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Secondary dyslipidemia accounts for 30—40% of all dyslipidemias and
is a well-established risk factor for the development of atherosclerosis and its
complications. The study of the contribution of endocrine pathology to cardio-
vascular risks and opportunities for prevention of cardiovascular complications
is among the priority areas of healthcare worldwide. According to the World
Health Organization, thyroid diseases hold one of the leading positions in the list
of endocrine pathologies. Despite the high morbidity and mortality of patients
worldwide due to cardiovascular diseases and considering the known success
of healthcare in the prevention of the complications of atherothrombosis, there are
still no clear therapeutic, diagnostic, and preventive guidelines in asymptomatic
patients with concomitant endocrine pathology.

Purpose of the study: to evaluate the relationship of cardiac-ankle
vascular index (CAVI), ankle-brachial index (ABI) and brachiocephalic artery
ultrasound findings and lipid profile in asymptomatic working-age patients
with subclinical hypothyroidism.

The design of the study. A cross-sectional cohort study analyzing data
from 70 patients of working age with different thyroid hormonal status without
clinical signs of chronic insufficiency of cerebral circulation.

Materials and methods. The study included 70 persons of working-age
without clinical signs of chronicinsufficiency of cerebral circulation: 46 with labo-
ratory-confirmed subclinical hypothyroidism (thyroid stimulating hormone (TSH)
level > 4.0 mIU/L with normal thyroid hormone free fractions) and 24 patients
without thyroid dysfunction. The groups were comparable in terms of age, sex,
smoking, arterial hypertension. All patients underwent comparative analysis
of lipid spectrum parameters (Total Cholesterol (TC), Triglycerides (TG), Low-Density
Lipoprotein Cholesterol (LDL-C), High-Density Lipoprotein Cholesterol (HDL-C),
Low- and High-Density Apolipoproteins) and ultrasound examination of carotid
arteries. One of the used methods of preclinical diagnostics of atherosclero-
sis — volumetric sphygmography with assessment of cardiac-ankle vascular
index (CAVI) and ankle-brachial index (ABI) — is described in detail in the article.

Results. Patients with subclinical hypothyroidism exhibited significantly
higher levels of TC, LDL-C, ApoB, ApoB/ApoA1 ratio, and atherogenic coefficient,
and lower levels of HDL-C compared to patients without thyroid dysfunction.
Additionally, a higher proportion of patients with subclinical hypothyroidism had
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elevated total cholesterol and LDL-C levels. Our data indicate that a significantly
higher proportion of patients with subclinical hypothyroidism have atherogenic
types of hyperlipidemia compared to those without thyroid dysfunction. Specifically,
Type Ila hyperlipidemia was more prevalent in the subclinical hypothyroidism
group. A direct, moderately strong association between elevated TSH level and
atherogenic type of hyperlipidemia (r = 0.60; p < 0.01), atherosclerotic (r = 0.58;
p < 0.01), multivessel (r = 0.54; p < 0.05) lesion of brachiocephalic arteries,
presence of signs of atherosclerotic plaque instability (r = 0.64; p < 0.01) were
found. In the group of patients with subclinical hypothyroidism, the proportion
with low ABI was significantly higher: 34.7% (n = 16) vs 12.5% (n = 3) (F = 0.057;
p < 0.05). A direct association between the reduced ABI value and the presence
of ultrasound signs of multivessel atherosclerotic lesion of brachiocephalic
arteries (r = 0.337, p < 0.001), and a negative association between ABI < 1.00
and atherogenic hyperlipidemia type lla (r = 0.43; p < 0.05) were established.
Conclusion. In clinically healthy working-age patients with subclinical
hypothyroidism compared to those with normal thyroid function, there
is a higher proportion of individuals with atherosclerotic multivessel lesions
of the precerebral basin (32.6% (n = 15) vs. 8.3% (n = 2), x* = 5.05; p < 0.05).
The disease progression is associated with a background of atherogenic ty-
pe 2a hyperlipidemia (93.5% (n = 43) vs. 70.8% (n = 17), x> = 6.60; p < 0.05)
combined with a deficiency of antiatherogenic high-density lipoproteins (HDL-C)
(1.040.09 mmol/L vs. 1.320.06 mmol/L; p < 0.05).The etiopathogenetic mecha-
nisms of “early vascular aging”, the criteria for stratification of risk groups
for atherosclerosis-associated cardiovascular diseases, the selection of diag-
nostic algorithms for visualizing preclinical stages of atherogenesis, and timely
antiatherogenic strategies in asymptomatic patients with comorbid thyroid pa-
thology require further exploration. Active implementation in practical healthcare
of the assessment of regional (segmental) vascular stiffness using volumetric
sphygmography based on the characteristics of the main (CAVI) and peripheral (ABI)
blood flow can be proposed for diagnosing preclinical stages of atherogenesis
in comorbid patients with endocrinopathies. Verification of a stenosing hemo-
dynamically significant or non-hemodynamically significant atherosclerotic
lesion of the coronary arteries, irrespective of the clinical component, is a factor
of high cardiovascular risk necessitating immediate correction of hyperlipidemia.
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Bropuunaa aucnunugemma coctaBnaet 30-40% Bcex aucaunuaemmii
11 ABNAETCA 06LyeNpU3HaHHBIM (GaKTOPOM pUCKa pa3BUTUA aTePOCKNepo3a
11 ero 0CNOXKHEeHWi. 3yyeHnne BKNada SHAOKPUHHOI naTonorn B Gopmu-
pOBaHUe CEpAEYHO-COCYANCTBIX PUCKOB 1 BO3MOXKHOCTEN NpoGUNakTmKu
KapAnoBaCKyNAPHbIX OCNOXHEHMIA OTHOCUTCA K NPUOPUTETHBIM Hanpasne-
HUAM N0 OXpaHe 3[0poBbA Bo Bcem mupe. 1o JaHHbIM BcemmpHoii opraHu3a-
L1 3paBoOXPaHeHNs, 3a601eBaHNA LNTOBMAHON Xene3bl 3aHUMAIOT OAHY
113 INAVPYIOLLNX NO3ULKIA B CIUCKe IHAOKPUHHDBIX 3aboneBaHuii. Hecmotpa
Ha BbICOKYI0 32601€BaeMOCTb 1 CMEPTHOCTb NMaLIMEHTOB BO BCEM MUPe MO NPUYMHe
bonesHeii cMCTEMbI KpOBOOOPALLEHNA, YCNeXu MUPOBOTO 3ApaBOOXPaHeHNA
B NpouNaKTUKe NOCNeACTBUIA aTepOTPOMO03a, He CyLLLeCTBYET YeTKuX Neyed-
HO-AMArHOCTMYECKMX U NPOGUNAKTUYECKIX PErNAMEHTOB Y 6eCCMMNTOMHBIX
MaLNEHTOB CCONYTCTBYIOLLEN SHAOKPUHHOI MaTonorueli.

Llenb nccneoBaHmsA: OLEHNTb B3aUMOCBA3b CEPAEYHO-N0AbIKEY-
Horo cocyamctoro uHaekca (CAVI), nogbikeuHo-nneyesoro nHAekca (ABI)
11 pe3ynbTaToB YNbTPa3ByKOBOTO UCCNe0BaHNA bpaxmoLedanbHbix apTepuii,
aunuaHoro npoduns y 6eccMnTOMHBIX NaLMEHTOB TPYAOCNOCOOHOr0 Bo3pacTa
€ CyOKNUHIYECKNM TUMOTUPEO30M.

[luzaiiH nccnepoBaHuA. llonepeyHoe KOropTHoe UCCIeA0BaHMe C aHa-
NN30M AaHHbIX 70 NawmeHToB TPyAOCNOCOOHOT0 BO3pACTa C Pa3IMUHbIM FOpMO-
HaNbHbIM CTaTyCOM LMTOBUAHOI xene3bl (LK) 6e3 knuHnuecknx npusHakos
XPOHMYECKOIH HELLOCTATOYHOCTI MO3rOBOr0 KpoB0OOOpaLLieHNs.

