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Abstract

Background: For the past two decades, many studies have investigated how diabetes mellitus (DM) affects the
bronchopulmonary system, but the results have been inconsistent. Diabetes mellitus leads to metabolic disorders and lack of
oxygen. And thus causes problems in the lungs and their vessels. One of the common diseases is increased ventilation of
the lungs.

Aim of the study is to identify the features and characteristics of the effect of diabetes mellitus and its concomitant
pathologies on the morphofunctional state of the respiratory system.

Materials and methods. The sample size was 395 people. A One Touch® glucose meter and a DCA-2000 MT analyzer
were used for laboratory and diagnostic assessment of the patients' condition. C-peptide, hormone levels, and insulin
resistance indices (Caro and HOMA-IR) were determined using standard laboratory techniques. Instrumental examinations
included chest X-rays, computer spirometry, and bronchoscopy.

Results. Lung function disorders were found in the study sample of patients: from bronchial obstruction in type 1
diabetes to restrictive and perfusion disorders in combination with type 2 diabetes with coronary heart disease and obesity.

Conclusion. As a result of the study, it was found that diabetes mellitus is associated with various disorders of
respiratory function, including restrictive and obstructive changes, as well as morphological changes in the lung tissue and
vascular system. Ultrasound revealed a complex of destructive and inflammatory changes in the lungs.

Keywords: Type 1 and Type 2 Diabetes Mellitus, Abdominal Obesity, Bronchopulmonary Function, Pulmonary
Ventilation, Spirometric Assessment, Metabolic Disturbances, Pulmonary Morphology.
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Beepgenue: 3a nocreaHve aga fecatuneTus Gbirno NpoBeLEeHO MHOXECTBO MCCMELO0BaHMIA, NOCBALLEHHbIX U3YYEHWH BIMSHUS
caxapHoro auabeta (C[l) Ha BPOHXOMErOUHYI0 CUCTEMY, HO pe3ynbTaThbl Bbinu NPOTUBOPEUMBLIMA. CaxapHbiii AMabeT NpUBOAUT K
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HapyLLUEH0 0BMEHa BELLECTB 1 HeJocTaTky kucnopoga. W, Takum 0bpa3som, Boi3biBaeT npobriembl B nerkvx 1 nx cocyaax. OpHum
13 pacnpocTpaHeHHbIX 3a60MeBaHUN ABASETCS NOBbILIEHHAS BEHTUNALMS NETKUX.

Llenbto nccnepoBaHus SBRSETCS BbiSIBNEHWE OCOBEHHOCTEN M XapaKTEPHbIX YEepT BAMSHWS caxapHoro auaberta u
COMYTCTBYHOLLMX EMY NATONOrMit Ha MOPPOPYHKLMOHANBHOE COCTOSIHUE AbIXaTEMNbHON CUCTEMBI.

Marepuanbi u MeTogpbl. O6bem BbiOopku coctaBun 395 yenosex. [1ns nabopaTopHON U AMArHOCTUYECKOI OLIEHKM COCTOSTHMS
naLueHToB Mcnonb3oBanmek rmtokomeTp One Touch® u aHanmaatop DCA-2000 MT. C nomoLLbio CTaHAapTHbIX NabopaTopHbIX
METO[0B Onpedensnn ypoeHb C-nemTuaa, rOpMOHOB M MHAEKCH MHCynmHopesucTeHTHocTn (Caro u HOMA-IR). WHcTpy-
MeHTarbHbIE CCIIef0BaHNS BKMHOYANM PEHTTEHOrpachuio ryaHO KNETKM, KOMMbIOTEPHYHO CIMPOMETPMIO U BPOHXOCKOMUK.

PesynbTatbl. B uccneayemoii Boibopke naumeHToB Gbinn 0BGHapyeHbl HapyLUeHus (YHKLMM Nerkux: 0T GpOHXMansHOM
obcTpykummM Npu caxapHoM auabete 1 Tuna [0 PECTPUKTMBHBIX M NEPY3NOHHBIX HAPYLLIEHWA B COYETaHUN C CaxapHbIM
pvabeTom 2 TMNa ¢ MweMn4eckomn 6onesHbio cepaLa u OKUPEHNeM.

