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Annotation: This article examines the structural and functional state of the heart and
myocardial remodeling processes in patients with type 2 diabetes mellitus receiving sodium-glucose
cotransporter-2 inhibitor therapy. Clinical and echocardiographic parameters are used to assess left
ventricular structure, myocardial thickness, cardiac function, and remodeling characteristics. The
study focuses on the relationship between diabetes-associated metabolic disturbances and cardiac
structural and functional changes. The findings emphasize the importance of comprehensive clinical
and echocardiographic assessment for evaluating cardiovascular status in patients with type 2 diabetes
mellitus receiving sodium-glucose cotransporter-2 inhibitor therapy.

Keywords: Type 2 diabetes mellitus, sodium-glucose cotransporter-2 inhibitors, cardiac
remodeling, left ventricle, cardiac function, echocardiography, myocardial remodeling,
cardiovascular system.

CTPYKTYPHO-®YHKIHHUOHAJIBHOE COCTOSSHUE CEPALA U ITPOLHECCHI
PEMOJIEJINPOBAHUA Y IAIIMEHTOB C CAXAPHBIM TMABETOM 2-I'0O THUIIA,
HOJYYAIOIUX TEPAIIMIO HHI'MBUTOPAMMUM SGLT2

Typcynanues bexpy3 Ymapaiau yriu

Maructpant 2 Kypca no HanpasieHuto «Kapauonorus» LleHTpanbHO-A3HaTCKOr0 MEIUIIMHCKOTO
YHUBEpPCUTETA

308


https://orcid.org/0009-0003-5013-789X
mailto:tursunaliyevbehruz10@gmail.com
https://orcid.org/0009-0004-0261-0547
mailto:asadullotom@gmail.com

URGANCH DAVLAT TIBBIYOT INSTITUTI
JANUBIY OROLBO‘YI TIBBIYOT JURNALI

2 - TOM, MAXSUS SON-3. 2026
14.00.00 - TIBBIYOT FANLARI  ISSN: 3093-8740

https: //orcid.org/0009-0003-5013-789X
tursunaliyevbehruz1 0@gmail.com
XaouoOyiiiaeB Acaay/iio
MaructpanT 2 Kypca no HanpasieHuto «Kapauonorusp» LleHTpanbHO-A31aTCKOr0 MEIUIIMHCKOTO
YHUBEpPCUTETA
https: //orcid.org/ 0009-0004-0261-0547
asadullotom@gmail.com

AHHoTanus: B cTarbe paccMaTpuBarOTCsl CTPYKTYpHO-(PYHKIMOHAIBHOE COCTOSIHUE CepAlia
M TPOLECCH PEMOICIMPOBAHUS MHOKap/Aa Yy TMAlHUEeHTOB C CaxapHbIM Ana0eToM 2-TO THIA,
MOy YaIOIIUX TePANI0 HHIMOUTOpaMU HATPU-TIIFOKO3HOTO KOTpaHcopTepa 2-ro Tuna. [{is ouenku
COCTOSIHHSI JIGBOTO JKEIY[0YKa, TONIIMHBI MHOKap[aa, cepAcyHol (yHKIMH U TPU3HAKOB
PEMOJICIIUPOBAHUS UCHONB3YIOTCS KIMHUYECKUE M 3XOKapauorpaduueckue nokaszarenu. Ocoboe
BHUMAaHUE YNIEISETCS B3aUMOCBSI3M META0OJIMYECKUX HAPYIICHHM, CBS3aHHBIX C CaXapHBIM
nrabeToM, Co CTPYKTYPHBIMU U (PYHKUIHMOHAJIbHBIMU U3MeHeHusiMu cepaua. [lomyueHnHsle naHHbIC
MOTYCPKUBAIOT BAXHOCTh KOMIUICKCHOH KIMHUKO-9XOKApAHOTPAhUISCKONH OIEHKH CEepIeUHO-
COCYIUCTOTO COCTOSIHMS MAIMEHTOB C CaXapHbIM JAUa0eTOM 2-T0 THUIIA, MONYYAIOIIUX TEparuio
MHTHOUTOpPaMH HATPHUI-TIIIOKO3HOTO KOTpaHCIopTepa 2-To TUIIa.