Matepuanbi n metogabl. B uccnefoBanue BkntoueHo 70 any Tpygocno-
co6Horo Bo3pacTa 6e3 KNMHMYECKMX NPU3HAKOB XPOHNYECKOI HeI0CTaTOUHOCTI
MO3roBoro kpoBoobpalLieHus: 46 — ¢ nabopatopHo NOATBEPX/eHHbIM CyOKu-
HUYECKMM TMOTUPe030M (YpoBeHb TUpeoTponHoro ropmowa (TT1) > 4,0 MME/n
Mpy HOPManbHbIX XapaKTepuUCTUKax cBO60AHbIX GpaKLii TPEOUaHbIX FOPMO-
HOB) 1 24 naumenTa 6e3 ancdyHkuum LK. Tpynnbl conoctaBuMbl no BO3pacTy,
noAy, NPUYACTHOCTY K KYPEHMI0 1 HaNnuuio apTepuasnbHoil runepteHsun. Beem
nauueHTam NPoBOANCA CPaBHUTENbHBIA aHaNNU3 NOKa3aTenei IMNNAHOro
CNeKTpa 1 ynbTpa3ByKoBOE MCCeZ0BaHMeE COHHbIX apTepuid. B cTaTbe noapobHo
OMMCAH OIHOTO 113 UCMONb30BAHHbIX METOJ0B OKNNHUUYECKOI ANArHOCTUKN
aTepocknepo3a — 06beMHoIi COUrmorpadum € oLeHKocepaeUHO-NOAbIKEYHOTo
cocyamctoro ugekca (CAVI) u nogbhxeuHo-nneyeBoro nHaekca (ABI).
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Pe3ynbTaTbl. Y(TaHOBNEHA NPAMaZA, yMEPEHHO CUbHAA B3aUMOCBA3b
MeX Ay noBblleHnem ypoBHaA TTI 1 aTeporeHHbIM TUNOM runepaunuae-
mun (r = 0,60; p < 0,01), atepocknepotuueckum (r = 0,58; p < 0,01), MHoro-
cocyamnctbim (r = 0,54; p < 0,05) nopaxeHuem bpaxnouedanbHbix aptepui,
Hanuymem NpU3HaKOB HECTabUbHOCTY aTePOCKNEPOTIYECKON BnawKm (r = 0,64;
p < 0,01). B rpynne nauneHToB ¢ CyOKNMHNYECKUM TUNOTUPEO30M AONA C HU3KIM
ABI 6bin1a locTOBEPHO BblLLe: 34,7% (n = 16) npoTue 12,5% (n = 3) (F = 0,057,
p < 0,05). YcTaHoBneHa npAMan KOpPenALMOHHaA (BA3b MEXAY CHUMKEHHBIM
3HaueHnem ABI n Hanuumem ynbTpa3ByKOBbIX NPU3HAKOB MHOTOCOCYANCTOTO
aTepoCKNepoTUYECKOro nopaxeHna bpaxmovedanbHolix apTepuii (r = 0,337,
p < 0,001), oTpuULaTeNbHAA KOPPENALMOHHAA B3aUMOCBA3b MEXY CHUKEHMEM
nHaekca ABI < 1,00 n ateporexHoli runepaunuaemueii lla tuna (r = 0,43; p < 0,05).

3aknioueHue. Y KNuHNYeCKN 30pOBbIX NaALNEHTOB TPYAOCNOCOGHOTO
B03pacTa C CyOKNMHNYECKMM TUNOTUPE030M B CPABHEHUN HOPMANbHOI GyHKLei
LUMTOBHUAHOI Xene3bl BbiLLe JONA JIAL C aTePOCKEePOTYECKIM MHOFOCOCYAN-
(TbIM NopaxeHuem npeepebpanbHoro bacceitta (32,6% (n = 15) npotus 8,3%
(n=2) (x2=5,05; p < 0,05), a 3abonesaHme NpoTeKaeT Ha (oHe aTeporeHHoro
2a Tuna runepaunugemin (93,5% (n = 43) npotus 70,8 % (n = 17) (x2 = 6,60;
p < 0,05) B COYETaHMN C HeIOCTATOYHOCTbIO NPOATEPOreHHbIX MMONPOTENI0B
BbICOKOI noTHOCTY (1,0£0,09 Mmonb/n npoTus 1,3+0,06 mmonb/n; p < 0,05).
JTnonaToreHeTUYeck1e MexaHn3Mbl «PaHHEro COCYAUCTOr0 CTapEHUAY, KpUTepun
(TpaTudmMKaLMm rpynn pucka aTepockNepo3-accoLn1poBaHHbIX 3a60neBaHmil,
BbIOOP AMArHOCTMYECKNX aNrOpUTMOB BIU3yanu3aLim JOKANHUYECKNX CTafuil
aTeporeHesa 1 (BOEBPEMEHHAA aHTMaTepOreHHaa TakTHKa y 6eccumMnTOMHbIX
navLneHToB ¢ KOMOPOUAHOI NaTONOT el LUTOBUAHOI Xene3bl TpebywT fanb-
Heiilwero u3yyeHns. [1ng [uarHocTku JOKAMHNYECKUX CTafNiA aTeporeHesa
MOMXHONPEeAN0XNTb aKTUBHOE BHeAPeHINe B NPAKTUYECKOE 3paBOOXpaHe-
Hue MeTo/ia OLieHKI PErnoHanbHO (CerMeHTapHOIA) COCYANCTOI XeCTKOCTH
MeToi0M 06beMHOIA churmorpadun ¢ 06a3aTeNbHbIM KOMOUHUPOBAHHBIM
aHaNM30MCepAeUHO-NOAbIKEUHOro cocyanctoro nnaekca (CAVI) u nogpixeu-
Ho-nneyeBoro uHzaeKca (ABI). Bepudukauma atepocknepoTuyeckoro nopakeHms
apTepuanbHoro pyca, He3aBNCUMO OT KINHINYECKOTO KOMMOHEHTA, ABAETCA
$aKTOpPOM BbICOKOTO CepAEUHO-COCYAUCTOO PUCKa, TPEOYIOLLEro HemeaneHHoIA
KOppeKL1 runepannnaemiy.

HEOTJIOXXHAA KAPAUOJIOrUA U KAPAUOBACKYJIAPHBIE PUCKU B Tom 8 N°T 2024
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Introduction

Despite significant advancements in both
national and international healthcare systems,
cardiovascular diseases (CVDs) associated with
atherosclerosis continue to exert a profound
impact on global disability and mortality rates.
Atherosclerosis, the principal pathological pro-
cess underpinning the majority of CVDs, can
initiate early in life and remain clinically silent
for prolonged periods before advancing to mo-
re severe stages [1, 2]. In the post-war period
of the 20th century, over 300 million indivi-
duals in the USA and Europe succumbed to comp-
lications related to atherosclerosis, a figure that
surpasses the combined fatalities of all wars
during that century. CVDs, especially coronary
artery disease (atherosclerosis affecting the co-
ronary arteries) and stroke (atherosclerosis af-
fecting the cerebral arteries), are responsible
for nearly 9 million deaths annually. Conse-
quently, atherosclerosis is the foremost cause
of mortality on a global scale (Figure 1) [3]. Projec-
tions by the World Health Organization (WHO)
suggest that by the year 2030, approximately
23.6 million individuals will succumb to CVDs
each year [1].

Atherosclerosis has emerged as a significant
global health concern, with its risk extending
beyond the older population and increasing-
ly affecting younger individuals as well [1-3].
This issue is not restricted to developed nations
alone, it has also become a considerable burden
for low-income countries worldwide.

CVDs are significant cause of mortality glo-
bally, particularly in the United States and Europe.
In the United States, approximately 610,000 peo-
ple die from heart diseases each year, accoun-
ting for 1 in every 4 deaths. Coronary heart
disease (CHD) is the leading cause of death
in the Western world, responsible for over
370,000 deaths annually. Additionally, there are
about 735,000 heart attacks in the United States
each year, with 525,000 being initial attacks and
210,000 being recurrent attacks [4].Atheroscle-
rosis has been identified as the primary cause
of CVDs in the United States, affecting around
16.5 million Americans aged 20 and above [5].
In Europe, CVDs remain the leading cause
of mortality, causing approximately 4.1 million
deaths per year, which accounts for 46% of all
deaths in the region. Of these deaths, 20% are at-
tributed to CHD and 12% to stroke. It is worth
noting that cardiovascular disease causes a hig-
her proportion of deaths among women (51%)
than men (42%), and these deaths in women are
more likely to occur in old age [3].