BbiBopa. B pesynbrate nccnegoBanus ObINo yCTaHOBMEHO, YTO CaxapHblil AnabeT CBA3aH C pa3nuyHbIMU HapyLIEHUSMM
AblXaTenbHOM YHKLMK, BKIOYAsS PECTPUKTUBHBbIE U OBCTPYKTUBHbIE M3MEHEHUS, a TaKkke MOPJONOrnyeckne U3MeHeHUs B
NEroYHOM TKaHu 1 cocyancToit cucteme. Y3W BbISIBUIO KOMMNEKC AECTPYKTUBHBIX M BOCMANMUTENbHBIX U3MEHEHWA B NIETKUX.

Knroyeenie cnoea: CaxapHbili duabem 1-20 u 2-20 munos, abdomMuHanbHoe OXupeHue, bpoHxoneeouHas hyHKyuS,
Jle204Hasi BeHMUIAYUS, cnupomMempuyYeckas oyeHka, Memabonuyeckue HapyweHus, MOPGOIoUs IEEKUX.

Ana yumupoeaHus: XaytukoBa C.b., Ypasanuna H.M., Bakapamosa [.A., Tonybaesa [.5., TaHbiwesa [.A.,
OpasanuHa A.C. [aToreHeTnyeckast OLEHKA KIMHWKO-MHCTPYMEHTaNbHbIX MokasaTenen nerkux y GO0nbHbIX CaxapHbiM
puabetom // Hayka n 3gpaBooxpanenue. 2025. T.27 (2), C. 31-38. doi: 10.34689/SH.2025.27.2.004
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Kipicne: Cowfbl eki OHXbINAbIKTA KenTereH 3epTreynep KaHT anabeTiHin, (KO) BpoHxonynsMoHanbabl Xymnere kanan
acep eTeTiHiH 3epTTeqi, bipak HaTwkenep calkec kenmegi. KaHT auabeti MeTabonmamHib, Oy3binyblHa XaHe OTTEriHiH,
XeTicneyuwinirive akenedi. XXoHe ocbinanlla eknege xoHe ornapgbliH, TambliprapbliHaa npobnemanap Tyrbidadbl. YKanmbl
aypynapabiH, Oipi-ekneHi, XenaeTinyiHiH, )Xorapbinaysbi.

3epTTeypin, MakcaTbl-KaHT [uabeTi MEH OHblH, KaTap JKypeTiH NaTonorusnapbiHbiH, ThbIHBIC amny XyMeCiHiH
MOpOdyHKLMOHANAbI XaFhaibiHa aCepiHiH epeKLwenikTepi MeH cunaTtamanapblH aHbIKTay.

Matepuangap MeH agictep. Ipikteme kenemi 395 agamabl Kypagbl. [auneHTTepain, xarganbiH 3epTXaHanblK XaHe
puarHoctukanblk, baranay ywiH One Touch® rniokosa enweriwi meH DCA-2000 MT aHammsatopbl kongaHbingsl. C-
nenTuaTep, TrOPMOHAAP [LeHredi XKsHe WHCynuHre TesdimMainik kepcetkiwTtepi (Caro xsHe HOMA-IR) craHgapTThl
3epTxaHanbik oAiCTepMeH aHblkTandbl. AcnanTblk, 3epTTeynepre keyde KybICbiHbIH, PeHTreHorpauscel, KOMMbTEPNiK
CMMPOMETPUS KaHe BPOHXOCKONMS Kipai.

HaTtuxenep. MNauneHTTepaiH 3epTTey YAriCiHAe eKne (yHKUMACHIHbIH, Oy3binybl aHblkTanabl: 1 TUNTI KAHT auabeTiHgeri
OpOoHX 0OCTPYKUMACHIHAH XYPEKTiH, ULIEMUSNbIK aypybl MeH cemisgiri 6ap 2 TunTi KaHT AunabeTiMeH bipre LeKTeyLi xaHe
nepdoy3usnbik, Oyabinynapra gewit.

