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SUMMARY

Introduction/Objective Hypothyroidism is a hypometabolic syndrome with insufficient production or
inadequate action of thyroid hormones. It is characterized by hypercholesterolemia, elevated LDL-C. The
most common echocardiographic changes are in left ventricular (LV) diastolic function.

The aim of this study was to investigate the effects of achieving adequate thyroid hormone replacement
therapy in hypothyroid patients on improving systolic and diastolic cardiac function and correcting
serum lipid profile.

Methods Prospective study was conducted on 42 patients with newly diagnosed hypothyroidism, both
sexes, aged 18-60 years, without comorbidity. The determined blood tests before, six, 12, and 24 weeks
after starting the therapy with L-thyroxine were: FT4, TSH, total cholesterol, HDL-C, LDL-C and triglycer-
ides. The effects of thyroid hormone replacement therapy on systolic and diastolic cardiac function were
assessed by echocardiography.

Results It was concluded that 25 (59.5%) patients had subclinical and 17 (40.5%) overt hypothyroidism.
The LV end-systolic diameter decreased statistically highly significant (p < 0.01) after 12 weeks and end-
diastolic diameter of the right ventricle after six months of therapy. There was no significant decrease in
LV end-diastolic diameter after six months of thyroid hormone replacement therapy. Mitral annular plane
systolic excursion (MAPSE), left ventricular ejection fraction (LVEF), and tricuspid annular plane systolic
excursion (TAPSE) values increased significantly (p < 0.01) after six weeks of therapy. Total cholesterol
and LDL-C significantly decreased, HDL-C increased (p < 0.01) and there was no change in triglyceride
concentrations after 24 weeks of therapy.

Conclusions Thyroid replacement therapy in hypothyroid subjects statistically significantly improves
echocardiographic parameters of diastolic and systolic left and right ventricular function, reduces total
serum cholesterol and LDL-C, and increases HDL-C.
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INTRODUCTION

Thyroid hormone deficiency leads to changes
in cardiovascular hemodynamics, phenotype
and contractility, and accelerated atheroscle-
rosis. Overt hypothyroidism exerts effects on
systolic and diastolic cardiac function and car-
diac anatomy [1, 2].

Hypothyroidism increases the risk of de-
veloping atherosclerotic cardiovascular dis-
ease by increasing circulating LDL cholesterol
(LDL-C) levels, inducing the development of
diastolic hypertension, increasing blood co-
agulability, as well as having direct effects on
vascular smooth muscle. Overt hypothyroid-
ism is characterized by hypercholesterolemia,
significantly elevated LDL-C and apolipopro-
tein B [3].

In subclinical hypothyroidism, diastolic
cardiac function is most commonly impaired,
which is already manifested in patients with
mild thyroid dysfunction with TSH between
5 and 10 mU/L [4]. Subclinical hypothyroid-
ism is associated with a small increase in
LDL cholesterol (LDL-C), a decrease in HDL
cholesterol (HDL-C), increasing the risk of

developing atherosclerosis and coronary ar-
tery disease [5].

The most common echocardiographic
changes in hypothyroidism are characterized
by changes in left ventricular (LV) diastolic
function parameters resulting from impaired
myocardial relaxation presented by prolonged
isovolumic relaxation time (IVRT) and a sig-
nificantly reduced early and late diastolic flow
rate (E/A) of transmitral flow. Echocardio-
graphic diastolic dysfunction is defined by the
existence of at least one of the following param-
eters: E/A < 1.0, IVRT > 100 m/s, or decelerat-
ing time > 220 m/s [6].

The interaction between the right and left
ventricles is one of the most important causes
of impaired right ventricular function that re-
sults from an increase in LV filling pressure
and the consequent increase in pulmonary
flow and pressure in the right ventricle. It has
been shown that impaired right ventricular me-
chanics are completely repaired after adequate
thyroid hormone replacement therapy [7].

The aim of this study was to examine the ef-
fects of achieving adequate thyroid hormone
replacement therapy in hypothyroid patients on:
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1) improving systolic and diastolic cardiac function;

2) correction of serum lipid profile;

3) the effect of time needed to reach the euthyroid state
on the repair of the examined parameters of cardiac
function and lipid status.

METHODS

A prospective study was conducted on 42 patients over a
24-week follow-up period. The study was performed from
September 2017 until March 2019 at the Zlatibor Special
Hospital for Thyroid gland and Metabolic Diseases. The
study was approved by the Ethics Committee and all study
participants were informed of the study methodology and
gave their consent to participate in the study.

