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Abstract

Introduction. The influence of the length of the number of CAG repeats in the androgen receptor gene (NCAG AR)
on endothelial dysfunction (EnD) is currently understudied.

Objective. The study aimed to evaluate the relationship between the nCAG AR and the dynamics of biochemical
and ultrasound markers of EnD in men with functional hypogonadism and type 2 diabetes mellitus (T2DM) receiving
testosterone replacement therapy (TRT).

Materials & methods. This study included 45 hypogonadal men with T2DM, receiving TRT for 1 year. Patients
were assessed for carbohydrate and lipid metabolism parameters; total and free T; sex hormone-binding globulin;
biochemical markers of EnD (NO, eNOS3, endothelin) and the nCAG AR; brachial artery (BA) vasoreactivity. Patients
were divided into 3 groups: group I — 9 men with nCAG AR < 19; group II — 27 men with nCAG AR > 19 - 24; and
group III — 9 men with nCAG AR >24.

Results. Patients with nCAG AR < 19 exhibited a 2-fold greater and faster increase in BA vasoreactivity on TRT
compared to patients with nCAG AR 19-24 and 3-fold greater than men with nCAG AR >24 (p < 0.05). Patients with
NCAG AR < 19 also demonstrated the most pronounced rise in NO and eNOS3 on TRT compared to men with nCAG
AR > 24, Patients with nCAG AR < 19 experienced the most pronounced decreases in weight, waist circumference,
and HbA1c on TRT compared to other patients (p < 0.05).

Conclusion. The nCAG AR length significantly affects the response to TRT in men with hypogonadism and T2DM.
The most significant improvements are seen in patients with short nCAG AR.
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AnviHa CAG-TPpUHYKJ/1IeOTUAHOro NoBTOpa reHa peuenTtopa
aHApoOreHoB BAUAET Ha PYHKLUIO IHAOTENNA Y MY>XKUUH
C rMnoroHagn3mMomMm m caxapHbim p,l/laGETOM 2 TUna
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ONNHA CAG-TPUHYKNEOTUAHOIO MOBTOPA 'EHA PELIEMNTOPA
AHZPOIEHOB B/TUAET HA ®YHKLIKO SHAOTENNA Y MY>KYNH
CTMNOroHAAM3IMOM 1 CAXAPHBIM AVABETOM 2 TUMA

OPUTVHAJbHBIE
CTATbW

AHHOTaUuMA

BBepgeHue. Binadve gavHel Yncna CAG-NoBTOpoB B reHe aHaporeHosoro pevenTtopa (NCAG AP) Ha sHAOTeInalIbHYHO
ancoyHkumo (34P) B HacTosiLLee BpeMs He40CTaTOUHO N3YYeHO.

Lenb nccnegosaHus. OLeHNTb B3anMocBs3b Mexay NCAG AP 1 AHaMUKO BUOXUMUYECKUX U YIbTPa3BYKOBbIX
MapkepoB 3D y My>XUMH C PYHKLIMOHANBbHBIM TMNOrOHaAN3MOM U CaxapHbIM gnabeTom 2-ro Tuna (CA2T), nony-
YaKLLKIX TECTOCTEPOH-3aMeCcTUTeNIbHY0 Tepanuto (T3T).

MaTtepunansl n metogbl. B viccnegoBaHme BKAOYEHbl 45 rnnoroHaganbHelx MyxunH ¢ CA2T, nonyyarowmx 3a-
MeCTUTE/IbHYIO Teparnmio TeCTOCTEPOHOM B TedeHue 1 roga. Y nauueHToB onpejensny napameTpbl yraeBoAHOro
M INMUAHOrO 0BMeHa; 0bLMiA 1 CBOGOAHbLIN T; rNo6ynnH, CBA3bIBAKOLWNI MONOBbIE TOPMOHbLI; BUOXUMUYECKe
mMapkepbl 4P (NO, eNOS3, sHaoTennH) u NCAG AP; Ba30peakTVBHOCTb Mne4yeBol apTepun. NaumeHTbl bbin pas-
Jenedbl Ha 3 rpynnbl: I rpynna — 9 myxxunH ¢ nCAG AP < 19; II rpynna — 27 my>uunH ¢ nCAG AP > 19 - 24; Il rpynna
— 9 Mmy>kumH ¢ nCAG AP > 24.

