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Combination of Obesity with Hyperglycemia is a Risk Factor
for the Presence of Vertebral Fractures in Type 2 Diabetic Men
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Abstract Although patients with type 2 diabetes show no
bone mineral density (BMD) reduction, fracture risks are
known to increase. It is unclear why the patients have an
increased risk of fracture despite sufficient BMD. We
investigated the relationships of body mass index (BMI),
HbA ., and urinary C-peptide (uC-peptide) versus BMD,
bone metabolic markers, serum adiponectin, and prevalent
vertebral fracture (VF). A total of 163 Japanese type 2
diabetic men were consecutively recruited, and radio-
graphic and biochemical data were collected. BMI was
positively correlated with BMD at the whole body, lumbar
spine, and femoral neck (P < 0.05) and negatively corre-
lated with osteocalcin and urinary N-terminal cross-linked
telopeptide of type-I collagen (uUNTX) (P < 0.01). HbA,.
was negatively correlated with osteocalcin (P < 0.01) but
not BMD at any site. Subjects were classified into four
groups based on BMI and HbA . (group LL BMI < 24 and
HbA,. <9, group LH BMI < 24 and HbA,. = 9, group

HL BMI = 24 and HbA . < 9, group HH BMI = 24 and
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HbA,. = 9). Serum adiponectin, osteocalcin, and uNTX
were lower and the incidence of VF was higher despite
sufficient BMD in the HH group. Multivariate logistic
regression analysis adjusted for age, duration of diabetes,
uC-peptide, and estimated glomerular filtration rate showed
that the HH group was associated with the presence of a
VF and multiple VFs (odds ratio [OR] = 3.056, 95%
confidence interval [CI] 1.031-9.056, P = 0.0439, and
OR = 5415, 95% CI 1.126-26.040, P = 0.0350, respec-
tively). Combination of obesity with hyperglycemia was a
risk factor for VF despite sufficient BMD in diabetic men.

Keywords Type 2 diabetes mellitus - Body mass index -
HbA . - Vertebral fracture - Bone turnover

The number of patients with diabetes mellitus and osteo-
porosis is rapidly increasing in industrialized countries
where Western-style aging societies are prevalent. The
relationship between diabetes and osteoporotic fractures is
becoming increasingly recognized [1]. Both vertebral and
hip fractures are most important osteoporotic fractures
because they frequently occur and enhance the mortality of
elderly people as high as six- to ninefold [2, 3]. The
mortality increase is more prominent in men than in
women [2], and absolute risk of subsequent fracture after
an initial one in men is higher than or similar to that in
women [4]. Therefore, it is no less important to predict the
risk of vertebral and hip fractures in diabetic subjects than
in their nondiabetic counterparts, especially in men.
Previous studies have shown that type 1 diabetes is
associated with a decrease in bone mineral density (BMD)
and an increased risk of osteoporotic hip and other frac-
tures [5, 6]. In contrast, although patients with type 2
diabetes show no BMD reduction, fracture risks are known
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to increase approximately up to 1.5-fold at the hip, proxi-
mal humerus, forearm, and foot not only in women [6-8]
but also in men [6, 7]. However, it is unclear why patients
with type 2 diabetes have an increased risk of fracture
despite normal BMD. Hyperglycemia in type 2 diabetes
might be associated with factors that influence bone
strength and quality independent of BMD. Several exper-
iments using cultured osteoblasts showed that high glucose
and/or increased advanced glycemic end products (AGEs)
impaired mineralization or osteocalcin production in the
cells [9, 10], suggesting that hyperglycemia may cause
diminished bone formation.

