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ORIGINAL ARTICLE

Expression of sex steroid receptors and aromatase in adipose tissue in
different body regions in men with coronary artery disease with and
without ischemic systolic heart failure

El _zbieta Kalici�nskaa,b, Katarzyna Wojtasa, Jacek Majdaa, Maciej Zacharskic, Jacek Skibaa, Jan �Sliwowskid,
Waldemar Banasiaka, Piotr Ponikowskia,e and Ewa A. Jankowskae

aCentre for Heart Diseases, Military Hospital, Wroclaw, Poland; bDepartment of Heart Diseases, Wroclaw Medical University, Wroclaw,
Poland; cBiochemistry and Molecular Biology Department, Wroclaw University of Environmental and Life Sciences, Wroclaw, Poland;
dOrthopedics Department, Military Hospital, Wroclaw, Poland; eDepartment of Heart Diseases, Laboratory for Applied Research on
Cardiovascular System, Wroclaw Medical University, Wroclaw, Poland

ABSTRACT
Background: The hormonal metabolism of adipose tissue differs across regions of fat. This issue
has never been verified in male patients with coronary artery disease (CAD) with and without
systolic heart failure (SHF).
Methods: We examined 90 male patients with CAD with and without SHF and 42
healthy controls.
Results: In patients with CAD with and without SHF, androgen receptor (AR) expression in adi-
pose tissue of the lower leg was higher than AR expression of the thoracic wall and epicardial
adipose tissue (EAT) (both p< .0001 for SHF patients and both p< .001 for patients without
SHF). Expression of aromatase in adipose tissue of the lower leg among patients with CAD and
SHF was higher than aromatase expression of the thoracic wall and EAT (p< .001 and p< .05,
respectively), and in patients without SHF, it was higher only than aromatase expression of the
thoracic wall (p< .05). There were no differences in expression of estrogen receptor (ER)
between three regions of adipose tissue both in men with CAD with and without SHF.
Conclusions: In male patients with CAD, site-related differences of adipose tissue in expression
of AR and aromatase are present regardless of coexisting SHF with the highest hormonal activity
within peripheral subcutaneous adipose tissue.
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Introduction

There is increasing evidence indicating a critical contri-
bution of various organs and systems to the patho-
genesis of HF syndrome [1–4], including deranged
body composition, for example abnormalities within
adipose tissue. Adipose tissue has recently been
described as one of the major endocrine gland that
plays a role in hormonal response. There is growing
evidence suggesting that low testosterone concentra-
tion may have its origin in disorders of fat metabolism.
Moreover, decreased levels of testosterone coexist
with comorbidities such as obesity, diabetes, insulin
resistance, metabolic syndrome, and erectile dysfunc-
tion which underlie coronary artery disease (CAD)
[5–14]. The occurrence of steroid receptors and key
enzymes of steroidogenesis in adipose tissue sustains
the direct role of estrogens and androgens in adipose
functions. Important element of ischemic HF

pathophysiology is multiple anabolic deficiency.
Patients with HF develop depleted levels of testoster-
one which unfavorably affect clinical status, accelerate
disease progression, and lead to poor outcomes [15].
Moreover, there is evidence that deranged estrogen
metabolism seen in men with heart failure (HF) has
negative clinical and prognostic consequences [16].
However, the origin of these aforementioned hormone
disturbances remains unclear. We hypothesize that adi-
pose tissue as a source of steroid receptors and key
enzymes of steroidogenesis (e.g. aromatase) and being a
large body compartment might have an impact on circu-
lating levels of anabolic hormones in HF. There is evi-
dence that adipose tissue is not a homogeneous organ
and hormonal activity of adipose tissue differs across
diverse body regions and depends on the type of adi-
pose tissue (visceral vs. subcutaneous). Particularly note-
worthy is epicardial adipose tissue (EAT) as a unique
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type of visceral adipose tissue which is biologically more
active than subcutaneous adipose tissue. The close ana-
tomical proximity of the epicarial fat tissue with cardiac
muscle and coronary arteries, as well as the lack of struc-
tures separating the myocardium and adipose tissue
such as fascia [17,18], allow for possible paracrine inter-
actions between these tissues. There are premises that
in the course of CAD and HF, adipose tissue develops
several functional and structural derangements, which
directly and indirectly may contribute to the progression
of these conditions. However, the pathophysiology of
adipose tissue has not been comprehensively studied in
male patients with CAD with or without coexisting SHF.
The purpose of the present study was to evaluate expres-
sion of androgen and estrogen receptors (ERs) in various
regions of adipose tissue and expression of aromatase as
a key enzyme of steroidogenesis and their possible inter-
play with circulating anabolic hormones in a cohort of
unselected men with CAD with and without CHF.