PesynbTtathl. MNaumeHTbl ¢ NCAG AP < 19 4eMOHCTpUpoBany B 2 pa3a bonbluee 1 60/ee 6bICTPOe yBenYeHe Ba-
30peakTVBHOCTY MNieyeBol apTepun Ha T3T No cpaBHeHMIo ¢ naumeHTamu ¢ nCAG AP 19 - 24 n B 3 pa3a 6obLue,
yeM My>X4mnHbl ¢ NCAG AP >24 (p < 0,05). MayyeHTbl ¢ NCAG AP < 19 TakXe NPOAEMOHCTPMPOBaNn Hanbosnee Bbl-
paxeHHoe nosebiweHne yposHA NO 1 eNOS3 npw nposegeHvn T3T no cpaBHeHMIO ¢ My>x4rHamu ¢ nCAG AP > 24,
Y nauumenToB ¢ NCAG AP < 19 Habntoganocb Hanbonee BbipaXXeHHOE CHUKEHME Beca, OKPYXXHOCTM Tanum n HbA1c
Ha $oHe Tepanum No CpaBHEHUIO C APYrMiK naumeHTamu (p < 0,05).

BuiBoAabl. AniHa NnCAG AP cyLecTBEHHO BAVISIET Ha OTBET Ha Tepanuio y My>UUH ¢ runoroHaansmom n CA2T. Haun-
60n1ee 3HauNTe/IbHbIE Yy4lleHNss HabAAAKTCS Y MaLMeHTOB C KOPOTKOM annHon NCAG AP.

KntoueBble cnoBa: rmnoroHaAn3m; aHAporeHoBble peLenTopbl; CaxapHblli AnabeT 2 TMNa; TeCTOCTePOH-
3amMecTuTenbHas Tepanusi; CAG-NoBTOp; SHAOTENN; ANCPYHKLNSA SHAOTENNS; OKMPEHUNE
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Introduction Indeed, the presence of endogenous T de-

The Framingham Study showed more than
four decades ago that under age 60 men have
more than twice the risk of developing cardio-
vascular disease than women [1]. For a long
time, this pattern was associated with a sup-
posed positive effect of estrogen and a sus-
pected negative influence of testosterone (T)
on the cardiovascular system. However, it has
been shown that in men 35-40 years old, an
annual decrease in total and free T levels oc-
curs by 1 -2% [2].

Therefore, 38.7% of men over 40 years
of age are T deficient [3], which can lead to
a reconsideration of the concept of the nega-
tive effect of T on the cardiovascular system.
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ficiency in men is related to a higher risk of
mortality than in high-androgen men [4, 5].
Reduced T levels lead not only to sexual and
reproductive dysfunction but also to several
metabolic disorders [6]. Low T levels have been
shown to have a negative impact on numerous
factors associated with cardiovascular risk,
such as insulin resistance (IR), type 2 diabetes
mellitus (T2DM), dyslipidemia and visceral obe-
sity [7]. The presence of each of these factors
contributes to endothelial dysfunction (EnD),
and their combination synergistically exacer-
bates the pathological process [7]. EnD is con-
sidered the universal trigger for any vascular
pathology and a marker of progression [8].
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The earliest signs of EnD are endothelial secre-
tory dysfunctions that occur before the dete-
rioration of vasomotor functions and clinical
manifestations of cardiovascular diseases [9].

In patients with T2DM, diabetes-induced
EnD causes macrovascular complications char-
acterized by decreased nitric oxide (NO) bio-
availability, increased synthesis of prostacyclin
and vasoconstrictors, endothelium-dependent
hyperpolarization, and microvascular ones
marked by decreased NO release, increased
oxidative stress, increased production of in-
flammatory factors, impaired angiogenesis,
and endothelial repair [10].

Endothelial NO synthesis is mediated by
the endothelial NO synthase type 3 (eNOS3)
enzyme. Endothelial well-being depends on
the activity of eNOS3 and the rate and amount
of NO synthesized [11]. An increase in vaso-
constrictor substances, such as endothelin-1,
reflects the functional tension of the endothe-
lium and characterizes diseases of the cardio-
vascular system [12].

