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Abstract: Background type 2 diabetes mellitus (T2DM) has been inconsistently associated with high bone
mineral density (BMD) despite higher fracture risk. The aim of this study was to further investigate the relation
between T2DM and BMD (g/cm ) and to evaluate possible association between T2DM and osteoporosis in2

an Iranian men population. Methods this cross-sectional study was carried out in 62  consecutive  men  with
self-reported T2DM and 245 age and body mass index matched non-diabetic men aged 50-79 years. All men
underwent a standard BMD scans of hip (total hip, femoral neck, trochanter, Ward's triangle and femoral shaft)
and lumbar vertebrae (L2-L4) using a Dual-Energy X-ray Absorptiometry scan and examination of body size.
Men with chronic conditions or taking medications interfering with bone metabolism, hormonal and nutritional
status were excluded. Results subjects with T2DM had a higher BMD as compared to non-diabetics at all
measured sites (P<0.001). Compared to men without diabetes, the age- and BMI-adjusted odds ratio of
osteopenia was 1.95 (95% CI 0.71, 5.34) and for osteoporosis was 4.59 (1.16, 13.09) for men with T2DM.
Conclusion these data indicate that men with T2DM have higher risk of osteoporosis although they have
higher BMD of hip and vertebrae.
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INTRODUCTION complex pathophysiology of T2DM, presence or absence

Type 2 diabetes mellitus (T2DM) and osteoporosis may contributed to the  conflicting  results.  Thus,  the
are both important and growing public health problems role of T2DM as a risk factor for  bone  metabolism
worldwide and the relationship between T2DM and, BMD remains unsettled. While there have been abundant
were reported for many populations [1-3]. BMD appears epidemiological studies in postmenopausal women, few
to be increased in patients with  T2DM  in  most [1-4]  but studies have examined the relationship between T2DM
not all studies [5-8]; in some studies BMD was reduced and BMD and osteoporosis in men. The presence of
[8-10]; whereas  in  other  studies  BMD  was  increased osteoporosis related to Iranian men with T2DM is not
[7, 11] or was normal [1, 12-15]. There have also been acknowledged and its clinical relevance is less obvious.
conflicting reports about the role of T2DM as a risk factor Gender appears to have an important effect on the
for osteoporosis; in some studies risk of osteoporosis association between BMD, osteoporosis and T2DM. One
was reduced [16]; whereas in other studies risk of study found that older women with T2DM had higher
osteoporosis was increased [17, 18] or unchanged [19]. BMD  levels  at  all  sites  compared  to  those  with normal
The different designs of studies, BMD measurement glucose tolerance, but this effect was not observed in men
technology, age, body mass index (BMI), genders, [15].  The  study  of  Pérez-Castrillón  et  al.  [20]  found a

of complications and examining BMDs at different site
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significantly increased calcaneal BMD in women but not was measured to the nearest 0.5 cm with a measuring tape.
in men with diabetes. Different associations may be We calculated BMI as the ratio of weight (kg) to height
expected in men who have a different lifestyle, such as squared (m ).
different levels of activity, different eating habits,
hormone level, obesity, hyperinsulinemia and so on. Bone Density Measurements: Measurements of BMD
However, from clinical and public health point of view, it (g/cm ) and bone mineral content (BMC) (g) were made
is important to further clarify the role of T2DM in using dual-energy x-ray absorptiometry (DXA) (Norland
association with BMD and osteoporosis in men. Our XR-46 system; Coopersurgical, Fort Atchinson, WI,
study contributes to this issue by examining the USA). BMDs of the lumbar vertebrae (L2-L4) and the hip
relationship between T2DM and BMD, osteopenia and region (total hip, femoral neck, trochanter, Ward's triangle
osteoporosis among men with T2DM in Isfahan, Iran. Our and femoral shaft) were measured according to protocols.
hypothesis is that T2DM contributes to the etiology of
high BMD but increase osteoporosis in men.

MATERIALS AND METHODS

Subjects: This is a cross-sectional study comprise of 307
consecutive not institutionalised men who were referred
to Isfahan Osteoporosis Diagnosis and Body
Composition Center for DXA scan from May to November
2011, with a mean (Standard deviation (SD)) age of 62.6
(8.0) (Range 50-79) years. Sixty-two men reported that a
physician told them that they had T2DM or taking
diabetic medications. All men were in good health
according to clinical medical evaluations. Men who
reported chronic medical conditions or using medications
affecting bone metabolism, had family history of
osteoporosis and smokers were excluded. Those unable
to walk without assistance and those with hip replacement
were also excluded. Tenets of the current version of
Declaration of Helsinki were followed, institutional ethical
committee approval was granted and an informed consent
form was signed by each participant.

