J DI Journal of Diabetes Investigation Open access

Official Journal of the Asian Association for the Study of Diabetes

ORIGINAL ARTICLE

Correlation of serum testosterone with insulin
resistance in elderly male type 2 diabetes
mellitus patients with osteoporosis

Jin-wei Xia', Shiin Tan?, Xing-iang Zhang? Tao Jun?, Xiaokang Sun® Wang Ling"

'Department of Geriatrics, the First Affiliated Hospital of Suzhou University, Suzhou, and “Department of Geriatrics, the Sixth People’s Hospital Affiliated to Shanghai Jiaotong Univer-

sity, Shanghai, China

Keywords
Diabetes mellitus, Estradiol, Insulin
resistance

ABSTRACT
Aims/Introduction: The present study was designed to investigate the correlations
between the serum testosterone level and insulin sensitivity in elderly male type 2 diabe-

tes patients with osteoporosis.
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Materials and Methods: A total of 35 elderly male patients with type 2 diabetes
(type 2 diabetes group), 30 elderly male type 2 diabetes patients combined with osteopo-
rosis (DO group) and 30 healthy elderly men (normal control group) participated in the
present study. The fasting plasma glucose, fasting insulin, testosterone (T) and estradiol
(E5) were measured. The insulin sensitivity index (ISI), homeostasis model assessment of
insulin resistance (HOMA-IR) and E,/T were calculated. Then, the correlations of serum tes-

tosterone level with ISI and HOMA-IR were analyzed by statistical methods.

doi: 10.1111/jdi.12291

Results: The HOMA-R, E; and E»/T of the type 2 diabetes group and DO group were

significantly increased, whereas the bone mineral density, ISI, T and sex hormone binding
globulin were decreased compared with those of the normal control group. Serum testos-
terone levels of the type 2 diabetes group and DO group were negatively correlated to
the HOMA-IR (r = —0496, —0.506; P < 0.05), whereas they were positively correlated to the
fasting insulin (- = 0281, 0292; P < 0.05) and ISI (r = 0364, 0403; P < 0.05).
Conclusions: The reduced level of serum testosterone in elderly male type 2 diabetes
patients with osteoporosis might promote insulin resistance.

INTRODUCTION

The incidences of type 2 diabetes mellitus and osteoporosis
appear to rise year by year, along with the improvement of living
standards and the aging of the population. Type 2 diabetes mell-
itus and osteoporosis are common diseases that occur simulta-
neously or successively in elderly people. It is estimated that
approximately 1% of bone mineral density is lost in men every
year, and the morbidity of osteoporosis increases with lengthen-
ing of the lifespan and course extension'. Diabetes mellitus is a
pandemic metabolic disease with substantial morbidity and mor-
tality. Patients with diabetes mellitus have various skeletal disor-
ders, including osteopenia or osteoporosis, Charcot’s arthropathy,
and diabetic foot syndrome. As for osteoporosis, it is a metabolic
disease of the skeletal system. The essential characteristics of oste-
oporosis are low bone content and destroyed micro-framework,
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which could lead to the loss of bone strength, increased bone brit-
tleness and fracture. It has been reported that osteoporosis is a
common and severe complication of the skeletal system ii patients
with type 2 diabetes’.

Testosterone plays a significant role in obesity, glucose homeo-
stasis and lipid metabolism. It has been reported that elderly male
patients with type 2 diabetes have obviously reduced serum tes-
tosterone levels, which might promote insulin resistance, whereas
elderly male patients with type 1 diabetes have normal serum tes-
tosterone level®. Population studies have shown that the reduced
level of serum testosterone is an independent risk factor for diabe-
tes and metabolic syndrome in men” . The role of sex hormones
in diabetes mellitus and diabetes mellitus combined with osteopo-
rosis is attracting more and more attention. The relationship
between low bone mineral density (BMD) and type 1 diabetes
has obtained consistently reliable results, whereas it remains con-
troversial in type 2 diabetes® .
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In order to further explore the correlation of serum testoster-
one level with insulin resistance, and to investigate the possible
mechanisms of elderly male patients with type 2 diabetes, we
investigated 65 patients diagnosed with type 2 diabetes at
Department of Geriatrics, the First Affiliated Hospital of
Suzhou University, Suzhou, Jiangsu, China.