The study included patients with newly diagnosed hy-
pothyroidism whose TSH was greater than 10 mU/L, both
sexes, aged 18-60 years, without comorbidity. Echocardio-
graphic examinations were determined by transthoracic
echocardiography on a Vivid 3 apparatus (GE Healthcare,
Solingen, Germany). The systolic function was determined
by the following echocardiographic parameters: LV ejec-
tion fraction (LVEF), mitral annular plane systolic excursion
(MAPSE) and tricuspid annular plane systolic excursion
(TAPSE). Diastolic function was determined by the follow-
ing echocardiographic parameters: E wave (m/s), A wave
(m/s), E/A ratio, IVRT of the left ventricle (ms). The left
and right ventricular systolic function parameters were mea-
sured using the M-mode in the parasternal long-axis view
and the apical 4-chamber view. The LVEE, expressed in %,
was determined by a Teicholtz formula calculation. Trans-
mitral flow rates were measured using a pulsed Doppler
in the apical four chamber view. Using a continuous Dop-
pler in the apical five-chamber view, IVRT was determined.
Echocardiographic parameters were assessed before and
after received L-thyroxine therapy at weeks six, 12, and 24.

The following laboratory parameters were determined
from the blood: total cholesterol (TC), cholesterol fractions
HDL and LDL, and triglycerides. Thyroid function was
assessed by measuring free-thyroxine (FT4) and thyrotro-
pin (TSH) levels. After determining basal FT'4 and TSH
levels, patients with TSH greater than 10 mU/L included
in the study were administered L-thyroxine with a gradual
increase in dose until euthyroid condition was achieved.
Lipid status and thyroid function were assessed before and
after received L-thyroxine therapy at weeks six, 12, and 24.

Descriptive and analytical statistical methods were used
in this study. Descriptive methods used absolute and relative
numbers, measures of central tendency (arithmetic means,
median) and dispersion measures (standard deviation).

Table 1. Thyroid hormone values in the function of time (n = 42)

Analytical statistical methods used difference tests, paramet-
ric and non-parametric tests. The selected level of signifi-
cance, that is, the probability of an error of the first type is
0.05. All data were processed in IBM SPSS Statistics, Version
20.0. (IBM Corp., Armonk, NY, USA) software package.

RESULTS

Of the 42 respondents included in the study, 9 (21.4%)
were male and 33 (78.6%) were female. The mean age of
studied patients was 40.1 + 9.1 years. The youngest patient
was 19 years old and the oldest was 59 years old. The mean
BMI values were 24.67 + 2.81 kg/m>

Of the 42 subjects enrolled, 25 (59.5%) had a subclinical
form of hypothyroidism and 17 (40.5%) had an overt form
of hypothyroidism.

FT4 before starting the therapy was 10.82 + 3.19 pmol/L,
in the repeated measurements after six, 12 and 12 weeks
were in the reference range (10.2-24.5 pmol/L) for all sub-
jects (Table 1) and after 24 weeks were 16.23 + 3.77 pmol/L
indicating a statistically highly significant difference
(p < 0.01). Out of the 42 enrolled subjects, 34 achieved
TSH in reference range (0.3-4.2 mU/L) after 24 weeks of
therapy while 8 did not. Out of the eight subjects with
inadequate TSH values (greater than 4.2 mU/L), five pa-
tients had slightly elevated TSH values above the reference
range (up to 6 mU/L) and only one subject had a TSH
value greater than 10 mU/L. There was a statistically sig-
nificant difference in the TSH value after six and 12 weeks
(p < 0.05) and a highly statistically significant difference
in the TSH value after 24 weeks of thyroid replacement
therapy (p < 0.01) compared to the initial TSH values.

Results of the systolic cardiac function parameters

The results of LV systolic function are presented in Table 2.
There was no statistically significant decrease in LV end-
diastolic diameter (LVEDD) after 24 weeks of therapy
(p > 0.05), whereas end-systolic LV diameter (LVESD)
decreased statistically highly significant (p < 0.01) from
the 12th week of L-thyroxine therapy.

MAPSE and LVEF were statistically significant
(p < 0.01) improved after six, 12 and 24 weeks of therapy,
significant improvement in LV function after beginning
of thyroid hormone therapy (Table 2).