Methods

Study population

We examined male patients who were electively hos-
pitalized or attended the outpatient clinic. The study
included three group of patients: (1) healthy men (42
patients), (2) men with CAD without systolic heart fail-
ure (SHF) (49 patients), and (3) men with CAD with
SHF with left ventricular ejection fraction (LVEF �45%)
(41 patients).

Among studied groups of patients, hormonal indi-
ces in peripheral blood were assessed. Among studied
groups of patients, we selected men in whom adipose
tissue from three different areas (subcutaneous adi-
pose tissue of lower leg, subcutaneous adipose tissue
of thoracic wall, and EAT over the left anterior
descending artery) was taken during cardiac surgery
(patients with CAD with and without SHF). In healthy
men, we selected patients who underwent orthopedic
surgery in whom only subcutaneous adipose tissue of
the lower leg was taken during surgery.

Inclusion criteria for group 3 were as follows: (1)
LVEF �45% assessed by echocardiography, (2) symp-
toms of HF in New York Heart Association Functional
Classification (NYHA) class I–III within �3months pre-
ceding the study, (3) CAD confirmed by angiography
(the presence at least one significant stenosis of cor-
onary artery) and the presence of typical symptoms
according to European Society of Cardiology (ESC)
guidelines, and (4) clinical stability and unchanged
medication within �1month preceding the study.
Inclusion criteria for group 2 were as follows: (1) LVEF

>45% assessed by echocardiography, (2) CAD con-
firmed by angiography (presence at least 1 significant
stenosis of coronary artery) and the presence of typ-
ical symptoms according to ESC guidelines, and (3)
clinical stability and unchanged medication within
�1month preceding the study. Inclusion criteria for
group 1 were as follows: (1) clinical stability within
�1month preceding the study and (2) the absence of
cardiovascular disease.

Additional inclusion criteria are qualification for car-
diac surgery for group 2 and 3, and qualification for
orthopedic surgery for group 1. Exclusion criteria
included: (1) acute coronary syndrome or/and coron-
ary revascularization within �3months preceding the
study, (2) HF decompensation within �1month pre-
ceding the study, (3) any hormonal treatment (at the
time of the study or in the past), and (4) any acute/
chronic illness that might influence hormo-
nal metabolism

We prospectively identified 132 patients who were
suitable for the study and who agreed to participate. The
study protocol was approved by the local ethics commit-
tee, and all subjects gave written informed consent.

Methods

Study included clinical parameters, which were
obtained from medical history, physical examination,
laboratory, and echocardiographic measurements: (1)
anthropometric data (weight [kg], height [cm], body
mass index – BMI [kg/m2]); (2) data regarding severity
and symptoms of CAD and HF according to Canadian
Cardiovascular Society scale (CCS) and NYHA classifica-
tion, respectively; (3) data regarding pharmacological
treatment; (4) echocardiographic parameters (LVEF
using the planimetric method by Simpson); (5) basic
laboratory tests (morphology of blood cells, assess-
ment of renal function – serum creatinine [mg/dL],
estimated glomerular filtration rate [ml/min/1.73 m2]
using Modification in Diet in Renal Disease (MDRD)
equation, assessment of lipids [total cholesterol, LDL,
HDL, TG – mg/dl]) evaluated using standard methods
in local laboratory; and (6) hormonal status in periph-
eral blood (levels of total testosterone [TT], dihydrotes-
tosterone [DHT], and total estradiol were measured by
immunoassays (Diagnostic Products Corp, San
Francisco, CA), estimated free testosterone [eFT] calcu-
lated with the validated equation of Vermeulen [19],
and free estradiol calculated with the equation of
Sodergard et al. [20]) assessed using standard meth-
ods in local laboratory; all applied devices and meth-
ods have updated quality certificates.
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Preparation of tissues