Body weight is known to impact bone turnover and to be
positively correlated with BMD, and higher weight/body
mass index (BMI) therefore reduce risks for vertebral and hip
fractures in nondiabetic subjects [11, 12]. Previous studies
have shown that BMD is closely related to body weight [13]
and that change in spinal BMD is related to baseline BMI
[14]. On the other hand, type 2 diabetes is caused by obesity-
induced insulin resistance and is therefore strongly associ-
ated with obesity, and some studies have indicated that
patients with the disease also have high BMD equivalent to
nondiabetic obese counterparts [1]. However, it is unclear
whether or not obese patients with type 2 diabetes would also
be at reduced risk for fractures as seen in nondiabetics.

Insulin stimulates proliferation of osteoblasts [15] and
increases indices of bone formation such as insulin-like
growth factor-I [16] and bone morphogenetic protein [17]
when administered locally over bone [18]. Previous studies
have shown that circulating insulin concentration is the
principal determinant of BMD at the femoral neck and
lumbar spine [19]. Although obese diabetic patients have
insulin resistance that blunts the hypoglycemic effect of the
hormone and causes its compensatory oversecretion, other
hormonal actions are kept intact, and increased circulating
insulin may exert anabolic actions on bone [20]. A previous
study has shown that insulin resistance, which was esti-
mated from an intravenous glucose tolerance test, was
significantly and positively correlated with BMD [21].
Thus, high BMD is a very consistent finding across a wide
range of hyperinsulinemic states, including obesity and
type 2 diabetes [22]. However, it is unclear whether or not
this beneficial effect of hyperinsulinemia on BMD also
prevents fractures in patients with type 2 diabetes.

In this study, to examine these issues, we selected serum
HbA,., BMI, and urinary C-peptide (uC-peptide) as
markers for hyperglycemia, obesity, and residual insulin
secretion, respectively, in Japanese men with type 2 dia-
betes. We investigated the relationship between each of
these parameters and BMD, bone metabolic markers,
serum adiponectin levels, and the presence of vertebral
fractures. We found that combination of obesity with
hyperglycemia predisposes type 2 diabetic men to vertebral

fractures in spite of normal BMD, possibly through low
bone turnover and resultant bone fragility.

Subjects and Methods
Subjects

The subjects in this study were 163 Japanese men with type
2 diabetes aged 25-83 years (mean 57.7). We consecutively
recruited subjects who visited Shimane University Hospital
for education, evaluation, or treatment of diabetes. Subjects
agreed to participate in the study and gave informed con-
sent. This study was approved by the institutional review
board of our institution. Nobody had hepatic or renal dys-
function or nutritional derangements that might cause
changes in bone metabolism. We excluded patients with
anemia (hemoglobin < 12.0 g/dL) because HbA,. values
might be influenced by anemia. Twenty-six patients had
received insulin treatment and 61 patients had taken oral
hypoglycemic agents (sulfonylurea, 55; metformin, 23;
alpha-glucosidase inhibitor, 18). All subjects were free of
drugs known to influence bone and calcium metabolism like
vitamin D and bisphosphonate as well as thiazolidinedione
until the time of the present study.

Radiography

Lateral X-ray films of the thoracic and lumbar spine were
taken at the same week as serum collection. The anterior,
central, and posterior heights of each of the 13 vertebral
bodies from Th4 to L4 were measured. A vertebral fracture
was diagnosed if at least one of three height measurements
along the length of the same vertebrae had decreased
by >20% compared to the height of the nearest uncom-
pressed vertebral body [23]. Multiple vertebral fractures
were identified as two or more vertebral fractures. None of
the subjects had a history of serious trauma.

