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Male sex has long been argued as a strong risk factor for arterial hypertension. Noteworthy is that available data support the negative impact
of low testosterone on male cardiovascular health.

Objective. This study was designed to assess characteristics of circadian blood pressure and arterial stiffness in hypertensive men with and
without testosterone deficiency.

Materials and methods. A total of 60 male hypertensive patients aged above 45 years were screened on androgen deficiency symptoms via
Male andropause symptoms self-assessment questionnaire (MASSQ). 42 subjects with suspected low testosterone level were recruited into the
study for subsequent total testosterone (TT) measurement. 24 h BP monitoring was carried out for all participants. Aortic stiffness was assessed
using BPLab Vasotens System (cuff-based oscillometry method).

Results. 43 % of patients had biochemically confirmed low testosterone level. The total score of MASSQ in this group was significantly higher
compared to patients with normal testosterone. The decreasing of TT concentration with age was detected. The low TT group was characterized
by significantly higher values of 24 h systolic blood pressure (SBP) and pulse pressure (PP) values. The lower testosterone appears to be
associated with prevalence of “non-dipper” pattern. The results of the multiple regression analysis revealed the relationship between plasma
testosterone levels and SBP values in both study groups, while the relationship between testosterone and DBP values was not significant. A
significant relationship was also found in each group between TT and PWV.

Conclusion. The study revealed the high prevalence of androgen deficiency among hypertensive middle-aged men. These patients are
characterized by higher BP values compared to those with normal TT levels in the same age range. Low TT concentration may be considered
also as the contributor of increased arterial stiffness in hypertensive males.

Oco0uBoCTi Bapia0eJIbHOCTI apTepiabHOI0 THCKY TA KOPCTKOCTI apTepiil y 40.10BiKiB
i3 rineproHiunoi0 XxBopoooio Il cTanii Ha Ti1i aHAporeHHOro AedinuTy

B. A. Bizip, A. C. Caoomos, O. B. Haconenko

Yomnogiya cTaTh PO3MIAAAETHCS K HE3aJISKHUN (aKTOp PU3UKY PO3BUTKY apTepiaibHOI rimeprensii. HasBHi 1aHi cBigyaTh Npo HETaTUBHUI
BIUTUB HU3BKOTO PiBHS TECTOCTEPOHY Ha PO3BUTOK Ta MPOIPECyBaHHs CEPLEBO-CYAMHHNX 3aXBOPIOBAHb Y YOJOBIKIB.

MeTta po6oTH — OLIHIOBaHHS NTapaMeTpPiB JOOOBOTO MPODLITIO apTepialbHOTO THCKY Ta YKOPCTKOCTI apTepiil y YOJIOBIKIB i3 TIIEPTOHIYHOIO
xBopoboro 11 cranii Ha TIi aHIPOreHHOro AedinuTy abo 32 HOPMAIBLHOTO PiBHS TECTOCTEPOHY.

Marepianu Ta meroan. O6crexxmmm 60 NamieHTiB YOIOBIUOl cTaTi 3 TINEPTOHIYHOIO XBOpoOoto 11 cranii Bikom crapmie 3a 45 pokiB 010
aH/IPOT€HHOTO Ie(IIMTY 3a OTIOMOTOI0 ONUTYBAJIbHUKA CHMIITOMIB 4osoBiuoi anapomnaysu (MASSQ). 42 marieHTH, 3araibHa KinbKicTh 6aiB
SIKUX, 3T1JTHO 3 OITUTYBAJILHUKOM, BiJITOBi/IajIa HAsSIBHOCTI CUMIITOMIB 3HW)KEHHSI TECTOCTEPOHY, OyJIM BKIIFOUYEHI B JOCIIDKEHHS ISl AaJIBIIOTO
BHU3HAUYCHHS 3araibHoro tectoctepony (3T). Yeim mocmimkyBaHuM 31iHCHIIIN JOOOBE MOHITOpYBaHHS apTepianbHOro TUCKY (AMAT) Ta omi-
HIOBAaHHSI )KOPCTKOCTI apTepiii 3a gomomororo cucremu BPLab Vasotens (oCunIoMeTpuaHIM METOIOM).

