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Abstract

Introduction: Adipose tissue is immunologically and hormonally active, and these effects are mediated largely by adipocytokines. Thy-
roid hormones regulate metabolism and organ function, and Hashimoto’s thyroiditis (HT) is the most common autoimmune disease
affecting thyroid function.

Aim: To evaluate the levels of the adipocytokines leptin and adiponectin in patients with autoimmune HT, and to perform a comparative
intragroup analysis in patients with different stages of gland functional activity, and in a control group.

Materials and methods: Ninety-five patients with HT and 21 healthy controls were enrolled in the study. Venous blood was taken
without anticoagulants after at least 12 hours of fasting, and serum samples were frozen at —70°C until analysis. Serum levels of leptin
and adiponectin were determined by an enzyme-linked immunosorbent assay (ELISA).

Results: Serum levels of leptin in HT patients were higher than those in the control group (4.5+5.2 ng/mL vs. 1.9+1.3 ng/mL). The
hypothyroid patient’s group showed significantly higher levels of leptin than those of the healthy controls (5.1+5.2 ng/mL vs. 1.9+1.3 ng/
mL), (p=0.031). Leptin levels correlated positively with body mass index (r=0.533, p<0.001), triglycerides (r=0.223, p=0.033), and im-
munoreactive insulin (r=0.488, p<0.001) levels. Serum adiponectin concentrations were higher in euthyroid HT patients than in the
other groups, but the difference was not statistically significant (p=0.68). We found a positive correlation between adiponectin and HDL
cholesterol levels (r=0.442, p<0.001), and negative with body mass index (r=-0.217, p=0.03), and immunoreactive insulin (r=-0.341,
$=0.002).

Conclusions: The results of this study suggest that leptin has a stronger effect than adiponectin in Hashimoto’s thyroiditis, which can be
used to develop new therapeutic agents that modify its effect in the organism.
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INTRODUCTION

Adipose tissue has long been accepted not only as an ener-
gy storage but also as an immunologically and hormonally
active tissue.l!! There are two main types of adipose tissue
in the body - brown adipose tissue, which is more typi-
cal for early childhood, and white adipose tissue, which
is more typical of adults. These two main types have rad-
ically different structures and functions. The cells of the
brown adipose tissue are rich in mitochondria and small
lipid droplets, and they mainly burn lipids to produce heat,
while the cells of the white adipose tissue have much less
mitochondria and are filled with stored lipids. The uncou-
pling protein 1 (UCP1), which is activated in brown adi-
pose tissue cells, interrupts the pathway to ATP synthesis
and redirects it to heat production.!?’ Hormonal activity is
the main characteristic of visceral white adipose tissue. The
released adipocytokines have a key effect on energy metab-
olism, immunity, and inflammation."!

Adiponectin is a protein secreted exclusively from adi-
pose tissue, with a relatively high serum concentration in
healthy individuals with normal weight (>5-10 pug/mL). It
decreases with obesity.*! It has a considerable anti-inflam-
matory effect, increases insulin sensitivity and tissue glu-
cose utilization, and inhibits the hepatic gluconeogenesis.”!

Leptin is a peptide hormone produced mainly by adipo-
cytes, but also by some other cells in the human body, such
as enterocytes, T cells, and others. It is one of the main en-
ergy balance regulators in the body that acts through appe-
tite control.[®! Unlike adiponectin, its serum level increases
with the increases of body’s energy reserves in adipose tis-
sue. Thus, leptin levels directly correlate with BML")

Thyroid hormones regulate the function of many organs
and systems in the body by controlling the metabolism of
carbohydrates and fats, and the transport of many protein
molecules. Changes in their concentrations can decrease
glucose utilization or promote insulin resistance in tissues. [*!
Thyroid hormones also affect lipid metabolism by regula-
tion of lipolysis, endogenous cholesterol synthesis, activity
of lipoprotein lipase and liver lipase, and serum triglyceride
levels.”) The most common autoimmune disease that affects
thyroid function is Hashimoto’s thyroiditis (HT).!%!

