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Abstract
BACKGROUND: The issues of the pathogenetic relationship of thyroid-adrenal disorders in diabetes mellitus (DM) 
remain relevant, despite certain advances in the study of the pathogenesis and the clinic of DM. These issues are 
especially actual in the case of a combination of DM with ischemic heart disease (IHD) and obesity.

AIM: The aim was to reveal the pathogenetic mechanisms of the relationship between metabolic and morphofunctional 
thyroid-adrenal disorders in DM and obesity.

METHODS: The study included 395 patients with type 1 and 2 diabetes. The diagnosis of DM was verified in 
accordance with International Programs and was based on WHO criteria. The glycemic level of patients was 
determined using a One Touch® basic glucometer (Johnson&Johnson, USA). The degree of carbohydrate 
metabolism compensation was assessed by the level of glycated hemoglobin (HbA1c), determined using a laboratory 
analyzer DCA-2000 MT (BAYER, Germany). The concentration of C-peptide in the blood serum was determined by 
the method of immunoluminometric analysis “Immunotech” (Czech Republic). Caro and HOMA-IR indices were 
calculated to identify and assess the insulin resistance (IR). The indices of hormone metabolism were determined 
by ELISA using DSL kits (USA) with subsequent measurement of optical density on a Spectra Classic reader from 
Tecan (Austria): Corticotropic hormone, adrenaline, noradrenaline, cortisol, free hydrocortisone; 17-ketosteroids, 
17-oxycorticosteroids, glucogone, insulin, somatotropic hormone (STH); thyroid-stimulating hormone (TSH); 
thyroxine (T4); and thyroxine (T3). Instrumental-functional and radiation research methods. Ultrasound examination 
of the adrenal glands, thyroid gland, lungs, liver, and kidneys was performed in all patients. Morphological changes 
were assessed using histological and morphometric methods .

RESULTS: Disorders of carbohydrate metabolism in diabetic patients were revealed by increased glycemic 
parameters – in 2.14 times, immunoreactive insulin (IRI) – in 2.8 times, HbA1c – in 1.85 times, and HOMA – in 
5.3 times compared with the control group. The following indicators were significantly higher in patients with 
combination of DM, IHD, and obesity: Glycemia – in 2.29 times (p < 0.05), IRI – in 3.81 times, HbA1c – in 2.01 times, 
and HOMA – in 7.76 times compared with Co and CIHD groups. An increase in the content of pyruvate and lactate 
and the ratio in the DM2o and DM2IHDo groups indicate an acceleration of glycolysis and the degree of pyridine 
nucleotides reduction, as well as excessive lipolysis and progression of tissue hypoxia . Thus, the rate of glucose 
oxidation in patients of DM2o subgroup is reduced in 3.02 times, in patients of DM2IHDo subgroup (p < 0.05) – in 
3.18 times compared with Co group. Computed tomography (CT) revealed an increase in the volume of adipose 
tissue in relation to muscle and bone tissue in patients of DM2o and DM2IHDo subgroups. Abdominal obesity type is 
expressed in these patients. An increase of glucose promotes its conversion into triglycerides (TG) of adipose tissue 
under the condition of hyperinsulinemia. Lipogenesis in the body of patients with DM and coronary heart disease 
increases, and obesity develops. The increase of cortisol and TSH (p < 0.01) levels was observed in patients of DM2o, 
DM2IHDo groups compared with the control groups . In patients of DM1 group, the parameters of norepinephrine 
were increased in 2.23 times, TSH (p < 0.01) – in 3.15 times, and the content of STH was reduced in 3.76 times and 
the content of cortisol – in 1.5 times significantly (p < 0.01) compared to C1 group. Ultrasound and CT with contrast 
revealed diffuse adrenal hyperplasia, signs of a decrease in the size of the thyroid gland with a medium-grained 
structure, areas of its cystic degeneration in the form of hypoechoic zones with a medium-grained echo structure. 
Thus, the expressed atrophic processes in the lobes of the thyroid gland were observed in 27 (15.4%) patients 
of DM2 group and in 13 (13%) patients of DM2CHDo group. Analysis of spectral characteristics during Doppler 
ultrasonography of the thyroid gland vessels made it possible to determine low peak systolic blood flow velocities in 
CIHD group. Pathomorphological examination of the adrenal glands on electronograms recorded that the porosity 
of the walls of the sinusoidal capillaries increased primarily within the bundle zone of the cortex. Corticocytes of the 
fascicular and reticular zones underwent degenerative and necrotic changes. Along with this, some of the epithelial 
cells contained the usual number of light and an increased number of dark fat droplets . The study of the sectional 
material revealed signs of suppression of the function of the thyroid gland, dystrophic changes in the cells increased, 
which contributed to a decrease in the functional capabilities of the follicular epithelium, destruction of individual 
thyrocytes, and substitutional sclerosis with an increase in the exchange surface area in the blood-tissue barriers.
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Introduction

