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Abstract

Introduction: Diabetes mellitus is a widespread non-communicable disease with a significant impact on public health.
The study aimed to investigate the interrelationships between hormonal-metabolic and cardiorespiratory disorders in
patients with type 2 diabetes mellitus (T2DM).

Materials and methods: Study design - longitudinal cohort study of correlation and regression analyses to assess the
relationship between various morphometric parameters of the thyroid gland, adrenal glands and respiratory function. A total
of 175 patients with T2DM were included in the study, classified into subgroups based on body mass index (BMI). Research
period: 03.01.2024-02.05.2024.

Results: The study revealed strong correlations between thyroid and adrenal gland parameters in all patient groups.
Additionally, significant associations were found between lung function indicators and insulin resistance index (IRI).
Regression analysis confirmed these relationships and provided insights into the functional dependencies between these
parameters.

Conclusions: The findings highlight the complex interplay between hormonal-metabolic and cardiorespiratory systems in
T2DM. These interrelationships emphasize the importance of a comprehensive approach to managing diabetes, considering
not only metabolic control but also the impact on other organ systems. Further research is needed to elucidate the underlying
mechanisms and develop targeted interventions.

Keywords: Diabetes mellitus, correlation analysis, morphometric indicators, thyroid hormones, adrenal hormones,
echocardiography, normal weight and obesity.

Pestome
AHAJIN3 KOPPENSALMOHHbIX U PEFTPECCUOHHbIX CBA3EU
MEXAY HAPYLWUEHUEM ®YHKLIUN WWUTOBUOHOM XKEJE3bI,
HAOMOYEYHUKOB U KAPOAMONYJIbLMOHAJIbHBIMM
HAPYWEHUSIMMU Y BOJIbHbLIX CAXAPHbLIM OUABETOM

Cayne Bb. XKayrukosa?, https://orcid.org/0000-0003-1173-490X

®daruma C. AbukeHoral, https://orcid.org/0000-0001-6871-303X

Koim6ar M. XKuenb6aesal, https://orcid.org/0000-0003-0563-7214

FynoHyp A. Bakapamogal, Bukropua Kum1,

AnHa BonoauHa', AmMumHa [locaHoBa'

"HAO «MeauumHckuit ynueepcuteT KaparaHaei», r. Kaparanaa, Pecny6nuka KaszaxcraH.

Beepenue: CaxapHblit AnabeT — LWMPOKO pacnpocTpaHeHHoe HeWHMeKLMoHHoe 3aboneBaHue, OkasblBaloLiee
3HauuTenbHOE BRUsHME Ha obLjecTBeHHoe 3popoBbe. Llenbio uccnepoBaHWA Obino W3yyeHWe B3aUMOCBA3N MeXay
FOPMOHaMNbHO-METabONMYECKMN U KapAMOPECTIMPATOPHBIMI HAPYLLEHWSMI Y NaLMEHTOB C caxapHbiM guabetom 2 Tuna
(CO2).

Matepuanbl u Metoabl: [lu3ailH uccnenoBaHWs — MPOAOIbHOE KOTOPTHOE MCCNEeoBaHNE KOPPENALUMOHHOTO W
PErPeCcCUMOHHOTO  aHanu3oB AN OLUEHKM B3aMMOCBA3N MEXOy PasfiuyHbIMK  MOPQOMETPUYECKUMU NapameTpamu
LYMTOBWAHON Xenesbl, HagMoOYeYHUKOB W bIxaTenbHoN yHKumei. B uccnegosanme 6b1no BkiodeHo 175 naumentos ¢ Cl12,
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koTopble ObinM pa3geneHbl Ha MOArpynnbl B 3aBUCMMOCTM OT uHaekca Maccel Tena (MMT). lMepwop nposepeHus
uccneposanust: 03.01.2024-02.05.2024rr.