PesyabTaTn. 43 % narieHTiB Manu 010XiMIYHO MiTBEPIKEHHUI HU3bKHI piBEHb TeCTOCTEpOoHY. 3aransHuit 6am MASSQ y wiit rpymi BUsBHBCS
3HAYHO BHIIMM MOPIBHSHO 3 AOCHIPKyBaHHUMH 3 HOPMAJIBHUM PiBHEM TecTOCTepoHy. CrocTepiranocs 3HMKeHHs KoHIeHTpamii 3T i3 BikoM.
I'pyna xBopux i3 HU3bKkUM piBHeM 3T xapakTepu3yBasiacs 3HaYHO BUILIMMH 3HAYEHHSIMU CHCTOIIYHOTO0 apTepianbHoro Tucky (CAT) i mynbcoBoro
aprepiansHoro tucky (ITAT) 3a manmmu JIMAT. Jlo6oBuii nmpodine AT y rpymni aHAPOreHHOTO Ie(IiIUTy XapaKTepH3yBaBCs IEPEBAKAHHIM
«non-dipper». Pe3ynpratn MHOKMHHOTO PErpeciiiHOro aHallizy MOKa3ald B3a€EMO3B’SI30K MUK PIBHEM TeCTOCTEepoHY Ta 3HadeHHsAMH CAT B
000X rpymnax, BOJHOYAC sIK 3B’130K MiXK TECTOCTEPOHOM 1 3HA4eHHsIMU giactonigHoro AT He OyB craTHCTHYHO 3HAUyUM. CHIBHHM BHSIBHBCS
3B’S130K y KOHiH rpymi Mix 3T i IIBUAKICTIO MOMUPEHHS MYJILCOBOT XBIIII.

BucHoBku. JloCiiKEHHS TPOEMOHCTPYBAJIO BUCOKY MMOLIMPEHICTh aHAPOreHHOTO Ae(ilnTy Cepes Y0I0BIKIB CEpeAHBbOIO BiKYy 3 rimep-
ToHIUHOIO XBopoOoto II cranii. Lli manmieHTH XapakTepu3yIOThCS BUIIMMH 3Ha4eHHSIMH AT MOpPIBHSHO 3 TaKMMH Ti€i caMoi BIKOBOT IpymH,
arne 3 HopManbHUM piBHeM 3T. 3HmkeHHs piBHA 3T Moke po3mIsAaTHCS SK OJHH i3 (PaKTOPIB IMiABUIIEHOI JKOPCTKOCTI apTepiil 3a HAIBHOCTI
rinepTOHIYHOI XBOPOOH.

Knrouosi cnosa: cinepmoriuna x60poba, mecmocmepoH, sHopCemKicms apmepil.
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OcodeHHoCTH BapuadeJbLHOCTH apTePHAJILHOIO JaBJIeHHA H KECTKOCTH apTepHii y My:KUMH
¢ runepToHuyeckoii 6ose3nsnio Il craguu Ha doHe aHApPOreHHOrO AepuumUTA

B. A. Busup, A. C. Caoomos, A. B. Haconenko

MysKCcKOH MOJI paccMaTpuBaeTcsl Kak He3aBHCUMBIH (akTop prcKa pa3BUTHs apTepUabHON runepreH3un. Vimeronmecs faHHbIe CBUIe-
TEJIbCTBYIOT O HETATHBHOM BIIMSIHUY HU3KOTO YPOBHSI TECTOCTEPOHA Ha PA3BUTHE U IIPOTPECCUPOBAHNE CEPIEYHO-COCYIUCTHIX 3a00IeBaHm
y MYXKYHH.

Lean padoThl — OlICHKA MTAPAMETPOB CYTOYHOTO MPOQUIIS apTEPUATFHOTO JaBICHUS H KECTKOCTH apTePHid Y MYKUYHH C TUIIEPTOHUYECKOI
6onesnspio I cranny Ha QoHe aHAPOTEeHHOTO NeHUINTA U TIPH HOPMATBHOM YPOBHE TECTOCTEPOHA.

