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ABSTRACT

Introduction: This study explored the correla-
tion between sex hormones, sex hormone
binding globulin (SHBG), and insulin resistance
in male patients with newly diagnosed type 2
diabetes mellitus (T2DM).
Methods: A total of 48 male patients with
newly diagnosed T2DM were enrolled in this
study between March 2022 and December 2022.
Clinical characteristics, sex hormones, and
SHBG levels were collected. All enrolled subjects
received intensive hypoglycemic treatment
with insulin pump for 1 week to achieve gly-
cemic control, then the steady-state glucose
infusion rate (GIR), an indicator of insulin sen-
sitivity, was determined by the hyperinsuline-
mic-euglycemic clamp. Correlation analysis and
multivariate logistic regression analysis were
performed to explore the association of clinical
characteristics, sex hormones, and SHBG with

insulin sensitivity. The optimal cutoff value to
predict insulin resistance was calculated using
receiver operating characteristic (ROC) curve.
Results: According to the GIR cut-point value
of 5.700 mg/(kg min), there were 40 patients
with insulin resistance (IR group) and 8 patients
without (non-IR group). The IR group exhibited
lower testosterone and SHBG levels than the
non-IR group (all p\ 0.050). Correlation anal-
ysis showed that insulin sensitivity was posi-
tively associated with testosterone and SHBG,
while negatively associated with body mass
index, fasting blood glucose, alanine amino-
transferase, aspartate aminotransferase, total
cholesterol, triglyceride, and apolipoprotein B
(all p\0.050). Multivariate logistic regression
analysis demonstrated that SHBG is an inde-
pendent predictor for insulin resistance
(p = 0.029). Further ROC curve analysis revealed
that the optimal cutoff value of SHBG to predict
insulin resistance is 17.200 nmol/L, with the
corresponding area under the curve (AUC) and
its 95% confidence interval (CI) being 0.813 and
0.691–0.934.
Conclusions: SHBG is an independent predic-
tor for insulin resistance in male patients with
newly diagnosed T2DM.
Trial Registration Number: KY20220314-01.
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Key Summary Points

Why carry out this study?

Low levels of testosterone and sex
hormone binding globulin (SHBG) are
significantly associated with increased risk
of type 2 diabetes mellitus (T2DM).

The relationships between sex hormones,
SHBG, and insulin resistance remain
inconsistent, and very limited data are
available in male patients with newly
diagnosed T2DM.

This study was aimed to investigate the
association of circulating sex hormones,
SHBG, and insulin resistance evaluated by
glucose infusion rate (GIR) using the
hyperinsulinemic-euglycemic clamp in
male patients with newly diagnosed
T2DM.

What was learned from the study?

Male patients with newly diagnosed
T2DM and insulin resistance showed
lower testosterone and SHBG levels.

SHBG was an independent predictor for
insulin resistance in male patients with
newly diagnosed T2DM, with the optimal
cutoff value being 17.200 nmol/L.

INTRODUCTION

Diabetes mellitus is a chronic metabolic disor-
der worldwide. There were about 536.6 million
people suffering from diabetes in 2021, and this
number is expected to be 783.7 million by 2045
according to the latest International Diabetes
Federation (IDF) data [1]. Among them, more
than 90% have type 2 diabetes mellitus (T2DM),
which is characterized by insulin resistance and
relative insulin deficiency.

Testosterone is the primary male sex hor-
mone which plays an important role in regu-
lating sexual maturation and fertility, as well as

being involved in carbohydrate, fat, and protein
metabolism [2]. Sex hormone binding globulin
(SHBG) is a glycoprotein produced by the liver
and traditionally known as a carrier protein for
sex hormones in the circulation [3]. Previous
cross-sectional studies have reported a higher
prevalence of low testosterone and SHBG levels
in men with T2DM [4–6]. Longitudinal studies
demonstrated that men with low levels of
testosterone and SHBG are significantly associ-
ated with increased risk of T2DM [7–11]. Similar
results also revealed that low testosterone or
SHBG levels can be a risk marker for the devel-
opment of T2DM in women [7, 9, 12, 13].