In Belarus, despite the potential underre-
porting of the prevalence and impact of athe-
rosclerosis, CVDs closely associated with athero-
sclerosis are recognized as leading causes of mor-
tality in the country [6]. The disability rate
among the working-age population due to athero-

sclerosis-related conditions is notably high, af-
fecting more than 50 individuals per 10,000.
The severity of initial disability, categorized
by the number of individuals within various dis-
ability groups, is approximately 7 individuals
per 10,000 working-age population in group I
and exceeds 40 individuals per 10,000 in groups II
and III [7]. These statistics underscore the sub-
stantial burden of atherosclerosis-related condi-
tions in Belarus.

Health patterns across Asia exhibit consi-
derable diversity due to the continent’s vast size
and heterogeneous population. Nevertheless,
atherosclerotic cardiovascular disease (ASCVD)
has become a major public health concern throug-
hout the region, with case numbers escalating ra-
pidly [8, 9]. In Iran, CVDs account for nearly
half of all deaths, underscoring a critical public
health issue. Similarly, in India, the prevalence
of ASCVD is increasing, largely due to lifestyle
changes and the growing adoption of Western
dietary habits [10].

Lipid metabolism disorders are pivotal
in the development of atherogenesis. Choles-
terol is typically categorized into three types:
low-density lipoprotein (LDL-C), high-density
lipoprotein (HDL-C), and very low-density li-
poprotein (VLDL). Beyond these classical clas-
sifications, other lipid spectrum components
also play significant roles in the pathogenesis
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Figure 2. Regulation of Lipid Metabolic Parameters by Thyroid Function (adapted from Shin D.J
etal., 2003 [25])

PucyHok 2. Perynauua napameTpoB TUNUAHOT0 06MeHa ropMOHaMI LUTOBMHON Xene3b
(amantuposano u3 Shin D.J et al., 2003 [25])

Note: thyroid hormones induce the 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, which is the first step

in cholesterol biosynthesis. Moreover, triiodothyronine (T3) upregulates low-density lipoprotein (LDL-C) receptors

by controlling the LDL-C receptor gene activation. This T3-mediated gene activation is done by the direct binding

of T3 to specific thyroid hormone responsive elements (TREs). Furthermore, T3 controls the sterol requlatory element-hinding
protein-2 (SREBP-2), which in turn requlates LDL-Creceptor’s gene expression. T3 has also been associated with protecting
LDL-C from oxidation. Thyroid hormones can influence HDL-C metabolism by increasing cholesteryl ester transfer protein
(CETP) activity, which exchanges cholesteryl esters from HDL2 to the very low-density lipoproteins (VLDL-C) and TGs

to the opposite direction. In addition, thyroid hormones stimulate the lipoprotein lipase (LPL), which catabolizes

the TG-rich lipoproteins, and the hepatic lipase (HL), which hydrolyzes HDL2 to HDL3 and contributes to the conversion

of intermediate-density lipoproteins (IDL-C) to LDL-Cand in turn LDL-C to small dense LDL-C (sdLDL). Another effect

of T3 is the up-regulation of apolipoprotein AV (ApoAV), which plays a major role in TG requlation. Indeed, increased levels
of ApoAV have been associated with decreased levels of TGs. Proposed mechanisms for this effect include the decrease

of hepatic VLDL-TG production and the increase of plasma LPL levels and activity, resulting in increase of lipoprotein remnant
generation due to enhanced LPL-mediated lipolysis of VLDL-TG. Moreover, a greater clearance of lipoprotein core remnants,
caused by increased hepatic uptake due to an enhanced affinity for the LDL-C receptor, has also been ascribed to ApoAV.

[P v M ey aHIe: TUPEOUHbIE TOPMOHbI MHAYLMPYHT 3-TUAPOKCU-3-MeTUnrAyTapun-koaH3um A (HMG-CoA) penykTasy,
KoTOpa# ABAAETCA NepBbIM 3TanoM B 6110CUHTe3e xonecTepuHa. Kpome Toro, TpuitoaTuporuH (T3) ysennuvmsaet
KONMYeCTBO pewentopoB NuMonpoTenHoB Hu3koi naotHocTy (LDL-C), KoHTponupya akTuBaunio reqa peuentopa LOL-C.
I7a aKTUBAUVA reHa, 0rocpeoBaHHas 13, 0CyLLeCTBAALTCA NyTeM NPAMOTO CBA3bIBaHYA T3 C onpeseneHHbIMY JNeMeHTamu,
pearupyloLmmI Ha Tupeouable ropmoHsl (TRES). T3 koHTponmpyeT benok-2, CBA3bIBaOLLIAIf CTEPONbHbIE perynaTopHble
nemenTbl (SREBP-2), koTopbiid, B CBOI 0uepe/lb, perynupyeT Kcnpeccuio rexa petientopa LDL-C. T3 Takxe cBA3aH ¢

3aLToit LDL-C oT 0KMCNeHns. TUPEOUaHbIE FOPMOHbI MOrYT BAMATS Ha MeTabonn3m HDL-C, yBenuuvBas akTUBHOCTb beNKa,
nepexocALLiero 3oupsl xonectepuHa (CETP). Takxe TvpeouaHble ropmMOoHbl CTUMYPYIOT AUMonpoTenHoByto innasy (LPL),
KoTopas Katabonu3upyet aunonpotentbi, 6oratole TG, u neyerouHyto nunay (HL), kotopas ruaponu3yet HDL2 ao HDL3

1 CnocobCTBYeT NpeBpaLLieHvio nunonpoTentos npomexyTouroit nnotHoctw (IDL-C) 8 LDL-C, a 3atem LDL-C B menkue
nnoTHble LDL-C (sdLDL). ipyrum 3ddextom T3 ABngeTca ysenuyeHme anonunonpotenHa AV (ApoAV), koTopblii urpaet
BaXHYt0 ponb B perynaumm TG. ToBbiLLeHHble ypoBHY APOAY accounnpyTca co cHxeriem yposHeii TG. Tpeanaraemble
MeXaH¥3Mbi 3T0r0 30deKTa BKoYaloT ymetbLuetie npoaykunv VLDL-TG B neueHin 1 ysenuyetme ypoBHeli 1 akTUBHOCTH

LPL B nna3me, 4o NPUBOANT K yBENMYEHNIO TeHepaLiy 0CTaTKOB NUNONPOTENHOB 611arofiapd ycuneHHoMy Munoau3y

VLDL-TG, onocpenosatHomy LPL. Kpome Toro, Gonee akTiBHOE BbIBeHIE OCTATKOB AUMONPOTENHOBbIX A1ep, BbI3BAHHOE
YBENMUeHIeM NeYeHOUHOr0 3axBata 6naroAapa noBbiLLeHHoi ahduHHocTH K pewenTtopy LDL-C, Takxe npunucsigaeca ApoAV.

of atherosclerosis. For instance, hypertriglyce-
ridemia and the concentration of atherogenic li-
poprotein particle Lp(a) in human blood have
been directly linked to the severity of athero-
sclerosis in coronary, carotid, and peripheral
arteries [11]. Additionally, the balance between
low- and high-density apolipoproteins (ApoB/
ApoA) serves as an indicator of cardiovascular
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risk, independent of cholesterol-related lipid levels,
even when LDL-C levels are normal or low [12].

Dyslipidemia is classified into primary and
secondary types. Primary dyslipidemia is in-
herited and caused by single or multiple gene
mutations that result in either the overpro-
duction or defective clearance of triglycerides
and cholesterol [12, 13]. Secondary dyslipide-
mia is caused by unhealthy lifestyle factors
and acquired medical conditions including un-
derlying diseases and the use of certain me-
dications. Secondary dyslipidemia accounts
for 30-40% of all dyslipidemia cases. A large
number of scientists around the world are stu-
dying the contribution of comorbid pathologies
to the mechanisms of atherogenesis. Many pub-
lications are devoted to the study of atheroge-
nesis in various functional conditions of the thy-
roid gland [2, 14-22].