BMD and Biochemical Measurements

BMD values of the whole body (W), lumbar spine (L),
femoral neck (F), and one-third of the radius (1/3R) were
measured by dual-energy X-ray absorptiometry (QDR-
4500; Hologic, Waltham, MA). The same operator tested
all of the subjects during the study to eliminate operator
discrepancies. The coefficients of variation (precision) of
measurements of the lumbar spine, femoral neck, and mid-
radius by our methods were 0.9%, 1.7%, and 1.9%,
respectively. Z score indicates deviation from the normal
age- and sex-matched mean in standard deviation (SD).
After overnight fasting, serum was collected. Biochemi-
cal markers were measured by standard biochemical
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methods. Estimated glomerular filtration rate (eGFR) was
calculated using the equation reported in the clinical practice
guidelines for diagnosis and treatment of chronic kidney
disease [24] as follows: 0.741 x 175 x agffo'zo3 X serum
creatinine” "'>*. HbA,. (normal range 4.3-5.8%) was
determined by high-performance liquid chromatography
(HPLC), as previously described [25-27]. Bone-specific
alkaline phosphatase (BAP) in serum and C-peptide in urine
pooled for 24 hours (uC-peptide) were measured by enzyme
immunoassay (EIA) and chemiluminescent EIA (CLEIA),
respectively. Serum osteocalcin and urinary N-terminal
cross-linked telopeptide of type-I collagen (uUNTX) were
measured by radioimmunoassay (RIA) and enzyme-linked
immunosorbent assay (ELISA). Total adiponectin and high—
molecular weight (HMW) adiponectin were measured by
ELISA kits (Otsuka Pharmaceuticals, Tokyo, Japan, and
Fujirebio, Tokyo, Japan, respectively) as indicated by the
manufacturers. The coefficients of variation of measure-
ments of total adiponectin and HMW adiponectin by each
ELISA kit were 3.1% and 2.0%, respectively.

Statistical Analysis

Data were expressed as mean £ SD. Because serum total
and HMW adiponectin showed a markedly skewed distri-
bution, logarithmic (log) transformation of these values was
carried out before performing correlation and regression
analysis. Statistical significance between two groups was
determined using the Mann—Whitney U-test. Simple, mul-
tiple, and logistic regression analyses were performed using
the statistical computer program StatView (Abacus Con-
cepts, Berkely, CA). P < 0.05 was considered significant.

Results

Baseline Characteristics of Subjects and Comparison
of Parameters Among Those with and without
Vertebral Fractures

Baseline characteristics of subjects are shown in Table 1.
We compared these parameters among subjects with a
vertebral fracture, with multiple vertebral fractures, and
without vertebral fractures and found no significant dif-
ferences among them (data not shown).

Relationship of BMI, HbA ., and uC-Peptide Versus
BMD, Bone Metabolic Markers, and Serum
Adiponectin Levels

We selected BMI, HbA ., and uC-peptide as markers for

obesity, hyperglycemia, and endogenous insulin secretion,
respectively. Since our simple regression analysis showed

@ Springer

Table 1 Baseline characteristics of subjects

Number of subjects 163

Age (years) 57.7 £ 12.8
Diabetes duration (years) 9.8 + 8.7
Body weight (kg) 652 £ 134
Height (cm) 165.6 + 7.0
BMI (kg/m?) 237+ 3.9
FPG (mg/dL) 176 + 64
HbA . (%) 94 £28
Creatinine (mg/dL) 0.74 £ 0.12
eGFR (mL/min/1.73 m?) 839+ 17.6
uC-peptide (ug/day) 68.7 &+ 48.8
BAP (U/L) 26.7 £ 10.5
Osteocalcin (ng/mL) 50+£22
uNTX (nMBCE/mM-Cr) 35.1 £ 17.6
Total adiponectin (ng/mL) 5.08 £ 2.97
HMW adiponectin (pg/mL) 5.00 £ 4.00
W-BMD (g/cm?) 1.081 £ 0.106
L2-L4 BMD (g/cm?) 1.043 £+ 0.175
T score —0.03 + 1.46
Z score 0.44 + 1.06
F-BMD (g/cm?) 0.781 & 0.122
T score —0.65 + 0.96
Z score 0.25 £ 0.99
1/3R-BMD (g/cm?) 0.726 £ 0.067
T score —1.70 =+ 1.20
Z score —0.80 £+ 1.05
Number of subjects with vertebral fracture 39

