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Abstract

Osteoporosis in elderly men as well as women is increasingly recognized, and patients with type 2 diabetes mellitus have higher risk of
fracture than nondiabetic subjects. The aim of the present study was to investigate the relationship between bone stiffness and serum
testosterone concentration as well as other variables in men with type 2 diabetes mellitus. The relationships between bone stiffness and serum
bioavailable testosterone concentrations as well as other variables including age, duration of diabetes, glycemic control (hemoglobin A1c), or
body mass index were evaluated in 294 men with type 2 diabetes mellitus. An inverse correlation was found between stiffness index and age.
A positive correlation was found between stiffness index and serum bioavailable testosterone concentration (r = 0.231, P = .0005). Stiffness
index was significantly less in current smokers (81.6 ± 17.7) than in past smokers (86.6 ± 17.8, P = .0396) or nonsmokers (87.7 ± 15.2,
P = .0426). Multiple regression analysis demonstrated that serum bioavailable testosterone concentration (β = .271, P = .0006) and smoking
status (β = −0.147, P = .0408) were independent determinants of stiffness index. In conclusion, bone stiffness was associated with serum
bioavailable testosterone concentration but not associated with hemoglobin A1c or duration of diabetes in men with type 2 diabetes mellitus.
© 2008 Elsevier Inc. All rights reserved.
1. Introduction

Both osteoporosis and cardiovascular disease (CVD) are
major public health problems that contribute importantly to
morbidity and mortality. Accumulating evidence indicates a
link between osteoporosis and CVD [1], suggesting some
shared pathophysiologic mechanisms underlying both dis-
eases. Although osteoporosis is well known to be common in
elderly women, it also is common in elderly men; this high
prevalence of osteoporosis in elderly men is increasingly
recognized. Available data concerning association of
reduced bone mineral density (BMD) with type 2 diabetes
mellitus are equivocal; in various studies, type 2 diabetes
mellitus has been reported to be associated with increased
[2], unchanged [3], or decreased [4] BMD. Buysschaert et al
[5] reported low BMD in men with type 2 diabetes mellitus.
Patients with type 2 diabetes mellitus have higher risk of
fracture than nondiabetic subjects [6]. Risk factors that
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contribute to increased fracture in diabetic patients include
number of falls [7], insulin use [8], functional disability [9],
and poor vision [10].

Sex steroids play an important role in the maintenance of
bone health. In some studies, low androgen levels were
reported to be a predictor of bone loss in men [11]. Serum
concentrations of testosterone have been reported to be lower
in men with diabetes than in nondiabetic men [12,13]. To our
knowledge, the relationship between serum testosterone
concentration and bone stiffness has not been assessed in
men with type 2 diabetes mellitus. The aim of the present
study was to investigate the relationship between bone
stiffness and serum testosterone concentration as well as
other variables including age, glycemic control, body mass
index (BMI), blood pressure, and serum lipid concentration
in men with type 2 diabetes mellitus.
2. Subjects and methods

2.1. Subjects

This study consisted of 294 consecutive men with type 2
diabetes mellitus recruited from the outpatient clinic of

mailto:sayarinapm@hotmail.com
http://dx.doi.org/10.1016/j.metabol.2008.07.025


Table 1
Clinical characteristics of men with type 2 diabetes mellitus

Mean ± SD

n 294
Age (y) 63.1 ± 10.4
Age at onset (y) 50.0 ± 12.3
Duration of diabetes (y) 13.1 ± 11.7
BMI (kg/m2) 23.1 ± 3.1
HbA1c (%) 7.1 ± 1.1
Systolic blood pressure (mm Hg) 135 ± 15
Diastolic blood pressure (mm Hg) 78 ± 10
Total cholesterol (mmol/L) 5.02 ± 0.83
Triglyceride (mmol/L) 1.53 ± 1.01
HDL cholesterol (mmol/L) 1.34 ± 0.39
Smoking (none/past/current) 59/133/102
Alcohol (none/light-to-moderate/heavy) 156/80/58
Nephropathy (normo-/micro-/macroalbuminuria) 176/85/33
Retinopathy (NDR/SDR/PDR) 214/40/40
CVD (−/+) 247/47
Current treatment (diet/OHA/insulin) 33/187/74
Bioavailable testosterone (pg/mL) 776 ± 380

Data are mean ± SD or number of patients. OHA indicates oral
hypoglycemic agent.