The research material was secured as soon as possible
after collection (approximately 30min). Venous blood,
in order to allow the assessment of concentrations of
the steroid hormones and other factors, was centri-
fuged to obtain the serum, which was frozen at
�80 �C. On the other hand, sections of body fat (per-
ipheral subcutaneous adipose tissue of the lower leg,
central subcutaneous adipose tissue of the thoracic
wall, and EAT around the left anterior descending cor-
onary artery) after sampling were immediately trans-
ferred into a container with ice, then frozen to a
temperature of �80 �C.

RNA isolation

RNA was isolated from three different areas of adipose
tissue using the kit “RNeasy Fibrous Tissue Mini Kit”
(Qiagen, Warsaw, Poland).

cDNA synthesis

The reverse transcription reaction was carried out
using a set of “SuperScript III First-Strand Synthesis
System” (Invitrogen-Thermo Fisher Scientifc, Warsaw,
Poland) with primer oligo(dT)20 using as a template
RNA. Gene expression was analyzed by polymerase
chain reaction (PCR) using the camera “iQ5 Optical
System” (Bio-Rad, Warsaw, Poland). A reference gene
used to determine relative levels of gene expression
was the gene encoding glyceraldehyde 3-phosphate
dehydrogenase (GAPDH), which is considered to be
so-called housekeeping gene expressed at a constant
level in most tissues.

Construction of primers for PCR

The mRNA sequences available in GenBank were used
during construction of primers. In order to optimize
conditions for PCR, it was performed at different con-
centrations of the primers and different temperatures,
using the melting curve analysis of PCR products.

DNA electrophoresis on agarose gel

Sections of DNA fragments were performed by electro-
phoresis on a 1.5% agarose gel.

Statistical analysis

Normally distributed continuous variables were pre-
sented as means ± standard deviations. The intergroup

differences for continuous variables were tested using
the ANOVA test and Student’s t-test. Variables with a
skewed distribution were expressed as medians with
lower and upper quartiles. They were log-transformed
in order to normalize their distribution. The categorical
variables were expressed as numbers with percen-
tages. The intergroup differences for the categorical
variables were tested using the v2 test. The associa-
tions between studied variables were tested using
Spearman correlation. P< .05 was considered statistic-
ally significant. The following codes for statistically
significance were accepted: �p< .05, ��p< .01,
���p< .001, and ����p< .0001.

Results

Anabolic hormones pattern in peripheral
blood in the study groups: healthy men and men
with CAD with and without systolic HF

We identified 132 men among which 42 men were
healthy without cardiovascular history (mean age:
50 ± 14 years), 49 men had CAD without SHF (mean age:
66 ± 9 years), and 41 men had CAD with SHF (mean age:
63 ± 8 years), who were suitable for the study and agreed
to participate. The baseline clinical characteristics of 132
male patients included in the study are shown in Table
1. Hormonal indices are shown in Table 2. Patients with
CAD with and without SHF had significantly lower free
testosterone levels compared to healthy men (both
p< .01), whereas TT levels were lower only in men with
CAD without SHF compared to healthy men (p< .05).
There were no differences between studied groups of
men regarding DHT levels. Instead, total estradiol levels
were higher in men with CAD with and without SHF as
compared to healthy men (p< .01 and p< .05, respect-
ively). Free estradiol was higher in men with CAD and
SHF compared to healthy men (p< .05).