Number of subjects with multiple vertebral fractures 14

FPG, fasting plasma glucose

that BMI, HbA ., and uC-peptide were affected by age and
renal function (data not shown), multiple regression anal-
yses were performed with BMI, HbA,., and uC-peptide
adjusted for age, duration of diabetes, and eGFR as inde-
pendent variables versus BMD at each skeletal site, bone
metabolic markers, or serum adiponectin levels as depen-
dent variables (Table 2). BMI was significantly and
positively correlated with W-, L-, and F-BMD (P =
0.0070, P = 0.0128, and P < 0.0001, respectively) but not
with 1/3R-BMD. BMI was also significantly and nega-
tively correlated with osteocalcin, uNTX, and log(total
adiponectin) (P = 0.0070, P = 0.0002, and P = 0.0359,
respectively) and tended to be negatively correlated with
log(HMW adiponectin). HbA ;. was significantly and neg-
atively correlated with osteocalcin (P = 0.0022) but not
with BMD at any site, any other bone metabolic markers,
or serum adiponectin levels. On the other hand, uC-peptide
was not correlated with BMD at any site or any bone
metabolic markers, except for a negative correlation with
log(total adiponectin).
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Table 2 Correlations of BMI, HbA,, and urinary CPR versus BMD
at each site, bone metabolic markers, or serum adiponectin levels

BMI HbAlc uC-peptide
r P r P r P

W-BMD 0.237  0.0070  0.018 0.8354 0.032 0.7132
(g/em?)

L2-L4 BMD 0.215 0.0128 —0.078 0.3577 0.070 0.4126
(g/em?)

F-BMD 0.379 <0.0001 —0.079 0.2898  0.085 0.2621
(g/cmz)

1/3R-BMD 0.068 04113 0.115 0.1657 0.004 0.9609
(g/em?)

BAP (U/L) 0.072 04186 0.036 0.6775 0.065 0.4512

Osteocalcin —0.250  0.0070 —0.285 0.0022 —0.001 0.9951
(ng/mL)

uNTX —0.314 0.0002 —0.013 0.8702 —0.034 0.6687
(nMBCE/
mM-Cr)

Log(total —0.211 0.0359  0.099 0.3345 —0.305 0.0034
adiponectin)

Log(HMW —0.192 0.0649 0.098 0.3572 —0.161 0.1279
adiponectin)

Multivariate regression analysis was performed between BMI,
HbAlc, and uC-peptide adjusted for age, duration of diabetes, and
eGFR as independent variables and BMD at each skeletal site, bone
marker, or serum adiponectin levels as dependent variables

Comparison of Various Variables Among Four Groups
Classified by BMI and HbA .

Next, since these results showed that BMI and HbA,, but
not uC-peptide, were significantly and independently
associated with serum osteocalcin levels, we compared
demographic and biochemical parameters including bone
metabolic markers and serum adiponectin concentrations
as well as BMD values at each skeletal site among four
groups classified by BMI and HbA . (group LL BMI < 24
and HbA|. <9, group LH BMI < 24 and HbA,. =9,
group HL BMI = 24 and HbA . < 9, group HH BMI = 24
and HbA,. = 9) (Table 3). There were no significant dif-
ferences in age or duration of diabetes among the groups.
Absolute values and Z scores of L-BMD in group HL and
F-BMD in groups HL and HH were significantly higher
than those in group LH (at least P < 0.05). Absolute values
of L-BMD in group HL and absolute values and Z score of
F BMD in group HH were significantly higher than those in
group LL (at least P < 0.05). Serum osteocalcin level in
group HH was significantly lower than that in group LL
(P < 0.01). Moreover, uNTX in groups HL and HH were
significantly lower than those in groups LL and LH (at least
P < 0.05). Serum levels of total and HMW adiponectins in
group HH were lower than those in group LH (P < 0.05),
and HMW adiponectin in group HL was lower than that in

group LH (P < 0.05). The prevalence of vertebral fractures
was highest in group HH despite sufficient BMD.

