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ORIGINAL ARTICLE

The impact of testosterone replacement therapy on glycemic control,
vascular function, and components of the metabolic syndrome in obese
hypogonadal men with type 2 diabetes

Kristina Grotia, Ivan �Zuranb, Bla�z Antoni�cc, Lidija For�snari�cb and Marija Pfeiferd

aDepartment of Endocrinology, Diabetes and Metabolic Diseases, University Medical Center, Ljubljana, Slovenia; bDepartment of
Angiology, Endocrinology and Rheumatology, General Hospital Celje, Celje, Slovenia; cBla�z Antoni�c s.p., IT Equipment Development,
Ljubljana, Slovenia; dMedical Faculty, University of Ljubljana, Ljubljana, Slovenia

ABSTRACT
Objective: This study set out to assess effects of testosterone replacement therapy (TRT) on
parameters of metabolic syndrome and vascular function in obese hypogonadal males with type
2 diabetes mellitus (DM2).
Study design: Fifty-five obese hypogonadal diabetic males on oral hypoglycemic treatment
were enrolled into this one-year, double-blind, randomized, placebo-controlled clinical study.
Group T (n¼ 28) was treated with testosterone undecanoate (1000mg i.m. every 10weeks) while
group P (n¼ 27) received placebo.
Methods: Anthropometrical and vascular measurements – flow-mediated dilatation (FMD) and
intima media thickness (IMT) – biochemical and hormonal blood sample analyses were per-
formed at the start of the study and after one year. Derived parameters (BMI, HOMA-IR, calcu-
lated free testosterone (cFT) and bioavailable testosterone (BT)) were calculated.
Results: TRT resulted in reduction of HOMA-IR by 4.64 ±4.25 (p< .001), HbA1c by 0.94 ±0.88%
points (p< .001), and an increase in FMD by 2.40 ±4.16% points (p¼ .005).
Conclusion: TRT normalized serum testosterone levels, improved glycemic control and endothe-
lial function while exerting no ill effects on the study population.
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Introduction

Approximately, 50% of older (age >40 years) male
patients with type 2 diabetes mellitus (DM2) have
decreased testosterone (T) levels, which is much
higher prevalence than in healthy population [1].
T plays an important role in maintaining glycemic con-
trol [2]. DM2 and insulin resistance (IR) reduce T bio-
synthesis, and vice versa, decreased T level increases
IR and the occurrence of DM2 [3,4]. Low T is also asso-
ciated with obesity, dyslipidemia, and hypertension, all
of which increase the risk of cardiovascular disease
(CVD) [5].

Multiple studies have shown that testosterone
replacement therapy (TRT) in obese hypogonadal dia-
betic male patients reduces plasma glucose, HbA1c,
cholesterol, IR, inflammation, NAFLD, ameliorates
osteoporosis and symptoms of hypogonadism and
improves vascular function and morphology [2,6–9].

Other studies were unable to prove these effects or
have shown opposite effects [10–12].

Several studies on carotid artery atherosclerosis have
demonstrated an inverse relationship between level of
T and degree of atherogenesis [8,10]. Increased
intima media thickness (IMT) is an early – potentially
reversible – morphological marker of atherogenesis.
Observational studies have demonstrated that TRT
reduces the intima media thickening regardless of body
mass index (BMI), increases coronary artery diameter
and the rate of blood flow, and improves time to car-
diac ischemia in men with coronary heart disease [13].
Cross-sectional studies have shown the association of
low T levels and endothelial dysfunction. Endothelial
dysfunction is both an early functional marker of vascu-
lar disease and a facilitative process in the development
of atherosclerosis [14]. Androgen receptors (AR) have
been localized in endothelial and vascular smooth
muscle cells [15]. It has been shown that AR expression
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is lower in elderly males with DM2 [16]. Laboratory and
clinical studies have found that T at normal concentra-
tions acts as a direct vasodilator, independent of activ-
ity on AR [17]. A prospective study has shown that TRT
improves endothelial function [18]. On the other hand,
a double-blind placebo controlled study of three year
duration could not show any changes in IMT or coron-
ary artery calcification between testosterone gel and
placebo-treated groups [11].

Data on effects of TRT on morbidity and mortality
are discordant. Some epidemiological studies have
reported an increase in cardiovascular mortality related
to TRT while others have not been able to establish a
correlation between the two [19,20]. The Veterans
study showed a significantly reduced mortality (by
half) in men with low T who received TRT, compared
to similar men who did not [21,22].

It is also well documented that TRT has beneficial
effect on sexual function and quality of life [23–25].