Diabetes mellitus (DM) is one of the pressing 
health problems in all countries. According to the WHO, 
there are currently 285 million patients with diabetes in 
the world, and by 2025 their number will be 380 million, 
and by 2030 – 435 million [1]. At the same time, the real 
rate of increase in the incidence is significantly ahead 
of even such depressing forecasts of statisticians. The 
main causes of death in patients with diabetes are 
cardiovascular and cerebrovascular diseases [2]. There 
are significantly more manifestations of heart failure 
after myocardial infarction in the presence of relatively 
well-preserved systolic heart function in patients with 
diabetes [3].

The pathogenetic relationship of thyroid-
adrenal disorders in diabetes remains poorly 
understood, despite certain advances in the study of 
the pathogenesis, clinical picture, and treatment of 
diabetes, especially when combined with coronary heart 
disease (ischemic heart disease [IHD]) and obesity. 
However, the results of the influence of metabolic 
control, the presence and severity of complications of 
diabetes require clarification. In this regard, the study 
of the relationship between the frequency, structure, 
and severity of thyroid and adrenal dysfunctions is of 
undoubted interest.

The aim of the research was to reveal the 
pathogenetic mechanisms of the relationship between 
metabolic and morphofunctional thyroid-adrenal 
disorders in DM.

Materials and Methods

395 patients with DM type 1 and 2 were 
monitored. The diagnosis of DM was verified in 
accordance with International Programs and was 
based on WHO criteria. The age of patients with DM 
type 1 (DM1) and the control group C1 (practically 
healthy persons) averaged 37.5 ± 1.68 years. The 
duration of DM1 ranged from 5 to 22 years with an 
average of 11.43 ± 0.32 years. The average age of 
patients with DM type 2 (DM2) and the control group C2 
was 53.74 ± 2.48 years. The average duration of the 
disease in patients with DM2 was 9.2 ± 0.61 years. 
The age of patients with DM with IHD, the comparison 
groups KIHD (without DM2) and Co (with obesity) 

averaged 60.1 ± 2.98 years. The duration of diabetes 
from 6 to 10 years was recorded in 35 (12.72%) patients, 
from 10 to 15 years – in 153 (55.63%) patients, more 
than 15 years – in 87 (31.63%) patients. In the studied 
patients, the Rose [4], [5], questionnaire recommended 
by the WHO for the detection of exertional angina, 
anamnestic data on hospitalization with angina pectoris 
or myocardial in fact, data of daily monitoring of ECG, 
and EchoCG was used for screening. The average 
duration of IHD in patients was 10.7 ± 1.47 years. 
Exertional angina pectoris of functional Class II was 
registered in 50 patients (50.0%), exertional angina 
pectoris of functional Class III – in 23% of patients, and 
exertional angina pectoris of functional Class IV – in 
9.0% of patients. 18 (18.0%) patients had a history of 
myocardial infarction. Patients of groups DM2 with IHD 
received antianginal therapy and beta-blockers.

According to the criteria of the International 
Diabetes Federation (IDF) (2005) [6],[7] abdominal 
obesity is diagnosed with a waist volume of more than 
94 cm in European men and more than 80 cm in women. 
The body mass index (BMI) was calculated according to 
the WHO body mass classification (1997). The glycemic 
level in patients was determined using a One Touch® 
basic glucometer (Johnson&Johnson, USA). The 
degree of carbohydrate metabolism compensation was 
assessed by the level of glycated hemoglobin (HbA1c), 
determined using a laboratory analyzer DCA-2000 MT 
(BAYER, Germany). The concentration of C-peptide 
in the blood serum was determined by the method of 
immunoluminometric analysis “Immunotech” (Czech 
Republic). Caro and HOMA-IR indices were calculated 
to identify and assess the insulin resistance (IR).