AIM

The purpose of the study was to evaluate the levels of the
adipocytokines leptin and adiponectin in patients with au-
toimmune HT, and to perform a comparative intragroup
analysis in patients with different stages of gland functional
activity, and in a control group.

MATERIALS AND METHODS

The diagnosis of Hashimoto’s thyroiditis was confirmed by
the medical history, physical examination, and ultrasound

examination of the patients, as well as by the positive an-
ti-thyroid peroxidase antibody (TPO Ab) and anti-thyro-
globulin antibody (TG Ab) levels.

Patients

This cross-sectional study was conducted in the Clinic of
Endocrinology and Metabolic Diseases of St George Uni-
versity Hospital in Plovdiv between September 2019 and
August 2021 among the adult patients who attended the
Clinic and were examined there. A total of 106 patients
with HT were enrolled in the study, 11 of whom were ex-
cluded due to lipid-lowering medications. The diagnosis
of Hashimoto’s thyroiditis was confirmed by the medical
history, physical examination, and ultrasound examination
of the patients, as well as by the positive anti-thyroid per-
oxidase antibody (anti-TPO Ab) and anti-thyroglobulin
antibody (anti-TG Ab) levels. The inclusion criteria were
established diagnosis of HT, age >18 years, and a signed in-
formed consent form. The exclusion criteria included acute
infections within the previous two months, drug or alcohol
abuse, other chronic autoimmune diseases, and lipid low-
ering medication. The control group included 21 healthy
autoimmune disease-free subjects.

The study was approved by the Institutional Ethics
Committee of the Medical University of Plovdiv and was
conducted in accordance with the Helsinki declaration.
Written informed consent was obtained from all partici-
pants prior to their enrollment in the study.

Laboratory tests

Venous blood was taken from all patients between 7:30 a.m.
and 9:00 a.m. after at least 12 hours of fasting. Blood sam-
ples were collected without anticoagulants. Serum samples
were obtained by centrifugation after approximately 30
minutes, which was required for full coagulation, and were
subsequently frozen at —70°C until analysis.

Serum levels of leptin and adiponectin were deter-
mined by the ELISA method using commercially available
kits (Sigma Aldrich, Cat Nos RAB0333 and RAB0005), in
which monoclonal antibodies against respective adipocy-
tokines were used. The method sensitivity was lower than
2 pg/mL for leptin and 25 pg/mL for adiponectin. Declared
inter- and intra- assay reproducibility was lower than 12%,
and recovery was in the range of 83% to 104% for both
tests. Measurements were made using TECAN Sunrise
ELISA reader at 450 nm.

Statistical analysis

Body mass index (BMI) was calculated using the formu-
la: BMI = weight (kg)/height (m?). Data analysis was per-
formed using the IBM SPSS, version 19.0, for Windows
(SPSS Inc., Chicago, II, USA) with methods of descriptive
statistics and statistical inference. Normally distributed
data were expressed as mean and standard deviation (SD),
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and non-normal distributed data were expressed as medi-
an (IQR). For comparisons between groups, Student ¢-test,
Mann-Whitney U-test, or Kruskal-Wallis test were used.
Correlation was assessed with the Pearson and Spearman’s
correlation tests. Box plot diagrams were used to visualize
the distribution of adiponectin and leptin values among
the three subgroups of patients and the control group, and
between men and women.

RESULTS

All studied HT patients were allocated into three groups
depending on the functional activity of the gland: 40
(42.1%) patients with hypothyroidism, 50 (52.6%) patients
with euthyroid status, and 5 (5.3%) patients with hyperthy-
roidism. Most of the participants (55.8%) were under 42
years old, with more than 59% of them having euthyroid
status. Patients with hypothyroid status were predominant
in the age group 250 years (57.1%). The characteristics of
the study groups are shown in Tables 1, 2.

The mean BMI was 28.0+6.9 for HT patients and
21.6+2.8 for the control group.

Figs 1, 2 show the serum levels of adiponectin and leptin
in the HT groups and the control group.