Ascertainment of Diabetes: Participants were asked if a
physician had ever told them that they had diabetes or
"sugar disease". Men who answered "yes" to this
question, or who taking diabetic medications were
identified as having T2DM. People with type 1 diabetes
and those have lived with diabetes for less than 2 years
were excluded (e.g., restriction to those who reported
having diabetes at or after 30 years of age and having
lived with the disease for more than 2 years). No patient
had diabetic retinopathy, neuropathy or peripheral
neuropathy.

Anthropometric Measurement: With the subjects in light
clothes and without shoes, height and weight were
measured using standard apparatus while performing
bone densitometry measurements. Weight was measured
to the nearest 0.1 kg on a calibrated beam scale. Height

2

2

The scanner was calibrated daily against the standard
calibration block supplied by the manufacturer to control
for possible baseline drift. T-Score and Z-Score were also
obtained. T- and Z-scores were calculated  on  the  basis
of  the  normal  reference  values  of  the  age-  and
gender-matched Iranian group provided by the DXA
system manufacturer. 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 [21]. BMC was
estimated as a product of BMD and area. All the data were
collected according to the recommendations of the
International Society for Clinical Densitometry [22].

Analysis: Because BMI and age are known to be
correlated with BMD from previous studies,
characteristics of participants were examined  according
to diabetes status, using general linear model for
continuous variables after adjusting for these variables
and chi-square tests for categorical variables. Pearson's
correlation was used to measure the correlation between
continuous variables. Multivariate binary logistic
regressions were fitted to identify predictors of
osteoporosis/osteopenia. Variable age and BMI was
entered in models as continuous variable while diabetes
status was categorical. When multiple linear regression
analysis was used, BMDs and BMCs in the lumbar
vertebrae, total hip, femoral neck, femoral shaft, Ward's
triangle and trochanter were dependent variables, whereas
age, BMI and diabetes status were independent variables.
All tests for statistical significance were two-tailed and
performed assuming a type I error probability of <0.05.
SPSS version 18.0 for Windows (SPSS Inc., Chicago, IL,
USA) was used for the statistical analysis.

RESULTS

Subject Characteristics: Of the 307 men 62 self-reported
a physician diagnosis of diabetes. Age- and BMI-
adjusted   characteristics   of   the   62   (20.2%)   men  with
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Table 1: Age- and BMI-adjusted means (SE) and proportions of selected anthropometric and densitometric measures between 62 men with type 2 diabetes
and 245 without diabetes.

Type 2 diabetes No diabetes
------------------- ---------------

Variables Mean (SE) Mean (SE) Difference (95% CI)

Age (yr.) 62.5 (1.0) 62.4 (0.5) 0.1 (-2.14, 2.34)
Height (cm) 169.8 (0.7) 168.2 (0.4) 1.6 (-0.11, 3.32)
Weight (kg) 75.3 (0.6) 73.8 (0.3) 1.5 (-1.30, 5.10)
BMI (Kg/m ) 26.2 (0.2) 26.1 (0.5) 0.1 (-0.94, 1.14)2

Lumbar vertebrae (L2-L4) 
 BMD (g/cm ) 1.15 (0.02) 1.06 (0.01) 0.09 (0.05, 0.15)**2

 BMC (g) 59.8 (1.3) 53.6 (0.7) 6.2 (3.37, 9.23)**
 T-score -0.5 (0.11) -1.0 (0.06) -0.5 (-0.75, -0.25)**

Femoral neck 
 BMD (g/cm ) 0.89 (0.02) 0.81 (0.008) 0.08 (0.04, 0.12)**2

 BMC (g) 4.8 (0.09) 4.4 (0.05) 0.4 (0.19, 0.61)**
 T-score -1.7 (0.12) -2.4 (0.06) -0.7 (-0.99, -0.41)**

Trochanter
 BMD (g/cm ) 0.78 (0.01) 0.72 (0.007) 0.06 (0.03, 0.09)**2

 BMC (g) 12.4 (0.27) 11.2 (0.14) 1.2 (0.67, 1.93)**
 T-score -1.4 (0.12) -1.9 (0.06) -0.5 (-0.79, -0.21)**
Femoral shaft 
 BMD (g/cm ) 1.13 (0.02) 1.05 (0.01) 0.08 (0.04, 0.13)**2

 BMC (g) 19.8 (0.36) 18.2 (0.18) 1.6 (0.77, 2.44)**

Total hip 
 BMD (g/cm ) 0.99 (0.02) 0.92 (0.008) 0.07 (0.03, 0.11)**2

 BMC (g) 38.5 (0.63) 35.2 (0.32) 3.3 (1.79, 4.81)**
 T-score -1.3 (0.13) -1.9 (0.07) -0.6 (-0.90, -0.30)**

Ward's triangle 
 BMD (g/cm ) 0.625 (0.02) 0.568 (0.008) 0.06 (0.02, 0.10)**2

 BMC (g) 0.625 (0.02) 0.568 (0.008) 0.06 (0.02, 0.10)**
 T-score -2.25 (0.13) -2.70 (0.07) -0.45 (0.15, 0.75)**