It was found that T has antiproliferative
and vasorelaxing effects on vascular smooth
muscle cells, which explains its antiathero-
genic and vasoprotective effects [13]. It is as-
sumed that the main vasodilating mechanism
of androgens is the enhancement of the pro-
duction and release of endothelial NO [14]. Im-
paired endothelium-dependent vasodilation
due to a decrease in NO release in patients
with hypogonadism serves as evidence of this
mechanism. This process can be reversed by
testosterone replacement therapy (TRT) [15].

One of the mechanisms through which
T may be involved is through the CAG repeat
polymorphism within the androgen receptor
(AR) gene, which controls androgen sensitiv-
ity. The AR gene is located on the X chromo-
some. Exon 1 of the AR gene contains a se-
guence of CAG repeats, which encodes the
transcriptional activity of AR [16]. The CAG
triplet encodes the amino acid glutamine, the
amount of which determines the strength of
the T-receptor bond. A short number of CAG
trinucleotide repeats in the AR receptor gene
(nCAG AR) indicates greater sensitivity to an-
drogens due to a stronger T-receptor bond. In
contrast, long nCAG AR triplets are associated
with low sensitivity to androgens due to the
weak bond between the steroid hormone and
the receptor [17].

The relationships between the nCAG AR
and prostate cancer incidence and male fer-
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tility have been established [18, 19]. The ge-
nomic mechanisms of androgen action are
universal and affect extragonadal targets. The
NCAG AR gene is positively correlated with the
content of adipose tissue, as well as its secre-
tory activity [20].

Genomic mechanisms of T action on the
cardiovascular system and endothelium are
minimally studied. Some studies have shown
an association between short nCAG AR and im-
paired arterial vasoreactivity in healthy young
volunteers, regardless of endogenous T values
[21]. Decreased AR sensitivity, determined by
NnCAG AR, in T2DM men seems to be accom-
panied by impaired endothelium-dependent
vasodilation, as well as increased synthesis of
EnD markers [22].

Of particular interest are the limited data
on the relationship between sensitivity to an-
drogens and the effectiveness of testosterone
replacement therapy (TRT) in patients with
functional hypogonadism. The TIMES 2 study
showed that high sensitivity to androgens is
positively associated with more significant dy-
namics of insulinemia, triglyceridemia and IR
against the background of TRT, while there
was no effect on the level of HbA1c or other
carbohydrate and lipid profile parameters [23].

Summarizing the analyzed data, it can be
argued that the endothelium is an important
target for the action of sex hormones, and
EnD is one of the key factors of cardiovascular
risk in men. However, studies of the genetic
aspects of T action on the endothelium in men
with hypogonadism receiving TRT have not
been performed.

Thus, this study aimed to evaluate the rela-
tionship between the nCAG AR and the dynam-
ics of biochemical and ultrasound markers of
EnD in men with functional hypogonadism and
T2DM receiving TRT.

Materials and methods

Ethics statement. The study design and
protocol were reviewed and approved by the
Ethics Committee of the Rostov State Medical
University (Protocol No. 13/14 dated 11-09-
2014). All patients gave informed written con-
sent according to protocol also ratified by the
Ethics Committee of the Rostov State Medical
University.

Patient demographics and sampling. This
study included 45 men with T2DM according to
the criteria of the American Diabetes Associa-
tion (2021). The context of this study refers to

BecTHWK yponorum
Vestnik Urologii
2024;12(4):14-22

ORIGINAL
ARTICLES



OPUTVHAJNbHBIE
CTATbW

biological male sex. Moreover, men were diag-
nosed with potential functional hypogonadism
according to the diagnostic criteria of the EAU
Guidelines on Male Hypogonadism (2021). The
exclusion criteria were primary or secondary hy-
pogonadism of any origin (testicular damage,
diagnosis of pituitary/hypothalamic malfunc-
tion), hyperprolactinemia and hypothyroidism,
any history of a malignant disease, elevated
PSA (> 4 ng/mL) and a desire for paternity.