Figure 1. Serum levels of adiponectin in the studied groups.

Table 1. Distribution of participants by gender

Female Male Total
N (%)
Control group 17 (81.0%) 4(19.0%) 21 (100%)
HT group 78 (82.1%) 17 (17.9%) 95 (100%)
Hypothyroid 33 (82.5%) 7 (17.5%) 40 (42.1%)
Euthyroid 43 (86.0%) 7 (14.0%) 50 (52.6%)
Hyperthyroid 2 (40.0%) 3 (60.0%) 5(5.3%) Figure 2. Serum levels of leptin in studied groups.

Table 2. Demographic and laboratory characteristics of the studied HT groups

Characteristics Minimum Maximum Mean + SD Median (IQR)
Age, years 18 73 39.8+13.7 37 (19)
Disease duration, years <1 21 3.5+5.1 1(6)
Height, m 1.5 1.96 1.68+0.1 1.67 (0.08)
Weight, kg 43 140 80.5+21.1 72.0 (33.6)
BMI, kg/m? 17.7 54.7 28.547.1 25.5 (10.5)
TPO Ab, IU/mL, (0-9) 0.3 1192.8 233.8+342.0 13.5 (343.6)
Tg Ab, IU/mL, (0-4) 0.9 2500 74.3+330.0 0.9 (3.2)
TSH, mIU/L, (0.34-5.60) 0.005 100 5.1+x13.6 2.4 (2.1)
FT4, pmol/L, (7.84-14.41) 0.7 27.8 11.1+3.3 11.0 (2.8)
FT3, pmol/L, (3.8-6.0) 2.6 12.7 49+14 4.9 (1.4)
Adiponectin, ug/mL 11 253.8 83.1+61.8 61.5(83.8)
Leptin, ng/mL 0.4 20.3 4.245.2 1.7 (4.5)

BMI: body mass index; TSH: thyrotropin; FT3: free triiodothyronine; FT4: free thyroxine; Tg Ab: thyroglobulin antibodies; TPO Ab:
thyroid peroxidase antibody
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Serum adiponectin concentrations ranged from
6 pg/mL to 253.8 pug/mL in all participants. The mean
concentration was 77.6 ug/mL and median 57.2 ug/mL. We
found that patients with euthyroid status had higher serum
adiponectin concentration than the patients in hypothy-
roid, hyperthyroid, and control groups (83.0£61.3 pg/mL,
78.6%56.3 pg/mL, 56.6+33.6 ug/mL, and 67.6+54.2 ug/mL,
respectively) but the difference was not statistically signifi-
cant (p=0.68).

Serum leptin concentrations were between 0.36 and
25.8 ng/mL in the HT patients, and between 0.36 and
5.0 ng/mL in the control group. The mean leptin value
(£SD) was 5.1+5.2 ng/mL for hypothyroid, 3.8+5.1 ng/mL
for euthyroid, 5.4+8.3 ng/mL for hyperthyroid patients,
and 1.9+1.3 ng/mL for the control group. There are statisti-
cally significant differences between the control group and
the hypothyroid (p=0.031) patient group.

In the HT patients group, we found significant differ-
ence between the serum leptin (p=0.003) and adiponectin
(p=0.047) in men and women (Figs 3, 4). We did not find
significant difference in the men and women in the control
group (leptin p=0.097, adiponectin p=0.395).

Figure 3. Serum leptin concentration distributed by gender.

Figure 4. Serum adiponectin concentration distributed by gender.

Correlation analysis showed a positive correlation be-
tween adiponectin and HDL-cholesterol (r=0.442, p<0.001)
and total cholesterol (r=0.245, p=0.019), and negative cor-
relation with BMI (r=-0.202, p=0.02), and IRI (r=—0.388,
p=0.002) in the group of patients with HT. No significant
correlation was found between adiponectin levels and age
and triglycerides levels.