A complex of laboratory-biochemical methods 
for lipid and protein metabolism by enzymatic colorimetric 
methods (CHOD-PAP, GPO-PAP) on an automatic 
biochemical analyzer “TARGA-2000” (“BIOTECHNICA 
INSTRUMENT,” Italy) was used. Blood serum enzymes 
were determined (according to Reitman and Frenkel) to 
assess the functional state of internal organs aspartate 
aminotransferase, alanine aminotransferase, and 
lactate dehydrogenase [8],[9]. The indices of hormone 
metabolism were determined by ELISA using DSL kits 
(USA) with subsequent measurement of optical density 
on a Spectra Classic reader from Tecan (Austria): 
Corticotropic hormone, adrenaline, noradrenaline, 
cortisol, free hydrocortisone; 17-ketosteroids, 
17-oxycorticosteroids, glucogone, insulin, somatotropic 
hormone (STH); thyroid-stimulating hormone (TSH); 
thyroxine (T4); and thyroxine (T3).

CONCLUSION: The main pathogenetic mechanism of suppression of the structural and functional state of the adrenal and thyroid glands is due to dystrophic 
changes in the microvasculature. With the addition of ischemic heart disease, the oppression of their functions of the glands develops, which leads to destruction, an 
increase in vascularization, porosity of the capillary walls, and tissue hardening. There is a further aggravation of hormonal and metabolic disorders in patients with 
DM with coronary heart disease. It is confirmed by a significant increase in the lactate/pyruvate index and the index of IR. The volume of adipose tissue in relation 
to muscle and bone tissue on CT was significantly higher (p < 0.05) compared to the control groups. The predominance of the abdominal type of fat deposition is 
expressed.
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Instrumental-functional and radiation 
research methods

Ultrasound examination of the adrenal glands, 
thyroid gland, lungs, liver, and kidneys was performed 
in all patients.

The vascularization of the thyroid gland, the 
presence of masses was assessed by color mapping, 
and the type of blood supply was also assessed. 
A spectrometric study of exhaled air was carried out 
after taking a test dose of glucose enriched in the 13C 
isotope. A non-invasive diagnostic method based on 
determining of the rate of glucose oxidation and its 
Doppler intermediate metabolites (pyruvate and lactate) 
before and after glucose load was used to assess 
glucose metabolism.

Electron microscopic studies

Material for morphological examination and 
autopsy material was stained with hematoxylin and 
eosin, iron hematoxylin and Masson’s method, the 
sections were examined in an Opton light microscope 
and photographed [10],[11].

Morphometric studies

The volumetric ratios of tissue components 
were determined using an ocular measuring grid 
for cytohisto stereometric studies of Avtandilov [12]. 
The activity of the studied enzymes was determined 
cytophotometrically by the optical density of cell 
areas on an MBR-15 microscope with an photometric 
fluorescent nozzles-1 attachment [13],[14],[15].

The obtained data were processed by 
the method of variation statistics. The arithmetic 
mean sample (M), standard deviation (δ), and 
arithmetic mean error (m) were determined [16]. The 
significance of the differences was assessed by the 
Student’s test. The relationship of quantitative traits 
was studied by the method of correlation analysis. 
The significance of the linear correlation coefficient 
(Pearson) and the rank coefficient (Spearman) was 
checked on the basis of the Student’s t-test [17]. 
To quantify the tightness of the relationship, the 
correlation coefficient r was used, which is calculated 
in Excel using the fx function, then statistical functions, 
the CORREL function.

Results

Considering the importance of BMI for 
patients with diabetes, subgroups of DM2n were 
identified – 36 (20.6%) patients with normal BMI and a 
subgroup of DM2o – 139 (79.4%) patients with obesity 
(BMI 35–39.9 kg/m2), DM2IHDn with normal BMI – 
24 (24.0%) patients and DM2IHDo – 76 (76.0%) patients 
with obesity. Table 1 shows the average values of BMI, 
waist circumference (WC), and WC/hip circumference 
(WC/HC).

The BMI indicator in DM2o subgroup in men 
was significantly (p < 0.01) 1.68 times higher and 
in women (p < 0.5) 1.61 times higher than in the C2 
group. The most significantly (p < 0.01) high BMI was 
in the DM2IHDo subgroup in men (1.73 times more 
compared to C2 and 1.62 times more than CIHD), and 
in 1.71 times higher in women (p < 0.5) compared with 
women C2 and in 1.59 times higher compared with 
CIHD. The nature of the distribution of the fat layer was 
determined by WC (Table 1). Thus, an abdominal type 
of obesity was revealed in patients of DM2o, DM2IHDo 
groups, which is one of the important clinical signs of IR.