Diagnostic work-up. Patients underwent
the following anthropometric measurements:
height, body weight, body mass index (BMI),
waist circumference (WC), blood pressure
and heart rate. The laboratory tests included
carbohydrate metabolism parameters (fast-
ing blood glucose, glycosylated hemoglobin
(HbA1c), immunoreactive insulin (IRI), and
calculation of HOMA1-IR). Enzyme-linked im-
munosorbent assays (ELISA) included assess-
ment of sex hormones (serum total T and sex
hormone-binding globulin with calculation of
free T according to Vermeulen, luteinizing and
follicle-stimulating hormones) and biochemi-
cal markers of EnD.

Blood was collected from the ulnar vein
before 10 am after 12 h of fasting. Biochemical
tests were performed in fresh blood serum; for
enzyme immunoassays, blood was centrifuged
at 3000 rpm/20 min and serum was frozen at
-20 °C for analysis of all parameters in a batch.

The Bayer ADVIA 1650 analyser (EKF Di-
agnostics USA, Stabio Labs, USA) was used
to assess biochemical markers. HbA1c was
measured on the DCA 2000+ analyser (Sie-
mens Healthineers AG, Germany). To deter-
mine IR, the HOMA1-IR index was calculated
using the homoeostasis model as follows:
(HOMAT1-IR: fasting insulin (uU/ml) x fasting
glucose (mmol/1)/22.5).

Total T, sex hormone binding globulin, lu-
teinizing and follicle-stimulating hormones
were determined using the DRG ELISAs labora-
tory kits (DRG Diagnostics GmbH, Germany).
To assess the serum IRI concentrations, labo-
ratory kits (Monobind, Inc., USA) were used.
Serum concentrations of EnD markers were as-
sessed by laboratory kits for ELISA: NO, (R&D,
USA); eNOS3, (BCM Diagnostics, USA); endo-
thelin-1, (Biomedica Medicin Product GmbH,
Austria); C-reactive protein, (Biomerica Inc.,
USA); ICAM-1, VCAM-1, VEGF-1, p- 1 e-selectins
(Bender Medsystems GmbH, Germany). The
presence of CAG repeats polymorphism in
the AR gene was determined in all patients
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using a PCR with analysis of polymorphism of
amplification fragment lengths. The study ma-
terial was genomic DNA isolated from blood
leukocytes using the Wizard ® Genomic DNA
Purification Kit (Promega Corp., USA).

The brachial artery (BA) vasoreactivity was
assessed following the method of D. Celerme-
jer. A cuff was stretched in the brachial upper
third, the pressure was pumped 40 mmHg
higher than the systolic blood pressure in the
BA. Compression was maintained for 5 min.
Afterwards, the cuff pressure was sharply re-
duced, resulting in rapid decompression with
increased blood flow and change in BA diam-
eter. The diameter of the BA was measured
10 times using the HD 11 XE ultrasound sys-
tem (Koninklijke Philips Electronics N.V., the
Netherlands) [7.0 MHz linear sensor] — at 15
sec, 30 sec, 1 min, 1 min 30 sec, 2 min, 3 min,
4 min, 5min, and 10 min after decompression
[24]. A complete reassessment of the baseline
parameters was performed at the end of the
study after 1 year.

Groups of patients. Patients were divided
into 3 groups according to the nCAG AR de-
tected. Group I included 9 men (mean age
53.3 £ 5.4 years) with short nCAG AR < 19. Group
ITincluded 27 men (mean age 54.1 + 5.6 years)
with medium nCAG AR 19 - 24. Group III in-
cluded 9 men (mean age 53.7 £ 5.2 years) with
long NnCAG AR > 24.

Patient therapy. The efficacy of antidiabetic
therapy was comparable among the groups
and did not change during the entire study
period. These agents included metformin, sul-
fonylurea, and DPP-4 inhibitors. All patients
received T-Gel at a dose of 50 mg qg.d. TD was
applied to the skin in the morning daily (serum
sampling was performed 3 - 4 hours after
application of T-Gel). None of the initial 45
patients discontinued the study.