--------------------------------------------------------------------
No. (%) No. (%)
--------------------------------------------------------------------

Osteoporosis 25 (40.3) 52 (21.2) 19.1 (5.9, 32.3)*
Osteopenia 32 (51.6) 146 (59.6) -8.0 (-21.9, 5.9)
Normal 5 (8.1) 47 (19.2) -11.1 (-19.5, -2.7)*
Normal weight (BMI <25) 21 (33.9) 95 (41.3) -7.4 (-20.8, 6.0)
Overweight (BMI 25 <30) 34 (54.8) 95 (41.3) 13.5 (-0.4, 27.50)
Obese (BMI  30) 7 (11.3) 40 (17.4) -6.1 (-15.4, 3.2)

Age- and BMI-adjusted means were calculated using general linear models. The difference in the mean or percentage of the variables between diabetes and no
diabetes. *P<0.01 **P<0.001. CI= Confidence interval.

diabetes and 245 (79.8%) without diabetes are shown in diabetes and 26.1 (3.8) kg/m  for men without diabetes. A
Table 1. Those who had diabetes had higher age- and total of 129 (42.0%) of the men were overweight (BMI >25
BMI-adjusted mean BMDs, BMCs but lower T-scores at and <30) and 47 (15.3%) were obese (BMI  30 kg/m ).
all sites and  have  higher  proportion  of  osteoporosis. The means (SD) of anthropometric and densitometric
No significant difference was observed for age, body measures by age decade and diabetes status are shown in
mass index (BMI), weight, height and overweight/obesity. Table 2. There were decreases of weight, height and
The mean  (SD)   age  was  62.5  (7.3)  years  for  those Ward's triangle BMD with age in both men with and
with diabetes and 62.4 (8.2) years for non-diabetic men. without diabetes. A significant decrease in femoral neck
The mean (SD) BMI was 26.2 (3.2) kg/m  for those with (P<0.001),  trochanter  (P<0.01),  femoral shaft (P<0.01) and2

2

2



Advan. Biol. Res., 8 (5): 212-220, 2014

215

Table 2: Anthropometric and densitometric measures of men aged 50 years and older by age group and diabetes status.
Age (year) Mean (SD)
-----------------------------------------------------------------------------------------------------------------------------------------
50-59 60-69 70-79 Total

Anthropometric measures
Diabetes, no. (%) 21 (33.9) 30 (48.4) 11 (17.7) 62 (100)
 Weight (kg), mean (SD) 79.2 (6.6) 75.6 (9.2) 68.6 (11.2)* 75.6 (9.9)
 Height (cm), mean (SD) 172.3 (5.8) 170.5 (6.4) 163.3 (5.5)** 169.8 (6.8)
 BMI (kg/m2), mean (SD) 26.8 (3.5) 26.0 (2.9) 26.0 (3.7) 26.2 (3.2)
No diabetes, no. (%) 105 (42.9) 80 (32.7) 60 (24.5) 245 (100)
 Weight (kg), mean (SD) 75.3 (11.8) 75.0 (10.6) 69.7 (13.0)* 73.9 (11.9)
 Height (cm), mean (SD) 169.3 (5.2) 169.1 (6.3) 164.8 (5.3)*** 168.2 (5.9)
 BMI (kg/m2), mean (SD) 26.2 (3.7) 26.3 (3.7) 25.4 (4.2) 26.1 (3.8)

Densitometry measures
Diabetes
 Femoral neck BMD (g/cm ) 0.91 (0.12) 0.90 (0.17) 0.82 (0.12) 0.89 (0.15)2

 Trochanteric BMD (g/cm ) 0.80 (0.11) 0.80 (0.13) 0.70 (0.13) 0.78 (0.13)2

 Femoral shaft BMD (g/cm ) 1.17 (0.15) 1.16 (0.20) 1.00 (0.19)* 1.13 (0.19)2

 Ward's triangle BMD (g/cm ) 0.66 (0.15) 0.64 (0.18) 0.52 (0.12)* 0.63 (0.172

 L2-L4 BMD (g/cm ) 1.17 (0.15) 1.13 (0.20) 1.15 (0.11) 1.15 (0.18)2

 Total hip BMD (g/cm ) 1.02 (0.12) 1.01 (0.17) 0.90 (0.14) 0.99 (0.15)2

No diabetes 
 Femoral neck BMD (g/cm ) 0.83 (0.13) 0.82 (0.11) 0.73 (0.13)*** 0.80 (0.13)2

