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Pesome

Lienb. BeisBneHne $pakToOpoB, CMOCOBCTBYIOLMX Pa3BUTUIO PAHHUX CTPYKTYPHbIX U3MEHEHUI CepAeYHO-COCYANCTON CUCTEMbI Y NaLMeHTOB NepBMY-
HbIM FMMNOTMPEO30M B 3aBUCMMOCTU OT KOMMeHcauumn 3abonesannsa. Matepuansl u MeToabl. O6c/e0BaHO 163 MeEHLLMHDBI C NEPBUYHBIM FUNOTUPe-
030M B Bo3pacTe 62 [55;67] neT, KoTopble 6bIM pazaeneHbl Ha rpynnbl: 1 rpynna — 54 naumeHTKM B Bo3pacTe 62,0 [57;68] neT ¢ cy6koMneHcupo-
BaHHbIM 3a60/1eBaHMeM, 2 rpynna — 15 nayueHToK B Bospacte 59 [53;66] seT ¢ HEKOMMEHCMPOBaHHbIM 3a60/1eBaHMeM 1 3 rpynna — 94 nauueHTKu
B Bo3pacTe 63 [53;66] €T ¢ KOMNEHCUPOBAHHBIM TMMOTUPEO30M. BceM MaLMeHTKaM BbIMOHEHO $U3MKanbHOE 06Cef0BaHNe, TPAHCTOPaKabHas
3xoKapamnorpadus, oLueHKa NPOA0/IbHON COKPaTUTE/IbHON GpYHKLIMK N1eBOTO Xenyaouka MeTogoM «speckle tracking», oLieHka yHKLMM SHAOTENNA,
nvnugHoro npoduns. MpoBoANACA perpecloHHbIN aHan3 C UCMO/Ib30BaHNEM B Ka4yecTBe NPeMKTOPOB TUPEOTPOMNHOro FOpMOHa, cBo6ogHoro T4,
BO3pacTa, JaBHOCTU 3a60/1€BaHNA, MPUYMHBI TMNOTMPEO3a, Ha/IM4YNA MeHOMay3bl U HaTypasbHOro Iorapudma TMPeOTPONHOro FOPMOHa, a B KayecTse
3aBMCMMBbIX NepeMeHHbIX — pAja NapaMeTPOB COCTOAHUA Cepla v AMnuaHoro obMeHa. Pesyabtarthl. [py NpoBeAeHNI MaTeMaTUYeCKOro Mo e/n-
pOBaHMA NoKasaHo, YTO Hambosbllee 3HaYeHMe B NPoLecCax PeMO/Ae/IMPOBaHNA MUOKap/Aa JIEBOTO e/lyA0u4Ka Y NauneHTOB NepBUYHbIM MMMNOTU-
Peo30M UMeeT coYeTaHMe TaKMX NapaMeTpoB, KaK BO3PacT, JaBHOCTb 3a60/1eBaHNA U YPOBEHb TUPEOTPOMHOro ropMoHa. B To e Bpems, 3Haunumoe
B/IMAHME Ha NMOKa3aTe/b BE/IMUMHbI KOMM/IEKCa MHTMMa Me/iMa OKa3sblBaeT TO/IbKO BO3pacT. 3akntodeHne. MoauduumpyembiMm paktopamu, onpe-
[enAWmnMN peMoie/IMPOBaHe 1I€BOT0 XenyAouKa, MOPPOPYHKLMOHAbHOE COCTOAHME CTEHKM COCY/A0B Y NaLMEHTOB FMNOTMPEO30M, ABAAIOTCA
MH/EKC Macchl Te1a U YpoBeHb TUPEOTPOMNHOIO FOPMOHa, @ HeMoAMGULMPYEMbIMU — BO3PACT U JaBHOCTb 3ab60/1eBaHmA.
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Abstract