Estrogen receptor mRNA expression pattern in
three areas of adipose tissue in healthy men, men
with CAD without SHF, and men with CAD
with SHF

Expressions of ER mRNA in three regions of adipose tis-
sue in three studied groups of men are shown in Figure
1. There were no differences in expression of ER mRNA
between three regions of adipose tissue both in men
with CAD and SHF, and in men with CAD without SHF.
There were no differences between expression of ER
mRNA in peripheral subcutaneous adipose tissue (of the
lower leg) in healthy men, men with CAD without SHF,
and men with CAD with SHF. Similarly, there was no
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differences between expression of ER mRNA in central
subcutaneous adipose tissue (of the thoracic wall) and
in EAT (around the left anterior descending artery) in
men with CAD without SHF and in men with CAD
with SHF.

Androgen receptor mRNA expression pattern in
three areas of adipose tissue in healthy men, men
with CAD without SHF, and men with CAD
with SHF

Expressions of androgen receptor (AR) mRNA in three
regions of adipose tissue in three studied groups of

men are shown in Figure 2. Expression of AR mRNA
in adipose tissue of the lower leg was significantly
higher in men with CAD with and without SHF com-
pared to healthy men. Among patients with CAD and
SHF, expression of AR mRNA in adipose tissue of
lower leg was higher than expression of AR mRNA in
adipose tissue of the thoracic wall and in EAT (both
p< .0001). Similarly, among men with CAD without
SHF, expression of AR mRNA in adipose tissue of
lower leg was higher than expression of AR mRNA in
adipose tissue of the thoracic wall and in EAT (both
p< .001). Additionally, in men with CAD without SHF,
expression of AR mRNA in EAT was higher than

Table 2. Hormonal indices in studied groups of patients.

Variables

Healthy men –
control group

Men with CAD
without SHF

Men with CAD
with SHF

F, p

p p p
(n¼ 42) (n¼ 49) (n¼ 41) I vs. II I vs. III II vs. III

I II III

Total testosterone (ng/ml) 4.87 ± 1.98 3.88 ± 1.91 4.02 ± 2.34 2.6 .024 .094 .77
.08

Free testosterone (pg/ml) 212 (156–284) 130 (75–156) 129 (84–187) 8.62 .001 .006 .48
.0003

DHT (pg/ml) 474 (365–683) 461 (311–559) 435 (376–562) .76 .28 .30 .78
.47

Total estradiol (pg/ml) 22.2 (15.0–31.0) 31.0 (20.4–40.3) 30.6 (21.8–41.8) 4.47 .021 .002 .47
.013

Free estradiol (pg/ml) 21.0 ± 13.3 26.1 ± 14.4 27.8 ± 15.5 4.27 .10 .048 .62
.016

Table 1. Clinical characteristics of the study groups: healthy men and men with coronary artery disease with and without sys-
tolic heart failure.

Variables

Healthy men –
control group

Men with CAD
without SHF

Men with CAD
with SHF F, p p p p

(n¼ 42) (n¼ 49) (n¼ 41) v2, p I vs. II I vs. III II vs. III
I II III

Age 50 ± 14 66 ± 9 63 ± 8 F¼ 26.23 p���� p���� p¼ .08
p����

BMI (kg/m2) 26.5 ± 3.9 28.7 ± 4.0 27.1 ± 3.4 F¼ 4.33 p�� p¼ .39 p�
�30 kg/m2 5 (12%) 16 (33%) 10 (24%) p�
n (%)
NYHA class 42/0/0/0 37/1/9/2 0/12/20/9 v2¼72.8 p�� p���� p����
(0/I/II/III), 100%/0%/0%/0% 76%/2%/18%/4% 0%/29%/49%/22% p����
n (%)
CCS class 42/0/0/0 1/5/27/16 5/5/15/16 v2¼95.4 p���� p���� p¼.38
(0/I/II/III), 100%/0%/0%/0% 2%/10%/55%/33% 12%/12%/37%/39% p����
n (%)
LVEF (%) 65 ± 6 60 ± 6 35 ± 7 F¼ 218 p�� p���� p����

p��
eGFR MDRD
ml/min/1.73m2

92 ± 16 85 ± 26 85 ± 25 F¼ .97 p¼ .193 p¼ .194 p¼ .99
p¼ .38

NT-proBNP 26 (19–35) 126 (62–323) 691 (467–2920) F¼ 88.90 p���� p���� p����
(pg/mL) p����
Hypertension, n (%) 0 (0%) 45 (92%) 37 (90%) p���� p���� p���� p¼ .80
Diabetes, n (%) 0 (0%) 18 (37%) 19 (46%) p���� p��� p���� p¼ .36
Statin, n (%) 0 (0%) 49 (100%) 41 (100%) – – – p¼ 1.00
ACE-I/ARB, n (%) 0 (0%) 44 (90%) 39 (95%) – – – p¼ .35
Ca blocker, n (%) 0 (0%) 9 (18%) 4 (10%) – – – p¼ .25
Aspirin, n (%) 0 (0%) 44 (90%) 37 (90%) – – – p¼ .94
Beta-blocker, n (%) 0 (0%) 43 (88%) 40 (98%) – – – p¼ .09
Diuretic, n (%) 0 (0%) 3 (6%) 14 (34%) – – – p���
Aldosterone

antagonist, n (%)
0 (0%) 1 (2%) 17 (41%) – – – p����

Digoxin, n (%) 0 (0%) 0 (0%) 5 (12%) – – – p�
Abbreviation: NT-proBNP: N-terminal pro-brain natriuretic peptide.
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expression of AR mRNA in adipose tissue of the thor-
acic wall (p< .01).

Aromatase mRNA expression pattern in three
areas of adipose tissue in healthy men, men with
CAD without SHF, and men with CAD with SHF

Expression of aromatase mRNA in three regions of adi-
pose tissue in three studied groups of men is shown

in Figure 3. Among patients with CAD and SHF,
expression of aromatase mRNA in adipose tissue of
the lower leg was higher than expression of aroma-
tase mRNA in adipose tissue of the thoracic wall and
in EAT (p< .001 and p< .05, respectively). Expression
of aromatase mRNA in EAT was higher than expres-
sion of aromatase mRNA in adipose tissue of the thor-
acic wall (p< .05). Among patients with CAD without
SHF, expression of aromatase mRNA in adipose tissue
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Figure 1. Expression of mRNA estrogen receptor in three regions of adipose tissue in three studied groups of men.
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Figure 2. Expression of androgen receptor mRNA in three regions of adipose tissue in three studied groups of men.
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of the lower leg was higher than expression of aroma-
tase mRNA in adipose tissue of the thoracic wall
(p< .05), but not in EAT. Expression of aromatase
mRNA in EAT was higher than expression of aroma-
tase mRNA in adipose tissue of the thoracic wall
(p< .05). There were no intergroup differences regard-
ing aromatase expression.

Interrelations between expression of ER mRNA in
three areas of adipose tissue and the
concentrations of the androgenic and estrogenic
hormones in the peripheral blood in men with
CAD with and without SHF

With respect to the hormonal parameters, there were only
relevant associations with expression of ER mRNA in epi-
cardial adipose. Testosterone levels (both total and free)
were positively associated with expression of ER mRNA in
EAT (r¼ 0.69, p< .01; and r¼ 0.65, p< .05, respectively).
Additionally, expression of ER mRNA in adipose tissue of
the lower leg was negatively associated with expression of
this receptor mRNA in EAT (r¼�0.35, p< .05).