Leptin levels correlated positively with age (r=0.223,
p=0.033), BMI (r=0.533, p<0.001), TG (r=0.223, p=0.033)
and IRI (r=0.488, p<0.001). No significant correlation was
detected between leptin levels and HDL-cholesterol and
liver enzymes.

We found a significant correlation between duration of
the disease and antithyroid antibodies (r=0.317, p=0.005
for anti-TG Ab; 7=0.294, p=0.0.007 for anti-TPO Ab).

For both adipocytokines, we found no correlation be-
tween their serum concentrations and those of thyrotropin,
thyroid hormones, thyroid autoantibodies, as well as with
the duration of autoimmune disease. We did not find a cor-
relation between thyroid hormones and total cholesterol,
HDL-cholesterol, and triglycerides. All correlation data are
presented in Table 3. All characteristics of HT patients are
presented in Table 4.

DISCUSSION

Hashimoto disease is the most common cause of hypo-
thyroidism in iodine-sufficient areas of the world.['!] The
disease is characterized by diffuse T-cell infiltration of the
thyroid gland with lymphoid follicles formation, changes in
the thyroid epithelial cells, and development of connective
tissue fibers.'?! There is a disturbed Th1/Th2 ratio, with a
predominance of Th1 and increased IL-6 levels.!'3 The eti-
ology of the disease is not fully understood, but numerous
causes have been proposed, including genetic predisposi-
tion, stress, vitamin D deficiency, various infection agents,
pesticides, polyaromatic hydrocarbons, polyhalogenated
bisphenols, and other environmental toxins.[!®) Some im-
munity modulating factors, such as iodine intake, which
affect Treg and Th17 differentiation and functions, are also
discussed as causes.!!4]

HT can occur in various forms - latent or overt hypothy-
roid type, and euthyroid or, less commonly, hyperthyroid
form. The change in the serum thyroid hormone concen-
tration affects the carbohydrate and lipid metabolism. In
a previous study, Tagami et al. found a positive correlation
between lipid metabolism and TSH levels, and inverse cor-
relation with T4 levels in patients with HT.'>) In the pres-
ent study, we did not find such correlation.

Under normal conditions, the sympathetic nervous sys-
tem regulates the functional activity of both types of ad-
ipose tissue. This regulation is carried out both directly,
through the rich innervation of the brown adipose tissue,
and via the synthesis of norepinephrine, thyrotropin, and
T4, which increase the lipolysis, the fatty acid release in the
circulation, and in the same time their utilization in brown
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Table 3. Established correlations in patients with HT

Leptin and Adiponectin in Hashimoto's Thyroiditis

Adiponectin | Leptin Durationof | opy FT3 FT4
Characteristics disease

r P r P r P r P r P r P
Age -0.017 0.871 0.223 0.033  0.323 0.002 0.58 0.586 —-0.451 <0.001 -0.068 0.528
BMI -0.217 0.034 0.533 <0.001 0.110 0.288 0.149 0.157 -0.041 0.717 -0.105 0.32
Cholesterol 0.245 0.019 0.175 0.097 0.087 0.411 0.052 0.629 —0.196 0.083 -0.043 0.687
HDL-cholesterol 0.442 <0.001 0.034 0.747 -0.097 0.361 0.014 0.901 -0.185 0.102 -0.041 0.707
Triglycerides -0.184 0.081 0.223 0.033 0.167 0.113  0.122 0.257 -0.154 0.177 -0.088 0.414
AST 0.099 0.381 -0.078 0.493 -0.117 0.302 0.134 0.247 -0.014 0.911 0.073 0.529
ALT -0.156 0.167 0.026 0.826 -0.094 0.407 0.163 0.157 0.071 0.564 -0.045 0.700
TSH -0.015 0.889 -0.004 0.970 0.115 0274 1 - -0.178 0.115 -0.199 0.060
FT3 -0.165 0.140 -0.128 0.254 -0.218 0.051 -0.178 0.115 1 - 0.303 0.006
FT4 0.106 0.315 -0.126 0.234 0.183 0.083 -0.199 0.06 0.303 0.006 1 -
IRI -0.341 0.002 0.488 <0.001 0.061 0.588 -0.088 0.437 -0.065 0.586 -0.098 0.391
Anti TG Ab 0.056 0.628 0.064 0.586 0.317 0.005 0.185 0.111  -0.045 0.707 0.008 0.947
Anti-TPO Ab 0.006 0.956 0.047 0.674 0.294 0.007 0.211 0.057 -0.173 0.137 0.11 0.924
Duration of disease —0.095 0.361 0.147 0.156 1 - 0.115 0.274 -0.218 0.051 0.183 0.083