Objective. To develop the pattern of early cardiovascular disorders in patients with primary hypothyroidism based on the analysis of relationship
between patient’s thyroid status and some functional cardiovascular parameters depending on compensation status. Materials and methods. The
examination of 163 women aged 62 [55;67] years with primary hypothyroidism was performed. The patients were divided into groups: 1 group
included 54 patients aged 62.0 [57;68] years with subcompensated disease, 2 group consisted of 15 patients aged 59 [53;66] years with non-
compensated disease and 3 group included 94 patients aged 63 [53;66] years with compensated hypothyroidism. Physical examination, transthoracic
echocardiography, assessment of global left ventricle longitudinal strain by speckle tracking method, endothelial function and laboratory tests were
performed to all patients. Regression analysis using thyroid stimulating hormone, free T4, age, duration of the disease, cause of hypothyroidism,
menopause presence and natural thyroid stimulating hormone logarithm as predictors and some cardiovascular parameters of heart condition and
lipid metabolism as dependent valuables was made. Results. Mathematic modeling demonstrated that the combination such factors as age, duration
of disease and thyroid stimulating hormone level is the most important in left ventricle remodeling processes. However, the age only has significant
influence on intima media thickness. Conclusion. Left ventricle remodeling, morphologic functional status of blood vessel wall and decrease of
glomerular filtration rate are basically determined by such modified and non-modified factors as body mass index, age, duration of hypothyroidism

and thyroid stimulating hormone level.
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AH — arterial hypertension, BA — brachial artery, BMI — body mass index, DBP — diastolic blood pressure, EF — ejection fraction, fT4 — free T4,
GFR — glomerular filtration rate, GLPS AVRG — averaged global longitudinal peak systolic strain, HDL-C — high-density lipoprotein cholesterol,
TARH — increase in artery diameter in reactive hyperemia test, IMT — intima media thickness, LDL-C — low density lipoprotein cholesterol, LVMMI —
left ventricular myocardial mass index, LV — left ventricle, Me — median, non-HDL-C — non-high density lipoprotein cholesterol, RWT — relative
wall thickness, SBP — systolic blood pressure, TC — total cholesterol, TG — triglycerides, TSH — thyroid stimulating hormone, Q1 — 25th percentile,
Q3 — 75th percentile

Diseases of the circulatory system are the leading
cause of death not only in the Russian Federation but
in the whole world [1]. In recent years, the role of other
possible risk factors that affect the development and pro-
gression of cardiovascular pathology was studied, along
with already well-established factors (smoking, arterial
hypertension (AH), hypercholesterolemia, etc.) [1]. Thy-
roid insufficiency may be one of the risk factors. Opin-
ions still differ on whether primary hypothyroidism is
a risk factor for cardiovascular events. The role of sub-
clinical hypothyroidism as a predictor of cardiovascular
morbidity and mortality is especially debatable. This is
probably because such an effect is most often assessed via
surrogate markers, for example, impaired lipid metabo-
lism, endothelial dysfunction, increased rigidity of the
vascular wall, and cardiac function [2-4].

Results of several observational studies supported the
hypothesis that hypothyroidism accelerated the course of

atherosclerosis of coronary arteries [4]. However, accord-
ing to a number of authors, subclinical hypothyroidism
is associated with an increased risk of heart failure but
not with the risk of coronary heart disease or periph-
eral vascular atherosclerosis; and the normalization of
TSH (thyroid stimulating hormone) in elderly patients
leads to no significant changes in intima media thick-
ness and manifestations of the atherosclerosis of carotid
arteries [5].

In recent decades, the role of hypothyroidism in the
development of vascular endothelial dysfunction was
demonstrated, as well as the association between thyroid
hormone deficiency and the development of AH and left
ventricular (LV) dysfunction [3-5].

A number of authors describe a moderate increase
in triglycerides and low-density lipoprotein cholesterol
(LDL-C) levels in patients with subclinical hypothy-
roidism compared with euthyroid subjects [5]. On the
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contrary, a population-based study in 1,350 participants
demonstrated no difference in mean total cholesterol
(TC), triglycerides (TG), and low-density lipoprotein
cholesterol (LDL-C) in patients with subclinical hypo-
thyroidism compared with euthyroid subjects even after
adjustment for sex, age and body mass index (BMI) [6].
However, the same study showed that average TSH levels
were higher in individuals with dyslipidemia, suggesting
the relationship between TSH and TC, as well as TSH
and LDL-C in overweight women [6].