The main objective of this study was to shed more
light upon the ubiquitous conundrum: “should TRT be
used to treat hypogonadal DM2 patients?” and: “do
benefits of TRT outweigh the risks associated with TRT?”
We investigated the effects of TRT on IR, visceral obesity,
glycemic control, lipid abnormalities, vascular function,
and morphology in obese hypogonadal men with DM2.

Subjects and methods

Study population

This was a one-year, randomized, double-blind, pla-
cebo-controlled study of 55 obese DM2 male patients
not treated with insulin, with confirmed untreated
late-onset hypogonadism (LOH) who were registered
at the Diabetic outpatient clinic of the General hospital
Celje. LOH was defined as the presence of three sexual
symptoms – decreased sexual interest, absent or rare
morning erections and erectile dysfunction – in con-
junction with total testosterone (TT) level <11 nmol/l
and/or free testosterone (FT) level <220 pmol/l [26].

Additional inclusion criteria were as follows: men
aged >35 years, body mass index (BMI)� 30 kg/m2,
treated with oral antidiabetic medications.

Exclusion criteria were as follows: previously treated
hypogonadism, insulin therapy, a history of current
prostate or breast cancer, severe benign prostatic
hyperplasia or elevated prostate-specific antigen (PSA
>4.0 lg/l), severe heart failure, acute coronary event or
procedure during the six months leading up to the
study, chronic obstructive lung disease, hypothyroid-
ism, severe obstructive sleep apnea (OSA), and
active infection.

Study design and protocol

Inclusion and exclusion criteria were reviewed at
the screening visit, where patients underwent clinical
history and physical examination. We performed
baseline clinical examination, anthropometric meas-
urements, and took blood samples for biochem-
ical tests.

Subjects were then randomized into two groups to
receive either placebo (group P) or testosterone in the
form of testosterone undecanoate (TU Nebido
1000mg; Bayer AG) (group T) during the year of the
study following the protocol: first injection of TU/pla-
cebo was administered at the first visit, second
6weeks later (visit 2), and remaining injections each
10weeks after the previous injection. Safety investiga-
tions – determination of hematocrit (Hct) and PSA –
were performed every three months. Patients were not
advised to introduce any dietary or other lifestyle
changes during the study.

The cardiologist performed functional and mor-
phological investigations at the baseline visit (visit 1)
and after 12months (visit 7) in order to evaluate
endothelial function and early morphological athero-
sclerotic changes: ultrasound testing for FMD of
the brachial artery and IMT measurement of
carotid arteries.

After 12months, all subjects were re-evaluated with
a clinical history and examination, followed by bio-
chemical and hormonal assessment and vascular
measurements.

This study conformed to the principles outlined in
the Declaration of Helsinki and was approved by the
National ethical committee. Written informed consent
was obtained from all subjects prior to their participa-
tion in the study.

Measurements

Fasting blood samples were taken between 7:00 and
11:00 a.m. to measure serum total T (TT), estradiol (E2),
sex hormone binding globulin (SHBG), luteinizing hor-
mone (LH), follicle-stimulating hormone (FSH), fasting
plasma glucose (FPG), glycated hemoglobin A1c
(HbA1c), fasting insulin, lipid profile (total cholesterol,
HDL, LDL cholesterol, triglycerides), and routine blood
tests (complete blood count, electrolytes, urea, creatin-
ine, liver tests), prostate specific antigen (PSA),
serum albumin.

BMI was calculated as weight in kilograms divided
by square of height in meters. Patients’ waist circum-
ference (WC) was measured.
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The homeostasis model assessment of insulin resist-
ance index (HOMA-IR) was calculated as:

HOMA-IR ¼ fasting glucose ðmmol=lÞ � fasting insulin

ðmU=lÞ=22:5

Calculated free testosterone (cFT) and bioavailable
testosterone (BT) levels were calculated from SHBG,
serum albumin, and TT levels using the method of
Vermeulen [27].

Use of any oral hypoglycemic medication was per-
mitted and patients continued on the same medica-
tion throughout the study without dose adjustments.

Methods

Ultrasonography of carotid arteries

All subjects underwent ultrasonography for evaluation
of IMT and plaques. The thickening of the inner layers
of the artery (intima and media) is the first perceptible
and measurable morphological change in the course of
atherosclerogenesis, which develops more rapidly in
DM2 patients than it does in other people [28].
Ultrasound examination of the carotid arteries was per-
formed using the General Electric Logiq S7 Expert/Pro
ultrasonic device, with 9L-D probe, the frequency band
3.1–10MHz in B mode. IMT was measured on three sec-
tions of both carotid arteries: communis, internal and
bulbus. At each investigated section, IMT measure-
ments were performed three times and the average
value for each section was subsequently calculated.