Multivariate logistic regression analysis was performed
with the presence of a vertebral fracture or multiple ver-
tebral fractures as a dependent variable and each group
adjusted for age, duration of diabetes, uC-peptide, and
eGFR as independent variables (Table 4). Group HH was
significantly associated with the presence of a vertebral
fracture and multiple vertebral fractures (P = 0.0440 and
P = 0.0354, respectively).

Discussion

In this study, combination of obesity with poor glycemic
control in men with type 2 diabetes was significantly asso-
ciated with the presence of vertebral fractures in spite of
sufficient BMD. Multiple regression analysis showed that
BMI was negatively correlated with serum osteocalcin and
ulNTX levels and that HbA . was negatively correlated with
serum osteocalcin level. Moreover, these bone metabolic
markers were lower in the group with higher BMI and higher
HbA,. (HH group), suggesting that low bone turnover,
especially suppression of bone formation, may cause bone
fragility that is not defined by BMD and may be linked to
vertebral fractures in the obese and hyperglycemic group.

The present study showed that HbA,. level was not
correlated with BMD and was not different between
patients with or without vertebral fractures. In contrast,
HbA,. level was negatively correlated with serum osteo-
calcin level but not with BAP. Although a few studies
demonstrated that glycemic control estimated by HbA;.
was associated with BMD or bone fractures [5, 8], meta-
analysis of accumulating studies has shown that HbA,.
level was not significantly associated with BMD or fracture
incidence [6]. In previous studies, we have also shown that
HbA /. levels in postmenopausal women with type 2 dia-
betes were not significantly different between those with
and without vertebral fractures [25-27]. On the other hand,
several studies have indicated that hyperglycemia induced
a low turnover bone with osteoblast dysfunction and caused
suppression of the serum osteocalcin level [28, 29].
Gerdhem et al. [29] showed that serum osteocalcin level,
but not BAP, was lower in diabetic women after correction
for covariance of body weight and serum creatinine.
Okazaki et al. [30] showed that serum osteocalcin level
was low before treatment and elevated after treatment of
diabetes, while BAP was reduced. Previous in vitro studies
have shown that chronic hyperglycemia increased the
activity and expression of alkaline phosphatase while it
decreased osteocalcin expression and cellular calcium
uptake [31], explaining the discrepancy in serum levels of
osteocalcin and BAP in the clinical studies.
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Table 3 Comparison of various variables among the four groups classified by BMI and HbA,,

LL LH HL HH
Number of subjects 43 47 35 38
Age (years) 60.9 & 11.1 56.3 = 10.5 57.9 + 15.1 55.7 + 14.6
Diabetes duration (years) 10.3 £+ 8.6 10.2 + 8.9 8.1 +£78 10.3 £ 9.6
BMI 214+ 1.7 208 + 1.9 27.2 4 2.8kttt 26.7 + 3.5kl
FPG 138 + 35 224 4 GHwni 123 + 25 210 £ 54t
HbA,, 744 1.0 11.6 & 2.3#xtH 71+12 11.1 £ 2.4%sniid
uC-peptide 61.5 £ 61.1 61.5 + 41.1 779 + 48.4 78.1 & 40.5
Creatinine 0.76 + 0.12 0.69 £ 0.11%** 0.80 & 0.1277T 0.74 + 0.127%
eGFR 80.3 + 16.5 91.8 + 17.9%* 76.9 + 15477 84.8 + 17.1}
BAP 27.6 £+ 15.1 273 + 83 24.6 + 7.4 27.1 £ 9.0
Osteocalcin 58 +22 51+27 50+ 1.8 4.1 + 1.6%*
uNTX 415 +24.7 38.5 + 15.6 27.8 + 10.7%% T 30.8 + 12.2%F
Total adiponectin 5.68 + 3.87 5.78 + 2.99 4.58 £ 2.50 4.04 + 1.62
HMW adiponectin 543 + 457 6.58 & 4.93 3.98 + 235" 3.61 + 246"
W-BMD 1.058 + 0.113 1.064 + 0.092 1.104 + 0.117 1.106 + 0.099
L2-L4 BMD 1.025 + 0.190 1.005 + 0.160 1.119 + 0.169+ 7 1.037 + 0.163