KiaroueBsie ciaoBa: Caxapublii guaber 2-ro THNA, WHTHOUTOPHI HATPUM-TIIFOKO3HOTO
KOTpaHCToOpTepa 2-TO THIA, PEMOJEIMPOBAHHE CEp/lla, JIEBBIH >Kemynouek, (YHKIHsS Ccepala,
axXoKapauorpadus, peMoJieIMpoBaHNEe MUOKap/a, CEpAEUHO-COCYIUCTAs CUCTEMA.

SGLT2 INGIBITORLARI QABUL QILUVCHI 2-TUR QANDLI DIABETLI
BEMORLARDA YURAKNING STRUKTURAVIY-FUNKSIONAL HOLATI VA
REMODELLANISH JARAYONLARI
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Annotatsiya: Ushbu maqolada 2-tur qandli diabet bilan og‘rigan va natriy-glyukoza
kotransporteri 2-tur ingibitorlari bilan davolanayotgan bemorlarda yurakning strukturaviy-funksional
holati hamda miokard remodellanish jarayonlari yoritilgan. Chap qorincha tuzilishi, miokard
galinligi, yurak funksiyasi va remodellanish belgilarini baholashda klinik hamda exokardiografik
ko‘rsatkichlardan foydalanilgan. Tadqiqotda qandli diabet bilan bog‘liq etabolic buzilishlarning
yurakdagi strukturaviy va funksional o‘zgarishlar bilan bog‘ligligiga e’tibor qaratilgan. Olingan
ma’lumotlar 2-tur qandli diabetli, natriy-glyukoza kotransporteri 2-tur ingibitorlari bilan
davolanayotgan bemorlarda yurak-qon tomir holatini kompleks klinik va exokardiografik baholash
muhimligini ko‘rsatadi.

Kalit so‘zlar: 2-tur gandli diabet, natriy-glyukoza kotransporteri 2-tur ingibitorlari, yurak
remodellanishi, chap qorincha, yurak funksiyasi, exokardiografiya, miokard remodellanishi, yurak-
gon tomir tizimi.
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Introduction

Cardiac structural and functional alterations represent an important aspect of the long-term
cardiovascular consequences of type 2 diabetes mellitus. Persistent metabolic disturbances may
influence myocardial tissue, ventricular geometry, and cardiac performance, resulting in progressive
remodeling of the heart. These changes may develop gradually and can be detected through clinical
and echocardiographic assessment before the appearance of pronounced cardiovascular symptoms.
Sodium-glucose cotransporter-2 inhibitors are increasingly used in patients with type 2 diabetes
mellitus, and their potential effects on cardiovascular function have become an important area of
clinical research. Evaluation of myocardial structure, left ventricular geometry, and functional
parameters in patients receiving these medications may provide valuable information regarding
cardiac remodeling. Echocardiography enables the assessment of ventricular dimensions, wall
thickness, myocardial function, and other structural characteristics, making it an important method
for studying cardiac changes in diabetes. Therefore, investigation of the structural and functional state
of the heart and remodeling processes in patients with type 2 diabetes mellitus receiving sodium-
glucose cotransporter-2 inhibitor therapy is relevant for a comprehensive assessment of
cardiovascular involvement in this patient population.

Relevance

Cardiovascular complications are a major concern in patients with type 2 diabetes mellitus.
Persistent metabolic disturbances may affect myocardial structure, left ventricular geometry, and
cardiac function, leading to progressive remodeling of the heart. Early structural and functional
changes may occur without pronounced clinical manifestations, making their timely assessment
clinically important. Sodium-glucose cotransporter-2 inhibitors are increasingly used in the
management of type 2 diabetes mellitus, and their potential cardiovascular effects have become an
important area of clinical research. Evaluation of cardiac remodeling and functional parameters in
patients receiving these medications may provide valuable information about changes in myocardial
status. Echocardiographic assessment of left ventricular dimensions, wall thickness, ventricular
geometry, and functional parameters can help identify structural and functional abnormalities.

Aim

The aim of the study is to assess the structural and functional state of the heart and characterize
myocardial remodeling processes in patients with type 2 diabetes mellitus receiving sodium-glucose
cotransporter-2 inhibitor therapy using clinical and echocardiographic parameters.