Data on the effect of substitution therapy on the car-
diovascular system in patients with hypothyroidism of
different types are also inconclusive. A number of stud-
ies demonstrated that the administration of levothyrox-
ine in patients with subclinical hypothyroidism leads to
a significant decrease in TC and LDL-C levels [5]. Other
authors claim that replacement therapy with levothyrox-
ine increases the risk of general and cardiovascular mor-
tality in patients 80+ with primary hypothyroidism and
heart failure [7]. There are no data describing the state
of the cardiovascular system depending on the degree of
disease compensation.

Objective of the study: to establish the key risk fac-
tors for the development of structural changes in the
heart and blood vessels in patients with primary hypo-
thyroidism depending on its compensation.

Materials and Methods

One hundred and sixty-three women with primary
hypothyroidism were examined (diagnosed in accor-
dance with the recommendations of the Russian Asso-
ciation of Endocrinologists, 2021); the primary hypothy-
roidism was caused by autoimmune thyroiditis in 104
(63.2%) patients (39 in Group 1 (72.2%), 11 in Group 2
(73.3%), and 64 in Group 3 (68.0%)), by postoperative
hypothyroidism—in 54 (33%) patients (15 (27.8%), 4
(26.7%), and 29 (31.6%), respectively), and by diffuse
goiter—in 3 (1.8%) patients (3 (3.19%) only in Group 1).

The study was open-label, prospective, with three
groups. Inclusion criteria for this study were consent to
participate, the presence of subcompensated, uncom-
pensated, or compensated primary hypothyroidism,
age 18+, female. Exclusion criteria were the presence of
oncological, systemic diseases, decompensated heart and
lung failure, diabetes mellitus. The study was carried out
in accordance with the principles of the World Medical
Association Declaration of Helsinki. The study proto-
col was approved by the Local Ethics Committee of the
Izhevsk State Medical Academy.

All 163 patients meeting the inclusion and exclusion
criteria were divided into three groups. Group 1 included
54 patients aged 62.0 [57; 68] with subcompensated

hypothyroidism (TSH level > 4.0 pIU/L, free T4 (fT4)
> 10 pmol/L); Group 2 included 15 patients aged 59 [53;
66] years with uncompensated hypothyroidism (TSH
> 10 pIU/L, fT4 < 10 pmol/L), and Group 3 included
94 patients aged 63 [53; 66] with a disease compensated
due to replacement therapy with levothyroxine (TSH
> 4 uIU/L and fT4 > 10 pmol/L) [2]. All patients took
levothyroxine agents. The patients received no meno-
pausal hormone therapy.

Evaluation of concomitant treatment showed that
statins were almost not prescribed for patients in all
examined groups; beta blockers were prescribed signifi-
cantly more often in the group of patients with decom-
pensated hypothyroidism, while the number of patients
receiving treatment with angiotensin-converting enzyme
inhibitors, angiotensin 2 receptor blockers, calcium
antagonists, diuretics, and combination therapy did not
differ significantly between groups 1, 2, and 3 (Table 4).

All patients underwent a comprehensive general clin-
ical examination with BMI calculation, determination of
TC, TG, LDL-C and high-density lipoprotein cholesterol
(HDL-C) levels, as well as cholesterol that is not related
to high-density lipoprotein cholesterol (non-HDL-
C). Transthoracic echocardiography was performed in
accordance with the recommendations of the European
and American Association of Echocardiography using
Vivid 7 Dimension ultrasound device (GE Healthcare,
USA) with an M4S phased array sector transducer and
scanning frequency of 1.5-4.3 MHz [8]. Relative LV wall
thickness (LVWT), Simpson’s ejection fraction (EF), LV
myocardial mass (according to the recommendations of
the American Association of Echocardiography, ASE,
2016), LV myocardial mass index (LVMMI) were cal-
culated. LV longitudinal strain was assessed using the
ECHOPAC workstation version BT-08 integrated in an
ultrasound scanner in an automated functional imaging
application. This software is based on Speckle Tracking
technology. Averaged global longitudinal peak systolic
deformity (GLPS AVRG) was considered a parameter of
global longitudinal LV systolic function [9]. Endothelial
function was assessed by Doppler scanning of the bra-
chial artery (BA) using an Esaote MyLab 70 device (Italy)
with ultrasound at rest and in case of reactive hyperemia
after three-minute clamping of shoulder vessels with a
cuff. Flow-dependent dilation was calculated as the ratio
of the change in BA diameter during reactive hyperemia
to the diameter of the artery at rest expressed as a per-
centage of the initial diameter. Artery diameter increase
by 10% or more was considered normal when conduct-
ing a reactive hyperemia test (IARH). Intima media
thickness (IMT) was also determined [10].