MATERIALS AND METHODS

Study Participants

All the study participants were Han Chinese without osteoporo-
sis and had no history of fracture. No patients were taking
other medications that could affect bone metabolism.

The normal control (NC) group consisted of 30 healthy elderly
male patients (age 75.12 + 10.60 years) with no history of diabe-
tes mellitus, thrombus, hemorrhagic disease, tumor, endocrine
disease, cardiovascular disease, liver diseases or kidney diseases
from the physical examination center of the First Affiliated Hos-
pital of Suzhou University, Suzhou, Jiangsu, China. Furthermore,
these selected patients had not used any sex hormones in the past
3 months. The type 2 diabetes group consisted of 35 elderly male
patients (75.47 + 12.10 years) from our inpatients who were diag-
nosed with type 2 diabetes for 5 years from June 2011 to Novem-
ber 2012. The patients in the present study conformed to the
diagnostic criteria of diabetes mellitus that was established by the
World Health Organization in 1999. All of these selected patients
had no endocrine or metabolic disease, no history of cardiac-cere-
bral vascular disease or tumors, and did not use any sex hormones
within 1 year. No patients with type 2 diabetes (without osteopo-
rosis) had kidney or liver failure.

The type 2 diabetes combined with osteoporosis (DO) group
consisted of 30 elderly male patients (age 76.32 + 11.4 years)
with no history of endocrine disease, myocardial infarction,
cerebral infarction, liver dysfunctions or renal insufficiency from
our inpatients and outpatients with type 2 diabetes and osteo-
porosis. These patients did not use any sex hormones within
1 year. The sites of fracture suffered by the patients in the DO
group were ankle, lumbar, hip, limbs and so on. Some fractures
were recent fractures, such as hip and ankle fractures. The pres-
ent study was approved by hospital medical ethics committees,
and all participants gave written informed consent.

METHODS

The fasting blood of all study participants was collected within
5 min of waking up in the morning. The serum was immedi-
ately separated after the blood had coagulated to measure the
fasting plasma glucose (FPG), hemoglobin Alc (HbAlc), fast-
ing insulin (FINS) and high-density lipoprotein cholesterol
(HDL-C). The remaining serum was preserved to measure the
sex hormone binding globulin (SHBG), and the levels of
hormones including testosterone (T) and estradiol (E,). T and
E, assays were carried out using the Bechman Coulter Access
automated chemiluminometric immunoassay system (Beckman
Coulter Inc, Miami, FL, USA). The inter-assay coefficient of
variation was 5%, and the intra-assay coefficient of variation
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was 5% for T and E,. The reference range for T and E, was
0.1-16 ng/mL and 20-3,600 pg/mL, respectively. The ratio of
testosterone to estradiol (E,/T) was also calculated. The level of
the postprandial plasma glucose (PPG) was detected 2 h after
the meal. The FPG and PPG were determined by the hexoki-
nase method using an automatic biochemical analyzer (Baker-
manCX-9, Coulter Inc., Miami, FL, USA), and the HbAlc was
detected by using D-10 analyzer (BIO-RAD Laboratories, Rich-
mond, CA, USA). The levels of T and E, were detected by the
method of chemiluminescence. The FINS was measured by
radioimmunoassay. All kits were provided by Roche (Roche
Diagnostics, Mannheim, Germany).

The Prodigy Dual-energy X-ray absorptiometry (GE Medical
Lunar, Madison, WI, USA) was used to measure the BMD at
the L1-L4 lumbar spine (L1-4), left femoral neck (Neck),
greater trochanter (Troch), internal trochanter (Inter), total hip
(Htot) and Wards. The instrument accuracy was 1%, and the
repeated measurement error was less than 5%. The instrument
calibration was carried out using the modules provided by the
manufacturer after start-up every day, and the measuring pro-
cesses were carried out by the specific operator.

Height and weight were measured with standardized proto-
cols and calibrated equipment during a physical examination in
the examination center of our hospital. The body mass index
(BMI) was calculated as weight divided by height squared
(kg/mz). The insulin sensitivity index (ISI) was calculated by
the formula: ISI = In (FPG x FINS)™'. The homeostasis model
assessment of insulin resistance (HOMA-IR) was evaluated by
the homeostasis model assessment and calculated by the follow-
ing formula: HOMA-IR = FINS x FPG / 22.5.

