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Abstract

Relevance. Serum SHBG concentration varies across different stages of a man’s life. In individuals with excess body
weight and visceral obesity, SHBG levels may decrease, which in turn disrupts the balance between bound and free
testosterone. This may lead to functional hypogonadism, particularly in middle-aged and older men. However, the
mechanisms and the extent of SHBG influence on free testosterone levels in the context of excess body weight remain a
subject of scientific debate.

Study objective. To assess the effect of sex hormone-binding globulin (SHBG) on the level of free testosterone fraction
in men with excess body weight.

Materials and methods. The study involved 326 men living in Semey, Abay region. The subjects were stratified by body
mass index (BMI) and divided into two groups: the study group (112 overweight men, BMI 25-29.9 kg/m?) and the control
group (214 normal-weight men, BMI <25 kg/m?).

Results. Sex hormone-binding globulin (SHBG) levels were negatively correlated with body mass index, rs = -0.218.
Free testosterone showed no differences between the normal-weight and overweight groups. A significant correlation was
found between SHBG and free testosterone (rs = -0.422, p < 0.01). This confirms the role of SHBG in regulating free
testosterone levels in the blood.

Discussion. With excess weight, SHBG levels in the blood decrease, which then has a cascading effect on the
distribution of testosterone between its bound and free fractions. A significant correlation between SHBG and free
testosterone has been proven. SHBG plays a key role in the binding and transport of sex hormones.

Conclusions. A significant correlation between SHBG and free testosterone has been demonstrated. In older men,
erectile function is determined not only by the level of free testosterone but also by the condition of vascular, endothelial,
neural, and metabolic regulation.
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r. Cemen, Pecny6nuka KasaxcraH.

AktyanbHocTb. KoHueHTpauus ICII B cbiBOPOTKE MEHSIETCA B pasHble BO3PACTHbIE NEPUOAbI KU3HWN MYXYWHBbI. [pu
13bbITOYHON Macce Tena u BucLeparnsHOM oxupeHun yposeHb [CIIT MOXET CHUXATBCS, YTO, B CBOKD OYependb, HapyLlaeT
COOTHOLLEHWE MEXAY CBSA3aHHbIM W CBODOAHBIM TECTOCTEPOHOM. JTO MOXET MPUBOAUTL K COCTOSIHMIO (DYHKLMOHANBHOIO
rMMoroHagmama, 0COOEHHO Y MYXYWMH CpedHero u noxunoro Bospacta. OgHako MexaHuambl 1 cteneHb BrnsHua TCIT Ha
YpOBEHb CBOOOHOIO TECTOCTEPOHA NpY M3BLITOYHOM Macce Tena OCTalTCs NPELMETOM Hay4HOI ANCKYCCHW.

Lenb uccnepoBanus. BnunsHue rnobynuHa cesasbiBatowwero ropmoHa (ICITM) Ha yposeHb cBoGOAHONM hpaKkuyum
TECTOCTEPOHA Y MYX4MH Ha hoHe 13BbITOYHOrO Beca.

Matepuansi u mMetoabl. B nccregosanum npuHano yyactue 326 MyxuuH npoxusaiolyme B ropoge Cemen, obnacty
Abait. ObcnenoBaHHble cTpatudmumpoBaHbl no MMT 1 pacnpefeneHbl Ha 2 rpynmbl; OCHOBHasS rpynna- ¢ W36bITOYHOM
maccoit Tena- 112 myxumH (UMT ot 25- 29,9 Kr/M2 ) 1 KOHTPONbHAs rpynna ¢ HopManbHbIM - 214 MyxynH ( UMT o 25 kr/m2).