Statistical processing was carried out in MS Excel,
STATISTICA 10.0 Statsoft and RStudio using nonpara-
metric criteria. To describe the quantitative criteria in
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the group, median, 1st and 3rd percentiles (Me [1Q; 3Q])
were calculated. To compare independent samples, the
Mann-Whitney test and the Kruskal-Wallis test for mul-
tiple comparisons were used. Nonparametric correlation
analysis was performed using Spearman’s rank correla-
tion coeflicient. The conclusion about statistical signifi-
cance was made at p < 0.05.

Regression analysis was carried out in the RStudio
statistical package based on the stats standard library.
Linear and quadratic models were constructed by a
search method among all possible combinations of fac-
tors. After creating quadratic models, insignificant inter-
actions were excluded step by step. When carrying out
regression analysis, the factors presented in Table 1 and
designated as X, i=1.7 were taken as the parameters
that presumably affect the cardiovascular system. The
following parameters were used as dependent variables

Table 1. The Factors Probable Affected Cardiovacular
System in Patients with Hypothyroidism

Symbol Name
X, TSH
X, T4
X, Age
X, Duration
X, Diagnosis
X, Menopause
X, =lnX TSH_In

Note: TSH — thyroid stimulating hormone, fT4 — free L-thyroxine, TSH_In — linear
logarithm of thyroid stimulating hormone

Table 2. Dependent Variables Studied in Patients
with Hypothyroidism

Symbol Name R’ ” p-value
Y Diametﬁ;}i)r;i:;saeti:streactive 0.338 <0.001
Y, Total cholesterol 0,118 0,007
Y, Triglycerides 0,001 0,277
Y, Cholesterol LDL 0,123 0,003
Y, Cholesterol HDL 0,050 0,042
Y, Cholesterol non-HDL 0,040 0,044
Y, Glomerular filtration rate 0,241 <0,001
Y, Body mass index 0,049 0,023
Y, GLPS AVRG 0,064 0,024
Y, Relative wall thickness 0,099 <0,001
Y, Left ventricular mass index 0,513 <0,001
Y, Complex intima media value 0,306 <0,001

Note: GLPS AVRG — global left ventricle longitudinal strain average

(responses), which parameters are shown in Table 2 and
designated as Y, i=1.11. The quality of models was deter-
mined by the adjusted coefficient of determination R? ,
and the closer the value R, to 1, the better the model
described the relationship between the response and fac-
tors. Response variation explained by the studied factors
was also evaluated using R’ 4 [11].

Results

Comparative clinical and demographic characteris-
tics of the examined patients are presented in Table 3.
The average age of the examined patients was 62 [55;
67] years; no significant differences were found between
the groups. Disease duration on average was 5 [1; 13]
years; patients with compensated hypothyroidism had
had that condition reliably longer than the patients in
other groups. The average dose of levothyroxine was 50
[50; 100] pg; the dosage of levothyroxine in the group
of compensated and subcompensated hypothyroidism
differed significantly. Despite the absence of compen-
sation, patients in Group 2 took a relatively high dose
of levothyroxine (Table 3). The causes and duration of
decompensation or subcompensation cannot be deter-
mined since patients in Groups 1 and 2 were examined
irregularly and occasionally missed taking medications.

BMI in the examined patients averaged 29.14 [25.2;
32.9] kg/m?* body weight in the group of uncompensated
hypothyroidism was significantly higher than in other
groups. Seventy-one of the examined patients (43.5%)
had obesity of Grade 1 and higher; 49 (30.0%) patients
were overweight; differences in the incidence of obesity
and overweight between the groups were insignificant
(Table 4).