Assessment of endothelial function

Endothelial function was studied with brachial artery
flow-mediated dilatation (FMD) and endothelium-
independent nitroglycerine-mediated dilatation (NMD)
according to the method established by Celermajer
[29]. After scanning the baseline artery diameter, the
sphygmomanometer cuff was inflated to 50mmHg
above systolic blood pressure and kept for 5min.
Brachial artery diameter was measured again during
reactive hyperemia one minute after cuff deflation.
FMD (%) was defined as the percentage change of the
artery diameter following reactive hyperemia relative
to the baseline diameter.

NMD-induced dilatation was provoked by sublin-
gual administration of 400mg of glycerol-trinitrate
(GTN), which acts as a nitric oxide (NO) donor. NMD
(%) was expressed as the percentage change in the
diameter after GTN administration relative to the base-
line scan. All measurements were carried out by the
same investigator.

Statistical methods

All values are expressed as mean± SD in their respect-
ive units when normally distributed. Distribution of vari-
ables was checked using Shapiro–Wilk test. Changes
between values are expressed in their respective units
or percentage points (where applicable).

Independent samples t-test was used to compare
inter-group differences, either the group means at spe-
cific time point or mean differences between consecu-
tive time points. Paired samples t-test was used to
compare intra-group differences between time points
T0 and T1. The choice of test (Student or Welch) was
governed by the result of Levene’s test of variance.

Pearson’s correlation was used to establish correl-
ation direction and magnitude between TT level and
other variables.

p values below .05 were considered statistically sig-
nificant. Statistical analysis was performed using SPSS
17.0 (SPSS Inc., Chicago, IL).

Results

Fifty-five hypogonadal men, aged 40–70 years (mean
60.15 ± 7.23 years) with DM2 were included in this
study. Patients in group P received placebo and group
T received TU.

The baseline characteristics of placebo and testoster-
one group were not statistically different, the
sole exception being IMT. Mean BMI of study popula-
tion was 33.34 ± 4.07 kg/m2, and mean WC was
116.56 ± 4.97 cm. Mean TT level was 7.59 ± 1.71 nmol/l.
All patients had lipid abnormalities, twenty-nine of
them were receiving lipid-lowering medications
throughout the study. Forty-nine patients had arterial
hypertension and were receiving antihypertensives.

Effects of TRT on glycemic control

Changes in glycemic control are shown in Table 1 and
Figure 1.

One-year treatment effect of TRT on HbA1c (group
T) was a reduction of mean HbA1c by 0.94 ± 0.88%
points (p< .001). The mean difference in group P,
while statistically significant, was mere 0.24% points
(p¼ .004). Mean difference in HbA1c reduction
between group T and group P was 0.70% points
(p< .001) in favor of group T. Correlation between the
levels of TT and HbA1c was moderately negative
(r¼�0.297, p¼ .028). Correlation between the mean
changes of levels of TT and HbA1c from T0 to T1 was
negative (r¼�0.427, p¼ .001).
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Both groups had elevated FPG levels at the begin-
ning of the study. FPG decreased by 1.23 ± 1.25mmol/l
(p< .001) in group T by the end of the study. There
was no change in mean FPG level in group P.

Effects of TRT on components of the metabolic
syndrome and insulin sensitivity

HOMA-IR results are presented in Table 1 and
Figure 2. The HOMA-IR decreased significantly in

group T by 4.64 ± 4.25 (p< .001). Correlation between
the level of TT and HOMA-IR was negative (r¼�0.404,
p¼ .002), and the correlation between mean changes
of TT and HOMA-IR over the course of this study was
also negative (r¼�0.446, p¼ .001).

Plasma insulin level mean decreased by
8.52 ± 7.76mE/l (p< .001) in group T after one year
of TRT.

BMI and WC showed statistically significant reduc-
tions in both groups after one year of the study.