Main part

Type 2 diabetes mellitus is associated with progressive structural changes in the
cardiovascular system. Persistent hyperglycemia can contribute to metabolic disturbances that affect
myocardial tissue and vascular function. Insulin resistance, oxidative stress, chronic inflammation,
and endothelial dysfunction may influence the structure and mechanical properties of the
myocardium. These processes can lead to changes in left ventricular geometry, myocardial thickness,
and ventricular compliance. Structural alterations may develop gradually and can occur before the
appearance of clinically significant cardiovascular symptoms. Increased myocardial stiffness may
impair ventricular relaxation and subsequently affect cardiac filling. Changes in left ventricular
dimensions may also reflect the progression of diabetic cardiovascular involvement. In some patients,
structural remodeling can be accompanied by changes in systolic and diastolic performance. The
severity of these changes may depend on the duration of diabetes, metabolic control, associated
cardiovascular risk factors, and the presence of other complications. Echocardiography provides an
important method for assessing cardiac morphology and detecting changes in ventricular structure.
Measurements of ventricular dimensions, wall thickness, and myocardial geometry can provide
information about structural cardiac status. Assessment of these parameters is particularly relevant in
patients with long-standing type 2 diabetes mellitus. Early recognition of structural abnormalities may
allow closer cardiovascular monitoring and more comprehensive clinical assessment. Thus, cardiac
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structural changes represent an important component of diabetic cardiovascular involvement and
should be considered when evaluating patients with type 2 diabetes mellitus.

Myocardial remodeling in type 2 diabetes mellitus develops as a result of complex metabolic,
molecular, and hemodynamic mechanisms. Chronic hyperglycemia promotes the formation of
advanced glycation products, which can alter the properties of myocardial proteins and extracellular
matrix components. Insulin resistance may modify cardiac energy metabolism and affect the ability
of cardiomyocytes to efficiently utilize available energy substrates. Increased oxidative stress can
contribute to cellular injury and disturbances in myocardial function. Chronic low-grade
inflammation may additionally influence myocardial tissue and promote structural remodeling.
Changes in the extracellular matrix and increased deposition of collagen can contribute to myocardial
stiffness. These processes may reduce ventricular compliance and impair normal relaxation of the left
ventricle. At the same time, changes in vascular resistance and blood pressure may increase the
hemodynamic load on the myocardium. The combined effects of metabolic and hemodynamic
abnormalities can gradually modify ventricular geometry and cardiac performance. Myocardial
remodeling may initially occur without severe clinical manifestations, making instrumental
assessment particularly important. Echocardiographic parameters can help identify structural and
functional consequences of these processes. The evaluation of ventricular wall thickness, chamber
dimensions, and functional characteristics can provide information about the degree of remodeling.
Understanding the mechanisms of diabetic myocardial remodeling is important for interpreting
cardiac changes in patients with type 2 diabetes mellitus.

Sodium-glucose cotransporter-2 inhibitors are an important class of glucose-lowering
medications used in the management of type 2 diabetes mellitus. Their primary pharmacological
action is associated with inhibition of glucose reabsorption in the renal proximal tubules, resulting in
increased urinary glucose excretion. This mechanism contributes to improved glycemic control and
may also influence several metabolic and hemodynamic parameters. Patients receiving sodium-
glucose cotransporter-2 inhibitor therapy may differ in age, duration of diabetes, metabolic control,
cardiovascular risk profile, and concomitant treatment. These characteristics should be considered
when evaluating cardiac structure and function. Clinical assessment may include evaluation of
diabetes duration, blood pressure, body mass index, glycemic parameters, and the presence of
cardiovascular complications. The cardiovascular relevance of this therapeutic class has generated
considerable interest because changes in fluid balance and metabolic conditions may influence
cardiac workload. Assessment of patients before and during therapy can therefore provide useful
information about changes in their clinical status. The evaluation of symptoms associated with cardiac
dysfunction is also important when studying diabetic patients receiving these medications. Clinical
information should be interpreted together with instrumental findings to obtain a comprehensive
assessment of cardiovascular status. In this context, echocardiographic evaluation provides additional
information about myocardial structure and ventricular function. The combination of clinical and
instrumental assessment allows more detailed characterization of patients receiving sodium-glucose
cotransporter-2 inhibitor therapy. Such an approach is particularly relevant when investigating cardiac
remodeling and functional changes associated with type 2 diabetes mellitus. Therefore, clinical
characterization represents an essential component of studies evaluating the cardiovascular aspects
of sodium-glucose cotransporter-2 inhibitor therapy.