Thyroid hormones (THs) perform crucial
functions, such as the regulation of nutrient
metabolism, blood glucose, dyslipidemia, have
their role in menstruation and pregnancy, could
be involved in heart rhythm disturbances, car-
diac remodeling and development of heart fai-
lure [14]. Uncompensated hypothyroidism is cha-
racterized by a deterioration in the quality
of life and serious cardiometabolic disorders.
The relationship between thyroid dysfunction,
particularly manifest hypothyroidism (HT),
and abnormal lipid metabolism, as well as the de-
velopment and progression of atherosclerosis,
has been recognized by medical professionals
over the years (Figure 2) [7, 22-25].

According to a number of studies, unde-
ractivity of the thyroid gland promote dysli-
pidemia - a high level of cholesterol and/or tri-
glycerides or a low level of HDL [12, 24, 26]. Eleva-
ted TC and LDL-C can lead to progressive lipid
accumulation, plaque formation in the arteries
and increase the risk of CVDs - of the leading
cause of disability and death worldwide [27].
On the other hand, hyperthyroidism could cause
increased heart rate, cardiac remodeling, and ele-
vated pulse pressure. Pulse pressure may become
an independent predictor of the phenomenon
of early vascular aging [7, 28].

Subclinical hypothyroidism is observed
in 4-10% of patients with dyslipidemia. Howe-
ver, the connection between subclinical hypo-
thyroidism and atherosclerotic lesions has not
been fully established. There are conflicting data
on this issue in the literature. A number of stu-
dies, including one of the first cross-sectional
cohort studies conducted in 1977 in the UK
by Tunbridge et al., deny the connection be-
tween subclinical hypothyroidism and CVDs [29].
In a meta-analysis which studied the effect
of dyslipidemia due to subclinical hypothyroi-
dism on carotid artery intima-media thick-
ness (cIMT), subclinical hypothyroidism with
TSH > 10 pU/mL was associated with elevations
of TC, LDL-C, TG, and cIMT [30]. Kim H. et al.

HEOTJIOXXHAA KAPAUOJIOrUA U KAPAUOBACKYJIAPHBIE PUCKU B Tom 8 N°T 2024



Original Scientific Research .

found no connection between atherosclerotic
lesions of the carotid arteries and subclinical hy-
pothyroidism in a 5-year follow-up study [31].
At the same time, they showed a strong associa-
tion between the severity of precerebral athe-
rosclerosis and such markers as gender, Body
Mass Index (BMI), cholesterol, and LDL-C levels.

There is currently no such evidence sho-
wing that thyroid hormone replacement therapy
reduces cardiovascular events [32]. A number
of studies demonstrate that levothyroxine treat-
ment and thyroid mimetics have been found
beneficial for patients with subclinical hypo-
thyroidism due to the reduction of both serum
total cholesterol and LDL-C [33-35]. Further-
more, thyroid hormone replacement therapy re-
duced cIMT in patients with subclinical hypo-
thyroidism [35, 36]. Probably, all conflicting data
are due to factors such as differences in the se-
lection of study groups and lack of control
of thyroid status to exclude the transient nature
of changes in thyroid hormones.

The complexities of dyslipidemia and pre-
mature vascular aging in individuals with thy-
roid dysfunction represent a multifaceted, in-
terdisciplinary challenge necessitating compre-
hensive investigation. The pursuit of optimal
protocols for the preclinical diagnosis of athe-
rosclerosis and the development of strategies
to correct secondary dyslipidemia hold the po-
tential to yield more compelling clinical out-
comes compared to conventional approaches.
Such advancements are crucial for the effective
prevention of atherosclerosis-associated CVDs
in this patient population.

Early detection and diagnosis of athero-
sclerosis are critical for effective treatment
and the prevention of complications. However,
the early diagnosis of atherosclerosis remains
challenging due to the lack of specific and sen-
sitive diagnostic tests. Traditionally, atheroscle-
rosis has been diagnosed through methods such
as electrocardiogram (ECG) evaluation both
at rest and during physical activity. However,
exercise tests are not feasible or informative
for certain patient categories. The gold standard
for diagnosis is invasive angiography [2], which,
despite its accuracy, is invasive, costly, and un-
suitable for screening asymptomatic individuals.
Currently, non-invasive imaging techniques
have made it possible to visualize atheroscle-
rotic plaques. These methods include ultrasound,
magnetic resonance imaging (MRI), computed
tomography (CT), positron emission tomogra-
phy (PET), and single-photon emission compu-
ted tomography (SPECT) (nuclear imaging tech-
niques) [35].

Visualization methods vary, and a specific
technique is selected based on the stage of plaque
development. For instance, endothelial dys-
function at an early stage can be diagnosed
by functional measurements such as peripheral
arterial tonometry (PAT) and visualized using

PET and CT scans. More advanced lesions with
lipid build-up can be detected using coronary in-
travascular ultrasound, MRI, and coronary CT.
Expanded plaques are identifiable with electron
beam computed tomography [35, 37, 38]. One
of the major challenges in diagnosing early-stage
atherosclerosis is the absence of symptoms.
Consequently, atherosclerosis often remains unde-
tected until it has progressed to a more advanced
stage, thereby increasing the risk of complica-
tions. This underscores the necessity for non-in-
vasive, cost-effective, and sensitive diagnostic
tests capable of detecting atherosclerosis before
the onset of symptoms.

Sphygmography encompassing metrics such
as the Cardio-Ankle Vascular Index (CAVI) and
the Ankle-Brachial Index (ABI) is gaining re-
cognition for its utility in the early detection
of atherosclerosis [40].

The Cardio-Ankle Vascular Index (CAVI)
is an index that measures the overall stiff-
ness of the artery from the origin of the aorta
to the ankle [39, 40]. It was developed to obtain
an arterial stiffness index that is not influenced
by blood pressure at the time of measurement
and which reflects the stiffness of a significant
length of the artery [40]. CAVT reflects the stiff-
ness of the entire arterial segment, including
the aorta, femoral artery, and tibial artery (Fi-
gure 3) [40, 41].

CAVI can be calculated from the Pulse
Wave Velocity (PWV) at the origin of the aorta
to the ankle portion of the tibial artery, along
with systolic and diastolic blood pressures mea-
sured at the upper brachial artery. This index
was originally derived from the stiffness parame-
ter p proposed by Hayashi [41-43] and Kawasaki
et al., with the application of Bramwell-Hill’s
equation [40] (the principle of the CAVI formu-
la is described briefly in Figure 4):

CAVI = a{(2p/AP) x In(Ps/Pd) PWV2}+b

Where Ps - systolic blood pressure, Pd - dia-
stolic blood pressure, PWV - pulse wave veloci-
ty from the origin of the aorta to tibial artery
at the ankle through the femoral artery, AP (pulse
pressure) — difference Ps-Pd, p — blood density,
aand b - constants.

The derivation of the aforementioned equation
is as follows: CAVI is fundamentally represented
by 8, where B is defined as = In(Ps/Pd) x (D/AD).
In this equation, D signifies the arterial dia-
meter, and AD denotes the variation in the arte-
rial diameter in response to changes in pres-
sure [42].

D/AD can be obtained from a modification
of The Bramwell-Hill’s equation (Figure 4) [40]:

PWV?2=AP/p - VIAV

CAVI is designed to represent the overall
stiffness of the aorta, femoral artery, and ti-
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measurement (adapted
from Sumin A.N. etal.,
2021 [40], Saiki A. et al.,
2020 [41])

A=

.