Table 1. Anthropometric and metabolic parameters in obese hypogonadal DM2 patients before in after one
year of TRT or placebo.
Parameter Period Group P Group T Group delta

BMI (kg/m2) T0 32.63 ± 3.67 34.03 ± 4.37 p¼ .204
T1 31.96 ± 3.73 33.25 ± 4.77 p¼ .270

T1–T0 delta �0.67 ± 0.87
p< .001

�0.80 ± 1.17
p5 .001

p¼ .651

WC (cm) T0 116.64 ± 4.96 116.48 ± 5.07 p¼ .903
T1 115.46 ± 4.78 114.90 ± 5.49 p¼ .689

T1–T0 delta �1.19 ± 1.28
p< .001

�1.58 ± 1.64
p< .001

p¼ .328

FPG (mmol/l) T0 9.60 ± 1.44 10.06 ± 1.44 p¼ .241
T1 9.47 ± 1.31 8.83 ± 1.21 p¼ .064

T1–T0 delta �0.13 ± 0.73
p¼ .359

�1.23 ± 1.25
p< .001

p< .001

HbA1c (%) T0 7.89 ± 0.77 8.12 ± 1.04 p¼ .358
T1 7.65 ± 0.70 7.18 ± 0.81 p5 .025

T1–T0 delta �0.24 ± 0.39
p5 .004

�0.94 ± 0.88
p< .001

p< .001

Insulin (mE/L) T0 24.89 ± 13.90 26.03 ± 15.86 p¼ .778
T1 24.38 ± 12.82 17.51 ± 10.70 p5 .035

T1–T0 delta �0.51 ± 4.48
p¼ .561

�8.52 ± 7.76
p< .001

p< .001

HOMA-IR T0 10.70 ± 6.52 11.45 ± 7.34 p¼ .692
T1 10.18 ± 5.60 6.81 ± 4.18 p5 .014

T1–T0 delta �0.52 ± 2.07
p¼ .203

�4.64 ± 4.25
p< .001

p< .001

Total cholesterol (mmol/l) T0 5.31 ± 0.97 5.31 ± 0.91 p¼ .978
T1 4.89 ± 0.74 4.62 ± 0.63 p¼ .149

T1–T0 delta �0.42 ± 0.78
p5 .010

�0.70 ± 0.57
p< .001

p¼ .136

LDL (mmol/l) T0 2.80 ± 0.95 2.79 ± 0.77 p¼ .988
T1 2.54 ± 0.54 2.70 ± 0.59 p¼ .313

T1–T0 delta �0.25 ± 0.85
p¼ .137

�0.09 ± 0.53
p¼ .358

p¼ .407

HDL (mmol/l) T0 1.05 ± 0.32 1.01 ± 0.22 p¼ .581
T1 1.07 ± 0.29 1.04 ± 0.21 p¼ .648

T1–T0 delta 0.02 ± 0.21
p¼ .580

0.03 ± 0.22
p¼ .452

p¼ .865

TG (mmol/l) T0 3.52 ± 3.15 2.86 ± 1.49 p¼ .324
T1 3.02 ± 2.08 2.32 ± 1.02 p¼ .117

T1–T0 delta �0.50 ± 1.46
p¼ .089

�0.54 ± 1.40
p¼ .052

p¼ .912

Syst. BP (mmHg) T0 138.15 ± 13.24 134.64 ± 10.71 p¼ .284
T1 135.93 ± 16.99 138.79 ± 13.65 p¼ .493

T1–T0 delta �2.22 ± 15.71
p¼ .469

4.14 ± 14.99
p¼ .155

p¼ .130

Diast. BP (mmHg) T0 78.89 ± 5.25 77.50 ± 5.85 p¼ .359
T1 78.70 ± 10.43 78.14 ± 10.08 p¼ .840

T1–T0 delta �0.16 ± 10.61
p¼ .928

0.64 ± 10.80
p¼ .755

p¼ .775

Data presented as mean ± standard deviation. BMI: body mass index; Diast. BP: diastolic blood pressure; FPG: fasting plasma glu-
cose; group P: placebo group; group T: testosterone group; HbA1c: glycated hemoglobin A1c; HDL: high-density lipoprotein choles-
terol; HOMA-IR: homeostasis model assessment insulin resistance index; Insulin: fasting plasma insulin; LDL: low-density lipoprotein
cholesterol; p: p values; Syst. BP: systolic blood pressure; TG: triglycerides; T0: before and T1: after one year of study; WC: waist
circumference.
p values< .05 are displayed in bold.
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Figure 1. HbA1c values in obese hypogonadal DM2 patients before and after one year of TRT or placebo (intra- and inter-group
differences and corresponding p values shown in Table 1); HbA1c: glycated hemoglobin A1c (%), P: placebo group, T: testosterone
group, time point T0: before and T1: after one year of study.

Figure 2. HOMA-IR in obese hypogonadal DM2 patients before and after one year of TRT or placebo (intra- and inter-group differ-
ences and corresponding p values shown in Table 1); HOMA-IR (homeostasis model assessment insulin resistance index), P: placebo
group, T: testosterone group, time point T0: before and T1: after one year of study.
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No statistically significant difference between the two
groups or the change of their respective mean
anthropometric parameters could be shown.