Statistics. Statistical analysis was carried
out using the STATISTICA ver. 10.1 (StatSoft
Inc., USA) software package. All variables
were checked for normality of distribution
according to the Kolmogorov-Smirnov-Lil-
liefors method. Since most of the data were
not normally distributed, they are presented
as medians [lower quartile; upper quartile].
Fewer normally distributed data are presented
as the mean (M) + standard deviation (SD).
Statistical analysis was carried out using the
Wilcoxon signed rank test and the Kruskal-
Wallis test. The accepted significance level of
the differences was p < 0.05.
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Results

During the treatment period, no serious
adverse events were registered, PSA levels
remained < 4 ng/mL for all subjects, and he-
matocrit levels remained < 52% for all subjects.
The baseline and follow-up parameters are
presented in table.

Changes in metabolism. TRT in patients
with hypogonadism and T2DM resulted in
a reduction in body mass (p = 0.001), BMI (p =
0.001), and WC (p = 0.046); improved carbohy-
drate metabolism parameters, such as fasting
glucose (p = 0.003), IRI (p = 0.038), HOMA1-IR
(p = 0.003) and HbA1c (p = 0.01); and an in-
crease in the concentration of total and free
T (p < 0.001). Moreover, T-cell therapy in men
with hypogonadism and T2DM was accompa-
nied by an improvement in endothelial func-
tion, characterized by an increase in NO and
eNOS3 levels (p < 0.001) and a decrease in
the level of endothelin (p = 0.001). However,
the magnitude of the response to TRT was
contingent on the nCAG AR.

It is important to note that the increase in
the serum T concentration following TRT did
not depend on the nCAG AR. Thus, the delta of
total Tin group Iwas 7.2[2.9; 11.6] nmol/L, that
in group IIwas 5.9 [3.2; 8.9] nmol/L, and that in
group III was 5.4 [2.5; 7.7] nmol/L (p = 0.862).
Therefore, the differences that will be described
below are due precisely to the AR sensitivity.

Changes in body weight and WC are pre-
sented in Fig. 1A, 1B. Body weight decreased
by 1.4 times more in men with a short nCAG
AR than in those with an average length and by
2.5 times more than in those with a long nCAG
AR (p = 0.004). Moreover, it is noteworthy that
patients with > 24 nCAG AR repeats had less
weightloss, and as the upper quartile demon-
strates, some patients even had an increase in
body weight. Similar findings were obtained
for WC, which decreased 5-fold in men with
long nCAG AR compared with patients with
short nCAG AR.

The study of carbohydrate and lipid me-
tabolism revealed statistically significant dif-

Table. Changes in anthropometric, hormonal, metabolic variables, and levels of endothelial
dysfunction markers in men with hypogonadism and type 2 diabetes mellitus receiving testosterone

replacement therapy

ORIGINAL
ARTICLES

Variables Baseline Follow — up (1 year) p*
Anthropometric data
Body mass (kg) 103[97; 117] 98.2[91.2; 105] 0.001
BMI? (kg/m?) 32.8[30.6; 36.9]; 30.0 [27.8; 34.2] 0.001
WCP (cm) 112 [106; 125] 107 [103; 116] 0.046
HCe (cm) 110 [104; 117] 107 [101; 113] 0.087
Sex hormones
Total testosterone (nmol/l) 9.9[6.8; 11.2] 14.6[13.5;17.4] <0.001
SHBGH (nmol/l) 22.2[11.8;32.4] 23.1[14.7; 31.2] 0.941
Free testosterone (pmol/ml) 222 [150; 237] 319.5[291; 444] <0.001
Carbohydrate metabolism
Fasting glucose (mmol/I) 7.17[6.3;9.1] 6.2 [5.8;7.4] 0.003
IRIe (mcME/ml) 20.0[10.7; 32.4] 12.2[7.3; 25.8] 0.038
HOMA1-IR (U) 8.1[4.2;10.6] 4112.1;7.8] 0.003
HbA1c (%) 7.2[6.4;8.7] 6.6[6.1;7.4] 0.01
Markers of endothelial dysfunction
NO (mkmol/I) 79.8[70.4;91.2] 183.4[132.1;237.8] <0.001
eN0S39 (pg/ml) 143.3[110.6;234.6] 274.8[195.2;421.3] <0.001
Endothelin (fmol/ml) 1.5[1.1;1.9] 0.6[0.4; 1.1] 0.001
VCAM-1" (ng/ml) 937 [826; 1035] 805.3 [523;1093] 0.167
ICAM-17(ng/ml) 338.7[269.5; 419] 209.6 [170; 260.4] <0.001
p-selectin (ng/ml) 603.2 [537.2;652.5] 129.9[89.7; 163] <0.001
e-selectin (ng/ml) 43.0[32.0;69.6] 33.0[22; 61.5] 0.091
Cadherin (ng/ml) 1.3[1.1; 2.5] 0.5[0.4; 4.0] 0.01
C-reactive protein (mg/l) 10.1[5.9; 13.9] 2.8[1.0;10.5] 0.001