Although the exact mechanisms behind the
association between testosterone, SHGB, and
type 2 diabetes are not fully understood, insulin
resistance may mediate them in part. However,
the relationship between sex hormones, SHBG,
and insulin resistance remain inconsistent, and
very limited data are available in male patients
with newly diagnosed T2DM. Studies on the
cutoff value for predicting insulin resistance in
male patients with newly diagnosed T2DM are
lacking. Therefore, we performed this study to
investigate the association of circulating sex
hormones, SHBG, and insulin resistance evalu-
ated by glucose infusion rate (GIR) using the
hyperinsulinemic-euglycemic clamp in male
patients with newly diagnosed T2DM.

METHODS

Study Design

This study protocol was approved by the Insti-
tutional Ethical Committee of Nanjing First
Hospital in accordance with the Declaration of
Helsinki guidelines (KY20220314-01). All
patients provided their written informed con-
sent to participate. Briefly, male, drug-naive
patients with newly diagnosed T2DM and aged
18–60 years were recruited into this study. The
diagnostic criteria of diabetes were based on a
plasma fasting glucose level C 7.0 mmol/L, 2 h
oral glucose tolerance test (OGTT) val-
ues C 11.1 mmol/L, or random glucose
level C 11.1 mmol/L recommended by World
Health Organization 1999 criteria. The
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exclusion criteria were (a) patients with acute
complication of diabetes, (b) patients with an
acute infection or stress state, (c) patients with
secondary hypogonadism, (d) patients used
systemic steroidal anti-inflammatory drugs or
any drugs that may influence testosterone level
in the last 3 months, and (e) patients with a
severe systemic disease or any other condition
that is judged by researchers to be unsuitable for
this study. Finally, a total of 48 male patients
with newly diagnosed T2DM admitted to Nan-
jing First Hospital between March 2022 and
December 2022 were enrolled in this study.

Clinical Data Collection

Anthropometric parameters such as age, weight,
height, and blood pressure were recorded upon
entry into the study. Body mass index (BMI) was
calculated as weight divided by the square of
height (kg/m2). Blood samples of all enrolled
subjects were collected after overnight fasting
([10 h). Fasting blood glucose (FBG), liver and
renal functions involving alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST),
albumin (Alb), and creatinine (Cr), and lipid
profiles such as total cholesterol (TC), triglyc-
erides (TG), high-density lipoprotein (HDL),
low-density lipoprotein (LDL), apolipopro-
tein A1 (ApoA1), and apolipoprotein B (ApoB)
were analyzed by standard enzymatic assays
(Olympus AU5400 autoanalyzer; Beckman
Coulter, Japan). Glycated hemoglobin (HbA1c)
and fasting C-peptide (FCP) were measured
using high-performance liquid chromatography
assay (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) and chemiluminescent immunometric
assay (Modular Analytics E170; Roche Diagnos-
tics GmbH, Mannheim, Germany), respectively.
Circulating sex hormones, including estradiol
(E2), testosterone (T), prolactin (PRL), dehy-
droepiandrosterone (DHEA), luteinizing hor-
mone (LH) and follicle-stimulating hormone
(FSH), and SHBG were measured using chemi-
luminescent immunometric assay (UniCelTM

DxI 800 automated analyzer; Beckman Coulter
Inc., Brea, CA, USA).

Insulin Sensitivity Assessment

All hospitalized male patients with newly diag-
nosed T2DM who met the inclusion and
exclusion criteria received intensive hypo-
glycemic treatment with insulin pump for
1 week to achieve glycemic control. The stan-
dard of glycemic control was defined as more
than 80% of FBG\7.0 mmol/L and 2 h post-
prandial blood glucose\ 11.1 mmol/L using
the flash glucose monitoring (FGM) system. The
insulin pump was stopped 12 h before the
clamp start, and insulin sensitivity was then
evaluated with GIR using the hyperinsulinemic-
euglycemic clamp, which is the gold standard
for assessing insulin sensitivity [14]. After an
approximately 12-h overnight fast, subjects
arrived at the laboratory at 8 a.m. An intra-
venous cannula was inserted into the right
antecubital fossa vein for blood sampling, and
another into the left antecubital fossa vein for
insulin and glucose infusion. Regular human
insulin was infused according to the target
plasma glucose level and maintained at a con-
tinuous rate of 1.500 mU/kg/min along with an
intravenous 20% glucose infusion for 120 min.
The plasma glucose level was detected every
5 min, and kept at the target value of 90 mg/dl
(5.0 mmol/L) finally. Insulin-stimulated glucose
disposal rates (M value) were calculated as the
GIR per kg per minute (mg/kg/min) during the
last 20 min of steady state [15].