No statistically significant changes were observed in
either systolic or diastolic blood pressure levels follow-
ing TRT.

There was a statistically significant decrease in
mean total cholesterol levels in both groups (Table 1);
reduction by 0.70 ± 0.57mmol/l (p< .001) in group T
and by 0.42 ± 0.78mmol/l (p¼ .010) in group P.

No statistically significant changes were observed in
levels of LDL-, HDL-cholesterol and TG.

Testosterone levels

TT, cFT, and calculated BT concentrations increased
significantly in group T. TT level increased from
7.24 ± 1.97 nmol/l to 17.04 ± 3.07 nmol/l (p< .001) after
one year of TRT (Table 2), pushing all group T patients
well into eugonadal range. There was a small but
statistically significant change in TT level (from
7.96 ± 1.34 nmol/l to 9.83 ± 1.51 nmol/l, p< .001) in
group P as well.

No statistically significant change in SHBG levels has
been observed in either group throughout the one
year course of this study.

Vascular studies

The effects of TRT on FMD and IMT are presented in
Table 3 and Figure 3. FMD improved by 2.40 ± 4.16%
points (p¼ .005) in group T after one year of testoster-
one treatment. There was no change in FMD observed
in group P. Correlation between TT and FMD was

positive (r¼ 0.349, p¼ .009). Correlation between
mean changes of TT and FMD was likewise statistically
significant and positive (r¼ 0.267, p¼ .049).

No statistically significant differences in NMD have
been observed in either group at either time point,
as expected.

IMT has decreased at statistically significant levels in
both groups after one year (Table 3), however, the
decrease observed in group T (by 0.10 ± 0.06mm,
p< .001) was twice that of group P (decrease by
0.05 ± 0.09mm, p¼ .006).

Safety investigations

Throughout one year of the study levels of hemoglo-
bin (Hb), red blood cell (RBC) counts and hematocrit
(Hct) increased, but Hct values never exceeded the
upper safety limit of 52%. The mean Hct has increased
by 2.14 ± 2.42% points (p< .001) in group T. As
expected, there were no Hct changes observed in
group P.

Levels of PSA increased by 0.22 ± 0.39 lg/l (p¼ .006)
in group T. No PSA increase was noted in group P.
One group T study participant was enrolled with pre-
existing (diagnosed) benign prostate hyperplasia and
was under permanent supervision of a urologist; his
basal PSA level was 4.0 lg/l, and did not change.

No adverse health effects related to TRT have been
observed in study population throughout the one year
of our study.

Discussion

This one-year double-blind placebo controlled study
investigated the effect of TRT on IR, visceral obesity,

Table 3. FMD and IMT results in obese hypogonadal DM2
patients before and after one year of TRT or placebo.
Parameter Period Group P Group T P vs. T

FMD (%) T0 3.84 ± 2.14 4.68 ± 2.81 p¼ .221
T1 3.76 ± 2.41 7.07 ± 3.37 p< .001

T1–T0 delta �0.08 ± 3.33
p¼ .904

2.40 ± 4.16
p5 .005

p5 .019

NMD (%) T0 15.81 ± 5.48 16.13 ± 5.20 p¼ .825
T1 15.43 ± 6.65 17.25 ± 5.90 p¼ .287

T1–T0 delta �0.38 ± 6.80
p¼ .774

1.12 ± 6.81
p¼ .390

p¼ .416

FMD/NMD T0 0.28 ± 0.19 0.31 ± 0.21 p¼ .594
T1 0.26 ± 0.19 0.43 ± 0.21 p5 0.002

T1–T0 delta �0.02 ± 0.28
p¼ .716

0.12 ± 0.24
p5 .013

p5 .047

IMT (mm) T0 0.83 ± 0.10 0.89 ± 0.12 p5 .044
T1 0.78 ± 0.06 0.79 ± 0.09 p¼ .603

T1–T0 delta �0.05 ± 0.09
p5 .006

�0.10 ± 0.06
p< .001

p5 .025

Data presented as mean ± standard deviation. FMD: flow-mediated dilata-
tion; NMD: nitroglycerine-mediated dilatation; FMD/NMD ratio; IMT: intima
media thickness; group P: placebo group; group T: testosterone group; p:
p values; T0: before and T1: after one year of study.
p values< .05 are displayed in bold.