Results of the diastolic cardiac function parameters

Hypothyroid subjects had a statistically highly signifi-
cant (p < 0.01) increase in E wave velocity and increase

Parameter Before therapy (1) Six weeks later () 12 weeks later (Il1) 24 weeks later (IV)

FT4 (pmol/L) 10.82+3.19 1534+274 15.85 £ 3.81 16.23£3.77
min-max min-max min-max min-max

TSH (mU/L) 10.2-100 0.62-39.4 0.05-53.7 0.29-18.5

FT4 - free-thyroxine; TSH - thyrotropin
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Table 2. Left ventricular size and systolic function parameters

Penic A. and Obrenovi¢-Kir¢anski B.

Parameter Before therapy (1) Six weeks later (I1) 12 weeks later (lll) 24 weeks later (IV)
LVEDD (mm) 49.07 £ 3.70 49.02+3.83 48.64 + 3.45 48.48 + 3.58
LVESD (mm) 31.02+2.99 30.45+3.39 29.21+3.35 27.67 £2.82
MAPSE (mm) 14.52+1.42 15.21+1.37 16.24 +1.62 16.81 +1.67
LVEF (%) 65.19 £ 3.57 66.52+3.74 69.09 +3.77 7245+ 355

LVEDD - left ventricular end-diastolic diameter; LVESD - left ventricular end-systolic diameter; MAPSE - mitral annular plane systolic excursion;

LVEF - left ventricular ejection fraction

Table 3. Left ventricular diastolic function parameters

Before Six weeks 12 weeks 24 weeks
Parameter
therapy later later later
E (m/s) 0.71+0.14 | 0.74+0.12 | 0.77+0.11 | 0.80+0.11
A (m/s) 0.76+0.12 | 0.72+0.12 0.66 + 0.1 0.61+0.11
E/A 0.94+0.13 1.04 £0.14 1.19+£0.17 1.32+0.19
IVRT (ms) 102.59+843 | 9454 +8.76 | 87.59+8.14 80+7.29

E wave - early diastolic velocity of transmitral flow; A wave - late diastolic velocity

of transmitral flow; E/A - a ratio of early and late diastolic velocity of transmitral
flow; IVRT - isovolumic relaxation time of the left ventricle

Table 4. Parameters of right ventricular size and systolic function

Parameter Before Six weeks 12 weeks 24 weeks
therapy (1) later (I1) later (1) later (1V)

RV (mm) 2479 +£1.93 | 24.69+2.02 | 2436+2.18 | 24.24+2.13

TAPSE (mm) | 19.88+1.63 | 20.88+1.74 | 21.78+ 1.6 | 22.52+1.61

RV - right ventricular end-diastolic diameter;
TAPSE - tricuspid annular plane systolic excursion

Table 5. Blood lipid values as a function of measurement time

Parameter Before Six weeks 12 weeks 24 weeks
therapy (1) later (1) later (1I1) later (IV)
TC (mmol/L) 6.00+1.27 | 532+0.84 | 549+ 1.05 | 5.23+0.87
HDL-C (mmol/L) | 1.26+0.20 | 1.36 £0.29 | 1.37+£0.29 | 1.40+0.26
LDL-C (mmol/L) | 3.94+£0.97 | 3.31+£0.74 | 3.45+0.88 | 3.25+0.78
min-max min-max min-max min-max
TG (mmol/L)
0.50-5.94 | 0.54-4.69 | 0.40-5.25 | 0.39-3.00

TC - plasma total cholesterol; HDL-C - high-density lipoprotein-associated choles-

terol; LDL-C - low-density lipoprotein-associated cholesterol; TG - triglycerides

in transmitral flow ratio (E/A), whereas the decrease in A
wave velocity was a statistically highly significant (p < 0.01)
after six, 12 and 24 weeks of therapy (Table 3). There was a
trend of increasing the rate of E/A in successive measure-
ments during L-thyroxine therapy.

The isovolumic LV relaxation time (IVRT) was highly
statistically significant (p < 0.01) decreased after six and 24
weeks of therapy, whereas the difference was not statistically
significant (p > 0.05) in successive measurements of [IVRT
between six and 12 weeks, as well as between 12 and 24
weeks of therapy (Table 3). There was a constant decrease in
IVRT during successive measurements after the beginning
of L- thyroxine therapy.

Results of the right cardiac function parameters

There was a highly statistically significant increase
(p <0.01) in TAPSE values six, 12 and 24 weeks after ini-
tiation of L-thyroxine therapy. No statistically significant
difference was found in successive measurements of right
ventricular (RV) end-diastolic diameter after six and 12
weeks of therapy, as well as successive measurements

‘ DOI: https://doi.org/10.2298/SARH200828107D

between the 12th and the 24th week (p > 0.05), and
the difference was highly statistically significant (p <
0.01) at the end of the 24th week of therapy relative
to baseline right ventricular diameter values - prior to
initiation of therapy (Table 4).