KOpbITbIHABL. 3epTTey HaTWKeCiHae KaHT AuabeTi ThiHbIC anmy (PYHKUMSCHIHbIH, apTypsi Oy3binbICTapbIMEH, COHbIH,
iWiHOe WekTeyLwWi xaHe 0BCTPYKTUBTI @3repiCTepMeH, COHAal-aK ekne TiHAEPi MEH TaMblp XKyWeciHgeri MopdonorusnbIK,
e3repicTepmeH BalnaHbICTbl eKeHi aHbIKTanmpl. YnbTpagbiObiCieH eknede LEeCTPYKTMBTI XaHe KabblHy e3repicTepiHiH,
KeLEeHi aHblKTanapl.

Tytlindi ce3dep: 1 munmi xaHe 2 munmi KaHm Ouabemi, iwmiv, cemisdiei, 6poHxonynbMOoHanb0b! YHKUUS, 6KNEHi
xendemy, cnupomempusinbik baranay, Memabonukasnbik by3bliynap, ekne MOpghoIo2usChl.

[Hatiekce3 ywin: XXaymukosa C.b., YpasanuHa H.M., bakapamosa I".A., Tonybaeea [.5., TaHbiwesa I".A., OpasanuHa
A.C. KaHT guabeTiMeH ayblpaTbiH HaykacTapfa eKMneHiH, KNuHUKanbIk-acnanTblk, KepCeTKiLTepiH naToreHeTukanbik
Garanay // FoinbiM xaHe [leHcaynbik,. 2025. T.27 (2), b. 31-38. doi: 10.34689/SH.2025.27.2.004
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Introduction

Studies on the impact of metabolic control on external
respiratory function (ERF) show contradictory results [9],
[10]. Some scientific papers say that the relationship
between impaired sugar metabolism in the body
(carbohydrate metabolism) and lung function (spirometric)
is not always found in diabetes mellitus [18]. The duration
of diabetes mellitus has a negative effect on the state of the

respiratory system. Many patients show both functional and
morphological changes in lung tissue. This highlights the
mutual effects of the respiratory system and the
development of diabetes. [3, 7].

The reason is high sugar levels (hyperglycemia) shown
in the Figure 1.

The figure shows the relationship between the effect of
the glycemic index level and lung function.

[ Effect of Blood Sugar on Lungs [ ] Impact on Lungs

D High averageblood sugar (increased HbA1c)

|:| Very high sugarlevels (in animals)

D Reduced lung efficiency

Damage to lungs (increased bubblesin lung
cells, collapse and swelling of alveoli)

Figure 1. The Relationship Between Blood Sugar Levels and Lung Function.

Aim. To identify the features and characteristics of the
effect of diabetes mellitus and its concomitant pathologies
on the morphofunctional state of the respiratory system.

Materials and Methods. The studied sample of patients
were DM patients, along with 49 individuals without chronic
disease serving as controls. Participants were stratified into the
following subgroups, according to Table 1.

Table 1.
Clinical subgroups.
87 patients with type 2 DM (T2DM) and IHD
54 with IHD without T2DM (group X-IHD)

395 | 153 with T2DM and obesity

patients| 45 with obesity but no diabetes (group Co)
56 with type 1 DM (T1DM), and 24 healthy
controls (group C1)

The average age of the T1IDM group was 37.5+1.68
years, with disease duration of 11.43+0.32 years. In T2DM
patients, the average age was 53.74+2.48 years, with a

disease duration of 9.2+0.61 years. The average age in the
T2DM + IHD group was 60.1+2.98 years, and IHD duration
was 10.7+£1.47 years. Effort angina class Il was noted in
50% of patients, class Ill in 23%, class IV in 9%, and
myocardial infarction in history in 18% of patients.

The following parameters of abdominal obesity,
assessment of glycemia, glycated hemoglobin levels, lipid
and protein metabolism, and liver enzymes were diagnosed
for the study sample. The following equipment was used:
One Touch® glucose meter, DCA-2000 MT analyzer.
Methods: the colorimetric method and the Reitman and
Frenkel methods.