PesynbTtatbl: MccnenoBaHue BbISBUNO CUMbHbIE KOPPenauuu Mexay napameTpamu LMTOBMAHOM Kenesbl K
HaJMOYeYHNKOB BO BCeX rpynnax nauueHToB. Kpome Toro, Obinm 0BHapyxeHbl 3HauMMble CBSA3WN MEXY MnoKasaTensmu
(OYHKLWM NIErkux M MHOEKCOM WHCYNMMHOPe3ncTeHTHOCTH (MPW). PerpeccroHHbIin aHann3 noaTBepaun 3T B3aMMOCBs3N U
[arn npeacTaBneHne 0 PYHKLMOHANBHbBIX 3aBUCUMOCTSIX MEXAY 3TUMI MapameTpamy.

BbiBoabl:  PesynbTaThl  MOAYEPKMBAIOT  CMOXHOE  B3aWMOAENCTBME  FOPMOHaNbHO-MeTabonmuyeckon W
kapauopecnupatopHoi cuctem npu C2. Otv B3aMMOCBSA3M NOLYEPKMBAOT BAXHOCTb KOMMMEKCHOTO MOAX0AA K NEYeHMIo
pmabeTa, yunTbIBaOLLErO He TOMbKO MeTabonMYeCcKuin KOHTPOIb, HO W BIIUSIHWE HA ApYrie CUCTeMbl opraHoB. HeobxoauMbi
[arnbHeine NCCnegoBaHns Ans BbIICHEHNS 6a30BbIX MEXaHWN3MOB 1 Pa3paboTku LieneBbiX BMELLATENbCTB.

Knrouesble cnosa: CaxapHbili duabem, KOppensayuoHHbIL aHanus, MophoMempuyeckue nokasamesu, 20PMOHbI
WUMOoBUOHOU Xene3bl, 20pMOHbI HaONOYEYHUKO8, 3X0Kkapduozpachusi, HOPMarbHbIU 8EC U OKUPEHUE.

Tyiiingeme

KAHT OANABETIMEH AYbIPATbIH HAYKACTAPAOA KANTKAHLUA
BE3IHIH AUCOYHKLUMUACDHI, BYUPEK YCTI BE3IHIH QUCOYHKLIUACHI
XOHE XXYPEK-OKINE AYPYJIAPbI APACBIHAOAFbI KOPPENALUMANDIK
KOHE PErPECCMANDBIK KATbIHACTAPADbI TAJNIQAY
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Kipicne: KaHT gunabeTi — xanblKTbiH, AeHCayNbIFbiHA aiTaprblKTail ocep €TETiH KeH TapanFaH XyKnanbl eMec aypy.
3epTTeyaiH makcatbl 2 TunTi KaHT auabeTi (KO2) 6ap HaykacTapga ropmoHangbl-MeTabonmKkansIK eHe XKypeK-TbiHbIC
any bya3binbicTapbl apacbiHaarbl 6aiinaHbICTs 3epTTey Gongp!.

Matepuanpap meH apictepi: 3epTTey au3aiHbl — KankaHwa 6e3giH, Oynpek ycTi 6e3gepiHiH xoHe TbiHbIC any
(OYHKUMSACBIHBIH, PTYpPNi MOP(OMETPUANBIK NapameTprepi apacbiHaarbl GainaHbiCTol BaFanay YLWiH Koppenaumsnblk
KOHe perpeccusnblk Tangaynapabl Gonnbik koropTanblk 3epTtey. 3epTTeyre AeHe canmarblHblH, uHoekciHe (OCW)
BannaHbICTbI Kili TonTapfFa 6eniHren 175 K2 nauneHTTepi eHrisingi. 3epTrey xypridy keseHi: 03.01.2024-02.05.2024 xx.