Table 2
Correlation between stiffness index and other variables

r P

Age −0.120 .0406
Duration of diabetes −0.078 .2031
BMI 0.108 .0698
HbA1c 0.024 .6783
Systolic blood pressure −0.059 .3196
Diastolic blood pressure 0.041 .4853
Total cholesterol 0.002 .9735
Triglyceride −0.010 .8600
HDL cholesterol −0.087 .1412
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Kyoto Prefectural University of Medicine. Type 2 diabetes
mellitus was diagnosed according to the “Report of the
Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus” [14]. Retinopathy was graded as
follows: no diabetic retinopathy (NDR), simple diabetic
retinopathy (SDR), or proliferative diabetic retinopathy
(PDR). Nephropathy was graded as follows: normoalbumi-
nuria, urinary albumin excretion less than 30 mg/g Cr;
microalbuminuria, 30 to 300 mg/g Cr; or macroalbumi-
nuria, more than 300 mg/g Cr. Smoking status was recorded
as nonsmoker, past smoker, or current smoker according to
a self-administered questionnaire. Patients were divided
into 3 groups according to mean ethanol consumption per
week: nondrinker, light-to-moderate drinker (b210 g/wk),
or heavy drinker (≥210 g/wk). Cardiovascular disease was
defined as the presence of previous myocardial infarction or
cerebral infarction based on the clinical history or physical
examination. Patients with secondary causes of osteoporo-
sis and those with disorders known to affect mineral
metabolism (thyroid dysfunction, liver or kidney disease)
were excluded. We also excluded patients medicated with
drugs known to interfere with calcium metabolism, such as
corticosteroids, thyroid hormone, or vitamin D, and patients
who had been castrated for treatment of testicular or
prostate cancer or were taking any medications known to
affect sex hormone concentrations (eg, antiandrogenic
agents for prostate cancer).

2.2. Experimental design

Relationships between bone stiffness and age, duration of
diabetes, BMI, glycemic control (hemoglobin A1c [HbA1c]),
blood pressure, serum lipid concentration, serum bioavail-
able testosterone concentration, severity of diabetic retino-
pathy, severity of diabetic nephropathy defined by urinary
albumin excretion, presence of CVD, smoking status,
alcohol consumption, and current treatment of diabetes
were evaluated. Approval for the study was obtained from
the local research ethics committee, and informed consent
was obtained from all participants.

2.3. Biochemical analyses

Blood samples were obtained in the morning. Bioavail-
able testosterone was separated using precipitation of
testosterone bound to globulins with 50% ammonium
sulfate, and serum bioavailable testosterone concentrations
were measured by liquid chromatography–tandem mass
spectrometry using a modification method based on the use
of picolinoyl derivatization [15]. Intraassay and interassay
coefficients of variation for serum bioavailable testosterone
concentrations at 1 pg/mL were 4.73% and 12.94%,
respectively. Hemoglobin A1c was measured by high-
performance liquid chromatography. Serum total cholesterol,
high-density lipoprotein (HDL) cholesterol, and triglyceride
concentrations were assessed using standard enzymatic
methods. Urinary albumin and creatinine concentrations
were determined in an early morning spot urine. Urinary
albumin excretion was measured with an immunoturbidi-
metric assay. A mean value for urinary albumin excretion
was determined from 3 urine collections.

2.4. Quantitative ultrasound evaluation

The quantitative ultrasound (QUS) measurements were
carried out with the Achilles EXPRESS ultrasonometer
(GE Healthcare Lunar, Madison, WI). The Achilles
measures speed of sound (SOS; in meters per second)
and broadband ultrasound attenuation (BUA; in decibels
per megahertz), a measure of frequency-dependent
attenuation of the ultrasound wave passing through the
heel. The stiffness index, a variable derived from a
combination of SOS and BUA, was calculated by the
analysis software according to the following equation:
0.67 BUA + 0.28 SOS − 420 [16]. We evaluated the
stiffness index of the right heel using the scanning
protocol provided by the manufacturer.



Fig. 1. Correlation between serum bioavailable testosterone concentration
and stiffness index in men with type 2 diabetes mellitus.