 Trochanteric BMD (g/cm ) 0.72 (0.11) 0.73 (0.09) 0.67 (0.13)** 0.71 (0.11)2

 Femoral shaft BMD (g/cm ) 1.06 (0.16) 1.07 (0.14) 0.99 (0.16)** 1.04 (0.16)2

 Ward's triangle BMD (g/cm ) 0.59 (0.13) 0.58 (0.10) 0.50 (0.13)*** 0.56 (0.13)2

 L2- L4 BMD (g/cm ) 1.04 (0.16) 1.07 (0.16) 1.07 (0.21) 1.06 (0.17)2

 Total hip BMD (g/cm ) 0.92 (0.13) 0.93 (0.11) 0.86 (0.14)** 0.91 (0.13)2

*P<0.05, **P<0.01, ***P<0.001

Table 3: Prevalence rates and odds ratio (95% CI) of osteopenia and osteoporosis by diabetes status
Variables Cases (No.) Prevalence (%) (95% CI) Age- and BMI-adjusted odds ratio (95% CI)†
Osteopenia 178 58.0 (52.5, 63.5) -
 Controls 146 59.6 (53.4, 65.7) 1.00
 Diabetes 32 51.6 (38.6, 64.5) 1.95 (0.71, 5.34)
Osteoporosis 77 25.1 (20.2, 29.9)
 Controls 52 21.2 (16.2, 26.3) 1.00
 Diabetes 25 40.3 (28.0, 53.5) 4.59 (1.61, 13.09)*
†Odds ratio (with 95% CI) calculated by multiple logistic regression. *P <0.01. CI= Confidence interval.

total hip (P<0.01) BMD with age was observed only in (95% CI: 38.6, 64.5). This was lower than the prevalence
non-diabetic group (P<0.01). A decrease in femoral shaft rates seen for those who had no diabetes, 59.6% (95% CI:
BMD with age was observed in diabetic group (P<0.05). 53.4, 65.7), although not statistically significant. The

Prevalence of Low Bone Density: The results of the DXA 20.2, 29.9). Of the 62 men with diabetes, 25 had
scan show only 52 (16.9%) men had normal DXA scan osteoporosis, giving a prevalence of 40.3% (95% CI: 28.0,
results. Of the 62 men who had diabetes, 5 (8.1%, 95% CI: 53.5). This was higher than the prevalence rates seen for
2.7, 17.8) had normal BMD. This was lower than the non-diabetic men, 21.2% (95% CI: 16.2, 26.3) (Table 3).
percentage seen for non-diabetic men, 19.2% (95% CI:
14.3, 24.1). When measurements at lumbar vertebrae and Risk Factors: In multiple logistic regression model,
hip regions were considered simultaneously, a total of 178 compared with non-diabetic men, the age- and BMI-
cases of osteopenia and 77 cases of osteoporosis were adjusted risk of osteoporosis was over four-fold higher in
diagnosed. The overall prevalence of osteopenia was those with diabetes (Odds ratio (OR) 4.59 (1.61, 13.09;
58.0% (95% CI: 52.5, 63.5). Of the 62 men who had P<0.01). The association between diabetes and
diabetes, 32 had osteopenia, giving a prevalence of 51.6% osteopenia was not statistically significant (Table 3).

overall prevalence of osteoporosis was 25.1% (95% CI:
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Table 4: Pearson correlation coefficients between BMI, weight, age and BMD and BMC indicators
Variables Body mass index (kg/m ) Weight (kg) Age (year)2

L2-L4 BMD (g/cm ) 0.293*** 0.318*** 0.022

Femoral neck BMD (g/cm ) 0.115* 0.217*** -0.292***2

Trochanteric BMD (g/cm ) 0.290*** 0.334*** -0.180***2

Femoral shaft BMD (g/cm ) 0.293*** 0.320*** -0.194**2

Ward's triangle BMD (g/cm ) 0.81 -0.122* -0.295***2

Total hip BMD (g/cm ) 0.279*** 0.306*** -0.202***2

L2-L4 BMC (g) 0.302*** 0.436*** 0.005
Femoral neck BMC (g) 0.144* 0.252*** -0.205***
Trochanteric BMC (g) 0.311*** 0.463*** -0.150**
Femoral shaft BMC (g) 0.326*** 0.352*** -0.094
Ward's triangle BMC (g) 0.81 -0.122* -0.295***
Total hip BMC (g) 0.335*** 0.429*** -0.143*
*P <0.05, **P<0.001, ***P<0.001

Table 5: Age and BMI-adjusted linear regression analysis for BMD and BMC with diabetes status as regressor
Diabetes status
--------------------------------------------------------------------------------------------

Variables R  (%)2

L2-L4 BMD (g/cm ) 0.213* 0.1262

Femoral neck BMD (g/cm ) 0.263* 0.1602

Trochanteric BMD (g/cm ) 0.219* 0.1532

Femoral shaft BMD (g/cm ) 0.212* 0.1592

Ward's triangle BMD(g/cm ) 0.174** 0.1122

Total hip BMD (g/cm ) 0.228* 0.1602

L2-L4 BMC (g) 0.237* 0.139
Femoral neck BMC (g) 0.215* 0.092
Trochanteric BMC (g) 0.218* 0.153
Femoral shaft BMC (g) 0.213* 0.150
Ward's triangle BMC (g) 0.174** 0.112
Total hip BMC (g) 0.242* 0.178
*P<0.001, **P<0.01