Serum lipid profile test results

Triglyceride values were in the range of 0.50-5.94

mmol/L before therapy and in the range of 0.39-3.00

mmol/L after 24 weeks of therapy (Table 5). There was
no statistically significant difference (p > 0.05) in se-

rum triglyceride values after six, 12, and 24 weeks L-

thyroxine therapy.

Total cholesterol values were in the range of 4.73-

7.27 mmol/L, HDL-C in the range of 1.06-1.46 mmol/L

and LDL-C in the range of 2.97-4.91 mmol/L before

therapy and in the range of 4.36-6.10 mmol/L for
total cholesterol, 1.14-1.66 mmol/L for HDL-C and
2,47-4.03 mmol/L for LDL-C after 24 weeks of thera-
py. Serum concentrations of total cholesterol (TC) and

LDL-C were statistically highly significant decreased (p

< 0.01), whereas serum values of HDL-C were highly

statistically significant (p < 0.01) increased after six
and 24 weeks of therapy. There was no statistically sig-
nificant difference (p > 0.05) in the measured serum

concentrations of total cholesterol, HDL-C and LDL-C

between sixth and 12th week and 12th and 24th week
of therapy (Table 5).

The trend line of mean values of serum lipid concentra-
tions (total cholesterol, HDL-C and LDL-C) in successive
measurements (Figure 1) showed an increase in HDL-C
which was observed after the beginning of thyroid re-
placement therapy. The trend lines for total cholesterol
and LDL-C showed a decrease in serum concentrations
after six weeks of therapy, with an unexpected increase
in serum concentrations of total cholesterol and LDL-C
after 12 weeks. After 24 weeks the serum levels of total
cholesterol and LDL-C were lower in relation to values
before the starting L-thyroxine therapy.

DISCUSSION

The prevalence of subclinical hypothyroidism (elevated
serum TSH and normal FT4) is 8% in women (10% in
women over 55 years) and 3% in men (UK Whickham
cohort study) [8]. In our study, the distribution with a
higher prevalence of a subclinical hypothyroidism (in 25
subjects — 59.5%) also corresponds to its higher prevalence

Srp Arh Celok Lek. 2021 Jan-Feb;149(1-2):24-29
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Figure 1. The trend line of mean lipid values in successive measurements: TC, HDL-C,
LDL-C; TC - plasma total cholesterol; HDL-C - high-density lipoprotein-associated
cholesterol; LDL-C - low-density lipoprotein-associated cholesterol; TG - triglycerides

L-thyroxine therapy leads to an improve-
ment of right ventricular function. Some
studies have shown an association between
clinical hypothyroidism and right ventricu-
lar diastolic dysfunction, as well as an in-
crease in right ventricular wall thickness. A
number of studies have shown that damaged
right ventricular mechanics are completely
repaired after adequate thyroid hormone
dose [18, 19].

The thyroid replacement therapy in
hypothyroid subjects significantly im-
proves the echocardiographic parameters
of LV diastolic function, especially af-
ter three months of L-thyroxine therapy
with an average transmitral flow rate E/

in the general population compared to the overt form of
hypothyroidism.

The panel of experts supports the use of L-thyroxine
in patients with subclinical hypothyroidism when TSH
is greater than 10 mIU/L. L-thyroxine administration
might be considered in women planning a pregnancy or in
pregnant women, as well as in symptomatic patients with
subclinical hypothyroidism with TSH below 10 mU/L [9].

The reported high values of TSH in our study after 24
weeks of therapy in eight subjects can be explained by the
various causes of intermittent or persistently elevated TSH
levels in patients on thyroid replacement therapy, such as:

1) poor drug compliance and adherence;

2) interaction with other drugs;

3) using L-thyroxine with food;

4) drug malabsorption;

5) coexistent celiac disease or autoimmune gastritis;

6) interference with a laboratory test mediated by het-

erophilic antibodies;

7) the presence of resistance to thyroid hormones [10,

11].

Multiple meta-analyses involving patients with subclini-
cal hypothyroidism under the age of 60 have shown that
the prevalence of LV diastolic dysfunction is significantly
more common in subclinical hypothyroidism than in
healthy subjects. In 10 randomized studies with selected
patients with mild thyroid dysfunction, improvement
in diastolic function was demonstrated as early as three
months after L-thyroxine therapy [12, 13, 14].