PesynbTtatbl. YpoBeHb rnobynuHa, cBsi3biBatowero nonosble ropmodbl (FCI), oTpuuatensHo Koppenupyet ¢
WHOEKCOM Macchl Tena, rs= -0,218. CB06OAHBIN TECTOCTEPOH HE NoKasan pasnuunii Mexgy rpynnamu ¢ HOpManbHbIM W
136bITOYHBIM BECOM. YCTaHOBMNEHO Hanmmnume 3Ha4unmMomn koppensumonHomn cesasn mexay MCII u cBoboaHbIM TECTOCTEPOHOM
(rs=-0,422, p < 0,01). 310 nogTBepkgaeT ponb 'CII B perynupoBaHni ypoBHS cBOOOLHOTO TECTOCTEPOHA B KPOBM.

O6cyxpenue. Mpu n3bbiITouHoM Bece ypoBeHb CIT B KpoBM CHMKAETCS. OTO OKas3bliBaeT KackapgHoe BMMSHWE Ha
pacnpefeneHne TeCTocTepoHa MEXIY ero CBf3aHHbIMI U cBOGOAHbIMM ppakumsamu. [JokasaHa 3HauMmas KoppensumMoHHas
cBasb mexay CII n ceoboaHbim TectocTepoHom. [CIIT urpaeT KIoyeBylo ponib B CBA3bIBAHWM W TPAHCMOPTE MOMOBbIX
FOPMOHOB.

BbiBogbl. [lokasaHa 3HauMmasi koppensiumoHHas csisb Mexay [CMI u cBoGOAHbIM TECTOCTEPOHOM. Y MYXUMH
CTapLUMX BO3PACTHbIX rPYNM 3peKTUnbHas (PYHKUMS OnpepensieTcs He TONMbKO YPOBHEM CBOOOAHOMO TECTOCTEPOHA, HO M
COCTOSIHUEM COCYAMCTON, 3HOOTENMANbHON, HEPBHOM M METabONNYECKON PErynsLuy.

Knrouesble cnoea. 2nobynuH cessbigatouuli nomosele eopmonbl (ICIIT), chpakyus ce0600H020 mecmocmepoHa,
MYX4UHbI cmapuwieeo go3pacma, u3bbimoyHbIli 8ec.
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Tyningeme
APTbIK OEHE CAJIMAfbl BAP ErAE XXACTAfrbl EP ABAMOAPOA
XbIHbIC FTOPMOHAAPLIH BAUJIAHBICTbLIPATBLIH MNMOBYJIUHHIH
(Krer) TECTOCTEPOHHbIH BOC ®PAKLIUACDHI AEHTEWIHE oCEPI
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©3ekTiniri. Ep agampgapgbiH, eMipiHiH, apTypni Xac kesewaepiHoe KaH CapbiCyblHAAfFbl XbIHBIC TOPMOHAAPbIH
BannaHbICTbIpaTbiH rMobynuHHiH, (KB KoHUeHTpaumsckl e3repegi. ApTbiK AeHe canMarbl MeH BUCLepangbl Cemisgik
¥arganbiHoa XIBI gewreniHiv, ToMeHgeyi Oaikanybl MymkiH, Oyn e3 keseriHge OainaHbICKkaH xsHe 60C TECTOCTEPOH
apacblHparbl apakaTtbiHacThiH, Oy3binyblHa aKkenedi. ATansaH ea3repicTep, aCipece OpTa XaHe erge xactarbl ep
ajamzapga, (yHKUMOHanAblK, TMNOrOHaAM3MHiH, AamybliHa ceben Oonybl bikTUMan. Anaiga apTblk OeHe canMafbl
*arganbiHaa XIBlr-HbiH, 60C TECTOCTEPOH AeHremniHe acep eTy MexaHWU3MAEPi MEH OHbIH, bIKNan eTy AaPEXeci ani KyHre
LEMiH FbINbIMKM TanKblinay Hoicabl 60Mbin OTbIp.

3eptTey Makcatbl. ApTbiK A€He canmarsbl 6ap ep agamaapaa XblHbIC rOPMOHAAPbIH 6alnaHbICTLIPATLIH FMOOYMMHHIH,
(XKIBl) TecToCTEPOHHBIH, 6OC (hpaKLMACLIHBIH, AeHTERiHE acepiH Oaranay.