Average office systolic blood pressure (SBP) was 140
[130; 159] mm Hg, diastolic (DBP)—85 [80, 92] mm
Hg; however, blood pressure did not depend on disease
compensation.

In general, AH was found in 114 (69.9%) examined
patients; there were no significant differences between
the groups. In 92 (56.4%) patients, AH was observed
before the development of primary hypothyroidism.

Exertional angina of different functional classes was
diagnosed in 55 (33.7%) patients. Eight (4.2%) patients
had myocardial infarction, 8 (4.7%) patients had acute
cerebrovascular accident; there were no significant dif-
ferences in the frequency of these events in the examined
groups (Table 4).

Assessment of lipid profile revealed increased average
values of total cholesterol up to 6.1 [5.4; 7.0] mmol/L.
Patients with uncompensated hypothyroidism demon-
strated a tendency towards a more pronounced increase
in total cholesterol compared with compensated and
subcompensated disease, as well as a significant increase
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in LDL-C up to 5.1 [4.8; 5.3] mmol/L compared to the  patients, while TG and HDL-C levels were within the ref-
other two groups. Also, non-HDL-C increased to 4.51  erence range: 1.4 [1.0; 1.96] mmol/L and 1.64 [1.32; 1.9]
[3.7; 5.3] mmol/L in the entire population of examined = mmol/l, respectively (Table 5).

Table 3. Clinical and Demographic Characteristics of Examined Patients

All sample Group 1 Group 2 Group 3 Kraskell-Wallis

(n=189) (n=70) (n=25) (n=94) test, H, p p-value

Parameter

p,=0,15
Age, years 62[55;67] 62,0(57;68] 59[53;66] 63[53;66] 1,4 p=0,49 p,=0,9
p23:0’2

p,=0,33
Duration, years 5 [1513] 4[1;10] 5(0,4;10] 8,0 [4;15] 9,2 p=0,001 ,,=0,02
P,,=0,014

P]Zzo’l
Levothyroxine dose, pg 50 [50;100] 50 [50;75] 75 [50;100] 50 [50;100] 8,3 p=0,01 1,,=0,006
p,,=0.8

,,=0,0001
4,1 [1,97:9,1] 8 [5,06;10,6] 30 [17,9;44,0] 1,96 [0,74;2,8] 117,73 p=0,000 p,,=0,0001
,,=0,0001

Thyroid stimulating hormone,
mlIU/L

,,=0,0002
Free T4, pM/L 13,6 [11,2;16,0] 13,8 [11,2;17,5] 7,9 [6,5;10,2] 14,4 [13,,17,2] 19,59 p=0,0001 p,,=0,05
,,=0,001

,,=0,003
Body mass index kg/m? 29,14 [252;32,9]  29,3[25,0:32,8] 3517 [26,9:38,9] 28,6 [25,9;32,7] 5,4 p=0,05 p,,=0,85
,,=0,0006

p,,=0,95
Systolic blood pressure, mm Hg 140 [130; 159] 140,0 [127;157] 140,0 [120; 165] 144,5 [132; 160] 1,57 p=0,45 p,,=0,43
p23:0,69

p,,=0.95
85 [80, 92 80,0 [77; 90] 90 [80; 94] 83,5 [75; 92] 2,6 p=0,26 p,,=0,43
,,=0,69

Dyastolic blood pressure, mm
Hg

Note: p,, p ., p,, — p-values- significant differences between respective groups

Table 4. Qualitative characteristics in examined groups

Total sample Group 1 Group 2 Group 3

n=163 n=54 n=15 n=94 Chi-square, p-value

Parameter

X’ 12=0,23, p12=0,63
Arterial hypertension (n, %) 114 (69,9%) 36 (66,6%) 9 (60%) 69 (73,4%) x*13=0,76, p13=0,38
x> 23=1,14, p23=0,28

x* 12=1,76, p12=0,18
Obesity (n, %) 71 (43,5;) 22 (40,7%) 9 (60%) 40 (42,5%) X*13=0,05, p13=0,83
X* 23=1,76, p23=0,18

X* 12=1,49, p12=0,22
Overweight (n, %) 49 (30,0%) 13 (24,07%) 6 (40%) 30 (31,9%) x’13=1,02, p13=0,31
x*23=0,38, p23=0,53