Both BMI and weight were correlated with BMD and vertebrae. These results are consistent with most
BMC indicators and the strongest Pearson's correlation previous studies which indicated that bone strength in
coefficients were found between weight and BMC in patients with T2DM may be compromised despite a higher
trochanter region and BMI and total hip region and the BMD [1, 23-25]. Gender-specific differences may exist,
weakest ones were between BMI and femoral neck BMD. reflecting differential patterns of bone apposition between
The correlations between age and BMD and BMC genders. A direct interaction between estradiol and IGF-1
indicators were negative (Table 4). in the determination of periosteal apposition has been

Table 5 shows correlation of the age- and BMI- proposed [26] and serum IGF-1 levels are negatively
adjusted BMD and BMC with diabetes status. Diabetes associated with increased risk for prevalent vertebral
showed significant association with BMD and BMC fracture  in   postmenopausal   women   but  not in men
distribution at all the studied skeletal site. The greatest with T2DM  [27].  There  are  conflicting  reports  about
difference in BMD and BMC distribution appeared at the the   relationship    between   T2DM   and  osteoporosis
femoral neck BMD followed by total hip BMC. Diabetes [9, 17, 19, 28, 29]. Based on the Rotterdam Study, de Liefde
is an important predictor of BMD and BMC variation in et al. [17] showed that individuals with T2DM had 69%
elderly Iranian men. increased fracture risk than those without diabetes

DISCUSSION lumbar spine. Results from a joint effort by three large

In this study, individuals with T2DM had over four- found that for any given BMD t-score, the fracture risk in
fold higher risk of osteoporosis than those without those with diabetes tend to be higher than the
diabetes despite having higher BMD at the total hip, corresponding risk for non-diabetic patients. In other
femoral neck, femoral shaft, Ward's triangle and lumbar cross-sectional  studies,  however,  diabetes  is not related

despite having higher BMD at the femoral neck and

prospective studies [30] and three meta-analysis [1-3]
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to osteoporosis among post-menopausal Turkish women found in other studies [9, 19]. Recently a meta-analysis
[29]. One study in postmenopausal Chinese women established that higher glycated  hemoglobin is
concluded that patients with T2DM had higher  BMD and associated with higher BMD across T2DM groups [3].
lower risk of osteoporosis [16] while the other study in Medication use such as thiazide and statin which is
Chinese women [31] concluded patients with T2DM had expected to be higher in patients with T2DM has also
lower BMD and higher risk of osteoporosis. Kao et al. been associated with higher BMD at different skeletal
[32] found that, whereas Mexican American women with sites [43, 44].
T2DM were less likely to have low BMD than those Although this study had several findings relevant to
without T2DM, the same relationship could not be the better understanding of relationship between bone
established among Mexican American men. The possible density and T2DM in an Iranian men population, it has
explanation for the discrepancies between these results some limitations. A limitation of our study is the relatively
might be related to populations, research designs, small number of men with diabetes; a larger sample size
sampling methods and methodological differences. may have strengthened the conclusions. Another
However, consistent with most other studies, we found limitation of this study is the lack of blood tests for
that men with T2DM had higher age- and BMI-adjusted ascertainment of diabetes. It is likely that some
risk of osteoporosis than men without diabetes despite participants had undiagnosed diabetes and were
having higher BMD. About relationship between T2DM incorrectly classified as not having diabetes. Thus, any
and osteopenia, we found that men with T2DM had misclassification would tend to bias our measure of
higher age- and BMI-adjusted risk of osteopenia than men association between BMD and diabetes toward the null.
without diabetes. Although the OR was not statistically The possibility of residual confounding due to the risk
significant, these results underscore the potential for a factors that we were unable to account for in our analysis
higher risk of osteopenia among men with T2DM. (Socio-economic status, educational level, level of
However, the widths of the 95% CI for this OR suggest physical activity, alcohol consumption, vitamin D status,
that the number of men available in the present study may sex hormone levels and nutrition) cannot be eliminated.
have been inadequate to detect any difference in the odds The study was clinic, rather than population, based and
of having osteopenia by T2DM status. so may not contain a clinical spectrum representative of

It is well known that low BMI and advance age are elderly men in the community. Clinic-based estimates of
risk factors for osteoporosis [33-35]. In our study, lower the prevalence of low bone mass are most likely to be
BMD at all sites were associated with older age and lower affected by referral patterns. Selection bias is less likely to
BMI. affect associations between BMD and diabetes as