Echocardiography is one of the principal non-invasive methods used to evaluate cardiac
structure and function. In patients with type 2 diabetes mellitus, echocardiographic examination can
provide important information about changes in left ventricular morphology and performance.
Assessment of left ventricular dimensions allows evaluation of ventricular geometry and chamber
characteristics. Measurement of interventricular septal and posterior wall thickness can provide
information about myocardial structural changes. Left ventricular mass and related parameters may
also be useful for characterizing ventricular remodeling. Functional assessment includes evaluation
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of systolic performance as well as parameters associated with ventricular relaxation and filling. The
combination of structural and functional measurements provides a comprehensive description of the
cardiac state. Echocardiographic findings can be interpreted together with clinical characteristics and
metabolic parameters. This approach makes it possible to identify relationships between diabetes-
related metabolic abnormalities and cardiac changes. Repeated echocardiographic assessment can
also be used to evaluate changes in cardiac parameters over time. In patients receiving sodium-
glucose cotransporter-2 inhibitor therapy, echocardiographic evaluation may help characterize
structural and functional cardiac changes during treatment. Particular attention can be given to left
ventricular geometry, myocardial thickness, ventricular dimensions, and functional indices. The use
of standardized echocardiographic measurements improves the comparability of findings between
patients and observation periods. Therefore, echocardiography represents an important
methodological component in the assessment of myocardial remodeling in patients with type 2
diabetes mellitus. Its clinical application allows structural abnormalities to be detected and functional
cardiac status to be characterized without invasive procedures.

Evaluation of cardiac remodeling during sodium-glucose cotransporter-2 inhibitor therapy
requires a comprehensive assessment of both structural and functional cardiac parameters. The
analysis can include clinical characteristics together with echocardiographic measurements of the left
ventricle. Structural parameters such as ventricular dimensions, myocardial wall thickness, and
ventricular geometry provide information about the morphological state of the heart. Functional
parameters complement these findings by describing the mechanical performance of the myocardium.
Comparison of clinical and echocardiographic characteristics can help identify changes associated
with the treatment period. In patients with type 2 diabetes mellitus, such evaluation is particularly
important because cardiovascular changes may develop gradually and remain clinically silent.
Assessment of cardiac remodeling may therefore provide additional information beyond routine
evaluation of glycemic control. Changes in ventricular structure can be considered together with
metabolic and clinical characteristics of the patient. Echocardiographic monitoring may also help
determine whether functional abnormalities accompany structural remodeling. The interpretation of
these findings requires consideration of diabetes duration, cardiovascular risk factors, concomitant
diseases, and other medications. A comprehensive approach reduces the possibility of interpreting an
isolated cardiac parameter without appropriate clinical context. Evaluation of cardiac structure and
function can contribute to a better understanding of cardiovascular involvement in type 2 diabetes
mellitus. It also provides a basis for characterizing the cardiac status of patients receiving sodium-
glucose cotransporter-2 inhibitors. The combination of clinical examination and echocardiographic
assessment is therefore valuable for studying myocardial remodeling. Such an approach can provide
clinically relevant information about structural and functional cardiac changes during therapy.

Results

A total of 60 patients with type 2 diabetes mellitus were included in the study. The patients
were divided into two groups: 30 patients (50.0%) received sodium-glucose cotransporter-2 inhibitor
therapy, while 30 patients (50.0%) received standard antidiabetic treatment. The mean age of the
study population was 56.8 + 7.4 years. The SGLT?2 inhibitor group included 17 men (56.7%) and 13
women (43.3%), whereas the comparison group consisted of 16 men (53.3%) and 14 women (46.7%).
The mean duration of type 2 diabetes mellitus was 8.2 + 3.1 years in the treatment group and 8.5 £+
3.4 years in the comparison group.

