD values normalized [9]. In another
study of 62 patients with type 1 DM, after 7 years after intensive insulin therapy, normalization of all BMD values,
a decrease in tartrate–resistance acid phosphatase, and

31

Akpınar et al., Bone Mineral Density / doi: 10.14744/hnhj.2017.52824

an increase in parathormone secretion was detected [10].
In addition, improved metabolic control and nutritional
status reportedly contributed to greater BMD values and
maintenance of bone mass [11]. In our study, the finding of
a negative correlation between HbA1c, T-score, and BMD
values in type 1 patients emphasizes the importance of glycemic control.
Strotmeyer et al. [12] compared healthy women with female
type 1 DM patients in their premenopausal period, and determined that type 1 DM women had a significantly lower
BMD value for femoral neck, total femur, and all body regions according to DEXA measurements and that calcaneal
broadband ultrasound attenuation values assessed with
quantitative ultrasound were lower than those of healthy
controls [12]. However, in a similar study, no significant difference was detected between the DEXA BMD measurement of a control group and 38 (20 women and 18 men)
patients (median age: 43 years) with a type 1 DM history
of 33 years [13]. Similarly, in our study, the mean BMD value
did not differ between either the type 1 or the type 2 DM
patients and the control groups.
In meta-analyses, although normal or even high BMD values were measured for the hip and vertebra of type 2 patients, paradoxically, these patients have been reported to
have an increased risk of fracture [14,15,16]. Vestergaard et
al. [14] compared type 2 DM patients with healthy controls
and detected a 1.38 times greater relative risk (95% CI: 1.251.53) of age-adjusted hip fracture in type 2 DM patients.
Schwartz et al. [17] also demonstrated increased risk of
bone fracture in type 2 DM, despite adjustments made for
age, calcaneal BMD, BMI, and other covariants [17].
The effects of glycemic control and diabetic complications
on BMD are still debated. In a study performed with 38
male patients with type 2 DM, low BMD values were detected in cases with deficient glycemic control, impaired renal
function, and long disease duration [18]. In another study of
type 2DM patients with poor glycemic control it was reported that metabolic improvement decreased bone turnover
in the short term, and as a result, good glycemic control
might prevent bone loss in type 2 DM patients [19]. However, in some studies, authors have also reported the lack
of any correlation between BMD and HbA1c values [20]. In
our study, too, no correlation was seen between HbA1c
and BMD in patients with type 2 DM. It may be that we did
not detect any correlation between HbA1c and BMD in patients with type 2 DM because our patients were younger
than 55 years of age without any diabetic complications.
Now that the lifespan of diabetic patients is longer, the

incidence of chronic complications has increased and the
problem of diabetic osteopenia has become more important. The risk of fracture in type 2 DM patients has been
thought to be related to environmental factors and decreased bone quality, rather than BMD. Though osteopenia is
generally detected in patients with type 1 DM, it is not yet
known with certainty whether osteopenia increases the
risk of bone fracture. However, in order to decrease the risk
of potential fracture, effective prophylaxis and treatment of
diabetic osteopenia is the most important approach.
RA is highly correlated with DEXA, and the results are a significant indicator in the prediction of hip fracture [21]. It is
an appropriate technique for an initial screening for osteoporosis, as it is easy to use, cost-effective, and the level of
radiation exposure is relatively low [5].
In our study, RA screening of patients with type 1 and type
2 DM did not reveal any evidence of osteopenia or any significant difference in BMD between the patient and control
groups. The use of RA for screening and the small number
of cases may be considered limitations of our study. Further
studies with a larger number of cases are needed to evaluate diabetic complications and the risk of fracture, rather
than BMD.
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