PucyHok 3.
(CepaeuHo-noAblKeYHblil
cocyancTbiii nrpekc (CAVI)
11 €ro U3MepeHie
(apanTupoBaHo

u3 Sumin A.N. etal,,
2021 [40], Saiki A. etal.,
2020 [41])

Note: Ps—systolic blood pressure, Pd — diastolic blood pressure, PWV — pulse wave velocity, AP —pulse pressure, difference Ps-Pd, p — blood density, L — length from the origin
of the aorta to the ankle, T —time taken for the pulse wave to propagate from the aortic valve to the ankle, tha — time between the rise of brachial pulse wave and the rise of ankle
pulse wave, th — time between aortic valve closing sound and the notch of brachial pulse wave, t'b — time between aortic valve opening sound and the rise of brachial pulse wave,
ECG—electrocardiogram. With the patient lying supine, an ECG and heart sounds are monitored. PWV from the heart to the ankle is obtained by measuring the length from the origin
of the aorta to the ankle, and by calculating T=th + tha. Blood pressure is measured at the brachial artery.

MpumeuaHue:Ps— cuctonnueckoe apTepuanbHoe Aagnetie, Pd — auacTonuyeckoe apTepuanbHoe aasnenue, PWY — ckopocTb nynbCoBoii BoHbl, P — mynbcoBoe Aanenue,
pasuLa Ps-Pd, p — nnoTHOCTb KpoBM, L — AniHA OT KOPHA a0pThl 0 N0AbIKKM, T — BPeMa, 33 KOTOPOe NyNbCOBAA BOHA NPOXOAUT PACCTOAHNE OT A0PTANbHOTO KNanaka

J10 N0IbIKKY, tha — BpeMA MexX Ay Hauanom NpUpoCTa NeyeBoro NynbCa v NOAbIKEUHOT0 Nybca, th — Bpema Mex 1y TOHOM 3aKPbITIA a0PTANbHOTO KNanaHa 1 3a3y6puHoii
1NeYeBoii NyAbCOBOI BOHB, t'b — BpemA Mex .y TOHOM OTKPLITUA a0PTaNlbHOr0 KAanaka v pocTom nieyesoit nynbcooil BonHbl, 3K — 3nekTpokapanorpamma.

[Tpv nonoxeHnw nauvenTa néxa Ha cnuxe, MoHUTOpupyTCA SKI 1 cepaeyHble TOHbI, CKOPOCTb MyNbCoBOI BoNHbI (PWV) 0T cepzLia A0 NOAbIKKM 0npeaendeTca

U3MepeHIem AAMHbI 0T Hayana aopTbl 40 NOAIKKIA v pacuéTom T = tb + tha, apTepuanbHoe AaBneHme U3MePALTCA Ha NNeyeBoVi apTepiu.

Bramwell-Hill's Equation/YpaBHeHune bpameenna-Xunna:
PWV2=AP-V/AV-p

Modificationi/Mo,qmchKaLMﬂ
Stiffness Parameter B/
MapameTp xecTkoCTh B Dd /AD = 20 - PWV? / AP

B:InPs/deDd/AD\/

) CAVI=2p-InPs/Pd-PWV2/AP

Note: Fquation 7, where APis pulse pressure, V is blood vessel volume, AV is the change
inV,and pis blood density, V/AV can be expressed in terms of D and AD as follows: V/AV =
= (LO/22)/[mL((D + AD)/2)* —L(D/2)] = D%/[D2 + 2D AD + AD*+ D] = D#/(2DAD + ADY).
Since AD*is negligibly small compared with 2DAD, it is ignored. The equation becomes:
V/AV = D?/2DAD = D/2AD; Fquation 2. Thus, V/AV in equation 1 can be replaced by D/2AD.
Equation 1 becomes: PWV? = AP/p*V/AV = AP/p*D/2AD, and D/AD = 2p/AP-PWV-.,
Equation 3. Next, equation 3 is substituted into the equationof stiffness parameter
toobtainthenew B (). B'(= CAVI) =In(Ps/Pd) x (D/AD) =In(Ps/Pd) x 20/AP x PWV?

Figure 4.

The principle

of the cardio-ankle
vascular index (CAVI)
formula (adapted
from Sumin A.N. etal.,

2021 [40])
Mpumeyanne Oopmyna Bramwell—Hill BbipaxaeT B3auMOCBHA3b Mex gy 06beMHbIM
PucyHok 4. NACTUYECKIM MOZYNEM 1 CKOPOCTbIO PacnpOCTPaHeHHa Mynbcooii BonHbl (CPIB):
PWV2=AP/p- V/AV, (1) rae PWV — CPMB; AP — nynbcoBoe aaBnerue; V — 0bbem

CyTb dopmynbl pacyeTa
CepAeYHO-N0/IbIKeYHOro
cocyanctoro uHaekca (CAVI)

KpOBEHOCHOr0 cocyzia; AV — 13MeHeHwa 0bbema; p — MI0THOCTb Kposu. 113 opmysibi

(1) cnepyer: V/AV = D/AD/2 = 2 p/AP x PWVZ, (2) rze D — auamerp cocyna;

AD — u3meneHna auametpa. YuuTbigas, uto f = In(Ps/Pd) x D/AD, Toraa
B=In(Ps/Pd) x 2p/AP x PWV2 = CAVI. Takim 06pa3om, CAVI oTpasxaet xecTkocTb

(apanTupoBaHo 1 )
. | a0pTbi, 6eipeHHOt 1 6071bLIE6EPLIOBOIA apTepUit B LIEAOM U TEOPETMUECK

u3 Sumin A.N. etal, He 3aBHCUT OT BAUAHWA apTePUanbHOro AaBneHuA. [ yAo6CTBa CPaBHEHN

2021 [40]) cPWV dopmyna npeobpazosbizaerca: CAVI = af(2p/AP) x In(Ps/Pd) PWV?} + b
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bial artery, and it is theoretically independent
of blood pressure variations. CAVT is derived
from the stiffness parameter p, expressed as
B =In(Ps/Pd) x (D/AD), however, unlike §, CAVI
is calculated from the PWV over a specified
length of the artery and the pressure change (AP),
rather than the change in diameter (D/AD).

CAVI is proposed as a valuable indicator
for estimating the risk of atherosclerosis due
to its sensitivity to arterial stiffness. Research
has shown that CAVT tends to increase linearly
with age, and it is generally higher in men, which
suggests greater arterial stiffness and an elevated
risk of atherosclerosis (as demonstrated in
Table 1) [42].

Furthermore, empirical research has iden-
tified elevated CAVI values in individuals pre-
senting with risk factors such as diabetes mel-
litus and obesity, conditions frequently conco-
mitant with atherosclerosis [40]. In a specific
study, CAVI demonstrated a positive correlation
with both carotid and coronary atherosclerosis.
These findings propose that CAVI may serve
as a preclinical marker for assessing the severity
of atherosclerosis [41, 42].

CAVI reflects arterial resistance or comp-
liance, indicating the degree of arterial sclero-
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sis and providing insights into vascular function
which is crucial for maintaining heart function
and steady peripheral blood flow, the Windkes-
sel effect (Figure 5). CAVI serves as a surrogate
marker for arteriosclerosis and smooth muscle
contraction. Additionally, it may play a role
in protecting or improving left ventricular func-
tion and maintaining steady blood flow [43].
To substantiate these claims, further basic and
clinical studies are necessary.

The Ankle-Brachial Index (ABI) is a straigh-
tforward and non-invasive test used to assess
peripheral arterial disease (PAD) and to aid
in the early diagnosis of atherosclerosis. The pro-
cedure involves placing blood pressure cuffs
on both arms and at the ankles [39, 40, 42, 43].
A Doppler ultrasound probe is then used
to measure the systolic blood pressure. ABI
is calculated by dividing the systolic blood pres-
sure at the ankle by the highest systolic blood
pressure in the arms. Lower ABI values often
suggest the presence of PAD, indicating a higher
likelihood of systemic atherosclerosis. Con-
versely, an abnormally high ABI may indicate
non-compressible vessels, which are commonly
seen in older patients and those at risk for athe-
rosclerosis. A study by Aboyans et al. emphasizes
the significance of ABI as a reliable method
for detecting the severity of systemic atheroscle-
rosis and for predicting cardiovascular events.
The ABI has been shown to be a strong predic-
tor of myocardial infarction, stroke, and cardio-
vascular mortality. Furthermore, ABI is crucial
in the early diagnosis of atherosclerosis, helping
to identify individuals at risk for atherosclero-
sis-related complications. Patients with a low-
er ABI have an increased risk of atherosclero-
sis-related cardiovascular events. This is further
supported by a study by Hussein et al. (2017),
which demonstrated the role of low ABI as a
potential predictor for subclinical atherosclerosis
in asymptomatic individuals [43].