Table 2. Testosterone levels in obese hypogonadal DM2
patients before and after one year of TRT or placebo.
Parameter Period Group P Group T P vs. T

Total T (nmol/l) T0 7.96 ± 1.34 7.24 ± 1.97 p¼ .120
T1 9.83 ± 1.51 17.04 ± 3.07 p< .001

T1–T0 delta 1.87 ± 1.54
p< .001

9.80 ± 3.59
p< .001

p< .001

BT (nmol/l) T0 4.61 ± 0.95 3.74 ± 0.97 p5 .001
T1 5.73 ± 0.89 9.50 ± 1.89 p< .001

T1–T0 delta 1.12 ± 0.93
p< .001

5.76 ± 2.16
p< .001

p< .001

cFT (pmol/l) T0 192.07 ± 44.13 155.54 ± 41.11 p5 .002
T1 242.00 ± 42.23 403.84 ± 90.34 p< .001

T1–T0 delta 49.93 ± 40.67
p< .001

248.29 ± 99.45
p< .001

p< .001

SHBG (nmol/l) T0 21.58 ± 6.28 26.89 ± 10.86 p5 .031
T1 21.68 ± 6.54 27.21 ± 8.66 p5 .010

T1–T0 delta 0.10 ± 4.80
p¼ .915

0.32 ± 9.04
p¼ .852

p¼ .910

Data presented as mean ± standard deviation. BT: bioavailable testoster-
one; cFT: calculated free testosterone; group P: placebo group; group T:
testosterone group; p: p values; SHBG: sex hormone binding globulin;
Total T: total testosterone; T0: before and T1: after one year of study.
p values< .05 are displayed in bold.
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glycemic control, lipid abnormalities, vascular function,
and morphology in obese hypogonadal men
with DM2.

We have shown that one year of TRT improved
insulin sensitivity and glycemic control and reversed
endothelial dysfunction in obese hypogonadal men
with DM2.

In several studies, an intervention with T reduced
body weight, BMI, WC, and fat mass in obese men
[30–32] and vice versa, T levels increased in men who
succeeded in losing weight, BMI, and visceral fat mass
either by dieting, physical activity, or bariatric surgery
[3]. Prospective observational studies of hypogonadal
subjects receiving long-acting TU showed almost 5%
decrease in body weight in the first year of treatment
and greater than 13% decrease after 5 years [33,34].
Testosterone invariably increases lean body mass, an
effect that is not achieved by any anti-obesity or anti-
diabetic medication [35].

On the other hand, Hoyos et al. [36] failed to show
any effect of TRT (using testosterone undecanoate)
during 18weeks, on overall weight or the number of
participants with metabolic syndrome but observed
increased insulin sensitivity, reduced liver fat, and
decreased arterial stiffness.

Our results show significant reduction in BMI, WC,
and body weight in both placebo and TRT groups
after one year. Reduction in WC, which is a practical
indicator of visceral adiposity, implies that weight loss
was predominantly from the visceral fat. Even though
our study population was not given any new instruc-
tions regarding diet or lifestyle, we speculate that
there was a general positive effect of participating in
the study, predominantly psychological one, that lead
to improvement of antropometric parameters and con-
sequently to slight increase in T levels in P group.

It is known that TRT improves IR at multiple levels
through reduction of visceral adiposity. AR numbers
are greater in visceral adipocytes than in subcutaneous
adipose tissue [37]. T inhibits lipoprotein lipase activity
and thus reduces triglyceride uptake into adipocytes
[38]. An anti-inflammatory effect of TRT has also been
demonstrated, showing that T reduces inflammatory
cytokines (TNF-a, IL-1b) and increases anti-inflamma-
tory cytokine IL-10 [39]. Several studies of direct effects
of T on cultured adipocytes and adipose tissue suggest
that TRT might decrease adipogenesis [40,41].

A large, multi-centric, randomized, double-blind,
placebo-controlled TIMES2 study (Testosterone
Replacement in Men with Metabolic Syndrome or

Figure 3. FMD in obese hypogonadal DM2 patients before and after one year of TRT or placebo (intra- and inter-group differences
and corresponding p values shown in Table 3); FMD (flow mediated dilatation, %), P: placebo group, T: testosterone group, time
point T0: before and T1: after one year of study.
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Type 2 Diabetes), carried out in eight European coun-
tries, including 220 hypogonadal men with DM2,
showed that IR (measured with HOMA-IR) decreased
significantly over the course of 12months. In addition
to IR reduction, the proportion of body fat, total chol-
esterol, LDL-cholesterol, and HbA1c also decreased.