Disorders of carbohydrate metabolism 
in diabetic patients were detected by increased 
indicators of glycemia, immunoreactive insulin (IRI), 
HbA1c, C-peptide, Caro and HOMA indices, lactate, 
pyruvic acid (PVA), and lactate/PVA ratio [18]. The 
following indices were significantly (p < 0.05) higher 
in patients with DM with obesity: Glycemic level – in 
2.14 times, IRI – in 2.8 times, HbA1c – in 1.85 times, 
and HOMA – in 5.3 times compared with Co group. The 
following indicators were significantly higher in patients 
with combination of DM, IHD and obesity: Glycemia – in 
2.29 times (p < 0.05), IRI – in 3.81 times, HbA1c – in 
2.01 times, and HOMA – in 7.76 times compared with 
Co and CIHD groups (Figure 1).

An increase in the content of pyruvate, lactate 
and their ratio in patients of DM2o and DM2IHDo groups 
indicates an acceleration of glycolysis and the degree 
of pyridine nucleotide recovery, as well as excessive 
lipolysis and progression of tissue hypoxia. The rate of 
glucose oxidation in the CIHD group decreased to 7.20 
and 5.50, respectively, at the background of glucose load 
with isotopes when taking 10.0 g and 20.0 g of glucose. 
The rate of glucose oxidation decreased to 4.74 and 
3.97 respectively in patients with DM2n and DM2o. The 
lower results were recorded in patients of DM2IHDn and 

Table 1: Average values of BMI, WC in patients with diabetes mellitus
Index Groups of patients with DM Control groups Comparison groups

DM1 (n = 120) DM2 (n = 175) DM2IHD (n = 100) C1 (n = 20) C2 (n = 20) CIHD (n = 20) Co (n = 20)
DM2n (n = 36) DM2o (n = 139) DM2IHDn (n = 24) DM2IHDo (n = 76)

BMI, kg/m2 - men 23.06 ± 1.1* 24.85 ± 1.13 38.88 ± 1.58** 25.02 ± 1.23 39.93 ± 1.23** 22.75 ± 0.2 23.06 ± 0.21 24.52 ± 0.2 38.26 ± 0.26
- women 22.52 ± 1.05 24.98 ± 1.12 37.46 ± 1.54* 24.84 ± 1.22 39.75 ± 1.22* 22.26 ± 0.2 23.16 ± 0.21 24.94 ± 0.2 37.88 ± 0.25
WC, cm - men 76.11 ± 3.7 77.1 ± 4.17 105.6 ± 5.7** 85.4 ± 4.1 106.03 ± 0.94** 80.52 ± 0.72 83.4 ± 0.75 82.2 ± 0.74 104.6 ± 0.94
- women 75.08 ± 3.8 78.1 ± 3.78 104.2 ± 5.11** 78.3 ± 3.84 105.32 ± 0.94** 77.8 ± 0.7 77.39 ± 0.7 76.4 ± 0.69 104.2 ± 0.98
WC/HC- men 0.83 ± 0.04 0.85 ± 0.04 0.94 ± 0.05 0.86 ± 0.04 0.96 ± 0.01 0.83 ± 0.01 0.80 ± 0.01 0.82 ± 0.01 0.94 ± 0.01
- women 0.80 ± 0.03 0.81 ± 0.04 0.91 ± 0.04 0.82 ± 0.04 0.92 ± 0.01 0.80 ± 0.01 0.79 ± 0.01 0.78 ± 0.01 0.90 ± 0.01
**р < 0.01; *р < 0.05 in comparison with similar indices of the control group C2; **р < 0.01; *р < 0.05 in comparison with CIHD group. BMI: Body mass index, WC/HC: Waist circumference/Hip circumference.

https://oamjms.eu/index.php/mjms/index
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DM2IHDo – 4.64 and 3.64. Thus, the rate of glucose 
oxidation in patients of DM2o subgroup was lower in 
3.02 times, and in patients of DM2IHDo subgroup (p < 
0.05) – in 3.18 times lower than in the Co group.

Lipid metabolism in patients with DM1 was 
manifested by impaired lipogenesis and lipolysis, which 
was expressed in a significant (p < 0.01) increase of 
TGs level – in 1.33 times, atherogenic index (AI) – in 
1.88 times, and total cholesterol (TC) – in 1.92 times. 
The level of TGs and atherogenic index (p < 0.001) in 
patients with DM2o increased in 1.8 times, levels of 
free fatty acids (FFA), low-density lipoprotein (LDL), 
very low-density lipoprotein (VLDL), and apoB – in 
2 times [19],[20],[21],[22]. In DM2IHDo patients, 
expressed disorders were manifested in a significant 
(p < 0.001) increase in the level of TGs in 1.96 times 
and atherogenic index in 2 times (Figure 2). Glucose 
level increase promotes its conversion into TG of 
adipose tissue under the condition of hyperinsulinemia, 
lipogenesis increases in the body of patients of DM2IHD 
group, and obesity develops.