BMI: body mass index; HDL: high-density lipoprotein; AST: aspartate aminotransferase; ALT: alanine aminotrasferase; TSH: thyrotro-
pin; FT3: free trilodothyronine; FT4: free thyroxine; IRI: immunoreactive insulin; anti TG Ab: anti-thyroglobulin antibodies; anti-TPO
Ab: anti thyroid peroxidase antibodies. The bold numbers indicate a statistically significant correlation.

Table 4. Laboratory results for HT patients

HT patients by status

Test Hypothyroid Euthyroid Hyperthyroid

Mean (SD) Mean (SD) Mean (SD)
Cholesterol, mmol/L 5.53+1.9 5.10+1.0 5.49+1.4
HDL-cholesterol, mmol/L 1.56+0.4 1.43+0.4 1.2840.5
Triglycerides, mmol/L 1.16+0.7 22511.07£0.7 1.28+1.1
AST, U/L 21.3%5.1 21.4+7.5 21.1£7.0
ALT, U/L 18.7+£6.9 20.4+12.6 18.7+£9.5
TSH, mU/L 9.66+21.1 2.41£1.3 0.51+0.9
FT3, pmol/L 4.55+1.1 4.98+0.9 7.10+4.8
FT4, pmol/L 10.5+3.4 11.2+1.9 17.1+£9.8
HOMA index 1.63£1.2 1.63£1.3 2.82+2.7
Anti-TG Ab, IU/mL 148.7+£491.6 10.4+20.0 3.00£3.6
Anti-TPO Ab, IU/mL 370.0+395.6 155.6+332.2 217.51+365.9
Leptin, ng/mL 5.1+5.2 3.8+5.1 5.4+8.3
Adiponectin, ug/mL 78.6156.3 83.0+61.3 56.6£33.6

TSH: thyrotropin; FT3: free triiodothyronine; FT4: free thyroxine; Tg Ab: thyroglobulin antibodies; TPO Ab: thyroid peroxidase anti-

body

adipose tissue for heat production. The synergistic effect
of norepinephrine and T4 enhances UCPI1 expression in
brown adipose tissue mitochondria more than 20 times. ¢!

The impaired regulation of adipose tissue is also con-
nected with its hormonal activities and blood levels of ad-
ipocytokines. The adipocytokines secreted by the adipose

tissue are involved in its regulation. Leptin, whose secretion
is directly associated with the amount of adipose tissue in
the body, exerts its effect by suppressing hunger in the hy-
pothalamus. Leptin levels have been shown to be strongly
correlated with BML!”) In the present study, we also found
a significant correlation of leptin levels with BMI (r=0.533,
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p<0.001). Elevated leptin levels are associated with com-
pensatory activation of the hypothalamic-pituitary axis, in-
creased TSH secretion, and connected thyroid hormones,
to increase energy expenditure by the body.!'”) Sieminska
et al. reported a correlation between the levels of TSH and
leptin.[’*! In the central nervous system, leptin has an ef-
fect similar to that of insulin on glucose metabolism, but
opposite to the effect of body weight. In animal models,
elevated leptin concentration is associated with increased
insulin sensitivity compared to controls.!'8! Also, we found
that serum leptin concentrations in HT patients were high-
er than those in controls. According to Wang et al., this can
be accounted for by the higher leptin secretion from CD4+
T cells.[”)