In the present study, the diagnostic criteria of osteoporosis
was that BMD of any measured site was 2.5 standard devia-
tions below peak BMD of same-sex people or 1-2.5 standard
deviations below peak BMD, but at least one brittle fracture.

Statistical Analysis

Statistical analysis was carried out using SPSS version 13.0 sta-
tistical software (SPSS Inc., Chicago, IL, USA), and the results
were expressed as mean * standard deviation. All of the mea-
surement data were analyzed by the t-test and anova. Pear-
son’s correlation coefficient was used to show the correlation.
Multiple-factor analysis was carried out by using multiple
stepwise regression and non-conditional logistic regression
analysis. There was a statistically significant difference when
P < 0.05, and highly significant difference when P < 0.01.

RESULTS

There was no significant difference in the duration of type 2
diabetes, ethnicity, smoking status, alcohol intake, case number,
age and HDL-C among the three groups. Compared with the
NC group, the BMI of the type 2 diabetes group was obviously
increased (23.70 + 322 kg/m® vs 22.9 * 2.51 kg/m’, P < 0.05),
and the FPG, FINS and HbAlc of the type 2 diabetes and DO
group were significantly increased (P < 0.01), which is shown
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Table 1 | Comparisons of the clinical data among the normal control, type 2 diabetes and type 2 diabetes combined with osteoporosis groups

Group Age (years) BMI (kg/m?)  HDL-C (mmol/l)  FPG (mmol/l) ~ PPG (mmol/L)  FINS (mIU/L) HbATC (%)
NC (n = 30) 7612+ 106 229 £ 251 135+ 0.16 547 = 071 702 £ 041 1135+ 617 542 + 081
Type 2 diabetes (n =35 7547 £ 121 237 +322* 127+£024 819 £ 3.03* 813 £ 1.32% 1502 £ 906" 705 + 1.04**
DO (n = 30) 7632 £ 114 231+ 274 131 £ 021 904 £ 3.12% 924 £ 1.07% 16230 + 8.2%* 812 £ 1.28%

Data presented as mean £ standard deviation. *P < 0.05, compared with the normal control (NC) group; **P < 0.01, compared with NC group;
BMI, body mass index; DO, type 2 diabetes combined with osteoporosis; FINS, fasting insulin; FPG, fasting plasma glucose; HbATc, hemoglobin Alg
HDL-C, high-density lipoprotein cholesterol; PPG, postprandial plasma glucose.

in Table 1. There was no significant difference in the BMI,
FPG, PPG, FINS and HbAlc between the type 2 diabetes
group and DO group (P > 0.05).

The differences in the BMD at the L1-4, Neck, Troch, Inter,
Htot and Wards among the NC, type 2 diabetes and DO groups
are shown in Table 2. The BMD at the L1-4, Neck, Troch, Inter,
Htot and Wards for patients in the type 2 diabetes (P < 0.05) and
DO groups (P < 0.01) were obviously decreased. Furthermore,
the BMD at the L1-4, Neck, Troch, Inter and Htot for patients in
the DO group were significantly lower than those in the type 2
diabetes group (P < 0.05).

Compared with the NC group, the HOMA-IR, E, and E,/T of
the type 2 diabetes group and the DO group were significantly
increased (P < 0.05), whereas the ISI, T and SHBG were
decreased very obviously compared with the NC group
(P < 0.05). The HOMA-IR of the DO group was higher, whereas
the ISI, T and SHBG were lower than those of the type 2 diabetes
group (P < 0.05; Table 3). Furthermore, Pearson’s correlation
analysis was carried out with the level of serum testosterone as

the dependent variable, and the age, BMI, HbAlc, FPG, FINS,
ISI and HOMA-IR as independent variables. The analysis results
showed that whether combined with osteoporosis or not, the
level of serum testosterone was negatively correlated to the age,
BMI, HbAlc, FPG and HOMA-IR (P < 0.05), whereas the level
of serum testosterone was positively correlated to the FINS and
ISI (P < 0.05). Furthermore, the level of serum testosterone was
negatively correlated to the HOMA-IR (r = —0.496, —0.506;
P < 0.05), and positively correlated to the FINS (r = 0.281,
0.292; P < 0.05) and ISI (r = 0.364, 0.403; P < 0.05) after adjust-
ing the age and BMI (Table 4).