Hotuxenep: 3eptrey Gaprblk nauueHTTep TonTapbiHha KankaHwa Gesi meH Oyiipek ycti 6esiHiH napameTtpnepi
apacbiHaarbl KyLWTi KoppensuusiHbl aHbikTagbl. COHbIMEH KaTap, ekne (PYHKUMACHIHBIH napameTprnepi MeH MHCymnuHre
TesiMainik uhaekci (UTW) apacbiHga mMaHbi3gbl 6aiinaHbicTap aHbiKTangsl. Perpeccusnblk Tangay ocbl KaTblHacTapabl
pacTafbl XaHe OCbl NapamMeTprep apacbiHaarbl yHKUMOHaNAbIK Tayenainikrep Typanbl TYCiHik Oepai.

KopbiTbiHabinap: HoTwkenep K2 kesiHoe ropMoHanabl-meTabonukanblk xoHe kapanopecnupaTopribiK xyiienepain
Kypaeni esapa apekeTTecyiH kepceTefi. Byn kapbiM-kaTbiHacTap meTabonuamai 6aksinayabl FaHa eMec, COHbIMEH KaTap
Backa opraHgap xymenepiHe acepiH e KapacTblpaTbiH KaHT anabeTiH ackapyFa KeleHAai Ke3KapacTblH, MaHbI3AbINbIFbIH
kepceTeqi. Herisri mexaHuamaepai TYCiHAIpY XaHe MakcaTTbl apanacy/bl 93ipney YLUiH KoCbIMLLA 3epTTeYNep Kaxer.

Tylindi ce3dep: KauT aumabeTi, koppensuusnblk Tangay, MopdoMeTpusnbIK KepCceTKiluTep, KankaHwa 6e3iHiH,
ropMoHaapbl, 6yiipek ycti 6esiHiH ropMOHAApk!, 3XoKapanorpadus, KanbinTbl CanMak XaHe cemisgik
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Introduction

Diabetes mellitus is called a "non-communicable epidemic”
due to its rapid spread and the large number of people
affected. In 2006, at the initiative of the International Diabetes
Federation, a UN resolution (No. 61/225 of December 30,
2006) was adopted aimed at combating diabetes mellitus [3, 4,
15]. In addition to the cardiovascular system, DM is associated
with significant changes in the respiratory tract: increased
bronchial reactivity, impaired elasticity of the lungs and bronchi
[16,17], as well as disorders in the pulmonary vascular system
[5]. It is known that hyperglycemia, endothelial dysfunction and
the mechanical effect of visceral obesity [8, 18] play a role in
the development of ventilation disorders and respiratory
diseases in DM. However, issues of diabetological control,
metabolism and its disorders in DM require further study due to
numerous contradictory research results. It is important to
understand that type 2 diabetes is a chronic disease that
requires constant monitoring and compliance with all doctor's
recommendations. Therefore, it is necessary to determine the
relationship between hormonal-metabolic and cardiorespiratory
disorders during the course of the disease.

It is important to understand that type 2 diabetes is a
chronic disease that requires constant monitoring and
compliance with all doctor's recommendations. Therefore, it
is necessary to determine the relationship between
hormonal-metabolic and cardiorespiratory disorders during
the course of the disease.

The mechanisms of the relationship can be classified as
follows:

1) Insulin resistance and inflammation,

2) Oxidative stress,

3) Autonomic neuropathy,

4) Changes in the lipid profile,

5) Left ventricular hypertrophy.

At the same time, these mechanisms are clinically
manifested through cardiovascular diseases, arterial
hypertension, respiratory disorders, sleep apnea. Among
these clinical manifestations, we considered the presence
or absence of coronary heart disease. Patients with and
without this concomitant factor were considered.

The aim of the present study was to investigate the
relationship between hormonal-metabolic and
cardiorespiratory disorders in patients with type 2 diabetes
mellitus (DM2). To interpret the results obtained, correlation
and regression relationships were constructed for clinical
manifestations of hormonal-metabolic disorders affecting
the state of the cardiovascular and respiratory systems in
patients with diabetes mellitus.