Figure 2: Indicators of lipid and protein metabolism in blood in 
patients with DM

An insignificant decrease in total protein 
(by 3.1 mmol/L) and in the albumin fraction (by 1.8–2.2 
mmol/L) was found in patients with DM2. Moreover, 

these indicators decreased by 1.15 times in DM1 
compared with C1 group, which was associated with 
the presence of diabetic nephropathy in them.

Comparing the results of the hormonal status in 
patients with DM2o, DM2IHDo with abdominal obesity, 
there was an increase in the indices of norepinephrine, 
cortisol, TSH (p < 0.01) and a significant (p < 0.01) in 
4.17 time decrease in the content of STH in comparison 
with the control groups (Figure 3). However, in patients with 
DM1, the parameters of norepinephrine were increased 
in 2.23 times, TSH (p < 0.01) – in 3.15 times. STH 
content was significantly (p < 0.01) reduced in 3.76 times, 
cortisol – in 1.5 times compared with C1 group.

Figure 3: Indicators of somatotropic hormone and thyroid stimulating 
hormone hormones in the blood in patients with DM

A biopsy of 5 mm3 of the subcutaneous tissue 
of the abdomen was performed in all groups of patients 
In order to determine the morphofunctional state of 
adipose tissue. Morphologically, hyperplasia and 
hypertrophy of fat cells were recorded in adipose tissue 
of patients of Co, DM2o, DM2IHDo groups. At the same 
time, their volume increased in 5–7 times compared 
with DM2 group. When examining 1 mm3 of adipose 
tissue of patients of DM2o, DM2IHDo groups, 30% of 
glycogen content was revealed, while group Co did not 
have glycogen. Thus, fat cells are able to synthesize 
glycogen from glucose. The presence of glycogen 
in patients with DM2 and obesity indicates that it is 
converted to fat and deposited in the depot [23].

The ratio of adipose tissue to muscle and bone 
in groups Co, DM2o, and DM2IHDo with obesity of 2–3 
degrees is shown on computer tomography (Figure 4).

Figure 1: Indicators of immunoreactive insulin, glycated hemoglobin 
and HOMA index in the blood of patients with DM

Figure 4: Distribution of muscle, bone, adipose tissue in men and 
women with DM
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Thus, the volume of adipose tissue was in 
1.92 times higher in patients of DM2o group compared 
with the C2 group. It was in 2.0 times higher in patients 
of DM2IHDo group than in C2 and in 1.54 times higher 
than in patients of CIHD groups. Thus, the presence of 
abdominal type of fat deposition and its volume in the 
body do not depend on the age and gender of patients 
with diabetes.

Ultrasound and computed tomography (CT) 
scan with contrast revealed diffuse adrenal hyperplasia 
in 2 (1.6%) patients with DM1, an increase in the size of 
the adrenal glands in 21 (15.1%) patients of DM2o group, 
and in 13 (17.1%) patients of DM2IHDo group. Signs of a 
decrease in the size of the thyroid gland with a medium-
grained structure were found in 17 (9.7%) patients of DM2o 
group. Examination of the thyroid gland in 3 (2.5%) patients 
of DM1 and in 1 (0.57%) patient of DM2n group revealed 
areas of cystic degeneration in the form of hypoechoic 
zones with a medium-grained echo structure. A decrease 
in the size of the thyroid gland on CT scan was confirmed 
by ultrasound. Thus, expressed atrophic processes in the 
lobes of the thyroid gland were observed in 27 (15.4%) 
patients with DM2 and in 13 (13%) patients with DM2IHDo.

Pathomorphological examination of the adrenal 
glands on electronograms indicated an increase in 
erythrocyte sludge in microvessels. The porosity of the 
walls of sinusoidal capillaries increased primarily within 
the bundle zone of the cortex (Figure 5a). Expressed 
diapedesis of erythrocytes into the interstitial space 
was found. Corticocytes of the fascicular and reticular 
zones underwent degenerative and necrotic changes. 
Sinusoidal capillaries were sharply dilated, often 
contained sludge erythrocytes; their cytoplasm 
contained a small amount of small fat droplets. Along 
with this, some of the epithelial cells contained the 
usual number of light and an increased number of dark 
fat droplets (Figure 5b).