Statistical Analysis

All quantitative data were checked for normal-
ity by one-sample Kolmogorov–Smirnov (K-S)
test, and then presented as mean ± standard
deviation or median (interquartile range) as
appropriate. The normally distributed data were
compared using Student’s t test, whereas the
asymmetrically distributed data were compared
using Mann–Whitney U test. The categorical
variables were shown as n (%), and compared
with Pearson’s chi-squared (v2) test. Correlation
analysis was used to investigate the relationship
of clinical characteristics, sex hormones, and
SHBG with insulin resistance. Multivariate
logistic regression analysis was performed to
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determine independent factors associated with
the susceptibility to insulin resistance. The
optimal logistic regression model with a step-
wise forward method through a likelihood-ratio
test was established by including all risk factors,
with insulin resistance as the prediction. Recei-
ver operating characteristic (ROC) curve analy-
sis was employed to determine the area under
the curve (AUC) with corresponding 95% con-
fidence interval (CI), and the Youden index was
calculated to identify the optimal cutoff point
for predicting insulin resistance, as well as its
sensitivity and specificity. All statistical analyses
were performed with SPSS version 22.0 (SPSS
Inc., Chicago, IL, USA), and a two-side
p value\0.050 was considered statistically
significant.

RESULTS

Clinical Characteristics of the Enrolled
Subjects

A total of 48 male patients with newly diag-
nosed T2DM were enrolled in this study, and
their clinical characteristics are summarized in
Table 1. According to the GIR cut-point value of
5.700 mg/(kg min), there were 40 patients with
the insulin resistant (IR group) and 8 patients
with insulin sensitivity (non-IR group) [16]. The
two groups were well matched in age, BMI, and
history of hypertension (all p[ 0.050). AST and
TG levels were higher in the IR group when
compared to the non-IR group (p = 0.034 and
0.017, respectively). There were no between-
group differences in FBG, HbA1c, FCP, ALT, Alb,
Cr, TC, TG, HDL, LDL, ApoA1, ApoB, and ApoB/
ApoA1 (all p[ 0.050).

Circulating Sex Hormones and SHBG
Levels Between Groups

Levels of circulating sex hormones and SHBG
are summarized in Table 2. The IR group had
lower testosterone and SHBG levels than the
non-IR group (p = 0.046 and 0.006, respec-
tively). There were no differences in E2, PRL,

DHEA, LH, and FSH between the two groups (all
p[0.050).

Correlation Between Clinical
Characteristics, Sex Hormones, SHBG,
and Insulin Resistance in Male Patients
with Newly Diagnosed T2DM

In order to explore the correlation between
clinical characteristics, sex hormones, SHBG,
and insulin resistance, Spearman correlation
analysis was performed. GIR was positively
associated with testosterone (r = 0.290,
p = 0.046) and SHBG (r = 0.444, p = 0.002), but
negatively associated with BMI (r = - 0.394,
p = 0.006), FBG (r = - 0.329, p = 0.024), ALT
(r = - 0.325, p = 0.024), AST (r = - 0.372,
p = 0.009), TC (r = - 0.370, p = 0.010), TG
(r = - 0.541, p\ 0.001), and ApoB (r = - 0.327,
p = 0.025) (Table 3). As GIR is negatively related
to insulin resistance, the results suggested that
insulin resistance is negatively correlated to
testosterone and SHBG, while positively corre-
lated to BMI, FBG, ALT, AST, TC, TG, and ApoB.