The mechanisms whereby diabetes exerts positive investigated in this study. As a cross-sectional study, the
effects on BMD status but negative effect on present analysis is limited in its ability to elucidate causal
osteoporosis and osteoporotic fracture remain to be relationships between diabetes and BMD. A final caveat
elucidated. The putative mechanism that might account to bear in mind in relation to the applicability of our
for an association between T2DM and osteoporosis findings was that our study participants were men 50-80
despite increasing BMD probably resides in the role of years and results may not apply to women and the
different insulin levels in T2DM and overweight/obesity. broader age groups. Additional studies in multiple
Patients with T2DM usually have an excess of insulin. settings with sufficiently large sample size are required.
Many previous studies showed a positive correlation of Nevertheless, this study provides new data from Iran, a
insulin levels with BMDs because insulin has an anabolic developing country, which has been under-represented in
effect on bone [36]. Moreover, there are reports that past studies.
implied an effect of insulin on cortical bone that is Our findings indicate that men with T2DM have
different from its effect on cancellous bone [9]. Some in higher BMD level than men without diabetes in all
vitro studies showed that exposure to high glucose measured  sites  while  having  higher  osteoporosis.
impaired the activity of osteoblasts and stimulated Thus, evaluation of BMD and the most commonly used
osteoclasts [38]. Bone has been considered an endocrine clinical risk factors might be inadequate for predicting
organ affecting glucose homoeostasis through the fracture risk in those with T2DM, who (due to their high
actions of bone-derived factors such as osteocalcin and BMD) are unlikely to be diagnosed with osteoporosis and
osteopontin [39-41]. Glycated hemoglobin has been found increase risk of fracture. We recommend that fracture risk
to be closely associated with bone resorption and assessment in men with T2DM should not be based on
formation [42]. However, an insignificant association was BMD alone.
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In summary, our study indicates that men with T2DM 9. Majima,  T.,   Y.   Komatsu,   T.  Yamada,  Y.  Koike,
have higher risk of osteoporosis despite having higher M. Shigemoto, C. Takagi, I. Hatanaka and K. Nakao,
BMD at all measured sites. 2005. Decreased bone mineral density at the distal

ACKNOWLEDGEMENTS neck, in Japanese type 2 diabetic patients.

We  are   grateful   to    Ms.    Zinab   Salamat  and 10. Yaturu, S., S. Humphrey, C. Landry and S.K. Jain,
Ms.   Khadijeh    Compani    for   technical  assistance. 2009. Decreased bone mineral density in men with
This  study  could  not  have  been  conducted without metabolic syndrome alone and with type 2 diabetes.
the  contribution  of the men who consented to Med Sci Monit., 15: CR5-9.
participate. 11. Schwartz, A.V., D.E. Sellmeyer, K.E. Ensrud, J.A.

REFERENCES women with diabetes have an increased risk of

1. Vestergaard, P., 2007. Discrepancies in bone mineral Metab, 86: 32-38.
density and fracture risk in patients with type 1 and 12. Sosa,   M.,     M.     Dominguez,    M.C.   Navarro,
type 2 diabetes: a meta-analysis. Osteoporosis M.C.   Segarra,    D.    Hernández,  P.  de  Pablos  and
International, 18: 427-444. P. Betancor, 1996. Bone mineral metabolism is normal

2. Janghorbani, M., R.M. van Dam, W.C. Willett and in non-insulin-dependent diabetes mellitus. J.
F.B. Hu, 2007. Systematic review of type 1 and type 2 Diabetes Complications, 10: 201-205.
diabetes mellitus and risk of fracture. Am J. 13. Forsen, L., H.E. Meyer, K. Midthjell and T.H. Edna,
Epidemiol., 166: 495-505. 1999. Diabetes mellitus and the incidence of hip

3. Ma, L., L. Oei, L. Jiang, K. Estrada, H. Chen, Z. Wang, fracture: results from the Nord-Trondelag Health
Q. Yu, M.C. Zillikens, X. Gao and F. Rivadeneira, Survey. Diabetologia, 42: 920-925.
2012. Association between bone mineral density and 14. Isaia, G.C., P. Ardissone, M. Di  Stefano,  D.  Ferrari,
type 2 diabetes mellitus: a meta-analysis of V.   Martina,     M.    Porta,    M.    Tagliabue   and
observational studies. Eur J. Epidemiol., 27: 319-32. G.M. Molinatti, 1999. Bone metabolism in type 2

4. Strotmeyer, E. and J. Cauler, 2007. Diabetes mellitus, diabetes mellitus. Acta Diabetol., 36: 35-38.
bone mineral density and fracture risk. Current 15. Barrett-Connor, E. and T.L. Holbrook, 1992. Sex
Opinion in Endocrinology,  Diabetes  and  Obesity, differences in osteoporosis  in  older  adults  with
14: 429-435. non-insulin-dependent  diabetes  mellitus. JAMA,

5. Tuominen,  J.T.,   O.   Impivaara,    P.    Puukka   and 268: 3333-3337.
T. Ronnemaa, 1999. Bone mineral density in patients 16. Shan, P.F., X.P. Wu, H. Zhang, X.Z. Cao, L.Q. Yuan
with  type  1  and  type  2  diabetes.  Diabetes  Care, and E.Y. Liao, 2011. Age-related bone mineral
22: 1196-1200. density, osteoporosis rate and risk of vertebral