X2 12=1,24, p12=0,26

Angina (n, %) 55 (33,7%) 21 (38,8%) 5 (33,3%) 29 (30,8%) 213=1,02, p13=0,31
g X

X 23=0,04, p23=0,84

X* 12=0,87, p12=0,35
7 (4,3%) 3 (5,5%) 0 (0%) 4(4,2%) X?13=0,13, p13=0,72
X2 23=0,66, p23=0,41

History of myocardial
infarction (n, %)

x> 12=1,18, p12=0,27
History of Stroke (n, %) 8 (4,9%) 4 (7,4%) 0)0%) 4 (4,2%) X*13=0,67, p13=0,41
X’ 23=0,66, p23=0,41

Note: x* 12, X* 13, x* 23 — Chi-square values between respective groups, p,,, p ., p,, — p-values- significant differences between respective groups
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Table 5. Lipid Parameters in Examined Patients

Parameter All sample Group 1

Group 2

Kraskell-Wallis

-val
test, H, p p-values

Group 3

Total cholesterol, mM/L 6,1 [5,4;7,0] 6,05 [5,3;6,9]

Triglycerides, mM/L 1,4 [1,0;1,96] 1,35 [0,99; 1,98]

LDL cholesterol, mM/L 3,9 [3,26;4,8] 3,9 [3,4;4,9]

HDL cholesterol, mM/L 1,64 [1,32;1,9] 1,6 [1,4; 1,82]

Non-HDL cholesterol,

Ml 4,51 [3,7;5,3]

4,67 [3,59; 5,47)

7,1 [6,0; 8,5]

1,45 [1,1; 2,4]

5,1 [4,8; 5,3]

1,73 [1,3; 2,05]

4,98 [3,7; 5,76]

p,=0,16
p13=0,8
p,,=0,12

6,1 [5,4;6.7] 4,26, p=0,23

p,,=0,29
p13:0’63
p,,=0.48

07,
1,4 (1,05 1,9] 907
P, =004
,,=0,65
,,=0,016

3,8 [3,2; 4,58] 6,64, p=0,03

P, =066
,,=0,68
,,=0,49

1,67 [1,25; 1,98] 0,24, p=0,88

p, =061
p,,=0,95
P,,=0,52

4,4 [3,8; 5.13] 0,69, p=0,7

Note: p12, p13, p23 — p-values- significant differences between respective groups, LDL — low density lipids, HDL — high density lipids

Table 6. Investigated Parameters of Echocardiography, Endothelium Function in Patients with Hypothyroidism

Kraskell-Walli
Parameter All sample Group 1 Group 2 Group 3 raskell-Wallis p-values
test, H, p
Ejection fraction p12=0,03
s ' 65,7 [62,0;69,0]  66,5[62,5;70,0]  61,0[60,568,0] 66,0 [63,0;69,0] 5,19, p=0,07 p13=0,84
% by Simpson

p23=0,03
Left ventricular mass p,,=0,001
. R 96,8 [81,2; 113,2] 98,5 [85,4; 116] 130,7 [113,1; 160,4] 96,6 [81,1; 112,0] 9,2 p=0,0098 p,,=0,86

index, mg/m 13
p,,=0,001
i i p,,=0,03
i{rel:llatlve wall thicknes, 0,38 [0,35;0,41] 0,38 [0,35; 0,40] 0,44 [0,35; 0,45] 0,39 [0,36; 0,42] 6,5, p=0,03 p,=0,12
p,,=0,053
p,=078
GLPS AVRG, % -19,8 [-21,6; -18,3]  -19,4 [-20,4; -16,6]  -17,0 [-20,0; -14,2]  -20,0 [-21,9; -18,5] 5,07, p=0,07 0,=0,37
p,=0,03
Diameter increase in p,,=0,89
reactive hyperemia 8,0 [4,65; 12,8] 6,8 [3,2;12,9] 11,1 [6,5; 13,3] 7,8 [4,9,12,1] 0,8,p=0,8 p,,=0,80
test, % £,,=0,90
inti p,,=0,20
Co@plex intima 1,1[0,9; 1,2] L1[L1L, 1,2] 1,1[0,7; 1,2] 1,1[0,9;1,2] 1,9 p=0,38 p.=0,31

media value, mm 13
p,,=0,43
p,=0,28
Ve/Va 0,78 [0,66;0,87] 0,76 [0,64; 0,87] 0,71 0,59, 1,19] 0,79 [0,66; 0,88] 0,4, p=0,81 p,,=0,56
p,,=0,44