Multiple stepwise regression analysis was carried out using
the REG procedure of the SPSS system with BMD as depen-
dent variable, and the age, course, BMI, HDL-C, HbAlc, testos-
terone, FPG and HOMA-IR as independent variables. The
analysis results showed that the age (r = 0.347, P < 0.05), BMI
(r=0.226, P <0.05), FPG (r = 0.143, P < 0.05), HOMA-IR
(r=0.284, P <005) and testosterone level (r= 0277,
P < 0.05) were the independent risk factors for BMD.

Table 2 | Comparisons of the bone mineral density at the L1-L4 lumbar spine, left femoral neck, greater trochanter, internal trochanter, total hip
and Wards among the normal control, type 2 diabetes and type 2 diabetes combined with osteoporosis groups

Group BMD BMD BMD BMD BMD BMD

(Neck; g/cm?) (Troch; g/cm?) (Inter; g/cm?) (Htot; g/cm?) (Ward; g/cm?) (L1-4; g/cm?)
NC 104 £023 079 £ 0.16 112+ 023 108 £ 0.15 076 £ 0.16 129 £ 024
Type 2 diabetes 097 £ 0.22* 069 £ 0.14* 103 £ 0.19% 097 £ 0.17* 064 £ 023* 085 £ 037*
DO 084 + 0,18 056 + 018 096 + 021% 085 + 0,14 062 + 0.19% 074 + 021

Data presented as mean + standard deviation. *P < 0.05, compared with the normal control (NC) group; **P < 0.01, compared with the NC group;
#p < 0,05, compared with the type 2 diabetes group; BMD, bone mineral density; Htot, total hip; Inter, internal trochanter; L1—4, L1-L4 lumbar
spinal; Neck, left femoral neck; Troch, greater trochanter.

Table 3 | Comparisons of the homeostasis model assessment of insulin resistance and insulin sensitivity index among the normal control, type 2
diabetes and type 2 diabetes combined with osteoporosis groups

Group HOMA-IR ISl E (pg/mL) T (ng/mL) SHBG (ng/L) E/T

NC 106 £ 051 -041 £ 048 4143 £ 125 414 £ 092 11.24 £ 425 1065 *+ 4.26
Type 2 diabetes 148 £ 0.52%* —4.79 £ 0.76"* 4572 £ 13.1% 340 + 0.84* 1082 £ 462% 15.06 £ 6.03*
DO 182 + 046%" —532 £ 061 4823 £ 11.8% 302 £ 091+ 903 £ 3.12%+ 1621 £ 549%*

Data presented as mean + standard deviation. *P < 0.05, compared with the normal control (NC) group; **P < 0.01, compared with the NC group;
#p < 005, compared with the type 2 diabetes group; DO, type 2 diabetes combined with osteoporosis; E», estradiol; E/T, ratio of testosterone to
estradiol; HOMA-IR, homeostasis model assessment of insulin resistance; IS, insulin sensitivity index; SHBG, sex hormone binding globulin; T, testos-
terone.
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Table 4 | Correlations between the serum testosterone level and the
fasting insulin, insulin sensitivity index, homeostasis model assessment
of insulin resistance of the type 2 diabetes and type 2 diabetes
combined with osteoporosis groups

Type 2 diabetes DO group
group (n = 35) (n = 30)
FINS (mU/L)
r-value 0.281 0292
P-value <005 <005
ISI
r-value 0364 0403
P-value <005 <005
HOMA-IR
r-value -0496 —0.506
P-value <005 <005

DO, type 2 diabetes combined with osteoporosis; FINS, fasting insulin;
HOMA-IR, homeostasis model assessment of insulin resistance; IS, insu-
lin sensitivity index; r, correlation coefficients; T, testosterone.

DISCUSSION

In the previous study, we found that the BMD was negatively
related to the age and course of patients, which indicated that
the bone formation and bone transformation were reduced
along with the age and course of patients. Therefore, elderly
patients with long-term diabetes should pay particular attention
to osteoporosis, and early prevention and treatment should be
emphasized. Duarte et al.'' found that hyperglycemic status is
related to the bone turnover, and will eventually lead to osteo-
porosis.