Note. The values are presented as medians [lower quartile; upper quartile]. All male patients (n = 45) were selected for analysis. * Baseline vs follow-up values (p < 0.05), W signed rank test
“ BMI — body mass index; ® WC — waist circumference; < HC — hip circumference; “ SHBG — sex hormone-binding globulin; ¢ IRI — immunoreactive insulin; ' HOMA1-IR — homeostatic model
assessment-1 - insulin resistance; 9%eNOS3 — endothelial nitric oxide synthase 3; " VCAM-1— vascular cell adhesion molecule 1;' ICAM-1 — intercellular adhesion molecule 1
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ferences only in relation to HbA1c. The dy-
namics of HbA1c were the highest in group
I (p = 0.03) and amounted to 1.2%, while in
patients in group III, this parameter did not
change against the baseline. Neither the fast-
ing glycemia nor the hyperinsulinemia level
was significantly different.

Changes in vasoreactivity. The length of
the nCAG AR has shown a strong association
with the dynamics of endothelium-dependent
vasodilation of the BA and the timing of the de-
velopment of maximal vasodilation during the
test of reactive hyperemia. Thus, patients with
a nCAG AR < 19 exhibited a two-fold increase
in arterial vasoreactivity on TRT compared to
individuals with a nCAG AR > 24 and a three-
fold increase (p < 0.05) compared to men with
an nCAG AR > 24 (Fig. 2A, 2B). Moreover, in
patients with a short nCAG AR and greater
androgen receptor sensitivity, vasodilation of
the BA occurred twice as fast as that in other
patients (p < 0.05). Interesting data have been
obtained related to biochemical markers of
EnD. Changes in NO and eNOS3 concentra-
tions (Fig. 3A, 3B) were unidirectional.

Patients with a nCAG AR < 19 had the
most pronounced increase in the concentra-
tion of NO in TRT, which was 1.6 times greater
than that in men with a nCAG AR 19 - 24 and
5.1 times greater than that in men with a nCAG
AR > 24. Even more significant was the change
in eNOS3 levels, which was 3 times greater in
group I than in group II and 8 times greater
in group II than in group III. Changes in the
endothelin concentration during T-cell therapy
did not significantly correlate with AR gene
polymorphisms or, consequently, with tissue
receptor sensitivity to androgen therapy.

Discussion

Research by Heald A.H. et al. showed that
decreased androgen sensitivity is associated
with increased mortality in men with T2DM
[25]. However, what are the mechanisms un-
derlying this phenomenon? And why do hy-
pogonadal patients treated with TRT show
varying levels of effectiveness? It should be
emphasized that studies on the influence of
T on endothelial function are rare worldwide,
and there is no research on the effects of T on
the cardiovascular system.

We examined men with functional hypogo-
nadism and T2DM who received TRT for one
year and were divided into groups according
to the nCAG AR. Importantly, the T concentra-
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tion on TRT in all groups changed comparably,
which made it possible to precisely judge the
effect of the sensitivity of AR on the above
parameters.