6. Cummings,   S.R.,    M.C.    Nevitt,    W.S.   Browner, fracture in mainland Chinese women with type 2
K. Stone, K.M. Fox, K.E. Ensrud, J. Cauley, D. Black diabetes mellitus. J Endocrinol Invest., 34:1 90-6.
and T.M. Vogt, 1995. Risk factors for hip fracture in 17. de Liefde, II, M. van der Klift, C.E. de Laet, P.L. van
white women. Study of Osteoporotic Fractures Daele, A. Hofman and H.A. Pols, 2005. Bone mineral
Research Group. N Engl J. Med., 332: 767-773. density and fracture risk in type-2 diabetes mellitus:

7. Ivers,  R.Q., R.G.   Cumming,    P.    Mitchell   and the Rotterdam Study. Osteoporos Int., 16: 1713-20. 
A.J. Peduto, 2001.  Diabetes  and  risk  of  fracture: 18. Leidig-Bruckner, G. and R. Ziegler, 2001. Diabetes
The  Blue  Mountains  Eye  Study.  Diabetes  Care, mellitus a risk for osteoporosis? Exp Clin Endocrinol
24: 1198-1203. Diabetes., 109 Suppl 2: S493-514.

8. Nicodemus, K.K. and A.R.  Folsom,  2001.  Type 1 19. Rakic, V., W.A.  Davis,  S.A.  Chubb,  F.M.  Islam,
and  type 2   diabetes   and   incident   hip fractures R.L. Prince and T.M. Davis, 2006. Bone mineral
in    postmenopausal       women.     Diabetes   Care, density and its determinants in diabetes: the
24: 1192-1197. Fremantle Diabetes Study. Diabetologia., 49: 863-71.

radius, but not at the lumbar spine or the femoral

Osteoporos Int., 16: 907-13.

Cauley, H.K. Tabor, P.J. Schreiner et al., 2001. Older

fracture: a prospective study. J. Clin Endocrinol



Advan. Biol. Res., 8 (5): 212-220, 2014

219

20. Pérez-Castrillón, J.L., D. De Luis, J.C. Martín- 30. Schwartz, A.V., E. Vittinghoff, D.C. Bauer, T.A. Hillier,
Escudero, T. Asensio, R. del Amo and O. Izaola, 2004.
Non-insulin-dependent diabetes, bone mineral
density and cardiovascular risk factors. J Diabetes
Complications., 18: 317-21.

21. World Health Organization: Assessment of fracture
risk and its application to screening for
postmenopausal osteoporosis. Report 843. Geneva,
World Health Organization; 1994.

22. Hans, D., R.W. Downs, F. Duboeuf, S. Greenspan,
L.G. Jankowski, G.M. Kiebzak, S.M. Petak;
International Society for Clinical Densitometry, 2006.
Skeletal sites for osteoporosis diagnosis: the 2005
ISCD Official Positions. J Clin Densitom, 9: 15-21.

23. Garg,  R.,  Z.  Chen,  T.  Beck,  J.A.  Cauley,  G.  Wu,
D. Nelson, B. Lewis, A. LaCroix and M.S. LeBoff,
2012. Hip geometry in diabetic women: implications
for fracture risk. Metabolism., 61: 1756-62.

24. Melton,  L.J.   3 ,    B.L.     Riggs,     C.L.    Leibson,rd

S.J.   Achenbach,     J.J.    Camp,    M.L.   Bouxsein,
E.J. Atkinson, R.A. Robb and S. Khosla, 2008. A
bone structural basis for fracture risk in diabetes. J.
Clin Endocrinol Metab., 93: 4804-9. 

25. Petit, M.A., M.L. Paudel, B.C. Taylor, J.M. Hughes,
E.S.  Strotmeyer,   A.V.   Schwartz,   J.A.    Cauley,
J.M. Zmuda, A.R. Hoffman and K.E. Ensrud, 2010
Osteoporotic Fractures in Men (MrOs) Study Group.
Bone mass and strength in older men with type 2
diabetes: the Osteoporotic Fractures in Men Study.
J. Bone Miner Res., 25: 285-91.

26. Seeman, E., 2001. Clinical review 137: Sexual
dimorphism in skeletal size, density and strength. J.
Clin Endocrinol Metab., 86: 4576-84.

27. Kanazawa, I., T. Yamaguchi and T. Sugimoto, 2011.
Serum insulin-like growth factor-I is negatively
associated with serum adiponectin in type 2 diabetes
mellitus. Growth Horm IGF Res., 21: 268-71. 

28. Denison, H., C. Nilsson, L. Löfgren, A. Himmelmann,
G.  Mårtensson,   M.    Knutsson,    A.   Al-Shurbaji,
H. Tornqvist and J.W. Eriksson, 2013. Diacylglycerol
acyltransferase?1 inhibition with AZD7687 alters lipid
handling and hormone secretion in the gut with
intolerable side effects: a randomized clinical trial.
Diabetes Obes Metab. Oct 4. doi: 10.1111/dom.12221.
[Epub ahead of print].