Interrelations between expression of AR mRNA in
three areas of adipose tissue and the
concentrations of the androgenic and estrogenic
hormones in the peripheral blood in men with
CAD with and without SHF

Among hormonal parameters, there were only relation-
ships between expression of AR mRNA in peripheral

subcutaneous adipose tissue and testosterone and estra-
diol. Estradiol levels (both total and free) (r¼ 0.57,
p< .01, and r¼ 0.59, p< .01, respectively) and testoster-
one levels (both total and free) (r¼ 0.58, p< .01, and
r¼ 0.65, p< .01, respectively) were positively associated
with expression of AR mRNA in adipose tissue of the
lower leg. Additionally, expression of AR mRNA in adi-
pose tissue of the lower leg was negatively associated
with expression of this receptor mRNA in adipose tissue
of the thoracic wall (r¼�0.45, p< .01).

Comparison of expression of androgen and ER
mRNA in three areas of adipose tissue in healthy
men and in men with CAD with and without SHF

Expression of AR mRNA in adipose tissue of the lower
leg was higher than expression of ER mRNA in this
area, both in healthy men (Figure 4) and in men with
CAD with SHF (Figure 5) and without SHF (Figure 6)
(p< .001, p< .0001, and p< .001, respectively).

Similarly, expression of AR mRNA in adipose tissue
of the thoracic wall was higher than expression of ER
mRNA in this area, both in men with CAD with SHF
(Figure 7) and without SHF (Figure 8) (p¼ .05, p¼ .02,
respectively).

In adipose tissue around the left anterior descend-
ing artery (LAD), expression of AR mRNA was also
higher than expression of ER mRNA, both in men with
CAD with SHF (Figure 9) and without SHF (Figure 10)
(p< .001, p< .01, respectively).
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Figure 3. Expression of aromatase mRNA in three regions of adipose tissue in three studied groups of men.
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Discussion

Our study presents three major findings. We have
demonstrated site-related differences of adipose tis-
sue in expression of AR and aromatase in patients
with CAD regardless of coexisting SHF. Among the
three study areas of fat, expression of AR was high-
est in peripheral subcutaneous adipose tissue both
in men with CAD with and without SHF. Among the

three studied areas of fat, expression of aromatase
was also highest in peripheral subcutaneous adipose
tissue but only in men with CAD with coexisting
SHF. In men with CAD without SHF, expression of
aromatase was similarly high in EAT and in periph-
eral subcutaneous adipose tissue. In these group of
patients also expression of AR was higher in EAT
than in central subcutaneous adipose tissue, but
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Figure 4. Expression of estrogen and androgen receptor mRNA in adipose tissue of the lower leg in healthy men.
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Figure 5. Expression of estrogen and androgen receptor mRNA in adipose tissue of the lower leg in men with coronary artery
disease with systolic heart failure.
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significantly lower than in peripheral subcutaneous
adipose tissue as mentioned above. These site-
related differences of adipose tissue were not been
observed in ER expression. Second, in the course of
CAD (regardless of coexisting SHF), we have
observed higher expression of AR in peripheral sub-
cutaneous fat tissue as compared to healthy con-
trols. Third, expression of AR across three studied

areas of adipose tissue was higher than expression
of ER in men with CAD regardless of coexisting SHF.

Deranged balance of serum concentrations of
androgens and estradiol was observed in men with
chronic SHF in our previous studies [15,16]. Our previ-
ous studies also confirmed that both low and high
levels of estradiol in men with chronic SHF were pre-
dictors of poor prognosis [16]. Recent study has
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Figure 6. Expression of estrogen and androgen receptor mRNA in adipose tissue of the lower leg in men with coronary artery dis-
ease without systolic heart failure.
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Figure 7. Expression of estrogen and androgen receptor mRNA in adipose tissue of the thoracic wall in men with coronary artery
disease with systolic heart failure.
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confirmed testosterone/estradiol imbalance in periph-
eral blood not only in men with chronic SHF, but
also in men without SHF, both suffered from CAD.
High estradiol and low testosterone levels may be
due to increased peripheral aromatization as reflec-
tion of expression of aromatase – a key enzyme of
estrogen synthesis in men – which was significantly
higher in peripheral adipose tissue as compared to
central and EAT in men with SHF and to central