All  participants underwent a questionnaire for
respiratory symptoms and a physical examination of the
lungs. None of the patients had chronic lung diseases or
respiratory complaints. Smoking was noted in some
patients: 9.2% smoked regularly, 5.8% — sporadically.

The following instrumental, functional and radiation
research methods were used (figure 2).

ChestX-rays

+ Performed in two projections according to the standard procedure.

Computer Spirography

*External respiratory function was assessed using the automated spirometer "AD-02" (National Center for
Occupational Hygiene and Occupational Diseases, Karaganda), operating on a Pentium-lll system. Testing was
performed in a fasting state, at rest, in a seated position, following standard interpretation guidelines [19]. Evaluated
parameters included VC, FVC, FEV,, FEV,/FVC (Tiffeneau index), MEF 25/50/75, MMEF25-75, and PEF. To assess
bronchial reversibility, a Berotec inhalation test with repeat spirometry after 20 minutes was conducted; an increase of
=15% indicated reversible obstruction [10], [20]. Results were compared to reference values from the 1986 All-Union

Pulmonology Institute guidelines (Leningrad).

Fibrobronchoscopy

* Performed in the morning on an empty stomach under local anesthesia using a BF-P20 fibrobronchoscope (Olympus,
Japan). Changes in the bronchial mucosa and the degree of inflammation were assessed according to the Lemoine

IM classification (2002).

Statistical processing

* Methods of variational statistics were used: the mean (M), standard deviation (8) and mean error (m) were calculated.
To assess the significance of the differences, the Student's t-test was used. Correlation analysis was carried out using
the Pearson and Spearman coefficients, their significance was checked using the t-test. The comelation coefficient r

was calculated in Excel with the CORREL function.

Figure 2. Instrumental, functional and radiation research methods.

Results
No clinically evident signs of lung pathology were
revealed during the examination. Slight percussion-

auscultatory changes were noted in 20.23% of patients:
shortening of percussion sound — in 4.05% (DM1), 6.98%
(DM2) and 9.25% (DM2+CHD); in 29.48%, prolonged
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expiration was observed, mainly over the lower lobe of the
right lung. Vesicular breathing with prolonged expiration
was observed in 13.87% of cases, weakened — in 3.47%.
Fluorography did not reveal any pathologies, while standard
radiography in two projections revealed a number of
changes detected in Figure 3.

These signs are regarded as a non-specific reaction of
the bronchopulmonary system to chronic exposure

In patients DM2, the changes included: lung roots -
30.68%, increased transparency - 28.14%, increased
pattern - 33.3%, interstitial changes - 22.22%, bulging of the
pulmonary artery arch - 6.82%. In 10 patients, pleural
adhesions were found, indicating previous pneumonia.

All values are shown in the Figure 4.

In the study group of patients with T2DM, pathological
changes in the lungs were detected (Fig. 5) in 49%.

IHD (n=5)

Type 1 diabetes (n=3)

Group

Type 2 coronary heart disease (n=8)

Type 2 diabetes (n=4)

u changes in the roots of the lungs

H increased transparency of the fields
u increased pulmonary pattern

m interstitial changes

m other

Figure 3. Identified radiological signs.

Value

B Kernoghan Index, % B Vessel diameter, pum

| Wall thickness, pum

Figure 4. Morphometric Indices of Lungs in Patients with Diabetes.
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Bulging of the pulmonary pattern, ...
Changes in the roots of the lungs a...

Radiological Finding

Diffuse pneumnasclerosis
Interstitial changes

Pleural adhesicns (a consequence ...
Small inflammatory foci and disco...

Figure 5. Lung Findings in Type 2 Diabetes.

According to Figure 6, diabetes mellitus affects the
bronchopulmonary  system. However, patients with
concomitant diseases, such as cardiovascular pathology
and thyroid diseases, were the most susceptible.