There is a milder degree of LV hypertrophy in the overt
hypothyroidism with an increase in posterior wall thick-
ness more than the interventricular septum, suggesting
that concentric remodeling of the left ventricle is devel-
oped during thyroid dysfunction, which is reversible by
L-thyroxine administration [15, 16]. The LVEF is usually
normal or slightly reduced in thyroid dysfunction, with a
slight increase during therapy, mainly during exercise and
less at rest [17].

Subclinical hypothyroidism is associated with sys-
tolic and diastolic dysfunction of the right ventricle, and

Srp Arh Celok Lek. 2021 Jan-Feb;149(1-2):24-29

A>1.0 (1.1 £0.17) and IVRT < 100 m/s
(87.59 + 8.14 m/s). The use of L-thyroxine
significantly improves the echocardiograph-
ic parameters of LV systolic function (LVEE, MAPSE). Af-
ter six months of therapy there was no significant change
in the diastolic diameter of the left ventricle. L-thyroxine
therapy also improves the right ventricular systolic func-
tion. In our study, improvements of the parameters of left
and right ventricular systolic and diastolic function after
the administration of L-thyroxine were expected and con-
sistent with the reported study results.

The increased prevalence of the atherosclerotic cardio-
vascular disease in subclinical hypothyroidism was demon-
strated in a Rotterdam study, which showed that middle-
aged women with subclinical hypothyroidism (with TSH
greater than 4 mU/L) had a higher prevalence of coronary
artery disease than the control sample with TSH less than
4 mU/L [20].

Increased serum concentrations of LDL cholesterol, tri-
glycerides, apolipoprotein B and increased LDL oxidation
might explain the association between subclinical hypothy-
roidism and cardiovascular disease. This pattern of serum
atherogenic profile is more pronounced in patients with
serum TSH levels greater than 10 mU/L and in smokers.
A meta-analysis of 55,287 patients from 11 prospective
cohort studies showed that subclinical hypothyroidism
in patients with higher TSH levels were associated with
higher mortality and prevalence of coronary diseases [21].

Studies have shown that increase in serum TSH lev-
els by 1 mU/L increased total serum cholesterol by 0.09
mmol/L in women and by 0.16 mmol/L in men [22]. A
meta-analysis of studies that monitored the effects of levo-
thyroxine therapy on lipid profile in subclinical hypothy-
roidism showed that serum total cholesterol decreased by
about 0.2 mmol/L or serum LDL cholesterol by about 0.3
mmol/L after L-thyroxine therapy, while triglycerides and
HDL-C remained unchanged [23]. McGowan et al. [24]
have shown a significant increase in HDL cholesterol by
normalizing serum TSH concentrations by levothyroxine
therapy.

In our study thyroid replacement therapy had been
shown to reduce serum total cholesterol and LDL-C con-
centrations, increase HDL-C, and no significant effects

www.srpskiarhiv.rs ‘
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on serum triglyceride concentrations. The effects of L-
thyroxine therapy on the parameters of the lipid profile
in the subjects described in our study indicate consistent
and expected results, as shown in the studies cited by other
authors. The paradoxical and unexpected increase in total
cholesterol and LDL-C after 12 weeks of therapy could
be explained by the uncontrolled conditions of the trial,
i.e., inability to control the dietary regime of the subjects
in addition to the advice given at the controls, as well as
fluctuations of thyroid hormones (FT4 and TSH), which is
a characteristic at the beginning (in the first three months)
of the use of levothyroxine therapy.
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nificantly improves the echocardiographic parameters of
LV diastolic function, especially after the third month of
initiation of therapy. Administration of L-thyroxine leads
to a significant improvement in left and right ventricular
systolic parameters. Levothyroxine therapy significantly
reduced the risk factors for the development of atheroscle-
rosis and coronary artery disease: reduction of total serum
cholesterol and LDL-C, and increase of HDL-C.
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EdeKaT TMpeocyncTUTyLMOHe Tepanuje Ha GyHKLM]jy cpua Koa 6onecHMKa ca

xunotmpeongnsmom

AnekcaHgap Henuh', Busbana O6peHosuh-KnphaHcku®

'CneumjanHa 601HMLA 3a 60N1eCTU WTKUTACTE XNne3ae 1 6onecTn metabonusma ,,3natnbop’, 3natndop, Cpbuja;