Majima et al'> found that HbAlc is negatively related to
the peripheral tissue BMD in the first 2 years of diabetes mell-
itus, which indicates that the morbidity of osteoporosis could
be reduced by early control of hyperglycemia. In this current
study, the HbAlc of the type 2 diabetes and DO groups was
significantly increased, whereas the BMD was obviously
decreased (P < 0.01), which was in accordance with the report
of Majima et al.

Insulin resistance is defined as a state that requires more
insulin to obtain the biological effects achieved by a lower
amount of insulin in the normal state'>'. Insulin resistance is
a key feature of some diseases, including type 2 diabetes, coro-
nary artery disease and hypertension. Testosterone is the main
male hormone, and could be gradually reduced with age. Over
the past three decades, it has become apparent that testosterone
plays a significant role in the maintenance of bone and muscle
mass, in erythropoiesis, and in mental functions. However, tes-
tosterone is also a key player in glucose homeostasis and lipid
metabolism'®. Clinical studies suggest that low serum levels of
testosterone in men are often associated with obesity, insulin
resistance and metabolic compromise'®'”. Reduced testosterone
will lead to cardiovascular disease, such as diabetes mellitus,
hypertension, metabolic disorder of serum lipids and atheroscle-
rosis. It has been generally recognized that reduced testosterone
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is an independent risk factor for these diseases'®. Pitteloud
et al” have found that reduced testosterone is related to the
adverse metabolism condition, and could reduce mitochondrial
function and insulin sensitivity, thus promoting the occurrence
of the metabolic syndrome. In the present study, the HOMA-
IR, E, and E,/T of the type 2 diabetes group and DO group
were significantly increased, whereas the ISI and T were
decreased very obviously compared with the NC group.

Research on the clinical models constructed for androgen
deprivation therapy of prostatic cancer have established the roles
of testosterone in the regulation of glucose metabolism>>*'. The
results showed that insulin resistance occurred a few months
after androgen deprivation therapy, and the incidence rates of
hyperinsulinemia, hyperglycemia and metabolic syndrome were
increased after long-term androgen deprivation therapy*>*. It
has been reported that the reduced level of sex hormones was
related to hyperglycemia, though the age, BMI and relevant fac-
tors were adjusted. The degree of hyperglycemia was directly
associated with the duration of sex hormone suppression™”.
Studies have confirmed that the glycemic control, insulin resis-
tance, obesity and osteoporosis of male type 2 diabetes patients
with hypogonadism were improved after hormone replacement
therapy””. Although testosterone replacement treatment has
advantages for obesity, it could also obviously decrease insulin
resistance according to randomized control trials®®. Similarly, we
found that the serum testosterone level of the type 2 diabetes
group and DO group was negatively related to HOMA-IR. Some
studies have shown that a low serum testosterone level might
increase the development of cardiovascular disease, such as ath-
erosclerosis, which might be partly as a result of low testosterone
levels being associated with insulin resistance®®*’. Furthermore,
the serum testosterone level of the type 2 diabetes group and
DO group was observed to be positively related to ISI in the
present study. Migliaccio et al.*® have reported that testosterone
level was directly correlated with BMD at the lumbar and neck,
whereas we found many factors including age, BMI, FPG,
HOMA-IR and testosterone level were independent risk factors
for BMD. However, there were some limitations to the present
study. The correlations between the drugs used for the treatment
of diabetes and BMD or testosterone levels were not considered.
Furthermore, the diagnosis of osteoporosis was based on BMD
in the present study, whereas it has recently been reported that
patients with diabetes might develop fragility fractures regardless
of BMD values or asymptomatic fractures®*’. In addition, the
sample size of the collected cases in the present study was rela-
tively small.

In conclusion, the reduced level of serum testosterone in elderly
male type 2 diabetes patients with osteoporosis is responsible for
insulin resistance, which might provide a novel therapeutic strat-
egy for elderly male type 2 diabetes patients with complications.
However, the problem of whether the changes in the level of serum
testosterone could be used as an index of diabetic intervention
treatment is worthy of attention, and needs to be further studied
with a larger sample size.
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