Visceral obesity and HbA1c levels during
TRT decreased more markedly in men with
high sensitivity to AR. No relationship was
found between the nCAG AR and changes in
other indicators of carbohydrate and lipid me-
tabolism during TRT. Overall, the available
data on the effects of androgen sensitivity
on lipid and carbohydrate metabolism are
conflicting. Thus, in contrast to our study, the
TIMES2 study revealed a positive association
between the nCAG AR and fasting insulin and
triglyceride levels [23]. In addition, a positive
correlation between the nCAG AR and insulin
levels in young healthy men was found [26].
However, in a population of South Asian men,
there was no association between the nCAG
AR and IR [27]. A Chinese study revealed an
association between hypertension and nCAG
AR and high-density lipoprotein levels [28].
However, the patient cohorts in these studies
and ours are not comparable. Based on the
results of our study, we can determine the
nonsignificant influence of androgen sensitiv-
ity on carbohydrate metabolism and the ab-
sence of an effect on lipid metabolism in men
with T2DM and hypogonadism receiving TRT.

The most important information was ob-
tained about the relationship between the
nCAG AR polymorphism and vasomotor and
secretory functions dynamics of the endotheli-
um in men receiving TRT. Traditionally, the per-
centage change in BA diameter from baseline,
i.e. arterial vasoreactivity, has been used to
assess flow-mediated vasodilation. However,
we paid attention to another parameter — the
time at which the maximum BA vasodilation
developed. Our previous study showed that
increasing this parameter is one of the earli-
est signs of EnD and appears long before the
change in arterial vasoreactivity, even in the
absence of clinical symptoms of cardiovascular
disease [9, 24]. Moreover, it has been shown
that the slowdown in vasodilation occurs along
with its weakening in men with hypogonad-
ism and T2DM [29]. A detailed ultrasound
study of endothelial function revealed that
in patients receiving TRT with short nCAG AR,
endothelium-dependent BA vasodilation was
more pronounced and occurred faster than in
men with medium and long NnCAG AR. AR sen-
sitivity synergistically determines the spatial
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Figure 1. Influence of the nCAG repeats in the androgen receptor gene on the dynamics of body
weight [1A] and waist circumference [1B] in men with hypogonadism and type 2 diabetes mellitus
receiving testosterone replacement therapy (*K-W test)
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Figure 2. Influence of the nCAG repeats in the androgen receptor gene on the dynamics of arterial
vasoreactivity in the brachial artery [2A] and the time of vasodilation [2B] in men with hypogonadism
and type 2 diabetes mellitus receiving testosterone replacement therapy (*K-W test)

and temporal characteristics of endothelium-
dependent vasodilation.

The physiological explanation for this phe-
nomenon lies in the modeling of secretory ac-
tivity in the endothelium by AR sensitivity. The
closest relationship was found between the
NCAG AR and NO production. The concentra-
tions of NO and eNOS3 during TRT increased
maximally in men with the nCAG AR <19 and
minimally when the nCAG AR > 24. The dy-
namics in endothelin concentrations did not
depend on the length of the AR gene alleles.

That is, at comparable levels of total and
free T, men with a longer nCAG AR, associated
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with low androgen sensitivity, have worse in-
dicators of endothelial function on TRT, weak-
ening of the vasodilator and vasoprotective
properties of NO.

Thus, one of the key conclusions is that the
NnCAG AR is significantly related to improve-
ments in the vasomotor and secretory func-
tions of the endothelium during TRT, the posi-
tive dynamics of which are most pronounced
in patients with high sensitivity of receptors
to androgens (NCAG AR < 19) compared to
patients with moderate (nCAG AR 19 - 24) or
low sensitivity (nCAG AR > 24) to androgens.

Limitations. All patients enrolled in the
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Figure 3. Influence of the nCAG repeats in the androgen receptor gene on the dynamics of nitric oxide
(NO) [3A] and endothelial nitric oxide synthase 3 (eNOS3) [3B] levels in men with hypogonadism and
type 2 diabetes mellitus receiving testosterone replacement therapy (*K-W test)

study were diagnosed with T2DM; however,
these findings cannot be extrapolated to the
population of men with T deficiency without
carbohydrate metabolism disturbances, and
further research is needed.

Conclusion
The nCAG AR significantly influences the
response to TRT in men with functional hy-

pogonadism and T2DM. TRT in hypogonadal
men with T2DM enhances endothelial func-
tion, with the most substantial improvements
observed in patients with short nCAG AR and
high AR sensitivity. Conversely, a long repeat
length, which modulates low androgen sensi-
tivity, is associated with the least significant al-
terations in biochemical and ultrasonographic
markers of EnD on TRT.
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