Adiponectin stimulates the transport of glucose in the
muscles, while increasing fatty acid utilization by activation
of 5°-AMP-activated protein kinase. It also inhibits liver
gluconeogenesis and lipogenesis. Therefore, a higher serum
adiponectin concentration is associated with increased in-
sulin sensitivity and a low risk for diabetes type I1.2% In
healthy people, adiponectin concentration is inversely de-
pendent on the amount of adipose tissue in the body and,
in particular, on visceral adipose tissue. In the present
study, we found differences between HT and the control
group, but they were not statistically significant (p=0.33).
In another study, Santini et al. found no statistically signif-
icant difference in adiponectin levels between the different
groups.?! Seifi et al. in their study with experimental ani-
mals showed that adiponectin gene expression was directly
controlled by thyroid hormones.!??!

However, it seems that thyroid status is not the only fac-
tor that affects adipocytokine levels in blood - for example,
Iglesias et al. looked at serum adiponectin and leptin levels
in patient with hyper-, eu- and hypothyroidism and did not
find any significant differences between the groups.!*!

Thyroid hormones and adipocytokines have a number
of regulatory functions not only in the body metabolism
but also in immunity. The effects of leptin on immunity are
multilateral - it activates monocytes proliferation, NK and
Thl cell proliferation and differentiation, enhances mac-
rophages phagocytic capacity, stimulates the proinflam-
matory cytokines TNFa, IL-2, IL-6, IL-12, IFNy secretion,
and inhibits Treg proliferation.**] Also, leptin is associated
with TH17 proliferation. Adiponectin, in contrast to leptin,
has anti-inflammatory activities inhibiting monocytes and
macrophages proliferation, NK-cells cytotoxicity, and pro-
liferation and activation of T- and B-cells. It also stimulates
Treg proliferation, and suppresses VCAM-1, ICAM-1, and
selectin expression in vascular endothelium.?*! In exper-
iments with laboratory animals, adiponectin was shown
to inhibit IL-6 and stimulate IL-10 production, even in li-
popolysaccharide-activated macrophages./?*! Another au-
toimmune disease such as rheumatoid arthritis responds
very well to administration of adiponectin. Experiments
with animals have shown a significant reduction in disease
activity, a suppression reduction of inflammation, decline
of proinflammatory cytokines TNFa and IL-6, stimula-

tion of IL-10 secretion, but without significant depletion of
serum autoantibodies. ¢!

Although obesity itself is actually related to the promo-
tion of pro-inflammatory processes and increased Thl and
Th17 cells and reduced Treg cells, it is a suitable environ-
ment for the occurrence of an autoimmune process.

Limitations of the study

Some limitations of the study need to be recognized. The
group of patients with hyperthyroid status includes only 5
individuals, due to the generally low incidence of such sta-
tus in patients with Hashimoto’s thyroiditis. Participants in
the control group had a lower BMI than participants with
Hashimoto’s thyroiditis.

CONCLUSIONS

Regardless of the thyroid status of HT patients, we found
higher BMI values in their group compared to the control
group. This may be due to the stronger effect of leptin than
that of adiponectin in HT. Taking into account other or-
gan-specific autoimmune diseases, as well as the changed
Treg/Th17 ratio that characterizes them, as well as the effect
of adiponectin on the proliferation and function of these
cells, a new direction in the treatment of these diseases
should be discussed. For greater objectivity of results, espe-
cially for patients with HT patients in hyperthyroid status,
more studies are needed to cover a longer period of time for
recruitment of a greater number of patients with that status.
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Pe3tome

BeepeHue: XKnupopas TKaHb UMMYHOJIOTMYECKM ¥ TOPMOHA/IbHO aKTUBHA, U 3TN 3G PEKThl B 3HAUMTEIBHOI CTEIEHN) ONOCPeOBaHbI
a/IMIOLUTOKMHAMY. TOpPMOHBI IVITOBUIHON JKe/e3bl PeryIMPYIOT MeTabonmusM 1 QYHKIMIO OPraHoB, a Tupeonput Xammmoro (TX)
ABNIAETCA Hanbolee pacIpOCTPaHEHHBIM ay TOMMMYHHBIM 3a00/IeBaHIeM, BIVAIOIM Ha QYHKIIMIO M TOBUFHO SKeNle3bl.