adipose tissue in men without SHF. This finding may
confirm the potential impact of peripheral expression
of aromatase on circulating levels of sex steroid hor-
mones in men with CAD. Additionally, high expres-
sion of aromatase in EAT in men with CAD without
SHF confirms high metabolic activity of this unique
fat depot and indicates the potential paracrine
interactions of products of aromatase activity
with myocardium.
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Figure 8. Expression of estrogen and androgen receptor mRNA in adipose tissue of the thoracic wall in men with coronary artery
disease without systolic heart failure.
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Figure 9. Expression of estrogen and androgen receptor mRNA in adipose tissue around the LAD in men with coronary artery dis-
ease with systolic heart failure.
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Peripheral aromatization and related low testoster-
one concentrations and high estradiol levels are
observed not only in ischemic heart disease but also
above all in conditions predisposing to CAD, such as
obesity or metabolic syndrome. Recent studies have
confirmed that in the obese patients, peripheral
aromatization resulted in excessive estrogen concen-
trations may suppress secretion of testosterone [21].
Higher estradiol levels, as a mentioned above result of
aromatization, were observed not only in the obese,
but also in men with prediabetes with coexisting late-
onset hypogonadism [22]. Adipose tissue may contrib-
ute to low testosterone levels likewise in other mecha-
nisms than aromatization. Adiposity with associated
hyperinsulinism suppresses sex hormone binding
globulin (SHBG) synthesis and therewith the levels of
serum testosterone [23]. Moreover, visceral fat cells
secrete many cytokines which impair testicular steroi-
dogenesis and therefore contribute to low testoster-
one concentrations [23]. Taken together, recent data
indicate that adipose tissue is not an inactive depot of
reserve energy, but it is able to secrete molecules
which may affect the hypothalamus–pituitary–testis
axis [21].

On the other hand, low TT concentrations which
are inversely related to visceral obesity [23] and com-
ponents of the metabolic syndrome may be also a
consequence of poor metabolic status [24], which is
observed for instance in the course of end-stage heat
failure. This bidirectional relationship between testos-
terone and obesity with its consequences such as

diabetes mellitus both type 2 and type 1, dyslipidemia,
and cardiovascular disease was confirmed in other
studies [25].

Observed hypogonadal–obesity cycle shows that
androgen deficiency contributes to increase in abdom-
inal adipose tissue which further reduces the levels of
circulating testosterone, resulting in progressively
more severe hypogonadism [26,27].

Low testosterone concentrations in the aging male
are associated with increased mortality [6] and coex-
ists with multitude of comorbidities in prevalence
studies such as CAD, obesity, diabetes, insulin resist-
ance, metabolic syndrome, and erectile dysfunction
[5–14]. Moreover, total and free testosterone is
decreased in obese males in proportion to the degree
of their obesity [28,29]. These metabolic disorders con-
tribute to the development of atherosclerosis through
the mechanism of inflammation, endothelial dysfunc-
tion, and increased intimal thickness [30].

Recent data indicate that in some patients with
late-onset hypogonadism, severity of erectile dysfunc-
tion is associated with an increased waist circumfer-
ence, hyperglycemia, hypertriglyceridemia,
hyperlipidemia, and a history of diabetes mellitus [5].
These data suggest that erectile dysfunction may be a
prognostic indicator for the development of cardiovas-
cular morbidity in these patients [5,30]. Indeed, hypo-
gonadism and erectile dysfunction have emerged as
predictors of CAD [31]. However, cardiovascular risk in
case of erectile dysfunction/hypogonadism may be
diminished by physically active lifestyle [32].
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Figure 10. Expression of estrogen and androgen receptor mRNA in adipose tissue around the LAD in men with coronary artery
disease without systolic heart failure.
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There is increasing evidence of a beneficial effect of
testosterone treatment on visceral fat, sustained
weight loss, glycemic control, and other elements of
the metabolic syndrome [23,25,33,34]. As shown in the
previous studies, interruption of testosterone replace-
ment therapy resulted in worsening of symptoms in
hypogonadal men [35]. In vivo studies in men have
shown that testosterone affects triglyceride metabol-
ism in visceral adipose tissue and regulates insulin
sensitivity [36]. It was shown that androgens activate
the GLP-1 receptor and enhance B-cell function [37];
moreover, additionally direct effects of testosterone on
insulin signaling genes in adipose tissue, as well as fall
in circulating free fatty acids, were described [38]. In
fact, withdrawing of testosterone supplementation in
patients with hypogonadotropic hypogonadism
increases insulin resistance [39].