Figure 5: (a and b) Pathomorphology of adrenals in patients with DM

a b

Thus, the volume of adipose tissue was in 
1.92 times higher in patients of DM2o group compared 
with the C2 group. It was in 2.0 times higher in patients 
of DM2IHDo group than in C2 and in 1.54 times higher 
than in patients of CIHD groups. Thus, the presence of 
abdominal type of fat deposition and its volume in the 
body do not depend on the age and gender of patients 
with diabetes.

Ultrasound and CT scan with contrast revealed 
diffuse adrenal hyperplasia in 2 (1.6%) patients with 
DM1, an increase in the size of the adrenal glands in 
21 (15.1%) patients of DM2o group and in 13 (17.1%) 

patients of DM2IHDo group. Signs of a decrease in 
the size of the thyroid gland with a medium-grained 
structure were found in 17 (9.7%) patients of DM2o 
group. Examination of the thyroid gland in 3 (2.5%) 
patients of DM1 and in 1 (0.57%) patient of DM2n 
group revealed areas of cystic degeneration in the 
form of hypoechoic zones with a medium-grained echo 
structure. A decrease in the size of the thyroid gland on 
CT scan was confirmed by ultrasound. Thus, expressed 
atrophic processes in the lobes of the thyroid gland 
were observed in 27 (15.4%) patients with DM2 and in 
13 (13%) patients with DM2IHDo.

Dystrophic changes in the microcirculatory bed 
lead to a decrease in the functional capabilities of the 
follicular epithelium, destruction of individual thyrocytes, 
and substitutional sclerosis (Figure 6) with an increase in 
the exchange surface area in the blood-tissue barriers.

Figure 6:  Pathomorphology of the thyroid gland of a patient with 
T2DM. Single secretory granules (SG). Destruction of individual 
thyrocytes, replacement sclerosis (RS). SW. x 12800

Discussion

In accordance with the criteria of the IDF 
(2005), abdominal obesity is diagnosed with WC more 
than 94 cm in European men and more than 80 cm 
in women. Thus, the study of the distribution of the 
fat layer by the WC in the control groups C1, C2, and 
CIHD showed this index from 80.52 cm to 82.2 cm in 
men and from 76.8 cm to 77.39 cm in women. WC 
index in patients of DM1, DM2n, and DM2IHDn groups 
with normal BMI did not differ significantly from the 
control groups. Whereas this indicator in groups with 
obesity was more than 100 cm: In men of the Co 
group – 104.6 cm and in women – 104.2 cm. WC in the 
DM2o subgroup was 105.6 cm in men and 104.2 cm in 
women. WC index was higher by 1.0 cm in DM2IHDo 
subgroup (106.03 cm and 105.32 cm, respectively), 
which indicates an abdominal fat distribution.

https://oamjms.eu/index.php/mjms/index
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The data from studies of the relationship between 
waist and hip measurements in healthy individuals and 
in patients with DM are very similar. Henec, the highest 
indicator was also in the Co group and in the DM2o and 
DM2IHDo subgroups: in men – 0.94, 0.94, and 0.96; in 
women – 0.90, 0.91, and 0.92. The WC/HC index in the 
control groups and patients with DM1 and DM2n with 
normal BMI was in the range of 0.80–0.86 in men and 
0.78–0.81 in women. Thus, the abdominal type of obesity 
was revealed in patients with DM2o and DM2IHDo 
groups, which is an important clinical sign of IR.

Violation of the carbohydrate balance 
determines the violation of energy metabolism and 
the functional state of many organs and systems. 
When comparing the indices of IRI and C-peptide, 
the lowest indices were found in the group of patients 
with СD1 – in 4.25 times (p < 0.01) less than in the 
C1 group. Significantly (p < 0.001), the highest rates 
were recorded in patients with abdominal obesity in 
DM2o group (in 4.05 times compared to C2 group and 
in 2.8 times compared to Co group) and DM2IHDo 
group (in 5.49 times compared to CIHD group and in 
3.81 times compared to Co subgroup).