Logistic Regression Analysis to Identify
Independent Contributors to Insulin
Resistance in Male Patients with Newly
Diagnosed T2DM

As correlation analysis suggested that testos-
terone, SHBG, BMI, FBG, ALT, AST, TC, TG, and
ApoB are associated with insulin resistance,
these factors were further included in the mul-
tivariate logistic regression analysis with a
stepwise forward method through a likelihood-
ratio test to identify independent contributors
to insulin resistance. Results demonstrated that
only SHBG independently contributed to insu-
lin resistance in male patients with newly
diagnosed T2DM, with corresponding OR
(95% CI) being 1.104 (1.010–1.208) and p value
being 0.029 (Table 4).
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ROC Analysis to Identify the Optimal
Cutoff Value of SHBG Predicting Insulin
Resistance in Male Patients with Newly
Diagnosed T2DM

According to the results of multivariate logistic
regression analysis, SHBG was a predictive fac-
tor of insulin resistance in male patients with
newly diagnosed T2DM. ROC analysis and the
Youden index were employed to identify the
optimal cutoff value of SHBG to predict insulin
resistance. The corresponding AUC and its
95% CI were 0.813 and 0.691–0.934, with the

optimal SHBG cutoff value predicting insulin
resistance being 17.200 nmol/L (Fig. 1).

DISCUSSION

In the present study, male patients with newly
diagnosed T2DM and insulin resistance exhib-
ited higher AST and TG levels, but lower
testosterone and SHBG levels than those with-
out insulin resistance. Correlation analysis
showed that insulin sensitivity was positively
associated with testosterone and SHBG. Further
multivariate logistic regression analysis and

Table 1 Characteristics of clinical characteristics

Non-IR group (n = 8) IR group (n = 40) p value

Age (years) 45.500 (40.500–51.750) 40.000 (35.000–42.750) 0.060

BMI (kg/m2) 24.410 (21.678–28.565) 26.325 (24.595–28.100) 0.198

Hypertension, n (%) 1 (12.500) 10 (25.000) 0.661

FBG (mmol/L) 9.511 ± 3.967 12.014 ± 4.232 0.131

HbA1c (%) 10.413 ± 2.419 10.928 ± 1.845 0.497

FCP (ng/mL) 1.740 (1.080–2.080) 1.685 (1.185–2.393) 0.869

ALT (U/L) 18.750 (16.250–26.000) 29.000 (18.925–61.000) 0.074

AST (U/L) 12.500 (10.250–15.750) 17.950 (13.075–28.925) 0.034

Alb (g/L) 42.586 ± 2.176 42.462 ± 3.170 0.922

Cr (lmol/L) 64.138 ± 7.931 65.221 ± 12.549 0.816

TC (mmol/L) 5.110 (4.183–5.713) 5.395 (4.680–6.758) 0.299

TG (mmol/L) 1.735 (1.068–2.790) 3.145 (1.848–6.398) 0.017

HDL (mmol/L) 0.990 (0.940–1.163) 0.980 (0.858–1.100) 0.561

LDL (mmol/L) 3.315 (2.215–3.823) 3.110 (2.615–3.750) 0.803

ApoA1 (g/L) 0.961 ± 0.160 1.0373 ± 0.236 0.420

ApoB (g/L) 0.870 (0.750–1.030) 1.055 (0.893–1.360) 0.135

ApoB/ApoA1 0.942 (0.784–1.273) 1.061 (0.841–1.362) 0.331

Data are presented as mean ± standard deviation (SD), median (interquartile range) or percentages as appropriate
Student’s t test for comparison of normally distributed quantitative variables; Mann–Whitney U test for comparison of
asymmetrically distributed quantitative variables; v2 test for comparison of categorical variables
IR insulin resistance, BMI body mass index, FBG fasting blood glucose, HbA1c glycosylated hemoglobin, FCP fasting
C peptide, ALT alanine aminotransferase, AST aspartate aminotransferase, Alb albumin, Cr creatinine, TC total cholesterol,
TG triglyceride, HDL high-density lipoprotein, LDL low-density lipoprotein, ApoA1 apolipoprotein A1, ApoB
apolipoprotein B
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ROC analysis revealed that circulating SHBG
level was independently negatively associated
with insulin resistance, and could be a predictor
of insulin resistance with the optimal cutoff
value of SHBG being 17.200 nmol/L in male
patients with newly diagnosed T2DM.