Note: p , p,,, p,, — p-values — significant differences between respective groups, GLPS AVRG — global left ventricle longitudinal strain average

As seen in Table 6, an increase in the average value
of IMT to 1.1 [0.9; 1,2] mm was detected in all groups of
examined patients, regardless of TSH level.

Endothelial dysfunction in the form of a reduced aver-
age value of the increase in the diameter of the brachial
artery in a reactive hyperemia test (IDRH) less than 10%
was found in all groups of examined patients, including
the general sample, regardless of TSH level; differences
between the groups were insignificant (Table 6).

Ejection fraction in all groups was within the refer-
ence range; in the group of patients with uncompensated
hypothyroidism, there was a decrease in the parameter
compared to that in the group with subcompensated and
compensated hypothyroidism (Table 6).

Signs of left ventricular remodeling were found in
patients of all of the compared groups; average LVMMI
in examined subjects was 96.8 [81.2; 113.2] g/m? and
average RWT was 0.38 [0.35; 0.41] (Table 6). In the group
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Table 7. Significant ratios for Quadratic
Model of the Left ventricular mass

index Y, sso
Variables Regre:ssion p-value
Ratio b, 200
X, 1,296 <0,001
X, 2,426 0,067 150 -
X, 803,8 0,009 Vlmgll‘l{l))l(
Xs2 45,19 0,318 100
X, -32,99 0,002
XX, 0,028 0,017 50
XX, -0,094 <0,001
XX, -0,947 0,821 0 :
XX, 1,196 0,006 0
X, X, 1,133 0,010
XX 14,23 0,012
XX, -0,830 0,233

Note: X3 — Age, X4 — Duration, X5 — Diagnosis,
X, — linear logarithm TSH_In

of uncompensated hypothyroidism, LVMMI was signifi-
cantly higher than in the other two groups.

Impaired LV diastolic filling in the form of decreased
Ve/Va ratio less than 1.0 was found in 121 (74.2%)
patients (39 (72.24%), 11 (73.3%) and 78 (82.9%) patients
in groups 1, 2, and 3, respectively); differences between
the groups were not significant (Table 6).

Global contractility of the left ventricular myocar-
dium in the entire examined sample was —19.4 [-20.4;
—-16.6]%; in the group of subcompensated hypothy-
roidism this parameter was significantly lower than
in patients with disease compensation. In Group 1, a
decrease in GLPS AVRG of less than 19% was revealed
in 17 (31.4%) patients, in Group 2: in 4 (26.6%) patients,
and in Group 3: in 27 (28.7%) patients.

The following significant correlations were registered:
between age and IMT (r = 0.54, p = 0.00006), between
BMI and GLPS AVRG (r = 0.32, p = 0.0009), between
IMT and RWT (r = 0.36, p = 0.0004), as well as negative
correlations between age and between HDL-C level and
BMI (r = -0.33, p = 0.00006), between the level of fT4
and LVMMI (r = -0.39, p = 0.0002).

Quadratic models for LVMMI, IARH and IMT had
the highest values R?, and were significant at the level
p < 0.001. Response variation, which can be explained
by the studied factors, was as follows: for LVMI 51.3%,
IARH 33.8%, and IMT 30.5%.

Significant coefficients (p < 0.05) of the regression
model of the relationship between LVMMI and the stud-
ied factors are presented in Table 6.

50 100 150 200 250
UMMMK

Figure 1. Relationship Between the Model and Actual Values of the Left

ventricular Mass Index
Note: UMMJIX (mog.) — Left ventricular mass index model, MMMJIK — Left ventricular mass index

As seen in Table 6, the most significant factors at
the level p < 0.001 that affect LVMMI were the age
factor and the interaction of TSH and disease dura-
tion factors. Nominal discrete variables X, and X, were

.p X,,) and
(X, ,» X, ,), respectively, to be included in the regression
model (Table 6).