Matepuanpgap MeH apictep. 3eptteyre Abai obrbichl, Cemelt kanmacbiHga TypaTbiH 326 ep ajam KaTbiCThl.
3epTTenywinep aeHe canMarbiHbib, MHAeKC (LCW) GoiibiHWwa cTpaTudmKaumusnaHbin, eki Tonka OeniHai: Herisri Ton —
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apTbik AeHe canmarbl Bap 112 ep agam (OCU 25-29,9 kr/m?) xaHe barpinay ToObl — feHe canmafsbl KanbinTel 214 ep
agam ([CU <25 krim2).

Hatuxenep. XKblHbic ropMoHaapbiH GainaHbicTbipaTbiH Mobynud (KIBI) mewredi aeHe canMarbiHbiH, MHAEKCIMEH
Tepic koppensums kepceTTi (rs = —0,218). KanbinTbl XaHe apTblk, canMakTbl TONTap apacbiHaa 60C TeCTOCTEPOH AeHrelii
OoiiblHWa aiTapnblKTall ailbipMalubINblK aHblkTanFaH xok. CoHbiMeH katap XKIBI meH G0C TecTocTepoH apacbiHaa
cTaTuCTMKanblk, MaHgi koppenauusnbik bannaHeic aHbikTangel (rs = -0,422, p < 0,01), 6yn XIbl-HbiH, kaHaarsl 60C
TECTOCTEPOH AEHTENiH peTTeyaeri peniH Aanenaensi.

Tankbinay. ApTblk OeHe canMarbl XaffanbiHoa kaHgarbl XKIBI pedreri TemeHgengi, Gyn TeCTOCTEPOHHbIH,
GaitnaHbickaH xaHe Boc dhpakuusnapel apacbiHharbl TapanyblHa kackaftel acep etedi. XKIBI meH Goc TectocTepoH
apacblHaa MaHi koppensuusinbik, GainaHbic 6ap ekeHi ganenpeHdi. XXIBI KblHbIC rOpMOHAAPbIH GannaHbICTLIpY MeH
TacbiMangayaa Heriri pen atkapagp!.

KopbiTbiHAbINap. XIBlI MeH 6oC TECTOCTEpOH apacblHoa CTATUCTMKANbIK, MaHAi Koppensumsnblk OainaHbic
aHblkTangbl. Erge xactarbl ep agamaapaa 9pekTunbai yHKUMS Tek 60C TECTOCTEPOH AEHTEMIMEH FaHa eMeC, COHbIMEH
KaTap TaMbIpIblK, 3HOOTENUANbIK, XyWKenik xaHe MeTabonukarnblk peTTeny xaraanbiMeH e aHblkTanagbl.

TyliiHdi ce3dep: XbiHbIc 20pMOHOEPLIH balinaHbicmbipambiH 2obynuH (KIBlM), 6oc mecmocmepoH gpakyusichl, e20e
Xacmarbl ep adamoap, apmbIK OeHe canmarbl.
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Introduction However, the mechanisms and extent of SHBG's influence

In recent decades, there has been a steady increase in  on free testosterone levels in individuals with excess body

the prevalence of overweight and obesity, which represents ~ weight remain a subject of scientific debate.
a serious medical and social problem worldwide. According In this context, studying the relationship between SHBG
to the World Health Organization (WHO), more than half of ~ concentration and free testosterone levels in men with
the adult male population in both developed and developing  excess body weight is highly relevant. The results obtained
countries is overweight [1]. In the presence of excess body ~ may contribute to more accurate diagnosis of androgen
weight, a significant proportion of men experience hormonal ~ deficiency and inform the selection of strategies for
imbalance and reduced androgen levels. hormonal correction in this patient population.