1693M. Asano et al. / Metabolism Clinical and Experimental 57 (2008) 1691–1695
2.5. Statistical analysis

Means and frequencies of potential confounding variables
were calculated. Unpaired Student t tests or analysis of
variance was conducted to assess statistical significance of
differences between groups using StatView software (ver-
sion 5.0; SAS Institute, Cary, NC). Relationships between
stiffness index and age, duration of diabetes, HbA1c, serum
bioavailable testosterone concentration, and other variables
were examined by Pearson correlation analysis. Multiple
regression analysis was performed to assess the combined
influence of variables on stiffness index. To examine the
effects of various factors on stiffness index, we considered
the following factors as independent variables: age, duration
of diabetes, BMI, HbA1c, systolic blood pressure, serum total
cholesterol concentration, serum bioavailable testosterone
Fig. 2. Associations between smoking status and stiffness index (A) and between
mellitus. Data are presented as medians, 25th and 75th percentiles (boxes), and 10t
15.2, 86.6 ± 17.8, and 81.6 ± 17.7 in nonsmokers, past smokers, and current smoke
and 90.6 ± 18.0 in nondrinkers, light-to-moderate drinkers, and heavy drinkers, re
concentration, and smoking status. All continuous variables
are presented as the mean ± SD. A P value less than .05 was
considered statistically significant.
3. Results

The characteristics of the 294 men with type 2 diabetes
mellitus enrolled in this study are shown in Table 1. The mean
stiffness index was 84.3 ± 17.7. Correlation between stiffness
index and other variables are shown in Table 2. An inverse
correlation was found between stiffness index and age. A
positive correlation was found between stiffness index and
serum bioavailable testosterone concentration (r = 0.231, P =
.0005) (Fig. 1).Multiple regression analysis demonstrated that
serum bioavailable testosterone concentration (β = .271, P =
.0006) and smoking status (β = −0.147, P = .0408) were
independent determinants of stiffness index. Stiffness index
was significantly less in current smokers (81.6 ± 17.7) than in
past smokers (86.6 ± 17.8, P = .0396) or nonsmokers (87.7 ±
15.2, P = .0426; Fig. 2A). Stiffness index did not differ
according to the amount of alcohol consumption (84.7 ± 16.3
vs 86.4 ± 18.9 vs 90.6 ± 18.0 for nondrinkers, light-to-
moderate drinkers, and heavy drinkers, respectively; Fig. 2B).

Stiffness index was significantly less in patients treated
(79.5 ± 19.3) than in patients not treated with insulin (85.9 ±
16.8, P = .0070). Stiffness index did not differ according to
severity of diabetic nephropathy (84.7 ± 19.0 vs 84.9 ± 15.2
vs 82.7 ± 17.0 for patients with normoalbuminuria,
microalbuminuria, and macroalbuminuria, respectively) or
according to severity of diabetic retinopathy (85.8 ± 17.1 vs
83.9 ± 17.4 vs 82.0 ± 16.3 for patients with NDR, SDR and
PDR, respectively). Stiffness index did not differ between
patient with and without CVD (84.0 ± 20.4 vs 84.8 ± 16.9,
P = .7933).
alcohol consumption and stiffness index (B) in men with type 2 diabetes
h and 90th percentiles (whiskers). Stiffness indices (mean ± SD) were 87.7 ±
rs, respectively. Stiffness indices (mean ± SD) were 84.7 ± 16.3, 86.4 ± 18.9,
spectively. L-to-M indicates light-to-moderate drinker.
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4. Discussion

Although osteoporosis is well known to be common in
elderly women, it also is common in elderly men; this high
prevalence of osteoporosis in elderly men is increasingly
recognized. Fragility fracture in men is also an important
health issue. Previous report shows more than one third of
all hip fractures occur in men [17]. Compared with women,
men have higher rates of 1-year mortality after hip fracture
(31%-38% for men vs 12%-28% for women) [18,19] and
are twice as likely to be institutionalized [20]. Although
many reports have elucidated pathophysiologic character-
istics of abnormal bone metabolism in patients with type 2
diabetes mellitus, available data concerning association of
reduced BMD with type 2 diabetes mellitus are equivocal;
in various studies, type 2 diabetes mellitus has been
reported to be associated with increased [2], unchanged [3],
or decreased [4] BMD; however, patients with type 2
diabetes mellitus have higher risk of fracture than non-
diabetic subjects [6].