Normative indicators/
HopmaTuBHble nokasarenu

Normal level/

HopmanbHbii yposeHb CAVI CAVI<8.0
Borderline values/ 8.0 < CAVI < 9.0
MorpaHuyHble 3HaueHuA

High values/ CAVI> 9.0

BbicoKkne 3HaueHuA

N o te: CAVI - Cardio-Ankle Vascular Index
Mpumeyanue: CAVI — cepaeuHo-noblxeuHblit COCYAUCTbIIT MHAEKC

In essence, sphygmography through indices
such as CAVI and ABI offers non-invasive
and practical method for the early detection
of atherosclerosis. However, it is imperative
to recognize that these measurements should
be integrated with other established risk factors
and diagnostic techniques to ensure an accurate
identification and effective management of athe-
rosclerotic disease.

Purpose of the study

To evaluate the relationship of cardiac-
ankle vascular index (CAVTI), ankle-brachial in-
dex (ABI) and brachiocephalic artery ultrasound
tindings and lipid profile in asymptomatic wor-
king-age patients with subclinical hypothyroidism.

Materials and methods

The design of the study involved a cross-sec-
tional cohort analysis of data from 70 working-
age patients with varying hormonal statuses
of the thyroid gland but without clinical signs
of chronic cerebral circulatory insufficiency.
Patients were divided into two groups based
on their thyroid gland hormonal status: Group 1:
46 patients with laboratory-confirmed hypothy-
roidism (TSH level > 4.0 mMU/] with normal

Surrogate markers of Sclerosis /

Vascular functions / Cocyauctbie GyHKuuu = Resistance — TpeanonoxutenbHble MapKkepbl Cknepo3a
or compliance . .
Heart/ Cepaue of arteries Arterio-, athero-sclerosis /
I ApTepuo-, aTepocknepo3a
Coronary blood flow / KopoHapHoe kpoBoobpalieHue CA VI Ischemic events / Mwemmueckite cobbitua
>~ -

Protection of left ventricle / 3awuta nesoro xenyzgouka Life span / MlpogonmKuTenbHoCTb Xn3HU
Microvessels / Mukpococyzpl PesuctentHocTb Smooth muscles contraction/

UnK1 NoAaTAMBOCTb CoKpaLLeHve rMaaKuX MblLuLy
Steady blood flow / CrabunbHblil KpoBOTOK . aptepuu

Ventricle / enynouex

logPs/Pd

CAVI=2p-InPs/Pd-PWV?/AP

~~ Hypertension / ApTepuanbHas runepTexsusa
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Table 1.

(ardio-Ankle Vascular
Index normative
indicators

Tabnuua 1.

HopmaTuBHble nokasatenu
(epAEUHO-NObIKEYHOTO
cocyavcroro nHaekca (CAVI)

Figure 5.

Roles of the cardio-ankle
vascular index (CAVI)
inresistance or compliance
of the artery as a surrogate
marker of arteriosclerosis
and also vascular function
[39-42]

Pucyok 5.

Ponb cepaeuHO-N0bIKEUHOr0
cocyanctoro uxzekca (CAVI)

B OLIEHKe COCYANCTON XeCTKOCTH
11 NOAATANBOCTY BOCXOA AL
30PTbl, KaK OIHOTO 113 MapKepoB
atepockneposa [39-42]
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Table 2.
Characteristics

of the patients

with different thyroid
hormone statuses,
which increase
cardiovascular risk

Tabnuua 2.
XapakTepuctuku
MaLNeHTOB C Pa3fuyHbIM
TOPMOHANbHBIM CTaTyCOM
LMTOBUAHON Kene3bl,
yBeNnymBaioLLme
CePAEYHO-COCYAUCTDIIA
pUCK
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Subclinical Normal thyroid
Characteristics*/ hypothyrondusm{ function/
% Cy6KnunHuYecKuii HopmanbHas
MpusHak &
rmnoTmpeos  GyHKUMA WUTOBUAHOM
(n=46) XKenesbl (n=24)
Female, % (n)/
SKeHWHbI, % (n) 89.1 (41) 83.3(20)
Male, % (n)/
My>xuukbi, % (n) 10.9 (5) 16.7 (4)
Age, years/ 53.2+4.01 51.8+5.11
Bospact, net
Smoking, % (n)/
Kypeiue, % (n) 15.2(7) 20.8 (5)
Obesity class |
—20_ 2
(BMI=30-35kg/m?)/ 554 ;g 375 (9)

OxupeHue | TeneHn
(UIMT = 30-35 kr/m?)

Arterial hypertension/
ApTepuanbHasa runepTeH3uns
Stage 1, % (n)/
1-7 cTenenm, % (n) 28.3(13) 29.2(7)
Stage 2, % (n)/
2- cteneHn, % (n)

Stage 3, % (n)/
3-1 ctenenun, % (n)

71.7 (33) 70.8 (17)

Note: *—no differences were found in the main characteristics of the established
patient groups

MTpumeyaHue: ™ —no0cHOBHbIM XapaKTePUCTIAKAM TPYNN NaLMeHTOB pasnuyuii
He BblAB/EHO

free thyroid hormone fractions) and Group 2:
24 patients without thyroid dysfunction. These
groups were comparable in terms of age, gender
composition, presence and severity of hyper-
tension, family history of early cardiovascular
events, and smoking habits (see Table 2). Prior
to inclusion in the study, none of the patients
had received levothyroxine therapy, iodine-con-
taining or antithyroid drugs, or lipid-lowering
therapy with statins.

All patients underwent an ultrasound exa-
mination of the carotid arteries (CA). The pro-
cedure was performed with the patient lying
on their back after a short rest. The examina-
tion included an analysis of the structural and
functional state of the following arteries:

« Common carotid arteries

o Internal carotid arteries

« External carotid arteries

o Subclavian arteries

o Vertebral arteries in segments V1 and V2

The assessment included the following pa-
rameters:

1. Patency and anatomical features of the ar-
teries.

2. Speed and spectral Doppler parameters
of the precerebral basin.

3. Thickness of the intima-media complex
(IMC) of the common carotid arteries.

4. Presence of atherosclerotic lesions with de-
tailed characteristics, including:

« Extent of atherosclerotic lesions

« Percentage of stenosis

o Surface condition

o Echogenicity

» Heterogeneity

« Signs of calcification of the atherosclerotic
plaque (ASP)

The severity of stenosis of the precerebral
arteries was determined using the European
Carotid Surgery Trial (ECST) criteria. This in-
volved calculating the ratio of the initial inter-
adventitial diameter of the artery at the site
of stenosis to the lumen diameter of the analyzed
artery at the site of stenosis, expressed as a per-
centage.

Unstable ASP was identified based on ultra-
sound criteria obtained through visual assess-
ment on a gray scale, which included:

« Hypo- and anechoic plaque structure

o Heterogeneous plaque structure

« Signs of an uneven surface of the ASP

To assess regional (segmental) vascular stiff-
ness and prognosis of atherosclerosis, we used
the method of volumetric sphygmography
on the VaSera-1500 device (Fukuda Denshi).
The CAVI index was calculated from ECG,
phonocardiogram (PCG), wave registration
of the brachial and tibial arteries, using a spe-
cial algorithm for calculations (Figure 3 and 4).
According to the recommendations of the crea-
tors of the VaSera device, CAVI values of 9.0 and
higher are considered pathological. The ABI mea-
surement is conducted simultaneously with the
CAVIT stiffness index measurement (5-10 min).
To measure ABI, it is enough to replace the an-
kle cuffs with finger cuffs, without changing
the patient’s position, and press “Start” (+ 3-5 min).
Interpretation of data for asymptomatic patients
was conducted according to the 2016 the Ame-
rican Heart Association (AHA) and the Ameri-
can College of Cardiology (ACC) (AHA/ACC)
Guideline on the Management of Patients with
Lower Extremity Peripheral Artery Disease:
Executive Summary [45]: the norm corresponds
to the result in which both legs have values
of 1.00 < ABI < 1.4.