External Respiratory Function (ERF) Study in
patients with diabetes mellitus (DM) revealed pulmonary
ventilation disorders associated with the severity of DM. For
the identified sample, determining lung ventilation disorders,

radiology, endoscopy, and PVD were performed. The
results are shown in the figure 6.

FVD disorders were found in 23% of 175 patients, with
a decrease in speed indicators and patency of the central
airways. lllustrated below is a clustered bar graph
displaying the quantitative values of various indices for each
group, enabling a detailed examination of the data
distribution and patterns (Figure 7).
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D1 and D2 static pulmonary volumes and capacities are reduced
air flow rates are reduced, especially the maximum expiratory flow rate
DM2 with
cardiorenal the vital and forced lung capacities are lower than in patients with DM2 without them

complications

volumetric air flow rates are reduced, mainly in the central airways

DM1
DM2 pulmonary ventilation disorders are more pronounced
Figure 6. Violations of the function of external respiration
in patients with diabetes mellitus have been revealed
100
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Figure 7. Comparative Analysis of Indices by Group.

The results of the Berotec test demonstrated that the
bronchospastic component in the formation of respiratory
disorders in severe type 2 diabetes mellitus plays a
limited role, since a positive response was recorded only
in 20% of patients. In 68% of patients with severe
vascular complications, multiple respiratory function
disorders were detected: FEV, Tiffen index, and air flow

Yy system

type 2 diabetes

type 2 diabetes and severe
vascular complications

=]
—=;
=
S
=]
W
=
=
W
=
=]
5
=
o

bronchopulmonar

type 1 diabetes mellitus —1_

velocity decreased, involving both small and large
bronchi.

Fiberoptic bronchoscopic characteristics of the
state of the bronchial mucosa.

Bronchoscopy was performed for patients with type 1
and type 2 diabetes. Specific diffuse lesions of the
bronchopulmonary system are shown in the figure 8.

mild bronchial inflammation (catarrhal
bronchitis) was sometimes detected or
thinning of the mucous membrane
(atrophic bronchitis)

| the tracheal mucosa was often swollen
and easily damaged

more pronounced changes in the bronchi

Figure 8. Revealed diffuse changes by bronchoscopy.
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X-rays also showed that almost half of these patients
have impaired patency of the small bronchi. This was
confirmed by a trial with Berotec, a medicine that dilates
the bronchi. Patients with diabetes mellitus, especially in
combination with cardiovascular diseases, are more
likely to show radiological signs of lung damage and
impaired respiratory function. A positive bronchodilator
test was recorded in 45% of patients, and signs of
bronchial inflammation were found in 21%.

Pathological disorders of the lungs in patients with
diabetes mellitus. Histological examination showed that

i
fond® = 5o T T
a) (CD1) sclerosis of the interalveolar capillary wall.

some patients with type 1 diabetes (23%) develop alveolitis,
followed by the formation of alveolar fibrosis and
microcystic tissue transformation. Structural changes of
varying severity were observed at the level of blood vessels
of the small circle of blood circulation, including thickening
of the walls, hyperplasia of the muscular membrane and
sclerosis, which indicates a progressive violation of
pulmonary hemodynamics and an increase in vascular
resistance (Figure 9).

P N = o 4
b) (DM2) - diffuse fibrosis of the bronchial wall.

Figure 9. Pathomorphology of the lungs in DM patients.

In patients with type 2 diabetes mellitus (in 5-24.9% of
cases), vascular lesions were generalized, manifested by
significant narrowing of the vascular lumen, thickening of
the vascular wall, destructive changes in the elastic
membrane and pronounced hyperelastosis of venous
structures. In some cases, endophlebitis in the interlobular
veins was observed, indicating a chronic inflammatory process.

The most pronounced morphological changes in lung
tissue were detected in patients with a combination of type
2 diabetes and cardiovascular pathologies. These patients
had marked alveolar fibrous rearrangement, which led to
impaired gas diffusion and the development of persistent
hypoxemia. In conditions of pulmonary hypertension, the
vascular walls showed pronounced swelling, plasma
infiltration, structural deformation, and loss of barrier
function due to endothelial damage. These processes
increased the risk of hemorrhages and contributed to the
destruction of the vascular bed.