Materials and methods

The study group of patients included 175 patients with
type 2 diabetes mellitus (T2DM group). Research period:
03.01.2024-02.05.2024. The research topic was approved
at the meeting of the Ethics Committee (Protocol No. 3
dated 03.01.2024). All study participants signed voluntary
informed consent. All patients were classified as follows:

1. Subgroup T2DMn - 36 patients with normal BMI
(20.6%);

2. Subgroup T2DMo - 139 people (56 men and 83
women) suffering from obesity, whose BMI was 35-39.9
kg/m2 (79.4%).

Correlation and regression analyses were constructed
for all types of clinical abnormalities. In this case,

relationships were found between the levels of various
hormones produced by the thyroid gland and the adrenal
glands. We determined the type of correlation and, based
on the Pearson correlation coefficient (r), deciphered
hypotheses about the presence or absence of a relationship
between the studied features.

The types of relationships were determined using
graphs to visually assess how the data points were
distributed relative to each other. These graphs had
different shapes (linear, parabolic, exponential), directions
(positive or negative slope) and strength of the relationship
(shows how closely two variables are related to each other).
This method allowed us to get a general idea of the nature
of the relationship between the variables without complex
mathematical calculations. The correlation coefficient is
calculated using formula 1:

=0y
V=% (y-y)?
3 (X %)? (ZX)

=) X - 2)
> (x—x)*

(Z X)
=) - 3)
where: n - is the number of observatlons.

The strength of the relationship was assessed using
Pearson and Spearman coefficients.

A regression analysis was performed for the most
significant relationships. The formulas for the most probable
value of y corresponding to a given value of x are as follows [9]:

y=a+b(x-x) (4)

Z(x Ny -y) :
Y (x-x?> ©
X

where: a - is the bias coefficient,

b is the regression coefficient.

The value of the standard deviation or of the scatter of
points on both sides of the regression line, which is a
measure of the usefulness of the regression line equation in
predicting y values given x values, is determined by the
following formula:

(1)

(5)

(7)

The confidence interval on both sides of the regression
line, within which all points were located, was 95%.

We established linear relationships between two
variables, for which:

- the correlation coefficient r and the corresponding
number of degrees of freedom are a convenient measure of
the strength of the relationship;
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- the regression coefficient b is a
measure of the slope of the
regression line, that is, the average
increment of y per unit increment of
X

- the residual variance Or is a

Patients with diabetes

measure of the spread of y values
around the regression line, i.e. a

Patients with type 2 diabetes

Patients with type 2 diabetes mellitug

Patientswithtype 1 diabetes

L without ischemicheart disease andwithischemic heart disease mellitus
measure of the reliability of the
estimate of y for given values of x
along the regression line.
The regression equation can With normal weight and BMI With normal weight and BMI
only be used within the range of the (DM2n) (DM21HDn)
independent variable, including the
dataTl:\zedstIE (}Ce gfalgﬁlattrﬁn' obtained Suffering rom obesity (DM20) SUﬁe['[f;ﬁﬂ fzflfl’_lfgg?%lty
indicators was carried out for the
following  groups of patients Figure 1. Research groups.
according to Figure 1.
Al correlation values were divided into 3
groups: Table 1.
1. Weak relationship (0.5 <r<0.7). Morphometric indices of the adrenal glands and thyroid gland.
2. Moderate relationship (0.7 <r<0.9). No Parameter Unit of Measurement
3. Strong relationship (r > 0.9). 1 Volume mm?
The results of the research are described below. 2 Adrenal gland weight g
3 Cortex width um
Results o o 4 Zona glomerulosa width gm
~ Various types of statistical relationships were 5 Zona fasciculata width um
|denF|f|ed for all the morphometric paramet.ers E Zona reticularis width um
stud[ed. .Flgure 2 shows the statistical 7 Zona glomerulosa nuclei diameter um
relat|9nsh|ps between the parameters of Fhe ) Zona fasciculata nuclei diameter um
D ™ ™ A" 812t olrs ik danstor |y
A - 10 Epithelial cell volume fraction %
p<0.05), moderate (r > 0.7, p<0.02) and strong 11 Vascular bed volume fraction %
significance (r > 0.9; p<0.01). The parameters ) C-cell volume fraction (;
studied were the morphometric indices of the = . o°
adrenal glands and thyroid gland, presented in 13 | Connective t.|ssue volume fraction %
Table 1. 14 Thyroid gland weight g
The analysis showed the presence of 15 % m of thyroid gland %
statistically significant and moderate correlations. 16 Follicular cell height um
The data are presented in Table 2. The table 17 Nuclear diameter um
shows strong positive correlations (r > 0.8) 18 Follicle internal diameter m
between several parameters in both the DM2n 19 | Thyroid epithelium volume fraction %
and DM2o groups, suggesting a close relationship 20 Volume fraction of vascular bed %
between the thyroid gland and adrenal glands in 21 Volume fraction of C-cells %
individuals with type 2 diabetes mellitus. 22 | Volume fraction of connective tissue %
Table 2.