Z score 037 + 1.11 0.20 £ 1.07 0.86 + 0.98" 0.41 + 0.99
F-BMD 0.762 & 0.129 0.735 £ 0.097 0.805 + 0.1227 0.838 £ 0.118*+ 7T

Z score 0.20 £+ 1.0 —0.20 + 0.94 0.52 + 0.88"" 0.64 £ 0.90% T
1/3R-BMD 0.706 + 0.066 0.730 + 0.060 0.724 + 0.067 0.740 + 0.075

Z score —0.99 + 1.09 —0.80 + 0.95 —0.76 + 1.11 —0.67 + 1.13
Vertebral fracture 8 (18.6%) 10 (21.3%) 8 (22.9%) 13 (34.2%)
Multiple vertebral fractures 3 (7.0%) 4 (8.5%) 0 (0.0%) 7 (18.4%)

FPG, fasting plasma glucose

Group LL BMI < 24 and HbA,. < 9, group LH BMI < 24 and HbA,. = 9, group HL BMI = 24 and HbA,. <9, group HH BMI = 24 and

HbA,. =9

* P < 0.05, % P <001, *+* P < 0.001 versus LL; T P < 0.05, 7 P < 0.01, ¥ P < 0.001 versus LH; ¥ P < 0.05, ¥ P < 0.05, ¥ P < 0.001

versus HL

Table 4 Associations between the presence of vertebral fractures and
the four groups classified by BMI and HbA;. in men with type 2
diabetes

OR (95% CI) P

Presence of a vertebral fracture

Group LH 1.362 (0.443-4.189) 0.5898

Group HL 1.457 (0.463-4.586) 0.5197

Group HH 3.051 (1.030-9.035) 0.0440
Presence of multiple vertebral fractures

Group LH 1.848 (0.343-9.964) 0.4748

Group HL 1.722 (0.303-9.794) 0.5398

Group HH 5.353 (1.121-25.557) 0.0354

Multiple logistic regression analysis was performed with the presence
of either a vertebral fracture or multiple vertebral fractures as a
dependent variable and each of four groups classified by BMI and
HbA . adjusted for age, diabetes duration, uC-peptide, and eGFR as
independent variables

The OR of each group was calculated by comparison with group LL

@ Springer

Obesity is known to suppress both bone formation and
resorption and to be positively associated with BMD. A
large clinical study on Danish postmenopausal women
showed that subjects in the highest tertiles of percentage of
body fat or BMI had up to 12% higher BMD at baseline
and a more than twofold lower 2-year bone loss compared
with women in the lowest tertiles [32]. Women with a
higher percentage of body fat or BMI had lower baseline
levels of uNTX and serum osteocalcin [32]. On the other
hand, weight loss over 6—8 months resulted in increases in
indices of bone resorption marker expression, deoxypyri-
dinoline and hydroxyproline, of up to 50% [33], suggesting
that body weight directly influenced bone resorption and
bone turnover. The present findings also showed that BMI
was strongly and negatively correlated with serum osteo-
calcin and uNTX and strongly and positively correlated
with BMD. These findings suggest that obesity induces low
bone turnover through suppression of both osteoblastic and
osteoclastic activities. Combination of hyperglycemia with
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obesity could enhance the suppression of serum osteocalcin
level and may accelerate reduction in bone formation rate.