Similarly, TU-treated men showed significant reduc-
tion of HOMA-IR and FPG in comparison with placebo
group in our study. This was corroborated by the
negative correlation between TT and HOMA-IR. Our
findings are in accordance with several studies, that
demonstrated a significant reduction of IR in hypo-
gonadal men, with or without DM2, following TRT
[2,42,43]. Corona et al. showed that throughout the
course of TRT there was a significant effect of T on
fasting glycemia and HOMA-IR, as well as body com-
position, increase in lean mass in particular, which
may contribute to the improved metabolism. TRT was
associated with a reduction of FPG and IR. Increased
muscle mass is responsible for more favorable glucose
metabolism associated with T [44].

Testosterone plays an important role in maintaining
glycemic control. DM2 and IR reduce testosterone bio-
synthesis and vice versa, decreased T levels increase IR
and the occurrence of DM2 [45]. Many observational
studies have shown a negative correlation between T
and IR in men [3,46]. A strong indication of this correl-
ation is an increase in IR in patients with prostate can-
cer treated with androgen deprivation therapy (ADT).
ADT also worsens glycemic control in men with DM2
or increases the risk of development of DM2 [47,48]
and cardiovascular disease [49].

In hypogonadal men, the effects of TRT on glycemic
control are somewhat diverse. Some studies replacing
T in hypogonadal men with DM2 found no effect on
glycemic control [50–52] while others found that TRT
improved FPG and/or HbA1c [6,7,39]. No improvement
in glucose levels was observed in trials using oral T
preparations; however, the use of transdermal and par-
enteral preparations significantly improved fasting gly-
cemia [53]. The advantage of using i.m. TU is full
control over administration of T, thus ensuring better
adherence to the therapy than in studies using oral or
transdermal T preparations [54].

It is well known that a reduction in IR in DM2
results in an improvement of glycemic control. Our
patients presented a statistically significant reduction
in FPG and HbA1c after one year of TRT, correlation
coefficient again indicating negative and moderate
relation between the levels of TT and HbA1c. Results
of this study indicate that TRT improves IR, which
ameliorates FPG and HbA1c levels.

Little or no effects of TRT observed by some studies
may in part be due to short treatment duration.
Diagnosis of hypogonadism allows only a short pla-
cebo-controlled study design because of the unpleas-
ant signs and symptoms of the disease [52].

Available data regarding the impact of TRT on lipid
profiles are inconsistent. Some studies have shown a
reduction of HDL- and an increase of LDL-cholesterol
levels [55], others an increase in HDL and a reduction
of LDL levels [56], often accompanied by a reduction
in total cholesterol [57]. Allan et al. [31] have not
noticed any significant changes in lipid profile after
one year of TRT.

Our study has shown a significant decrease in mean
total cholesterol levels in both groups after one year,
which can – at least in part – be attributed to the use
of lipid lowering therapy by a sizeable proportion of
our study population. However, the magnitude of the
change is greater in TRT group. No statistically signifi-
cant changes have been observed in LDL-, HDL-choles-
terol, and triglyceride levels.

There is no evidence that TRT has significant effects
on blood pressure either from meta-analysis or single
clinical trials [58]. No statistically significant changes
were observed in either systolic or diastolic blood
pressure in our patients following TRT.

TT, cFT, and calculated BT concentrations in group
T (TU group) have increased significantly after first
year of our study. TT increased from 7.24 ± 1.97 nmol/l
at baseline to 17.04 ± 3.07 nmol/l (p< .001) as the
result of TRT. Saad et al. also used testosterone unde-
canoate in their one year study and observed a TT
increase to a lesser degree – from 7.6 ± 2.1 nmol/l to
13.2 ± 3.5 nmol/l [58]. The BLAST study has also shown
similar increase in TT to our study [59].

Serum SHBG levels did not change significantly in
our study after one year of TRT. One could reasonably
expect an increase in SHBG since BMI and HOMA-IR
are in negative correlation with hepatic synthesis of
SHBG [60]. The explanation for this could be that any
increase in SHBG due to improvements in IR may have
been offset by the increase in circulating free testos-
terone, as number of SHBG binding sites for testoster-
one is reduced [61].

Similarly, the Moscow study by Kalinchenko et al.
[9] has not shown any significant change of SHBG in
184 hypogonadal men, despite increases in plasma
total (TT) and free testosterone. An increase of SHBG
had been expected because features of metabolic syn-
drome had improved. It is well known that decreased
SHBG is linked to IR, obesity, metabolic syndrome and
DM2 [62–64].
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We showed that one year TRT has improved endo-
thelial function (assessed by FMD) in obese hypo-
gonadal men with DM2 implying that TRT might
attenuate atherosclerotic process. Significant increase
in FMD/NMD ratio indicates that brachial artery dila-
tion improved due to amelioration of endothelial func-
tion rather than of improvement of vascular smooth
muscle function of the arterial wall.