Consistent with a previous study, there was a
stronger correlation between SHBG and insulin
resistance than for testosterone and insulin
resistance [17]. Joyce et al. also demonstrated
that SHBG and dihydrotestosterone, but not
free testosterone (FT), are inversely associated
with insulin resistance [18]. In a study pub-
lished in Diabetes Care, the association between
SHBG and insulin resistance was shown to be
independent of total testosterone (TT), while
the association between TT and insulin resis-
tance was mediated by SHBG [19]. SHBG was
also proved to be a significant determinant of
homeostasis model assessment of insulin resis-
tance (HOMA-IR) independent of body fat,
while the inverse association between testos-
terone and insulin resistance was mediated
through body fat [20]. In the Postmenopausal
Estrogen/Progestin Intervention Trial, lower
SHBG rather than testosterone level was linked
to higher odds of insulin resistance among
postmenopausal women [21]. Regardless of
menopausal state, SHBG level was also demon-
strated to predict the development of insulin
resistance in both men and women [22]. A

cross-sectional study involving 334 men with
nonalcoholic fatty liver disease (NAFLD)
revealed that SHBG is independently associated
with HOMA-IR even adjusting for potential
confounders [23]. However, there also existed
inconsistent results that both lower concentra-
tions of TT and SHBG are inversely correlated
with HOMA-IR [24, 25]. Osuna et al. also
reported that TT and SHBG concentrations
proportionally diminished with the increase of
insulin resistance index in men with obesity
[26]. Low testosterone levels were proved to be
independently associated with insulin resis-
tance in men both with and without diabetes
[4, 27, 28]. In elderly male patients with T2DM
and osteoporosis, the reduced level of serum
testosterone might promote insulin resistance
[29]. Empirical optimal cutoff value for SHBG
level was demonstrated to be B 41.5 nmol/L
typical for insulin resistance in 854 patients
with polycystic ovary syndrome (PCOS) [30].
Among patients with insulin resistance defined
as HOMA-IR C 2.29, the optimal SHBG cutoff
values for predicting insulin resistance in the
non-overweight group, overweight/obese
group, and all patients with PCOS were 38.4,
37.0, and 38.4 nmol/L, respectively; the corre-
sponding values were 37.6, 30.2, and
30.2 nmol/L among patients with insulin resis-
tance defined as HOMA-IR C 2.5, respectively
[31]. However, the reasons for the inconsistent

Table 2 Circulating sex hormones and SHBG levels between groups

Non-IR group (n = 8) IR group (n = 40) p value

E2 (pg/mL) 23.000 (22.000–25.750) 26.500 (19.500–30.750) 0.570

T (ng/mL) 4.410 (3.075–5.389) 2.885 (2.493–3.888) 0.046

PRL (ng/mL) 11.430 (9.125–14.078) 9.420 (7.880–11.555) 0.184

DHEA (lg/dL) 189.563 ± 55.177 219.413 ± 79.037 0.315

LH (IU/L) 3.375 (2.770–5.710) 3.210 (2.475–4.315) 0.447

FSH (IU/L) 4.275 (3.045–6.020) 4.075 (2.950–5.158) 0.699

SHBG (nmol/L) 23.800 (19.325–30.850) 13.600 (9.625–21.600) 0.006

Data are presented as mean ± standard deviation (SD) or median (interquartile range) as appropriate
Student’s t test for comparison of normally distributed quantitative variables; Mann–Whitney U test for comparison of
asymmetrically distributed quantitative variables
SHBG sex hormone binding globulin, E2 estradiol, T testosterone, PRL prolactin, DHEA dehydroepiandrosterone, LH
luteinizing hormone, FSH follicle-stimulating hormone
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results are not entirely clear. Possibly, different
disease populations, ethnicity, and sample size
of enrolled subjects may contribute to the
inconsistency in these findings. Additionally,
the methods for assessing insulin sensitivity
varied from study to study, which may be partly
responsible.