Similarly, androgen deprivation therapy used for
the treatment of prostate cancer increases the risk of
coronary heart disease, type 2 diabetes, and cardiovas-
cular death [14,40,41] and is associated with the
decline of testosterone levels [23,42]. There is evidence
that sex steroids are involved in the site specificities of
adipose tissue metabolism. Steroid hormone actions
are mediated by specific intracellular receptors in their
target cells, as, for example, adipocytes.

Imbalance between testosterone and estradiol lev-
els in peripheral blood may due to different density of
androgen and ERs in peripheral adipose tissue. Our
study has shown higher expression of AR than ER in
each of the three studied areas of adipose tissue, and
moreover, the density of AR was highest in peripheral
adipose tissue in men with CAD with and without
SHF. Low testosterone level in peripheral blood may
be explained by its binding to AR which expression is
high in peripheral adipose tissue. On the contrary,
high level of estradiol in peripheral blood may be due
to low density of ER as estradiol binding site.
Moreover, interplay between androgen and ER was
observed in breast cancer cells where AR directly
inhibited the ER activity [43]; therefore, there is pos-
sible interaction between androgen and ER also in adi-
pose tissue, especially in the presence of significantly
lower expression of ER compared to AR in our study.
Additionally, not only testosterone but also estradiol
may raise the level of AR what explains high periph-
eral expression of AR in adipose tissue. Similar obser-
vations were noted in cultured human prostatic
stromal cells [44]. Other hypothesis of diminished
expression of ER in three areas of adipose tissue may
include potential impact of high serum estradiol levels
on saturation of ER so that it becomes redundant and

its synthesis declines [44]. We have studied subtype a
of ER in adipose tissue which mainly mediates benefi-
cial metabolic effects of estrogens such as anti-lipo-
genesis, improvement of insulin sensitivity and
glucose tolerance, which may be impaired in the
course of pathologic, inflammatory state as CAD. Low
expression of ER in three studied areas of adipose tis-
sue may, in turn, cause inflammation and fibrosis
within adipose tissue and may lead to fat dysfunction.

Increased metabolic activity of peripheral adipose
tissue in men with CAD measured by high expression
of AR and aromatase may have impact on hormonal
disturbances observed in peripheral blood. It seems
that the presence of SHF does not affect additionally
hormonal derangements within adipose tissue.
Moreover, in men with CAD without SHF fairly hormo-
nally active, in respect of expression of AR and aroma-
tase, turned out to be EAT.

Study limitations

Analyzed cohort represents a subgroup of the popula-
tion of men with CAD who in part consisted of
patients with mainly mild-to-moderate SHF without
severe left ventricular dysfunction; therefore, differen-
ces between group of patients with CAD without SHF
could not be shown.

Conclusions

The present study demonstrates that in an unselected
cohort of male patients with CAD, site-related differen-
ces of adipose tissue in expression of AR and aroma-
tase are present regardless of coexisting SHF with the
highest hormonal activity within peripheral subcutane-
ous adipose tissue. Observed diversity concerned
expression of sex steroid receptors and key enzyme of
steroidogenesis (aromatase) within various areas of
adipose tissue can be a source of hormonal abnormal-
ities which are present in peripheral blood in men
with CAD.
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