Adipocytokines, which are secreted from adipocytes, are
known to influence bone metabolism. Adiponectin is one of
the adipocytokines specifically and highly expressed in
visceral, subcutaneous, and bone marrow fat depots [34].
Several studies have demonstrated that circulating adipo-
nectin concentrations are decreased in patients with
obesity, diabetes, and cardiovascular disease [35] and
inversely associated with obesity [35, 36] as well as insu-
lin-resistance parameters [36]. Recently, we and other
researchers have shown that cultured osteoblasts have an
adiponectin receptor and that their proliferation, differen-
tiation, and mineralization are enhanced by adiponectin,
showing that adiponectin could stimulate bone formation
[37]. In animal studies, Oshima et al. [38] showed that
adiponectin adenovirus—treated mice increased trabecular
bone mass in vivo and that administration of adiponectin
enhanced bone formation and suppressed bone resorption
in vitro. Moreover, in a clinical study, Richards et al. [39]
showed that serum adiponectin was positively correlated
with serum osteocalcin in a large population of women.
Thus, adiponectin appears to enhance osteoblastogenesis
and bone formation, and reduction in its plasma concen-
tration induced by combination of obesity with
hyperglycemia may cause suppressed bone formation. We
actually observed that serum adiponectin concentrations
were lowest in the group with higher BMI and higher
HbA,. (HH group), suggesting that serum hypoadiponec-
tinemia might be involved in the present findings of low
turnover bone in patients with obesity and hyperglycemia.

Although circulating insulin is considered to stimulate
osteoblastogenesis and enhance bone formation, the pres-
ent study showed that uC-peptide, as a surrogate marker for
residual insulin secretion, was not significantly associated
with BMD, bone metabolic markers, or serum adiponectin
levels in men with type 2 diabetes. We also found that its
level was not different between patients with or without
vertebral fractures. These findings are consistent with our
previous ones in women with type 2 diabetes, in which
there were no associations between serum fasting C-pep-
tide and BMD, bone metabolic markers, or vertebral
fractures [24-26]. However, subjects in these studies had
received several treatments including insulin administra-
tion. Therefore, we should be careful when making
conclusions about the relationship between capacity of
residual insulin secretion and bone metabolism.

Previous studies showed that hyperglycemia and AGEs
could impair parathyroid hormone (PTH) secretion [40—42]
and that vitamin D metabolism may also be disturbed by
hyperglycemia and insulin deficiency [43-45]. Thus,
impaired PTH and vitamin D metabolism might be
involved in low turnover bone in diabetes, although we did

not measure serum PTH and vitamin D levels in this study.
Further studies are needed to investigate whether these
hormone levels are associated with bone fractures in type 2
diabetes.

This study has some limitations. First, the sample size
was not large enough to make definite conclusions. Second,
we analyzed only subjects who visited Shimane University
Hospital, a tertiary center, for evaluation or treatment of
diabetes mellitus and osteoporosis. Therefore, the patients
enrolled in this study might have relatively severe states of
the disorders and might not be representative of Japanese
men with the disorders. Consequently, assessment of larger
numbers of patients is necessary to determine the useful-
ness of BMI and HbA . for predicting the risk of vertebral
fractures. Third, the subjects in this study were only Jap-
anese. The capacity of insulin secretion and the degree of
obesity in Asians are known to be different from those of
Western people [46]. Therefore, we need to investigate
whether or not our findings are universal. Finally, longi-
tudinal studies are needed to investigate whether the
treatments of both obesity and diabetes can improve bone
fragility in type 2 diabetes.

In conclusion, we found that BMI was negatively
associated with serum osteocalcin and uNTX and posi-
tively associated with BMD, while HbA,. level was
negatively correlated with serum osteocalcin but not with
BMD in diabetic men. Although BMI or HbA . per se are
not associated with the presence of vertebral fractures, the
combination of higher values of both parameters was a risk
factor for vertebral fractures in spite of sufficient BMD.
Reduced bone turnover and resultant impairment in bone
quality in patients with obesity and hyperglycemia may be
involved in this observation.
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