Determination of correlations between thyroid and adrenal parameters.

Group Parameter 1 Parameter 2 Correlation Coefficient (r) | p-value
DM2n | Volume fraction of thyroid epithelium Width of adrenal cortex 0.938 <0.01
DM2n | Volume fraction of thyroid epithelium Width of glomerular zone 0.916 <0.01
DM2n | Volume fraction of thyroid epithelium Width of fascicular zone 0.923 <0.01
DM2n Diameter of thyroid nuclei Thickness of adrenal cortex 0.841 <0.02
DM2n Width of fascicular zone Volume fraction of vascular bed 0.817 <0.02
DM20 | Volume fraction of thyroid epithelium Width of adrenal cortex 0.922 <0.01
DM20 | Volume fraction of thyroid epithelium Width of glomerular zone 0.908 <0.01
DM20 Width of adrenal cortex Diameter of thyroid nuclei 0.821 <0.02
DM20 Width of fascicular zone Volume fraction of vascular bed 0.773 <0.02
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All these indices according to their ordinal numbers are presented in Figure 2.

straight

reverse

r>0,5; p<0,05
r>0,5; p<0,05

r>0,7; p<0,02
r>0,7; p<0,02

a) DM2n; b) DM20; c) DM2IHDn; d) DM2IHDo

r>0,9; p<0,01
— =0,9; p<0,01

Figure 2. Results of correlation analysis of morphometric parameters of the adrenal glands and thyroid gland.

The study found that there is a link between the shape  link is statistically significant, meaning it is not due to
and size of the thyroid and adrenal glands in people with  chance. The data for both DM2IHDn and DM2IHDo groups
type 2 diabetes, with or without coronary heart disease. The  of patients are presented in Table 3.

Table 3.
Values of the correlation coefficients between parameters of the thyroid gland and adrenal glands.
Group name Thyroid parameter Adrenal parameter r value p value
volume fraction of Thickness of the
thyroid epithelium cortex 0,904 p<0,01
diameter of nuclei Width of the cortex 0,721 p<0,02
DM2IHDn i ; i
volume fraction of Width of the fascicular 0.854 0<0,02
vascular bed zone
volume fraction of |\t of the cortex 0,722 p<0,02
thyroid epithelium
volume fraction of Thickness of the _
thyroid epithelium cortex r=0,775 p<0,02
DM2IHDo diameter of nuclei Width of the cortex r=0,714 p<0,02
volume fraction of Width of the fascicular =0,764 0<0,02
vascular bed zone
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Figure 3 shows relationships with moderate (r>0.5; p<0.05), medium (r>0.7; p<0.02) and high significance (r>0.9; p<0.01).