Determination of biochemical parameters
of the lipid spectrum was carried out using
an automatic biochemical analyzer Architect
c4000 (Abbott, USA). Material for the study was
collected from the cubital vein in the morning,
strictly on an empty stomach. Lipidemia was di-
agnosed taking into account the characteristics
of the lipidogram and included determination
of the level of TC, TG, LDL-C, HDL-C, low-
and high-density apolipoproteins.

Statistical analysis of the obtained data was
performed using Excel and Statistica software
(version 10.0, StatSoft, Inc., USA). The following
statistical methods were applied:

1. Reliability of Data. Data were conside-
red reliable, and differences between indicators
were deemed significant if the error-free prediction
value was equal to or greater than 95% (p < 0.05).

2. Assessment of Differences. The x* good-
ness-of-fit test or Fisher’s exact test (F) was used
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to assess differences between independent sam-
ples on a qualitative basis.

3. Correlation Analysis. To determine
the mutual influence of two characteristics, cor-
relation analysis was conducted depending
on the type of data presented. For normally dis-
tributed data, the Pearson method was used. For
data that deviated from a normal distribution,
the Spearman method was employed. The sig-
nificance, direction of association, and strength
of correlation interactions were interpreted ba-
sed on the correlation coefficient (r) as follows:
r < 0.3 — weak correlation, 0.3 < r < 0.69 — mo-
derate correlation, r > 0.7 or more - strong cor-
relation.

This comprehensive approach to data ana-
lysis ensured the reliability and significance
of the findings.

Results and discussion

The study of lipid metabolism parameters
demonstrated statistically significantly higher
group average values of TC (5.9£0.12 mmol/l
versus 4.8+0.15 mmol/l (p < 0.05)), LDL-C
(3.9+0.14 mmol/l versus 2.8+0.16 mmol/I (p < 0.01)),
ApoB (1.2+0.03 versus 0.8+0.04 (p < 0.01)) and
values of the ApoB/ApoAl ratio (0.8+0.05 ver-
sus 0.5£0.02 (p < 0.05)), atherogenic coeffi-
cient (AC) (4.6£0.2 versus 2.8+0.22 (p < 0.001))
and lower levels of proatherogenic HDL choles-
terol (1.0+0.09 mmol/l versus 1.3+0.06 mmol/l
(p < 0.05)) in the group of patients with subcli-
nical hypothyroidism relative to the result
of the group without thyroid dysfunction (Tab-
le 3). In patients with subclinical hypothyroi-
dism, compared with patients without thy-
roid dysfunction, there was a higher propor-
tion of people with increased total cholesterol
(95.7% (n = 44) versus 75.0% (n = 18) (x> = 6.65;
p < 0.05)) and LDL-C (93.5% (n = 43) vs. 70.8%
(n = 17) (3¢ = 6.60; p < 0.05)).

According to the WHO classification (D. Fred-
rickson, 1965) [7], in patients with subclinical hy-
pothyroidism the proportion of people with
the atherogenic type of hyperlipidemia was hig-
her than in patients without thyroid dysfunction
(93.5% (n = 43) versus 70.8% (n = 17) (x* = 6.60;
p < 0.05)). We established type IIa hyperlipide-
mia in 84.8% (n = 39) of patients in the group
with subclinical hypothyroidism versus 62.5%
(n = 15) among patients without thyroid dys-
function (x*> = 4.44; p < 0.05). We identified ty-
pe IIb hyperlipidemia in 8.7% (n = 4) of patients
with subclinical hypothyroidism and 8.3% (n =2)
of patients with normal thyroid function.

The study revealed that there were no ultra-
sound indications of hemodynamically signifi-
cant stenosing atherosclerotic lesions in the caro-
tid arteries among the examined working-age
patients with varying thyroid hormonal statu-
ses. This includes patients without signs of chro-
nic cerebral circulatory insufficiency. The fin-
dings are summarized in Table 4.

We diagnosed ultrasound signs of athero-
sclerosis of the carotid arteries in 71.7% (n = 33)
of patients with subclinical hypothyroidism ver-
sus 45.5% (n = 11) in people with normal thy-
roid function (x> = 4.53; p < 0.05). In the group
of patients with thyroid hypofunction the pro-
portion of people with multivessel atherosclero-
tic lesions was higher (32.6% (n = 15) versus 8.3%
(n=2) (x*=5.05; p < 0.05), one or a combination
of several signs of ASP instability (69.6% (n = 32)
versus 33.3% (n = 8) (x> = 8.45; p < 0.01) Thic-
kening of the intima-media complex of the CCA
more than 0.9 mm was observed in 76.1% (n = 35)
of patients with subclinical hypothyroidism ver-
sus 54.2% (n = 13) of patients without thyroid
dysfunction (x* = 6.41; p < 0.05).

We have established a direct, moderately
strong correlation between increased TSH le-
vels and the atherogenic type of hyperlipidemia
(r = 0.60; p < 0.01), atherosclerotic (r = 0.58;
p < 0.01), multivessel (r = 0.54; p < 0.05) damage
to the carotid arteries, the presence of signs
of instability of the ASP (r = 0.64; p < 0.01).

The group average values of CAVIin the group
of patients with subclinical hypothyroidism did
not differ significantly from the result obtained
in patients without thyroid dysfunction: R-CAVI
was 7.7 (6.5-8.3) and 8.0 (6. 47-9.2), L-CAVI -
7.3 (6.2-8.3) and 7.6 (6.7-8.9). We did not find

Normal thyroid

Subclinical function/
Characteristics/ hypotherIdlsmv/ HopmanbHas
Mokasatenb CyGKnuHUMYecKuii I iinn
YHKL
runoTupeos .
(n = 46) wurToBngHon
Kenesbl (n = 24)
1 mmollL/ 5.9+0.12% 4.8+0.15
OX, MMOAb/N
LDL-C, mol/L/ o
XC-TMHM, monb/n 3.9£014 2.8+0.16
HDL-C, mmol/L/ .
XC-TMBI, Mmonb/n 1.0£0.09 1.3+0.06
AC = (TC-HDL)/HDL/ exx
KA (OX - JINBM)/NNBI 4.6+0.2 2.8+0.22
TG, mmol/L/ 174013 81015
TI, Mmonb/n
ApoA1, g/L/
AnoAl, r/n 1.4+0.05 1.5+0.04
apoB, g/L/ "
AnoB, /n 1.2+0.03 0.8+0.04
apoB/apoA1/ .
AnoB/AnoAl 0.8+0.05 0.5+0.02

Note:*—reliability of the difference of the characteristics when comparing

with the group of patients with normal thyroid hormone status at p < 0.05;
**—atp <007, *** —atp < 0.001; TC—total cholesterol; TG — triglycerides;
LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol;
AC—atherogenic coefficient; apoB — apolipoprotein B; apoAT — apolipoprotein Al

MpuMmeyaHue: * — R0CTOBEPHOCTb Pa3nuuya NoKasaTenelt npu CpaBHeHuH
CTPyNNOiA NaLEHTOB C HOPMaNbHbIM FOPMOHANbHbIM CTATYCOM LLUTOBUAHOI
xenesbl npu p < 0,05 ** —npup < 0,01; *** —npu p < 0,001; OX — 06mit
xonecteput, TT — tpurauuepnabl, XCNMHI — xonectepux aunonpoTenHos

Huskoii nnotHocT, XCIITMBIT — XonecTepus iuNonpoTenHoB BbICOKOI NAOTHOCTH,
KA — K03 duLIeHT aTeporeHHoCTH, paccuuTarHbii no dopmyne KA = (OX — NITMBIT)/MNBIT,
AnoB it AnoAT — anounonpoTenHbl HU3KOIA v BbICOKOV NIOTHOCTH
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Table 3.