29. Anaforoglu, I., A. Nar-Demirer, N. Bascil-Tutuncu
and M.E. Ertorer, 2009. Prevalence of osteoporosis
and factors affecting bone mineral density among
postmenopausal Turkish women with type 2
diabetes. J Diabetes Complications., 23: 12-7.

E.S.  Strotmeyer,  K.E.  Ensrud,  M.G.  Donaldson,
J.A. Cauley, T.B. Harris,  A.  Koster,  C.R.  Womack,
L. Palermo, D.M. Black et al, 2011. Study of
Osteoporotic Fractures (SOF) Research Group;
Osteoporotic Fractures in Men (MrOS) Research
Group; Health, Aging and Body Composition (Health
ABC) Research Group. Association of BMD and
FRAX score with risk of fracture in older adults with
type 2 diabetes. JAMA., 305: 2184-92.

31. Zhou, Y., Y. Li, D. Zhang, J. Wang and H. Yang, 2010.
Prevalence and predictors of osteopenia and
osteoporosis   in     postmenopausal    Chinese
women with type 2 diabetes. Diabetes Res Clin Pract.,
90: 261-9.

32. Kao, W.H., C.M. Kammerer, J.L. Schneider, R.L. Bauer
and B.D. Mitchell, 2003. Type 2 diabetes is associated
 with    increased   bone  mineral density in   Mexican-
American   women.   Arch  Med  Res., 34: 399-406.

33. Salamat,  M.R.,    A.H.     Salamat,    I.   Abedi   and
M. Janghorbani, 2013. Relationship between weight,
body mass index and bone mineral density in men
referred for dual-energy X-ray absorptiometry scan in
Isfahan, Iran. J Osteoporos., pp: 205963.

34. de Luis Román, D.A., R. Aller, J.L. Perez Castrillon, J.
De Luis, M. Gonzalez Sagrado, O. Izaola, E. Romero,
J.C. Martín Escudero and V. Herreros, 2004. Effects of
dietary intake and life style on bone density in
patients with diabetes mellitus type 2. Ann Nutr
Metab., 48: 141-5.

35. Ensrud, K.E., S.K. Ewing, K.L. Stone, J.A.  Cauley,
P.J. Bowman and S.R. Cummings, 2003. Study of
Osteoporotic Fractures Research Group. Intentional
and unintentional weight loss increase bone loss and
hip  fracture  risk in older women. J Am Geriatr Soc.,
51: 1740-7.

36. Yano, H., K. Ohya and T. Amagasa, 1996. Insulin
enhancement of in vitro wound healing in fetal rat
parietal bones. J Oral Maxillofac Surg., 54: 182-6.

37. Reid, I.R., 2008. Relationships between fat and bone.
Osteoporos Int., 19: 595-606.

38. Balint, E., P. Szabo, C.F. Marshall and S.M. Sprague,
2001. Glucose-induced inhibition of in vitro bone
mineralization. Bone., 28: 21-8.

39. Greco,  E.A., R.   Fornari,   F.  Rossi,  V.  Santiemma,
G. Prossomariti, C. Annoscia, A. Aversa, M. Brama,
M.  Marini,   L.M.   Donini,    G.    Spera,    A.   Lenzi,
C. Lubrano and S. Migliaccio, 2010. Is obesity
protective for osteoporosis? Evaluation of bone
mineral density in individuals with high body mass
index. Int J. Clin Pract, 64: 817-20.



Advan. Biol. Res., 8 (5): 212-220, 2014

220

40. Gomez-Ambrosi,  J.,  A.  Rodriguez,  V.  Catalan  and 43. Schoofs, M.W., M. van der Klift, A. Hofman, C.E. de
G. Fruhbeck, 2008. The bone-adipose axis in obesity Laet, R.M.  Herings,  T.   Stijnen,   H.A.   Pols  and
and weight loss. Obes Surg, 18: 1134-43. B.H. Stricker, 2003. Thiazide diuretics and the risk for

41. Takeda, S., 2008. Effect of obesity on bone hip fracture. Ann Intern Med., 139: 476-82.
metabolism. Clin Calcium; 18: 632-7. 44. Pasco,   J.A.,     M.A.    Kotowicz,    M.J.   Henry,

42. Achemlal,  L.,   S.   Tellal,   F.  Rkiouak,   A.   Nouijai, K.M. Sanders and G.C. Nicholson, 2002. Geelong
A. Bezza, M. Derouiche, D. Ghafir and A. El Osteoporosis Study. Statin use, bone mineral density
Maghraoui, 2005. Bone metabolism in male patients and fracture risk: Geelong Osteoporosis Study. Arch
with type 2 diabetes. Clin Rheumatol., 24: 493-6. Intern Med., 162: 537-40.