AVV 2575 PA LAD AVV 2575 PN LAD
MVER 75 . ® o LS MVFR 75 ® o 1515
) S ISTD = ISTD
MVFR 50 MVER 50 e -
MVER 25 g o= e B TPWLVS MVER 25 ; 2 >Z @ PWLVS
PR =" =S TPWLVD ik TPWLVD
FEVIVC @ e R FEVIFVC @ e v
FEVIVCL® 7 T L~ o 8 FEVIVCL ® ®)a
=7 ©
FEVI o« /// e Do FEVI ® Db
/ %
o ® S °
v & s SV
FVC .z;/ FV( Z>
5 ® y 4 DV
rr. L MV
[ [ J
LVMMI - ™M
L\'\m. e o [ ] Cl LVMMI ' o °
s rvR n SVH LYMM o SVH
a) b)
AVV2575 DA LAD AVV2s7s DA LAD
MVFR 75 o _® o 1815: MVER 75 -° o Iyta
—————7 ISTD ISTD
MVER 50
IPWLVYS MVFR 25 e TPWLVS
I'PWLVD PFR - I'PWLVD
L FEVIFVC @ e RV
ss -
* FEVI/VCL @ @00
e DD
FEV] & DD
o S
¥ FVC =@ 8V
e oy —
® py
LVMMI ) e ) al
i ”
LVMM IVR I SVH
c) d)
_ r>0,5; p<0,05 —>0,7; p<0,02 r>0,9; p<0,01

a) group DM2n; b) group DM20; c¢) group DM2IHDn; a) group DM2IHDo

Figure 3. Results of the correlation analysis of hemodynamic parameters in patients with diabetes
(Doppler echocardiography data) with FVD parameters.

The results of the correlation analysis indicate the  conduct regression analysis and build reliable models. A
presence of strong relationships between the studied  regression analysis of the biochemical blood parameters in
parameters in both studied groups of DM2IHDn and patients with diabetes mellitus with the parameters of the
DM2IHDo, and in the DM2IHDo group there is an increase ~ external respiration function and hemodynamics was
in the relationship between the indicators of TPWLVD (r =  carried out. The reliability of the obtained functions is not
0.75; p < 0.02) with FEV1 (r=0.901; p<0.01) and VCL (r=  less than 0.99, therefore the graphs of the regression
0.706; p < 0.02), ISTD with VCL (r = 0.926; p < 0.01), PFR  analysis equations have the form of a straight line, for
(r = 0.901; p < 0.01), MVFR25 (r = 0.917; p < 0.01),  example, Figure 4 shows the regression relationship
MVFR50 (r = 0.909; p < 0.01), AVV 25-75 (r = 0.916; p < between the IRI indicator and the parameters of the
0.01). The identified relationships made it possible to  external respiration function and hemodynamics.
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Figure 4. Regression dependencies of the IRl indicator with indicators of external respiration and hemodynamic functions.
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d) Regression dependence of CTG
with hemodynamic parameters

Figure 5. Regression dependences of IA, CTG and TSH parameters
with parameters of external respiration and hemodynamic functions.

For the VCL indicator y=-0.313x+98.18, -0.313 is the
regression coefficient; 98.18 is the bias coefficient. For the
SV indicator y=-0.29x+133.61, -0.29 is the regression
coefficient; 133.61 is the bias coefficient. The results
indicate a close correlation relationship between the

specified indicators for the studied groups of patients with
diabetes, which is confirmed by the regression model.
Diabetes mellitus affects the entire body, and for its
effective treatment it is necessary to take into account the
relationships between various systems: biochemical blood
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parameters, hemodynamics and external respiration
parameters. Figure 5 shows their functional dependencies.
Discussion
In summary, our studies have shown that the thyroid
gland and adrenal glands work together and influence each

other. This is very important because it helps to better
understand how various diseases associated with these
organs develop. Highly significant relationships were found
between thyroid and adrenal gland parameters in the
DM2n, DM20, and DM2IHDn groups, according to Figure 6.