IHD {n=5)

Type 1 diabetes (N=3)

Group

Type 2 coronary heart disease (n=8)

Type 2 diabetes (N=4)

Morphometric study of the lungs of patients with
diabetes mellitus.

Morphometric analysis of the lungs of deceased
patients (9 men and 8 women, mean age 67.4+2.4 years)
with type 1 and type 2 diabetes mellitus showed changes
associated with atherosclerotic lesions (Figure 10).

It has been found that in people with diabetes, the small
vessels in the lungs become narrower and their walls
thicker. Because of this, the blood passes through them
worse, and there is increased pressure in the lungs. This
interferes with normal blood flow and makes it difficult for
the lungs to function. The most pronounced changes are
observed when type 2 diabetes mellitus is combined with
coronary heart disease. Morphological signs of vascular
remodeling in this category of patients indicate the
formation of latent pulmonary arterial hypertension.

WValue

W Kermnoghan Index, 2 l Vessel diameter, pum

m Wall thickness. pum

Figure 10. Morphometric indices of the lungs in patients with diabetes (autopsy material).
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Discussion

According to comprehensive examination data, changes
in the bronchopulmonary system were detected in 43.93%
of cases in patients with DM. X-ray changes are more often
detected than changes during physical examination,
especially when DM2 is combined with coronary artery
disease. In 68% of patients with DM2 in PS, disorders of
the function of external respiration (LVEF) of restrictive,
obstructive and mixed types were detected. The Berotec
test showed a decrease in the significance of bronchial
reactivity in DM, which indicates the predominance of
sclerotic processes. Violations of FVD, in particular, a
decrease in FEV1 and VVC, are considered as an
independent risk factor for mortality in diabetes [1, 2, 5, 6, 8,
11-16, 18]. In the study [8], spirography indicators were
more dependent on the state of metabolic control of
carbohydrate metabolism in patients with T2DM. Obesity,
diseases of the cardiovascular system, and the duration of
the disease contributed to impaired bronchial patency. In
addition, a 10% decrease in FEV1 was associated with a
12% increase in mortality among the surveyed.

The results of studies that have revealed a link between
spirography and mortality make it possible to consider
deterioration of respiratory function as an independent risk
factor for mortality, and the determination of FEV1 and VVC
as indicators of health status [11], including in diabetes [12],
[13], [14]. It was found that VVC in diabetes mellitus
decreases to a greater extent than FEV1.

The pathological process in DM involves the
bronchopulmonary ~ system, causing functional and
morphological changes, including changes in the vessels of
the small circle of blood circulation. In conditions of
pulmonary hypertension, a compensatory venoarterial
reaction and vascular restructuring occur.

The importance of closure-type vessels as regulators of
blood supply in the pulmonary circulation in conditions of
pulmonary hypertension plays an important pathogenetic
role. The presence of a longitudinal muscle layer in the
vessels of the closure type makes it possible to completely
stop blood flow in one or another part of the microcirculatory
bed and helps to change its direction.

Conclusions

38.4% of people with type 1 diabetes had breathing
problems. This was manifested by the fact that the air
passed worse through the respiratory tract, especially in
large bronchi, and increased air resistance. 23.3% of
people with type 2 diabetes had shallow breathing due to
poor alveolar function. In some patients (21.3%), bronchial
inflammation, deterioration of respiratory parameters and
difficulty in gas exchange in the lungs were found.

The majority of patients with type 2 diabetes (62%) had
both obstructive (difficulty getting air out) and restrictive
(decreased lung volume) breathing disorders. They also
had bronchial inflammation, a severe decrease in lung
volume, and impaired blood flow in the lungs.

A deeper (microscopic) examination of the lungs of
diabetic patients revealed alveolar damage, inflammation,
scarring of tissue and destruction of the vascular
membrane. This led to hemorrhages, edema, and vascular
thickening in most cases.
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