As seen in Figure 1, the model allows satisfactory

reproduction of LVMMI values from the studied factors

converted to binary dummy variables (X

for the group of patients under consideration.
Only the age factor turned out to be a significant
factor at the level p < 0.001 that has an effect on IMT.

Discussion

According to a number of studies, patients with
hypothyroidism have a different incidence of arterial
hypertension, coronary heart disease, and heart failure;
the effect of substitution therapy on surrogate markers
of progression of cardiovascular lesions is inconclusive
[3, 4, 5, 14]. Authors also have different opinions on the
nature and severity of hemodynamic and lipid disorders,
depending on the degree of thyroid insufficiency [5, 7,
15]. According to our data, patients with hypothyroidism
are most often women in postmenopausal period; AH is
found in 69.9%, CHD—in 33.7%, a history of MI and
acute cerebrovascular accident—in of 4.3% and 4.9%,
respectively.

Also, patients with primary hypothyroidism have
such risk factors as obesity (43.5%), overweight (30%),
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increased levels of total cholesterol, LDL cholesterol,
non-HDL cholesterol with normal HDL cholesterol
and triglyceride levels, which is consistent with the data
obtained by other authors [6, 12].

It should be noted that the degree of thyroid insuf-
ficiency has a significant influence on the severity of
lipid metabolism disorders and structural changes in the
left ventricle. However, with compensated disease, these
parameters do not normalize completely. In addition, the
levothyroxine dose has no significant effect on the sever-
ity of the identified structural and functional changes.
Correlation analysis showed that the level of free T4 sig-
nificantly affects LVMMI and, consequently, the severity
of left ventricular hypertrophy.

Assessment of correlations revealed that age is the
main factor affecting LVMMI and IMT in patients with
primary hypothyroidism with thyroid insufficiency of
various degrees.

With age, the body replaces parenchymal cells with
connective tissue, morphological changes develop in the
myocardium, cardiomyocytes die, total peripheral vascu-
lar resistance increases, and collagen rigidity increases; all
this leads to impaired myocardial extensibility and con-
tractility [13]. The combination of impaired relaxation
of the left ventricular myocardium, increased LVMMI,
signs of endothelial dysfunction, and thickening of the
intima media of peripheral vessels, typical for damage to
the cardiovascular system in both hypothyroidism and
aging, probably aggravates the severity of pathological
changes [6].

The revealed relationship between BMI and global
longitudinal contractility of the left ventricular myocar-
dium in the examined patients is consistent with the data
obtained by other authors who studied the relationship
between BMI and longitudinal LV deformity in patients
with chronic kidney disease [14]. This is probably because
obesity leads to negative metabolic and neurohumoral
changes that can intensify myocardial remodeling. Prob-
able reasons for this are the activation of peroxidation
processes, which increases oxygen consumption by the
myocardium and decreases myocardial contractility,
which is aggravated by thyroid insufficiency.

Mathematical modeling showed that the combina-
tion of such parameters as age, disease duration and
TSH level is of greatest importance in the processes of
the remodeling of the left ventricular myocardium in
patients with primary hypothyroidism. At the same time,
only age has a significant effect on IMT.

It should be noted that despite the disease compen-
sation, changes in the cardiovascular system in patients
with hypothyroidism persist. The development of hypo-
thyroidism may trigger such processes as oxidative stress,
inflammation and dyslipidemia, and routine replace-
ment therapy does not lead to a complete normalization

of cardiovascular parameters [15]. Apparently, it is the
combination of these factors that leads to persistent car-
diovascular changes. Additional research is required to
find additional factors affecting structural and functional
changes in the cardiovascular system in patients with
primary hypothyroidism.

Conclusion

1. The most significant risk factors for LV and vas-
cular wall remodeling in patients with primary hypothy-
roidism are TSH level > 4 mIU/L, disease duration over
6 years, and elderly age (65+).

2. As part of a cardioprotective strategy for man-
aging patients with hypothyroidism, it is advisable to
achieve reference ranges of TSH, free T4, and correction
of excess body weight.
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