If patients with DM2 with a very similar clinical 
picture of the disease and the same duration of the disease 
have different insulin content, then this is due to the 
presence of obesity. Additionally, IR was calculated using 
Caro and HOMA indices. The Сaro index less than 1.0 was 
determined in the subgroups DM2o, DM2IHDn, DM2IHDo, 
and Co. IR according to the HOMA index (if the indicator 
was more than 2.77) significantly differed (p < 0.01) in 
patients with DM2o, DM2IHDn, and especially DM2IHDo. 
Hyperglycemia is the starting point of many mechanisms 
that contribute to the development of complications of 
diabetes. HbA1c has a direct correlation with the level of 
glucose in the blood and it is an integral indicator of the 
compensation of carbohydrate metabolism for a long time 
(60–90 days). Significantly (p < 0.001) the highest indicator 
(12.03%) was in patients with type DM1 (2.52 times more 
than in C1 group). HbA1c averaged 9.72% in patients of 
DM2n subgroup. HbA1c significantly (p < 0.01) increased 
in DM2o subgroup 1.96 times compared with C2 group 
and in 1.85 times (p < 0.01) compared to Co group.

Great importance in the mechanism of disturbances 
in the processes of glycolysis and gluconeogenesis in DM 
is attached to the change in the functional state of the 
pyruvate dehydrogenase system of mitochondria, which 
is involved in the oxidative decarboxylation of pyruvate 
to acetyl-CoA. When determining the content of pyruvate 
and lactate in the blood, as well as their ratio – the lactate/
pyruvate index, we can judge the accelerated glycolysis, 
the degree of pyridine nucleotide reduction, as well as 
excessive lipolysis and the progression of tissue hypoxia. 
Thus, in patients with DM2 in subgroups with obesity 
(DM2o and DM2IHDo), the content of lactate and PVA 
in blood was increased. At the same time, an increase in 
the lactate/pyruvate index up to 0.029–0.030 was noted in 
these patients, which confirms the development of tissue 

hypoxia. It is possible that this effect is realized through a 
decrease in IR in patients with DM2, and the severity of 
IR depends on the state of the pyruvate dehydrogenase 
complex [24].

We have proved that the processes of lipogenesis 
and lipolysis are impaired in patients with DM1, which 
was expressed in a significant (p < 0.01) increase of 
TG level in 1.33 times and the atherogenic index – in 
1.88 times; an increase of FFA in 1.92 times [25], [26]. 
In patients with DM2, the spectrum of dyslipidemic 
disorders expands: A significant increase of TG 
(p < 0.01) in 1.8 times and AI (p < 0.001) in 2.03 times, 
FFA, LDL, VLDL, and apoB. When comparing patients 
with DM2IHD, we revealed the expressed disorders in 
obese patients, which was manifested in a significant 
(p < 0.001) increase of TG levels (in 1.96 times) and an 
atherogenic index (in 2.04 times) [27], [28]. An increase 
of glucose level promotes the conversion of adipose 
tissue into TGs under the condition of hyperinsulinemia, 
while lipogenesis in the body of patients with DM2IHD 
increases and obesity develops [29].

Particular importance in DM2 pathogenesis 
is attributed to the counter insular hormone cortisol, 
which affects the sensitivity of cell receptors [30], [31]. 
The level of cortisol was шт 1.5 times lower in patients 
with DM1, especially in patients with underweight 
(BMI <18.5 kg/m2). The cortisol index was in 3.2 times 
higher in the DM2n subgroup (p < 0.05) compared with 
C2 group and in 2.32 times higher in DM2o subgroup 
compared with C2 group. The cortisol index was more 
than one in patients with IHD, and was 1.18 nm/day 
in CIHD group (p < 0.01), 1.58 nm/day in DM2IHDn 
group, and 1.66 nm/day in DM2IHDo group. It indicates 
an increase in the activity of the fascicular zone of the 
adrenal cortex at IHD. The glucagon index was within 
the normal range, but in all patients with DM2 it was in 
1.77 times higher (p < 0.01) than in C2 group.

A study of the content of thyroid hormones 
TSH, T3, and T4 in blood of patients with DM and control 
groups revealed a significant (p < 0.05) increase of 
TSH in 3.23 times in DM2o compared to C2 group and 
in 2.78 times compared with Co group. TSH index was 
significantly (p < 0.01) increased in 2.34 times in patients 
of DM2IHDo group compared with CIHD group and in 
2.77 times compared with Co group. When comparing the 
indices of T3 and T4 hormones, it was found a decrease in 
7.8% in DM2 group and in 12.3% in patients of DM2IHD 
group. Thus, the development of primary hypothyroidism 
in patients of DM2o and DM2IHDo was established in 
terms of the level of TSH and thyroid hormones in blood.