Marepuaibl 1 MeToabl. O6cienoBano 60 MANMEHTOB MYKCKOTO T0J1a C THIIEPTOHUUYECKO# Ooie3Hbto 11 ctaauu B Bo3pacte crapiie 45 net

HAa MPEIMET aHAPOTEHHOTO JAe(HUIITa C TOMOIIBIO ONTPOCHUKA CHMITOMOB MY»cKol aHzporay3sl (MASSQ). 42 manueHTa, y KOTOpBIX o01ee
KOJIMYECTBO 0AJUIOB, COMIACHO OMPOCHUKY, COOTBETCTBOBAJIO HATMYHMIO CHMITOMOB CHUKEHHS TECTOCTEPOHA, ObLIN BKIIOUEHBI B UCCIICIOBAHUE
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JUIsL najbHelero onpenenenus odmero tecroctepona (OT). Beem ucnbITyeMbIM IPOBECHO CyTOYHOE MOHHTOPUPOBAHUE apTEepUaIbHOTO
nasnenns (CMAJ]) n onieHka sx€cTKoCcTH apTepuii ¢ momoIsio cucteMsl BPLab Vasotens (0CIHIIIOMETPHYECKUM METOIOM).

Pe3ynbTarbl. 43 % ManueHTOB MMEIM OMOXMMHUYCCKU MOATBEPKACHHBIN HU3KUN YypOBeHb TecTocTepoHa. O6mwmii 6amt MASSQ B 3Toit
TpyIe OKa3aJiCsi 3HAYMTENFHO BHINIC 10 CPABHEHHUIO C OOCIIEAYEeMBIMH C HOPMallbHBIM YPOBHEM TecTocTepoHa. Habmronanock CHIDKeHHE
xoHnenTpauun OT ¢ Bo3pactom. ['pynma GonbHbIX ¢ HU3KMM ypoBHeM OT xapakrepn3oBajiachk CyIIECTBEHHO 00jee BHICOKUMHU 3HAUCHUSIMHU
cucroinyeckoro aprepuasibHoro aapnenus (CAJI) u nynscooro aprepuanbroro aasienus ([TA 1) mo nanasivm CMAJL. Cytounstit mpoduias Al
B IpyIIE aHAPOTCHHOTO Ae(PUINTa XapaKTepru3oBajcs npeodnaganueM «non-dipper». Pe3ymsraTbl MHOXXECTBEHHOTO PETPECCHOHHOTO aHAIN3a
MOKa3aJIM B3aUMOCBSI3b MEXK/y YPOBHEM TecTocTepoHa 1 3HadeHussMH CA /] B o0enx rpymnmax, B TO BpeMs Kak CBA3b MEXy TECTOCTEPOHOM U
3HaUCHHUAMH nuactonndeckoro AJl He Obula cTaTHCTHYCCKH 3HAYMMOM. CHIIBHOM OKa3alics CBsA3b B Kaxaou rpymme Mexay OT u ckopocThio
pacmpocTpaHEeHUS MyTbCOBOM BOJHEL.

BriBob!1. VceeioBanue npoieMOHCTPHUPOBAIIO BBICOKYIO PACIIPOCTPAHEHHOCTh aHPOI€HHOI0 Ae(HIIMTA CPEIU MY)KUMH CPETHEr0 BO3pacTta
C THIEePTOHUYECKOH Oome3Hbio I cramum. DTn nanueHTsl XapakTepru3yIoTcs Oojiee BEICOKUMHY 3Ha9eHUIMH A J] 110 CpaBHEHHIO C TAKOBBIMH TOI
K€ BO3PACTHOM rpymiisl, HO ¢ HopManbHBIM ypoBHeM OT. CHikerne ypoBHs OT MokeT paccMaTpuBaThCs KaK OJMH U3 (PaKTOPOB MOBBIIICHHOH

KECTKOCTH apTepHii IPH HAJTMIUU THIEPTOHIYECKOI Ooe3HN.

Knroueewie cnosa: cunepmonudeckas 60/Z€3Hb, mecmocmepon, HCECmMKOCMb apmepuﬁ.
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Last years the interest to the problem of hormonal changes
in the development of cardiovascular disorders markedly
increased. Male sex has long been argued as a strong risk factor
for arterial hypertension. The functional activity of the entire
endocrine system changes with aging, and it is of interest to
study the male age-related androgen deficiency syndrome in
cardiovascular diseases (CVD). However serum testosterone
level is not accepted as a traditional risk factor, the natural aging
process faces with gradual decreasing of androgen concentration
[14]. Baltimore Aging Study has shown that 20 % of men over
60 years, 30 % over 70 years and 50 % over 80 years have low
level of total testosterone [8].