Endothelial dysfunction is both an early functional
marker of vascular disease and a facilitative process in
the development of atherosclerosis [65]. Some authors
stated that endothelial dysfunction could be consid-
ered an early marker for silent coronary artery disease
[66]. Other studies investigating the relationship
between T levels and FMD has shown varying results
[11,14,16,56]. Studies using testosterone enanthate
[10,12] in young hypogonadal men without metabolic
syndrome or diabetes did not observe any improve-
ments in FMD.

Above mentioned variability in studies’ findings can
be attributed to differences in study design, duration
of treatment, dosage, use of different formulations of
T, and the scale of T level change from baseline to the
level reached in each respective study.

Our findings are in accordance with Mazo et al.
[67], who showed improvement of FMD after 6months
of TRT using testosterone undecanoate.

The improvement of endothelial function following
TRT could be due to direct effects of testosterone.
Androgen receptors are present on the vessel wall [68]
in endothelial and vascular smooth muscle cells [69].
TRT stimulates activity of endothelial progenitor cells
(EPCs) [70]. Hypogonadal men had depletion in
ex-vivo-determined circulating EPCs, which were subse-
quently restored by pharmacological treatment with T.
T moderates regulation of vascular tone by increasing
vasodilatation in coronary arteries of patients with cor-
onary artery disease [71], implying its beneficial effect
on cardiovascular system. Hypogonadal men exhibit
increased levels of endothelin-1, a major vasocon-
strictor. TRT has been proven to reduce the levels of
endothelin-1 [72].

IMT of peripheral arteries, carotid arteries in particu-
lar, is used as a preclinical morphological marker of
atherosclerosis [73]. The reduced level of T is associ-
ated with increased carotid artery IMT independently
of the presence of other cardiovascular risk factors.
TRT has been shown to reduce the IMT regardless of
BMI [74], while some studies have investigated effect
of TRT on IMT with varying results [33,43]. A pilot
study in severely obese men has shown obvious
improvements in IMT, endothelial function and meta-
bolic parameters in treated patients following

54weeks of TRT using TU [33]. Similarly, Aversa et al.
have shown marked improvements in IMT after one
year of TRT using TU [43]. On the other hand, Basaria
et al. could not show any changes in early markers of
atherogenesis in a double-blind, placebo-controlled,
three-year trial [11].

Our data show that IMT has improved at statistically
significant levels in both groups after 12months of
TRT. The improvement in group T (TRT) was twice that
of group P (placebo). Results indicate that other fac-
tors were also affecting IMT in addition to TRT, lipid-
lowering medication (HMG-CoA reductase inhibitors)
being the most likely culprit along with overall weight
loss and improvement in glycemic control.

Concerns have been raised regarding potential
increase in the risk of cardiovascular events (CV) in
men with heart disease when treated with TRT – myo-
cardial infarction in particular [19,71]. Very high risk of
CV events due to TRT was implied in the controversial
Vigen study [19], however, as Morgentaler [75] and
others have noted, the odds ratio for CV events as a
result of TRT has been severely exaggerated, the raw
data revealing diametrically opposing figure – “a lower
percentage of CV adverse events in the T-treated
group compared to untreated men”. Some other epi-
demiological trials showed a significantly reduced mor-
tality (by half) in men with low T who received TRT as
compared to similar men who did not [21,22].

Observational study The RHYME (The Registry of
Hypogonadism in Men), carried out in six European
countries in men with hypogonadism over the period
of two years has shown that the rates of CV were
within the expected range, with no evidence of an
increased risk in patients treated with TRT compared
to those not receiving the treatment [76].

Conclusion

Our study on obese hypogonadal male patients with
DM2 has shown that TRT can exert clinical benefits on
glycemic control, IR, and endothelial function.

According to the Endocrine Society Clinical Practice
Guidelines [77], successful weight loss combined with
optimization of glycemic control is the first-line
approach for normalization of circulating T levels in
majority of obese men with DM2. On the other hand,
the adherence to lifestyle changes in these patients is
poor, making this approach rather unsuccessful.
However, whether the weight loss without the accom-
panying TRT – even if successful – can fully reverse
the hypothalamic-pituitary-testicular (HPT) axis impair-
ment is currently not known.
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In selective cases, especially when obese patients
with DM2 present symptoms of hypogonadism com-
bined with low T levels TRT can be useful.

When TRT is being considered, it is important that
diagnostic criteria for hypogonadism are confirmed,
contraindications excluded, and that treatment process
is monitored according to the guidelines [77].
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