Androgen deficiency is determined by serum Study Objective: To evaluate the influence of sex
testosterone levels. In the circulation, testosterone exists in ~ hormone-binding globulin (SHBG) on the level of free
three fractions: free (approximately 2%), not bound to  testosterone fraction in men with excess body weight.
transport proteins; weakly bound (about 38%), reversibly 2. Materials and Methods
associated with albumin; and bound (around 60%), tightly The study included 326 men residing in the city of
bound to sex hormone-binding globulin (SHBG) [2]. The  Semey, Abay region. Participants were randomly selected
free fraction of testosterone (approximately 1-3% of the  from patients who presented to a urologist, aged 45 to 65
total level) is considered biologically active and exerts a  years, and had excess body weight. All participants
direct physiological effect on target tissues. The  provided informed consent to take part in the study.
concentration of androgens in the blood depends not only The subjects were stratified by BMI and divided into two
on their rate of synthesis but also on the efficiency of their  groups: the main group—overweight men with a BMI of 25—
transport to target cells. The primary transport protein for ~ 29.9 kg/m? (n = 112), and the control group with normal BMI
androgens is SHBG [3]. SHBG is synthesized in the liver  below 25 kg/m? (n = 214).

and serves as the primary transport protein for hydrophobic Inclusion criteria:

androgens in the bloodstream. It plays an important role in - Male sex only;

regulating the bioavailability of all androgen fractions [4]. - Overweight status (BMI ranging from 25.0 to 29.9
The serum concentration of SHBG changes across  kg/m?);

different age periods in men. With increasing chronological - Age between 45 and 65 years;

age, SHBG levels rise while the total testosterone - Written informed consent to participate in the study.

concentration remains within the normal range. This leads Exclusion criteria:

to a decrease in free testosterone. Changes in BMI and the - BMI < 24.9 kg/m?

accumulation of adipose tissue also alter SHBG - Age younger than 45 years;

concentrations [5]. There is substantial evidence indicating - Presence of acute psychiatric conditions;

that excess body weight, particularly visceral obesity, is - Presence of acute infectious diseases;

associated with reduced SHBG concentrations, leading to - Presence of decompensated somatic diseases;

alterations in the equilibrium between bound and free - Withdrawal from the study before completion of

testosterone [6]. This may lead to a state of functional  statistical analysis.

hypogonadism, particularly in middle-aged and older men. Body mass index (BMI) was calculated as the ratio of body
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weight in kilograms to the square of height in meters (BMI =
weight [kg] / height? [m?]). Body weight was measured with
participants wearing underwear only and without shoes. Waist
circumference was measured in the standing position at the
level of the umbilicus, directly on the skin.

Assessment and classification of erectile dysfunction
were performed using a questionnaire based on the
validated International Index of Erectile Function-5 (IlEF-5).
The reference values for the IlEF-5 were as follows: no
erectile dysfunction (normal, 21-25 points); mild erectile
dysfunction (16-20 points); moderate erectile dysfunction
(11-15 points); severe erectile dysfunction (5-10 points).

Ethical approval and informed consent.

Written informed consent was obtained from all
participants in accordance with the Declaration of the World
Medical Association (Declaration of Helsinki). Participants
were provided with information regarding the purpose of the
study and the procedures involved. The study protocol was
approved by the Ethics Committee of the Semey Medical
University (Protocol No. 11, June 23, 2020).

Laboratory assessments.

Biochemical  parameters, including  high-density
lipoprotein ~ (HDL), low-density lipoprotein  (LDL),
triglycerides, and albumin, were measured at the
commercial laboratory INVIVO using a Cobas 8000 analyzer
(Roche Diagnostics, Switzerland). Reference ranges were
as follows: HDL- 0.78-2.20 mMIL; LDL- 2.33-5.31 mMIL,;
triglycerides- 1.70-2.25 mM/L; and albumin- 35-55 g/L.

Total testosterone, sex hormone-binding globulin

(SHBG), and luteinizing hormone (LH) levels were also
determined at the commercial laboratory INVIVO using an
Architect i2000SR analyzer (Abbott Laboratories, IL, USA).
Reference ranges were as follows: SHBG- 10-57 nM/L; LH-
1.14-8.75 mlU/mL,; total testosterone- 5.41-19.54 nM/L.