Characteristics

of the lipid spectrum

of the patients included
in the study with subclinical
hypothyroidism and
normal thyroid function

Tabnuua 3.
XapakTepuctuku
NUNMAOTPaMMDbI
BK/KOYEHHbIX

B MCCNefoBaHue
navuyueHToB

C CYBKNMHNYECKUM
rUnoTIPeo3om

1 HOPManbHOI GyHKLyell
LUMTOBUAHON Xene3bl
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Table 4.

Signs of atherosclerotic
lesions of brachiocephalic
arteries in patients

with subclinical
hypothyroidism

and in those with normal
thyroid function

Tabnuua 4.

Mpu3Hakm
aTepoCKepoTYECKOro
nopaeHus KapoTUAHbIX
apTepuil y naumneHTos

€ CyOKNMHNYECKNM
TUNOTUPE030M

1 HOpPManbHOI PYHKLMel
LWUTOBUHON ene3bl

2134

Signs/
lNMokasaTtenb

Atheroma, % (n)/

Hanuuwne ACB, % (n)

Atheroma (0-50%), % (n)/

ACB (0-50%), % (n)

Atheroma (50-70%), % (n)/

ACB (50-70%), % (n)

Atheroma (> 70%), % (n)/

ACB (6onee 70%), % (n)

Univascular lesion, % (n)/
OpHococyauctoe nopaxexue, % (n)
Multivessel lesion (> 2 vessels), % (n)/
MHorococyamncToe nopaxeHue (bonee 2-x cocyaos), % (n)
Signs of atheroma instability, % (n)/
Mpu3sHakn HecTabunbHoi ACB, % (n)
Heterogeneous structure of atheroma, % (n)/
leteporeHHas ctpykTypa ACB, % (n)
Atheroma rough surface, % (n)/
HeposHocTb noBepxHoctn ACB, % (n)
CCA IMC, mm/

KM OCA, mm

CCAIMC > 0.9 mm, % (n)/

KMMOCA > 0,9 mm, % (n)

Subclinical hypothyroidism/

runoTupeos (n = 46)

Normal thyroid function/
HopmanbHasa ¢pyHKUNA
WMUTOBUAHON XKenesbl (n = 24)

CyOKNVHNYECKNIA

71.7 (33)* 45.5(11)
56.5 (26) 41.7 (10)
15.2(7) 4.2(1)
0 0
39.1(18) 37.5(09)
32.6 (15)* 8.3(2)
69.6 (32)** 33.3(8)
65.2 (30)* 33.3(8)

6.5(3) 0
1.1£0.19% 0.75+0.15
76.1 (35) 54.2(13)

Note: * —reliability of the difference of characteristics when comparing with the group of patients with normal thyroid hormone status at p < 0.05; **at p < 0.01;

IMC— intima-media complex, CCA — common carotid artery

[pvmeuanie: * — 4OCTOBEPHOCTL Pa3ninynA NoKa3aTeneii npu cpaBHeHIM C rpynoii NauneHToB C HOPMasbHBIM FOPMOHANbHbIM CTTYCOM LMTOBUAHOI xene3bl npu p < 0,05,
**—npup < 0,01, ACh — atepocknepotiyeckan bnawka, KUM - komnnekc nHTuma-megua, OCA - 06ujan CoHHaA apTepua

a relationship between CAVI and the presence
of atherosclerotic lesions of the carotid arteries,
ultrasound signs of plaque instability in the ca-
rotid arteries (p = 0.073 and p = 0.163).

The group average ABI values in the group
of patients with normal thyroid function
were higher than in the group of patients with
subclinical hypothyroidism and were: R-ABI
1.14 (1.04-1.26) versus 1.04 (0.84-1.13) and L-ABI
1.19 (1.13-1.22) versus 1.05 (0.86-1.09) (p < 0.01
and p < 0.001, respectively). We divided patients
within the groups into subgroups: with normal ABI
values (both legs had values of 1.00 < ABI < 1.4);
“low” when at least one leg had a value < 1.00, and
“high” when at least one leg was > 1.40 or in-
compressible and the other leg was high/incom-
pressible or normal.

We found in the group of patients with sub-
clinical hypothyroidism the proportion with a low
ABI index was statistically significantly higher:
34.7% (n = 16) versus 12.5% (n = 3) (F = 0.057;
p < 0.05). There were no patients with an ABI
index > 1.40 in both groups. We established
a direct association between a reduced ABI value
in one of the legs and the presence of ultrasound
signs of multivessel atherosclerotic lesions
of the carotid system (r = 0.337, p < 0.001). We es-
tablished a negative associationbetween a de-
crease in ABI index < 1.00 and atherogenic type
ITa hyperlipidemia (r = 0.43; p < 0.05).

Recent epidemiological studies have demon-
strated an inverse relationship between TSH le-
vels —primarily in individuals with overt hypo-

and hyperthyroidism - and the values of TC
and LDL [7, 14, 22-25]. However, the issues
of secondary hyperlipidemia in subclinical hy-
pothyroidism, as well as the influence of TSH
and free fractions of thyroid hormones on the va-
lues of HDL-C, TG, and apolipoproteins, remain
poorly understood. Our data support the for-
mation of secondary hyperlipidemia in patients
with subclinical hypothyroidism, combined
with a deficiency in HDL and confirm a more
aggressive course of atherogenesis. This is illus-
trated through ultrasound visualization of athe-
rosclerotic changes in the carotid arteries, in com-
parison with individuals without thyroid dys-
function. Evidence of early vascular remodeling
processes and an independent risk factor for
the development of transient ischemic attacks
and stroke is a thickening of the intima-media
complex of the common carotid artery of more
than 0.9 = 0.1 mm [46].

In the group of patients with subclinical
hypothyroidism the obtained average group va-
lue of BMI (1.1+0.19 versus 0.75+0.15; p < 0.05)
and higher proportion of persons with IMT
CCA > 0.9 mm (76.1% (n = 35) versus 54.2%
(n = 13) (x*= 6.41; p < 0.05)) in comparison with
data from patients without thyroid dysfunction
indicate the need for a more in-depth study
of cause-and-effect relationships and develop-
ment preventive algorithms for cardiovascular
accidents in this category of people.

Disability at an early age and high mortality
in working-age patients due to cardiovascular
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pathology coupled with the high costs of outpa-
tient and inpatient treatment place a significant
financial burden on the budgets of both deve-
loped and developing countries. This includes
expenses for rehabilitation, preferential provi-
sion, and complex interventional/surgical treat-
ments. These challenges underscore the urgent
need to introduce new scientifically based prin-
ciples for the stratification of cardiovascular
risk groups. More effective prevention strate-
gies, including antiatherogenic approaches, are
essential, particularly for comorbid patients.

A number of large studies over the past de-
cade have demonstrated that arterial stiffness
is an independent predictor of cardiovascular di-
sease and mortality in the population. Its prog-
nostic value is notably high at the preclinical
stages of disease development. Most literature
sources use an isolated estimate of CAVI va-
lues > 0.9. In our study, a third of the patients
exhibited a significant decrease in the CAVI va-
lue. Interestingly, these same patients also had
multivessel carotid artery disease as determined
by ultrasound. This discrepancy can be attribu-
ted to significant atherosclerotic lesions, inclu-
ding those in peripheral arteries. Specifically,
patients with subclinical hypothyroidism had
a higher proportion with a reduced ABI value
(34.7% versus 12.5%). ABI reflects peripheral
circulation in smaller diameter arteries, which
are less susceptible to calcification.

In addition, we established a direct associ-
ation between a reduced ABI value in at least
one leg and the presence of an atherogenic type
of hyperlipidemia (r = 0.43; p < 0.05), as well
as ultrasound signs of multivessel atheroscle-
rotic lesions in the carotid system (r = 0.337,
p < 0.001). This observation suggests that co-
morbid patients with subclinical hypothyroi-
dism are predisposed to a more aggressive course
of atherogenesis and the initiation of “rapid vas-
cular aging”.

Our results underscore the necessity for time-
ly correction of cardiovascular risk factors and
emphasize the importance of diagnosing athero-
sclerotic processes not only at the stage of fully
formed atherosclerotic plaques (via ultrasound
examination of the vascular bed and radiation
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