Fat cells are able to synthesize glycogen from 
glucose, and the presence of glycogen in obese patients 
with DM2 indicates that it is converted into fat and 
saved in the depot [32], [33]. On CT, the percentage of 
adipose tissue to muscle and bone tissue in the control 
groups C1, C2, and CIHD in men and women varied 
within the physiological norm from 29.9 to 30.3. The 
indicators were within the same limits in DM1 and DM2 
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groups, but they were reduced to 29.2% in DM2IHDn 
subgroup, and to 22.8% in Co group. The volume of 
muscle and bone tissue was reduced in 1.32 times 
in DM2o subgroup, and it was significantly (p < 0.05) 
decreased in 1.38 times in DM2IHDo subgroup 
compared to C2 group. The volume of adipose tissue in 
men in the control groups C1, C2 was 11.9% and 12.3%, 
respectively, while there was a slight decrease to 11.6% 
in DM1 group. The volume of adipose tissue in patients 
of CIHD group was 13.8%. This indicator increased 
in 1.10 times in patients of DM2IHDn group and in 
2.5 times in DM2IHDo subgroup [34], [35], [36], [37].

In addition to ultrasound examination, the 
patients underwent CT with contrast enhancement, 
which has higher information content. CT studies were 
carried out in С1, С2, Co, and CIHD groups, and all 
patients with diabetes in dynamics. Thus, diffuse 
adrenal hyperplasia was revealed in 2 (1.6%) patients 
of DM1 group, an increase in the size of the adrenal 
glands was detected in 21 (15.1%) patients of DM2o 
group and in 13 (17.1%) patients of DM2IHDo group.

Areas of cystic degeneration in the form 
of hypoechoic zones with a medium-grained echo 
structure were found on ultrasound of the thyroid gland 
in 3 (2.5%) patients of DM1 group and 1 (0.57%) patient 
of DM2n group at the age of 56 years (disease duration – 
11 years). Doppler ultrasonography of the thyroid gland 
in patients with diabetes made it possible to assess the 
blood flow in the posterior branch of the lower thyroid 
arteries and the location of the lower thyroid arteries in 
the peri-tracheal space. Thus, the analysis of the spectral 
characteristics made it possible to obtain the values of 
the peak systolic and diastolic velocities, as well as the 
angle-dependent values – the resistance index, the 
pulsation index, and the systolic-diastolic ratio.

Signs of suppression of the thyroid gland 
function were revealed when studying the sectional 
material. At the same time, dystrophic changes in 
the cells increased: The cisterns of the cytoplasmic 
reticulum in various cellular elements of the organ 
were expanded. The reaction from microvessels 
is characterized not only by a gradual increase in 
the vascularization of the follicular apparatus and, 
as a consequence, by an increase in the exchange 
surface area in the blood-tissue barriers, but also 
in some cases by an increase in the porosity of the 
capillary walls [38], [39], [40]. Dystrophic changes in 
the microcirculatory channel lead to a decrease in the 
functionality of the follicular epithelium, destruction of 
individual thyrocytes, and substitutional sclerosis.

Conclusion

Based on the clinical study, new scientifically 
grounded results were obtained: the pathogenetic 

mechanisms of the relationship of hormonal-metabolic 
thyroid-adrenal disorders in DM were revealed, which 
made it possible to come to the following conclusions:
1. The main pathogenetic mechanism of 

suppression of the structural and functional 
state of the adrenal and thyroid glands in 
12.4% of patients with DM1 and in 15.4% of 
patients with DM2 is due to dystrophic changes 
in the microvasculature. The inhibition of their 
functions develops at the addition of ischemic 
heart disease. The peak systolic (by 22%) and 
end diastolic (by 35%) blood flow rates in the 
arteries of the glands decrease, which leads 
to destruction, an increase in vascularization, 
porosity of the capillary walls and tissue 
hardening

2. There is a further aggravation of hormonal and 
metabolic disorders in patients with DM with 
the addition of ischemic heart disease. It is 
confirmed by a significant increase of lactate/
pyruvate index and the IR index HOMA in 
7.76 times, the decrease in the rate of glucose 
oxidation in 3 times, the increase of cortisol 
and TSH in 2.9 times

3. The volume of adipose tissue in relation to 
muscle and bone tissue on CT was significantly 
higher (p < 0.05) in 1.92 times in patients of 
DM2o group compared with C2 group, in 
2.0 times higher in patients of DM2IHDo group 
compared with C2 and in 1.54 times compared 
with CIHD groups. Therefore, the presence of 
abdominal type of fat deposition and its volume 
in the body do not depend on the age and sex 
of patients with diabetes.
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