Free and bioavailable testosterone fractions were
calculated using an online calculator
(https:/lwww.issam.ch/freetesto.ntm)  based on total
testosterone, SHBG, and albumin concentrations.

Statistical analysis.

Statistical analysis was performed using SPSS software
(version 20.0). Both parametric and nonparametric statistical
methods were applied. The Kolmogorov-Smirnov test was
used to assess the normality of data distribution.
Quantitative variables with a normal distribution were
expressed as mean + standard deviation (M £ SD),
whereas non-normally distributed variables were presented
as median and interquartile range (Me [IQR]). For
comparative analysis of quantitative variables, Student’s t-
test and the Mann—-Whitney U- test for independent samples
were used. Spearman’s rank correlation coefficient (rs) was
applied to evaluate the association between two quantitative
variables.

Results.

The average age of participants was 52( 12) years in the
study group and 58 (12) years in the control group,
indicating a statistically relevant age difference, with
younger individuals predominating in the study cohort.

Table 1.
Indicators of Androgen and Lipid Profiles.
Main group (n=112) Control group ( n=214) p
FIELIEE from 25-29.9 kg/m? to <25 kgim?
Body mass index (BMI) 29,3+ 0,9 23,6+1,15 <0,001**
Age 46(12) (34-65) 53(12) (37-65) <0,001*
Waist circumference 106 (11,50) 81-110 90 (7,0) 93-121 <0,001*
Hip circumference 56 (6,0) 47-61 50 (3,0) 42-56 <0,001*
Index of Erectile Function-5 (IlEF-5 score) 26,4+ 25 22,743 0.2**
sex hormone-binding globulin (SHBG) 23,0 (20,05) 34,1 (18,5) <0,001*
10,80-43,20 10,80- 82,80
Albumin 43,2 (3,9) 45,0 (4,98) <0,001*
28,70- 51,40 21,40- 52,40
luteinizing hormone LH 3,8 (1,94) 4,09 (2,42) 0,682*
1,64- 12,03 1,64- 10,44
Total testosterone 9,4 (2,14) 12,5 (3,14) <0,001*
5,01- 12,75 8,42- 17,40
Bioavailable testosterone 4,99 514 0,361*
5,3 (1,89) 53(1,8)
Free testosterone 0,213 0,210 0,032*
0,2 (0,07) 0,2 (0,09)
Triglycerides 2,5(1,83) 0,53- 10,80 1,7(1,22)0,87- 7,44 <0,001*
low-density lipoprotein (LDL) 3,9 (+0,6) 3,2 (+0,6) <0,001*
2,0-5,59 2,79- 5,62
high-density lipoprotein (HDL) 1,0 (0,27) 0,62- 9,64 1,2 (0,63) 0,78- 9,05 0,384*

Notes:

1* - Mann-Whitney U test, Me (IQR) (median (interquartile range)), min and max values;
2 ** — Student’s t-test, M + SD (mean + standard deviation).

In this context, the higher BMI observed at a younger
age may be attributed to the influence of hypogonadism. A
consistent pattern was observed: as BMI increased, thigh

17

circumference and body weight also increased. A negative
correlation was noted between erectile dysfunction and
BMI. An increase in BMI was significantly associated with
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greater severity of erectile dysfunction (rs = -0.560, p <
0.01). Additionally, sex hormone-binding globulin (SHBG)
levels demonstrated a significant inverse correlation with
BMI. The correlation coefficient (rs) was —0.218, which, at p
< 0.01, confirms the statistical significance of this
association. As BMI increases, SHBG levels decrease,
demonstrating the impact of obesity on the concentration of
this protein. This observation directly affects circulating total
testosterone concentrations, which are largely modulated
by SHBG. A significant positive association was identified
between SHBG and total testosterone levels (rs = 0.266, p <
0.01). Moreover, decreases in serum total testosterone
were proportional to SHBG concentrations, supporting the
established role of SHBG as the principal carrier protein for
sex steroids and a key regulator of their bioavailability and
biological effects. These results confirm the importance of
SHBG in regulating testosterone levels and underline its
essential role in maintaining hormonal balance. In a
comparative analysis with the normal-weight group, albumin
levels were noticeably lower in the overweight group.
However, no significant differences in albumin levels were
observed when compared with other biochemical
parameters between the groups. This may indicate that the
decrease in albumin in the overweight group did not exert a
meaningful influence on the other examined variables.
Additionally, luteinizing hormone levels were lower in the
overweight group, but still within the reference range. This
suggests that excess body weight in this population does
not lead to pronounced changes in LH secretion.