However, the exact mechanisms linking
SHBG to insulin resistance were still not well
understood. In vitro study showed that SHBG
could suppress inflammation and lipid deposi-
tion, which might mediate the protective effect
of SHBG against the incidence of metabolic
syndrome [32]. In a cellular model of metabolic
dysregulation, SHBG was found to mitigate
palmitate-induced lipotoxicity and endoplas-
mic reticulum (ER) stress, which was also
demonstrated in the liver of patients with
metabolic syndrome [33]. Both aforementioned
inflammation and ER stress have been associ-
ated with hepatic insulin resistance [34]. More-
over, SHBG may regulate the activity of the
extracellular signal-regulated kinase (ERK)
pathway in order to participate in the onset and
development of insulin resistance [35]. In a
cellular model, SHBG could induce insulin
resistance and gestational diabetes mellitus
(GDM) via regulating glucose transporter 1
(GLUT1) expression through the cAMP/PKA/
CREB1 pathway [36]. Low SHBG expression was
also demonstrated to exert great effects on local
insulin resistance, as well as the PI3K/AKT
pathway-mediated systemic insulin resistance
in cellular models [37].

To the best of our knowledge, this study is
the first to investigate the association between
circulating sex hormones, SHBG, and insulin
resistance in male patients with newly diag-
nosed T2DM after achieving glycemic control.
Moreover, hyperinsulinemic-euglycemic clamp,
generally accepted as the gold standard method,
has been utilized to assess insulin sensitivity in
this study [38]. Moreover, insulin sensitivity
was evaluated after 1-week intensive hypo-
glycemic treatment with insulin pump to
achieve glycemic control, which could avoid
the influence of hyperglycemia on insulin sen-
sitivity. However, certain limitations should be
discussed. First, this is a cross-sectional study,
and we can not draw a causal role for SHBG in

Table 3 Correlation between clinical characteristics, sex
hormones, SHBG, and GIR in male patients with newly
diagnosed T2DM

r p value

Age (years) 0.228 0.120

BMI (kg/m2) - 0.394 0.006

FBG (mmol/L) - 0.329 0.024

HbA1c (%) - 0.091 0.540

FCP (ng/mL) - 0.234 0.114

ALT (U/L) - 0.325 0.024

AST (U/L) - 0.372 0.009

Alb (g/L) - 0.013 0.930

Cr (lmol/L) 0.221 0.131

TC (mmol/L) - 0.370 0.010

TG (mmol/L) - 0.541 \ 0.001

HDL (mmol/L) 0.211 0.149

LDL (mmol/L) - 0.160 0.277

ApoA (g/L) - 0.230 0.119

ApoB (g/L) - 0.327 0.025

ApoB/ApoA1 - 0.179 0.229

E2 (pg/mL) - 0.126 0.392

T (ng/mL) 0.290 0.046

PRL (ng/mL) - 0.003 0.985

DHEA (lg/dL) - 0.037 0.803

LH (IU/L) 0.122 0.409

FSH (IU/L) 0.190 0.195

SHBG (nmol/L) 0.444 0.002

SHBG sex hormone binding globulin, GIR glucose infu-
sion rate, T2DM type 2 diabetes mellitus, BMI body mass
index, FBG fasting blood glucose, HbA1c glycosylated
hemoglobin, FCP fasting C peptide, ALT alanine amino-
transferase, AST aspartate aminotransferase, Alb albumin,
Cr creatinine, TC total cholesterol, TG triglyceride, HDL
high-density lipoprotein, LDL low-density lipoprotein,
ApoA apolipoprotein A, ApoB apolipoprotein B, E2 estra-
diol, T testosterone, PRL prolactin, DHEA dehy-
droepiandrosterone, LH luteinizing hormone, FSH
follicle-stimulating hormone
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the pathogenesis of insulin resistance. Second,
FT or bioavailable testosterone which truly
reflects the testosterone level that exerts bio-
logical effects was not examined in this study.
Additionally, our study was performed in a
small number of enrolled subjects and a singer
center because of the complexity and high cost
of the hyperinsulinemic-euglycemic clamp,
which limited the power of our results to a
certain degree.

CONCLUSION

SHBG is an independent predictor for insulin
resistance in male patients with newly diag-
nosed T2DM. Further well-designed prospective
cohort studies are warranted to confirm this
observed association, and to determine the
causality of SHBG with the onset and progres-
sion of insulin resistance in male patients with
newly diagnosed type 2 diabetes mellitus.
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