group DM2n group DM20 group DM2IHDn
high degree of significance between the high degree of significance between high degree of significance
indicators of the volume fraction of the indicators of volume fractions of between the indicators  of

thyroid epithelium of the thyroid gland
and the indicators of the width of the
cortical layer (r=0.938; p<0.01), the
width of the glomerular zone (r=0.916;
p<0.01), the width of the fascicular zone
(r=0.923; p<0.01) of the adrenal glands

zone

thyroid epithelium of the thyroid
gland and the indicators of the width
of the cortical
p<0.01), the width of the glomerular
(r=0.908; p<0.01)
adrenal glands

volumetric proportions of thyroid
epithelium of the thyroid gland and
indicators of the width of the
cortical layer (r=0.904; p<0.01) of
the adrenal glands

layer (r=0.922;

of the

Figure 6. Highly significant relationships were found between thyroid
and adrenal gland parameters in the DM2n, DM20, and DM2IHDn groups.

Table 4 shows significant correlations between various lung function parameters and insulin resistance index (IRI) in the

DM20 and DM2IHDo groups.

Table 4.
Correlation Parameters between Lung Function and Insulin Resistance Index.
Group Parameter 1 Parameter 2 Correlation Coefficient (r) p-value
DM20 TPWLVD FEV1 0.901 <0.01
DM20 ISTD VCL 0.926 <0.01
DM20 PFR VCL 0.901 <0.01
DM20 MVFR 25 VCL 0.917 <0.01
DM20 MVFR 50 VCL 0.909 <0.01
DM20 IRI VCL 0.798 <0.02
DM20 IRI FEV/VCL 0.83 <0.02
DM2IHDo IRI VCL -0.864 <0.02
DM2IHDo IRI FEV/VCL -0.805 <0.02
DM20 AT VCL -0.745 <0.02
DM20 AT FEV1 -0.798 <0.02
DM20 AT MVFR 25 -0.775 <0.02
DM20 AT MVFR 50 -0.724 <0.02
DM2IHDo AT MVFR 50 -0.945 <0.01

As can be seen from Table 4, respiratory functions
influence the metabolic parameters of the thyroid and
adrenal glands. There is a negative correlation in the
DM2IHDo group, indicating a potential link between obesity
and respiratory failure in diabetes.

Several studies have highlighted the intricate
relationship between these two endocrine glands. This
aligns with our findings, which show strong correlations
between various morphometric parameters of both glands
[2, 6, 7, 10, 14]. Moreover, our results are consistent with
the growing body of evidence suggesting that diabetes
mellitus is associated with alterations in both thyroid and
adrenal function [1, 11, 12, 13].

While our study provides valuable insights, it is
important to acknowledge its limitations. The sample size
was relatively small. Longitudinal studies are required to
investigate the temporal relationship between changes in
thyroid and adrenal function and the development of
diabetes complications.

Future studies should focus on exploring the underlying
mechanisms that drive the observed correlations between
thyroid, adrenal, and respiratory parameters. This may
involve investigating the role of neuroendocrine factors,
inflammatory markers, and genetic factors.
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Conclusions

1. A correlation relationship was established between
pathogenetic disorders of carbohydrate metabolism,
hormonal status and disorders of the thyroid-adrenal
system during the development and progression of diabetes
both in patients and in the model of experimental diabetes.

2. Calculation of linear regression analysis allowed us to
obtain linear equations of the functional relationship
between the thyroid-adrenal and cardiorespiratory systems
in diabetes mellitus, which can be used in clinical and
experimental conditions.

3. The established regression dependencies allow us to
better understand the pathophysiological mechanisms of
interaction between these systems in diabetes mellitus. The
data obtained can be used to develop new approaches to
the diagnosis and treatment of complications associated
with diabetes, which will potentially improve the quality of
life of patients and increase the effectiveness of medical
interventions.
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