Free testosterone did not differ between the normal-
weight and overweight groups. This phenomenon is likely
associated with the compensatory decrease in total
testosterone and SHBG levels in the overweight group,
which may influence the balance between bound and free
testosterone  fractions.  Nevertheless, a statistically
significant inverse relationship was observed between
SHBG and free testosterone (rs = -0.422, p < 0.01), further
substantiating the role of SHBG in the regulation of
circulating free testosterone levels. Biologically active
testosterone was also lower in the overweight group. This
may be explained by the reduction in albumin levels in this
group, which disrupts testosterone transport and leads to a
decrease in the concentration of the active hormone
fraction. The statistical significance of this association was
rs = 0.196 (p < 0.01), confirming the importance of albumin
in maintaining biologically active testosterone levels.

Analysis of lipid metabolism revealed that overweight
individuals exhibited elevated triglyceride and LDL
concentrations, which were inversely related to reductions
in SHBG levels. A statistically significant inverse correlation
was observed between LDL cholesterol and SHBG (rs =
-0.197, p < 0.001). HDL levels decreased in parallel with
SHBG in the overweight group, although this change did not
reach statistical significance.

Discussion

The present study focuses on investigating the
association between sex hormone-binding globulin (SHBG)
levels and the concentration of free testosterone in
overweight men. Free testosterone represents the
biologically active component of circulating testosterone,
existing independently of transport proteins and constituting
approximately 1-3% of total serum testosterone [7]. Its
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concentration depends on the level of total testosterone as
well as on the content of binding proteins, primarily sex
hormone-binding globulin (SHBG) and, to a lesser extent,
albumin. In the present study, a significant association was
identified between SHBG levels and indicators of androgen
status. Our findings demonstrated that SHBG levels
negatively correlate with body mass index (BMI) (rs = -
0.218, p < 0.01). These findings suggest a trend toward
reduced SHBG levels in men with excess body weight. The
underlying mechanism of this association is likely related to
metabolic  alterations accompanying overweight, as
increased  visceral adiposity is associated with
hyperinsulinemia due to insulin resistance, as well as
elevated leptin concentrations. These inflammatory factors
suppress the hepatic synthesis of SHBG[8]. As a result, the
level of SHBG in the blood decreases, which produces a
cascade effect on the distribution of testosterone between
its bound and free fractions. Since SHBG plays a key role in
the binding and transport of sex steroids, a reduction in its
concentration may directly influence circulating total
testosterone levels. In our study, a positive correlation
between SHBG and total testosterone was observed (rs =
0.266, p < 0.01). Men with lower SHBG levels demonstrated
reduced total testosterone. This finding supports the
assumption that SHBG serves as a major regulator of
androgen bioavailability. A decrease in SHBG leads to a
reduction in the proportion of testosterone in the bound
state, which increases the relative amount of free
testosterone. This explains why, in men with excess body
weight, moderate reductions in total testosterone may still
be accompanied by free testosterone levels within the
normal range, owing to decreased SHBG binding. Thus, a
compensatory redistribution of testosterone fractions occurs,
allowing the biological activity of androgens to be
maintained even when total testosterone levels decline.

In cases of pronounced obesity accompanied by a
reduction in albumin levels, the concentration of biologically
active testosterone (the sum of free and albumin-bound
testosterone) may also decrease. This occurs because a
portion of testosterone previously bound to albumin shifts
into the free fraction. However, overall androgen activity
may decline due to reduced total testosterone levels and
gonadal dysfunction [9].