Sex steroids are important for bone growth and the
maintenance of the skeleton [21]. Hypogonadisim is one of
the most important risk factors for osteoporosis in men [22].
Although some studies have reported a weak but significant
association between free testosterone and BMD [23],
conflicting data have been presented regarding the predictive
value of testosterone for BMD in elderly men [11,24].
However, 1 study showed a significant association between
low serum testosterone concentration and increased fracture
risk in men [25]. Gonadal steroid deprivation increases bone
resorption relative to formation, which leads to bone loss
[26]. On the other hand, androgen replacement clearly
increases BMD in hypogonadal men [27]. In the present
study, we found a weak but significant positive correlation
between serum bioavailable testosterone concentration and
stiffness index in men with type 2 diabetes mellitus. Stiffness
index was also correlated significantly with serum free
testosterone concentration measured by radioimmunoassay
(r = 0.209, P = .0007). Furthermore, multiple regression
analysis also identified serum bioavailable testosterone
concentration as a determinant of stiffness index, indepen-
dently of age and other variables. Diabetes is an important
consideration here because men with diabetes have lower
serum concentrations of testosterone than nondiabetic men
[12,13]. Recent studies suggest that serum estrogen
concentrations also influence bone density in men [28];
however, stiffness index was not correlated significantly
with total estradiol concentration measured by an electro-
chemiluminescence immunoassay (r = 0.086, P = .2574) in
this study population. Possible explanations for this
discrepancy are that we evaluated bone stiffness—not
BMD by dual x-ray absorptiometry (DXA) but stiffness
index by QUS—and that our data were not serum free
estradiol concentration [29] but serum total estradiol
concentration. Moreover, serum estradiol concentrations do
not necessarily reflect tissue-level activity, as peripherally
formed estradiol is partially metabolized in situ; thus, not all
enter the general circulation.

In this study, we evaluated the correlation between
stiffness index and other variables including age, duration
of diabetes, blood pressure, serum lipid concentration, HbA1c,
and BMI. We did not find a significant correlation between
stiffness index and HbA1c. Some studies have found an
association between BMD decrease and degree of glycemic
control [30]. Metabolic effects of poor glycemic control in
patients with type 2 diabetesmellitus, such as hypercalcinuria,
may lead to an increase in net bone resorption [31]. A possible
explanation of this discrepancy is that stiffness index
evaluated by QUS reflects not only the amount of mineral
component but also the qualitative properties of the bone [32].
Smoking [33], heavy alcohol consumption [34], and low body
weight [35] are generally recognized as the risk factors for
osteoporosis and fracture. In keeping with such consensus, we
found that stiffness index is less in current smokers than in
past smokers or nonsmokers in the present study. Stiffness
index tended to positively correlate with BMI, although it did
not reach statistical significance; however, stiffness index
correlated significantly with body weight (r = 0.136,
P = .0216). No significant correlation was found between
stiffness index and alcohol consumption. In this study,
stiffness index was significantly less in patients treated than
in those not treated with insulin. A lack of endogenous
proinsulin and disturbed insulin-like growth factor systems
might contribute to bone loss in patients with type 1 diabetes
mellitus [36]. Hypercalcinuria has long been noted in patients
with poorly controlled insulin-dependent diabetes [37]. Low
stiffness index value in patients treated with insulin might be
accounted for by these mechanisms.

Clinical management of osteoporosis should be important
for the preservation of quality of life in elderly men as well as
women with type 2 diabetes mellitus, considering that
metabolic derangements resulting from diabetes are related
to high risk of fracture. Limitations of the present study
include the cross-sectional design and a relatively small
number of patients. We could not compare the stiffness index
between diabetic men and age-matched nondiabetic men.
Furthermore, we have evaluated bone stiffness by QUS
rather than DXA. Bone mineral density assessed by DXA is
an established marker for osteoporosis; however, in some
geographical areas, there are clear limitations in the
accessibility to this technique [38]. In recent years, QUS
has emerged as a possible alternative to DXA because
ultrasound measurement is inexpensive, more convenient
than DXA, and free from radiation exposure. Moris et al [39]
demonstrated that significant correlation was found between
QUS of the calcaneus and DXA of the lumbar spine.
Moreover, it has been reported that QUS parameters may
reflect not only bone density but also other qualitative
properties of bone (elasticity, structure, microarchitecture)
[32]. Some previous studies showed the relationship between
low QUS parameters and increased fracture risk indepen-
dently of age and other variables [38].



1695M. Asano et al. / Metabolism Clinical and Experimental 57 (2008) 1691–1695
Despite these limitations, this study, for the first time, has
investigated the factors that correlated with bone stiffness
evaluated by QUS in men with type 2 diabetes mellitus.
Large prospective trials and intervention studies are needed
to better assess the factors that influence bone stiffness in
men with type 2 diabetes mellitus. In conclusion, bone
stiffness was associated with serum bioavailable testosterone
concentration but not associated with HbA1c or duration of
diabetes in men with type 2 diabetes mellitus.
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