Lienb: OueHnts ypoBHM aAMIIONUTOKMHOB JIENTHHA U AANIOHEKTIHA Y 6O/IBHBIX ayTOMMMYHHOI TX 1 IIpOBeCTI CpaBHUTEIbHBII
BHYTPUTPYIIIIOBOII aHa/IN3 y OOIBHBIX C Pa3HO cTafyell GYHKIMOHATbHOM aKTMBHOCTH XKe/le3bl ¥ B KOHTPO/ILHO TPYIIIIe.

Marepuanb! u MeTofibl: B nccienoBanme 65U BKItodeHbl 95 maryentos ¢ TX u 21 350poBoe 110 B KadecTBe KOHTPOIBHOI IPYIIIIBL.
BeHo3HY0 KpoBb Gpaiit 6e3 aHTUKOATY/IIHTOB He MeHee, 4eM 4epe3 12 4acoB I10c/le IIOC/IeAHero Ip1UéMa I, 2 06pasiibl CIBOPOTKI
3amMopaxusayu npu -70°C 0 IpoBefeHNs aHaIu3a. YPOBHM NEITUHA V1 afUIOHEKTIHA B CBIBOPOTKE OIIPefe/Is/IN C OMOIIbIO TBEPAO-
¢asHoro nMmyHodepmenTHOro aHammsa (ELISA).

Pesynbratbl: YpoBHU /IelITVHA B CBIBOPOTKe Y HanyeHToB ¢ TX Oplin Bblllle, 4eM B KOHTPOIbHOI rpymie (4.5+5.2 ng/mL npotus
1.9+1.3 ng/mL). Ipynna manyueHToB C IMIOTMPEO30M IOKas3aaa 3HAYMTEIbHO 00jiee BBICOKVE YPOBHU JIEHITMHA, YeM Y 3TOPOBBIX
mopeit (5.1 + 5.2 ng/mL npotus 1.9 + 1.3 ng/mL) (p=0.031). YpoBHU /eNITVHA TONOXXNTENTBHO KOPPETUPOBAIN C MH[EKCOM MacChl
tena (r=0.533, p<0.001), ypoBHaAMK Tpurmmepunos (r=0.223, p=0.033) u nMMyHOpeakTMBHOro MHCyMmHa (r=0.488, p<0.001). Kon-
I[IeHTpALs AfUIIOHEKTIHA B CBIBOPOTKe Obl/a BBILIE Y 9y TVPEOUAHBIX MaieHToB ¢ TX, 4eM B FPYIUX IPYIIIAX, HO pasHuua He OGbia
CTaTUCTHIeCKN 3HaunMOoit (p=0.68). MBI OOHAPY>KI/IN [IOZIOKUTENBHYI0 KOPPE/SILUI0 MEX/AY YPOBHAMI aUIIOHEKTIHA U XOJIeCTe-
puna HDL (r=0.442, p<0.001) 1 oTpuLaTeNbHYI0 ¢ MHAEKCOM Macchl Tena (r=-0.217, p=0.03) ¥ MMMYHOpPeaKTMBHBIM MHCY/INHOM
(r=-0.341, p=0.002 ).

3aKknoueHne: PesynpraTsl 9TOTO UCCIEROBAHIS IO3BOJISIOT IPEAIIONOKUTD, YTO JIENITIH OKa3blBaeT 6oJee CUIbHOE [EIICTBIE, YeM
a[JUIIOHEKTVH, TIPU TUpeouauTe XaumMOTO, YTO MOKET OBITh MCIIONB30BAHO /I Pa3pabOTKM HOBBIX TEPAIEBTUYECKUX CPENCTB,
MOIV(UIMPYIOLINX €T0 AefiCTBUE Ha OPIaHMU3M.

KnwoueBble coBa

AUIIONUTOKVHDI, TUPEOUTUT XammnmMoTo
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