There is an increasing number of evidence regarding the nega-
tive impact of low testosterone on male cardiovascular health [2].
Testosterone may act as a biomarker of general health disorders,
similar to other hormones that are biomarkers of illness, such
as thyroid hormone, which declines with illness severity and
predicts mortality [12,13]. Many co-morbidities and prescribed
medications can affect testosterone levels resulting in a wide
range of nonspecific clinical signs and symptoms of androgen
deficiency [3]. Nowadays there is thoroughly studied the role of
androgenic status in the maintenance of cardiovascular health
in adult male. Higher physiological testosterone levels are now
getting attention as a beneficial modulator of traditional cardio-
vascular risk factors [5,10].

Within the last decade the prospective population-based
studies demonstrated the association of low testosterone levels
with an increased risk of major coronary events and significant
correlation between poor androgenic status and cardiovascular
mortality [4]. Despite the growing number of observations of
the impact of low androgens levels to development, progressing
and outcomes of CVD the controversies regarding the exact
laboratory definition of testosterone deficiency still exist.

A large number of researches have shown the crucial role of
preclinical organ damage to determine individual cardiovascular
risk. Accelerated arterial stiffness is considered as a novel pre-
dictor of cardiovascular events and all-cause mortality, and can
be evaluated with pulse wave velocity (PWV) [6], ambulatory
arterial stiffness index (AASI) [1] and augmentation index (Alx)
[11]. Cause-and-affect relationship between testosterone level
and arterial stiffness is yet to be established. Numerous studies
describe arterial stiffness in various subpopulations, but there are

no evaluations of PWV, AASI, and Alx in hypertensive patients
according to androgenic status.

Objective

This study was designed to assess characteristics of circadian
blood pressure and arterial stiffness in hypertensive men with
and without testosterone deficiency.

Materials and methods

A total of 60 male hypertensive patients aged above 45 years
were exposed to perform Male andropause symptoms self-as-
sessment questionnaire (MASSQ) [9]. 42 subjects with more
then 40 points of MASSQ were supposed to have mild-to-mod-
erate androgen deficiency and were recruited into the study.
Patients with BMI >28 kg/m?, prior history of hypogonadism,
medical or surgical treatment for any prostatic disease, major
cardiovascular events and diabetes mellitus were excluded.
Signed informed consent was obtained from all patients. The
subsequent total testosterone (TT) concentration was evaluated
using immunoassay. TT was measured in the morning (between
7 a. m. and 11 a. m.) after an overnight fast. As the cut-off the
value of 350 ng/dL was used to define androgen deficiency
[7]. The patients with TT levels below 230 ng/dL were not
included into this study because of requirement of testosterone
replacement therapy. 24 h BP monitoring was carried out for all
participants. Aortic stiffness was assessed using BPLab Vasotens
System (cuff-based oscillometry method). Pulse wave analysis
was evaluated due to the non-invasive measurement of aortic
pulse wave velocity (PWVao), augmentation index (AIx) adjust-
ed to the 75 beats per minute of heart rate and subendocardial
viability ratio (SEVR).

Statistical analysis of the data was performed using Statistica
6.0 for Windows. Multiple regression analysis was used to assess
the causality of androgen deficiency in hypertension and changes
of arterial stiffness. The results are expressed as means+=SD. The
level of significance was taken as p<0.05.

Results

The general characteristics of the two groups are shown in
Table 1.