Excess body weight has a significant impact on lipid
metabolism and hormonal status. In the presence of
obesity, insulin resistance and inflammatory processes
develop, adversely affecting lipid metabolism. This leads to
an increase in ftriglyceride and LDL levels. The
concentration of high-density lipoproteins (HDL) also
decreases. These metabolic changes are associated with
reduced hepatic synthesis of sex hormone-binding globulin
(SHBG) [10].

Age-associated reductions in total testosterone activate
compensatory feedback pathways, resulting in elevated
luteinizing hormone (LH) secretion. Circulating LH levels
may therefore serve as an indicator of gonadal functional
integrity. Our findings demonstrate that this regulatory
response is preserved in men with normal body mass. In
contrast, individuals with excess body weight exhibit a
decline in LH concentrations. This phenomenon is likely
related to enhanced aromatase activity within adipose
tissue, which promotes the conversion of testosterone to
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estradiol. Increased estradiol levels exert negative feedback
on LH secretion and inhibit the release of gonadotropin-
releasing hormone (GnRH). [11]. As a result, circulating
testosterone levels decline. In our study, the concentration
of free testosterone was similar in both groups. However,
despite the absence of significant differences in measured
hormonal levels, the overweight group demonstrated a
pronounced pattern of erectile dysfunction.

In older men, erectile function is determined not only by
the level of free testosterone but also by the condition of
vascular, endothelial, neural, and metabolic regulation [12].
In visceral obesity, a number of pathophysiological
disturbances develop, which can lead to erectile dysfunction
even if free testosterone levels remain within the normal
range.

In the presence of excess adipose tissue, insulin
resistance and elevated levels of free fatty acids are
observed. These factors lead to a reduction in nitric oxide
(NO) synthesis by the endothelium of penile vessels. NO
deficiency impairs the relaxation of the corpora cavernosa
and hinders adequate arterial blood inflow, which is the
primary mechanism of erection. In older men, obesity
accelerates atherogenesis. Narrowing of arterial lumens
and decreased arterial elasticity reduce blood flow to the
corpora cavernosa.

Since the penile vessels have a small diameter, erectile
dysfunction often represents an early manifestation of
systemic atherosclerosis. Insulin resistance also promotes
the development of chronic subclinical inflammation,
contributing to oxidative stress.

Even at normal levels of free testosterone, these
mechanisms impair the hemodynamic phase of erection
[13].

These factors lead to decreased libido, impaired
psychosexual response, and exacerbation of erectile
dysfunction, even though free testosterone levels formally
remain within the normal range.

Moreover, reductions in SHBG and free testosterone in
men with excess body weight may further exacerbate
metabolic ~ disturbances, creating a Vvicious cycle:
hypogonadism increases insulin resistance and promotes
fat accumulation, which in turn further decreases androgen
levels. These interrelationships are particularly important for
men over 40, who already experience a physiological
decline in testosterone production.

The clinical relevance of the observed associations is
that reliance solely on total testosterone measurements may
not adequately reflect androgen status in men with excess
body weight. In this population, evaluation of sex hormone-
binding globulin (SHBG) concentrations and estimation of
free testosterone using validated calculation methods (such
as the Vermeulen equation) provide greater diagnostic
value.

Accordingly, our findings highlight the importance of an
integrated hormonal evaluation in overweight men and
support the consideration of SHBG and free testosterone
parameters in diagnostic and therapeutic algorithms for
disorders of androgen homeostasis. Future prospective
studies are needed to evaluate the impact of body weight
normalization and metabolic parameter improvement on the
dynamics of SHBG and free testosterone levels.
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Conclusions

A correlation exists between SHBG and free
testosterone. In older men, erectile function is determined
not only by the level of free testosterone but also by the
condition of vascular, endothelial, neural, and metabolic
regulation.
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