2YHneep3uTet y beorpaay, MeanunHcku pakyntet, beorpag, Cpbuja;

3KnuHnuku ueHTap Cpbuje, KnuHuka 3a kapauonorujy, beorpag, Cpbuja

CAXETAK

YBoa/LUnmb XunoTtupeonamnsam je cMHAPOM XunomeTabonmsma
Ca HeOBO/bHOM NPOU3BOAHOM WSIN HeafeKBaTHVM AejCTBOM
TUpeounHNX XOpMoHa. KapaKTepuiue ce xvunepxonecreporne-
mujom, nosuieHum J1AJ1-xonecteponom, a Hajuelha exokap-
aunorpadcka npomeHa je nopemehaj napameTapa gujactoniHe
dyHKUWje neBe cpuaHe KOMope.

Linb nctpaxnBatba je ncnutrBame yTrLaja nocTr3ara agex-
BaTHe CYNCTUTyLWje TUPOUJHNM XOPMOHIMA KOZ XUNoTupe-
OVAHMX 6ONECHNKa Ha NOBObLLIAHE CUCTOSHE U [njacToNHe
bYyHKUWje cpua 1 KoprroBakbe IMNUAHOT Npoduna y cepymy.
MeTtoge CnpoBefeHa je NPOCMeKT1BHa CTyAuja Ha 42 6one-
CHUKa Ca HOBOOTKPUBEHOM XMNOTUPE030M, 06a nona, y3pacTa
18-60 roguHa, 6e3 komopbugnteta. OppehmrBaHe cy BpeaHOCTM
OT4, TCX, ykynHor xonectepona, XAJ1-X, NAJ-X n Tpurnmuepu-
[a npe 3anoynmama, Wwect, 12 n 24 Hegerbe nocne Tepanuje
JI-TupoKcmHoMm. YTruaj cynctutyumje TMpougHimM XopMoHma
Ha CUCTONHY 1 AujacTonHy GyHKLMjy Cpua NpoLerBaH je exo-
Kapanorpadckum npernefom.

Pesyntatu [IBagecer ner (59,5%) ucnutaHuiKa je umano cyoknm-
HWYKY, a 17 (40,5%) maHudecTHy popmy XMnoTupeougmsma.

Srp Arh Celok Lek. 2021 Jan-Feb;149(1-2):24-29

EnAcncTonHn anjameTtap fieBe KOMOpe ce 3HauyajHO CMakbno
(p < 0,01) nocne 12 Heperba Tepanuje, a EHAANACTONHMN Anja-
MeTap ecHe KOMope nocre WecT meceuy Tepanuje. Huje 6uno
npoMeHa eHAANjaCTONHOT AnjaMeTpa ieBe KOMope nocse
LIeCT MeceL Tepanuje TMPOMAHUM XOPMOHUMa. BpegHocTu
aMMNANTYAe CUCTOJTHE eKCKYP3Mje PaBHU MUTPAHOT aHyyca,
ejekuroHe pakKLuje neBe KOMope 1 BPegHOCTU aMnuTyge
CUCTOJTHE eKCKYp3Uje paBHW TPUKYCMUAHOT aHynyca Cy CTa-
TUCTUYKM 3HauajHo noehaHe (p < 0,01) nocne Wwect Hefesba Te-
panuje. [IBageceT YeTpm Heplerbe nocse yBoherba TMPOUAHNUX
XOPMOHa [10/1a3u O CTaTUCTUYKM 3HauYajHOT CMakbesa (p < 0,01)
KOHLeHTpauuja yKynHor xosnectepona v JIAJ1-X, nopacta
XOJ1-X, a 6e3 yTuLaja Ha cepyMcKe KOHLIeHTpaLuje TpuruLie-
puaa (p > 0,05).

3aksbyuak CyncTuTyLMOHOM TepanmjoM TMPOUAHNM XOPMOHN-
Ma Kog, XMMOTUPEOUAHUX UCMUTaHKKa 3HauajHO Cy Mo6osbLuaHu
exoKkapavorpadCckin napameTpy AnjacTosIHe N CUCTONHE QyHK-
Lnje neBe 1 leCHe KOMOPE, CMakbeH je YKYMHU X0N1ecTepos u
NAN-X, a nosehan XAJ1-X.

KmbyuHe peun: xunotrpeosa; JI-TMpOKCHH; AnjacTonHa QyHK-
Lpja cpua; cuctonHa GyHKUMja cpua; nMnugHU npodun
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