Eighteen patients (43 %) had biochemically confirmed low
testosterone level. Furthermore, the total score of MASSQ in
participants of this group was significantly higher compared to
patients with normal testosterone. The most usual manifestations
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Table 1
Main characteristics of the study population
Data, unit Low TT patients, n=18 Normal TT patients, n=24

Age, years 64+5.87 53+6.06
MASSQ, total score 64.3+9.71* 46.4+5.68

24 h SBP, mm Hg 141.5£11.44%* 133.8+9.62

24 h DBP, mm Hg 87.25+6.41 85.62+7.14

24 h PP, mm Hg 63.53+6.71%* 54.27+5.24

Total testosterone, ng/dL 327+17.29* 408+29.98
PWVao, m/s 10.9+£2.14* 9.1£3.25

ASI, mm Hg 181.5£14.54 164.5+16.72

Pulse pressure amplification (PPA), % 144.6+9.62 133.3+8.14
Subendocardial viability ratio (SEVR), % 75.4+£8.72%* 84.6+9.45

Note: * — p<0.05 between groups with and without androgen deficiency.

of androgen decline were physical exhaustion and decrease in
ability to perform sexually.

Patients with testosterone deficiency were more aged. The
TT level seemed to be lower with increasing of age, and this
decline becomes evident after the age of 64. The decreasing of
TT concentration with age is shown in Fig. /.

The low TT group was characterized with significantly
higher values of 24 h systolic blood pressure (SBP) and pulse
pressure (PP) values. Therewith it was noticed that the differ-
ence in SBP was more representative for values SBP during
the active period. The difference between diastolic blood pres-
sure (DBP) values between groups was non-significant. The
circadian BP profile of non-dipper was prevalent in androgen
deficient patients (51 %).

The pulse wave form assessment showed that pulse pressure
amplification tends to be higher and wave reflection tends to be
lower in participants with testosterone insufficiency (Fig. 2).

Linear statistical analysis revealed that PWV and PP were
positively correlated with age and both SBP and DBP. TT
levels were inversely related to PWV (r=—0.66; P<0.005), Alx
(r=—0.51; P<0.05), SBP (=—0.64; P<0.05). Correlation between
TT and DBP was proved as insignificant.

Based on the idea that testosterone deficiency can affect BP
and arterial stiffness and although on the possibility of reverse
causality multiple regression analysis was performed with tes-
tosterone as an independent variable and BP and arterial stiffness
parameters as dependent variables.

The results of the multiple regression analysis using TT as
an independent variable and SBP, DBP, PWV and SEVR as
dependent variables are demonstrated in 7able 2. This analysis
revealed the relationship between plasma testosterone levels
and SBP values in both study groups, while the relationship
between testosterone and DBP values was not significant. A
significant relationship was also found in each group between
TT and PWV.

Discussion. The present research demonstrated the preva-
lence of androgen deficiency among male patients with arterial
hypertension and confirmed the gradual decline of TT level
with increasing of age. These findings are in accordance to
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Fig. 1. The distribution of TT concentration according to the age.

Fig. 2. Measured brachial artery (top) and aortic pressure (bottom)
waves recorded in hypertensive patient with androgen deficiency
(56 years old).

many prospective cross-sectional and longitudinal studies,
such as Massachusetts Male Aging Study that also indicated
a decrease of TT in the process of aging [10]. Hypertensive
patients with low TT level are characterized by higher 24 h
SBP and PP; herewith the most prevalent circadian BP pro-
file is non-dipper. At the same time, the assessment of aortic
stiffness parameters has shown the significant relationship
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Table 2
Multiple regression analysis of arterial stiffness parameters in hypertensive patients
Data, unit Patients with low TT Patients with normal TT
TT, r=0.6, ng/dL F value F value P
Age, years 29.46 0.37 32.8 0.14
SBP, mm Hg 2.47 0.014 2.21 0.01
DBP, mm Hg 0.23 0.62 0.18 0.66
PWV, m/s 71.85 0.053 65.69 0.01
SEVR, % 12.61 0.001 14.33 0.0005

between androgenic status and PWV and SEVR. The study
design reflects the actual interest to non-invasive evaluation
of central hemodynamics in hypertension with considering of
hormonal changes while aging.

Limitations to the present study should be noted. Measures
of aortic BP and Alx were noninvasively and automatically
calculated from peripheral pressure waveforms. The sample
population size is small and the ability to generalize the findings
is limited.

Conclusion

The study revealed the high prevalence of androgen defi-
ciency among hypertensive middle-aged men. These patients
are characterized by higher BP values compared to those with
normal TT levels in the same age range. Low TT concentration
may be considered also as the contributor of increased arterial
stiffness in hypertensive males.

Conflicts of interest: authors have no conflict of interest to
declare.
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