Echocardiographic assessment demonstrated differences in several structural and functional
parameters between the groups. The mean left ventricular ejection fraction was 58.7 = 4.2% in
patients receiving SGLT?2 inhibitors compared with 55.9 + 4.8% in the comparison group. Increased
left ventricular wall thickness was observed in 8 patients (26.7%) in the SGLT2 inhibitor group and
12 patients (40.0%) in the comparison group. Signs of left ventricular structural remodeling were
identified in 9 patients (30.0%) receiving SGLT2 inhibitors and in 15 patients (50.0%) receiving
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standard therapy. Analysis of diastolic functional parameters showed that impaired relaxation was
detected in 10 patients (33.3%) in the SGLT?2 inhibitor group compared with 16 patients (53.3%) in
the comparison group. The mean E/e’ ratio was 9.8 £ 2.1 and 11.6 + 2.7, respectively. The average
left ventricular mass index was 101.4 + 15.6 g/m? in the treatment group and 110.8 + 17.2 g/m? in the
comparison group. These findings indicate differences in structural and functional cardiac
characteristics between patients receiving SGLT2 inhibitor therapy and those receiving standard
treatment.

Clinical signs suggestive of heart failure were recorded in 7 patients (23.3%) in the SGLT2
inhibitor group and 13 patients (43.3%) in the comparison group. The proportion of patients with
peripheral edema was 10.0% and 23.3%, respectively, while exertional dyspnea was reported by
20.0% of patients in the treatment group and 36.7% in the comparison group. Overall, the observed
clinical and echocardiographic parameters demonstrated differences in cardiac structural and
functional characteristics between the study groups. These results suggest that patients with type 2
diabetes mellitus receiving sodium-glucose cotransporter-2 inhibitor therapy may demonstrate more
favorable structural and functional cardiac characteristics compared with patients receiving standard
antidiabetic treatment. The differences were particularly observed in parameters reflecting left
ventricular remodeling, myocardial function, and clinical manifestations associated with cardiac
dysfunction. Further assessment using standardized echocardiographic parameters and appropriate
statistical analysis is necessary to determine the significance of these differences.

Discussion

The present findings demonstrate that cardiac structural and functional alterations are relevant
components of cardiovascular involvement in patients with type 2 diabetes mellitus. In the presented
sample of 60 patients, differences were observed between those receiving sodium-glucose
cotransporter-2 inhibitor therapy and those receiving standard antidiabetic treatment. The mean left
ventricular ejection fraction was higher in the treatment group (58.7 + 4.2%) than in the comparison
group (55.9 £4.8%), indicating a more preserved systolic functional profile among patients receiving
sodium-glucose cotransporter-2 inhibitors. Structural assessment also revealed differences in the
frequency of left ventricular remodeling. Structural remodeling was identified in 9 patients (30.0%)
in the sodium-glucose cotransporter-2 inhibitor group compared with 15 patients (50.0%) in the
comparison group. Similarly, increased left ventricular wall thickness was observed less frequently
in the treatment group, occurring in 8 patients (26.7%), compared with 12 patients (40.0%) in the
standard-treatment group. These findings indicate that structural characteristics of the left ventricle
should be considered when evaluating cardiovascular status in patients with long-standing type 2
diabetes mellitus.

The assessment of diastolic function demonstrated clinically relevant differences between the
groups. Impaired relaxation was identified in 10 patients (33.3%) receiving sodium-glucose
cotransporter-2 inhibitors, whereas it was observed in 16 patients (53.3%) receiving standard therapy.
The mean E/e’ ratio was also lower in the treatment group (9.8 + 2.1) than in the comparison group
(11.6 £ 2.7). Since this parameter is used in the assessment of left ventricular filling conditions, the
observed difference may indicate a more favorable diastolic functional profile among patients
receiving sodium-glucose cotransporter-2 inhibitor therapy. The clinical findings were consistent with
the echocardiographic observations. Clinical signs suggestive of heart failure were recorded in 7
patients (23.3%) in the treatment group and in 13 patients (43.3%) in the comparison group.
Exertional dyspnea was reported by 20.0% and 36.7% of patients, respectively, while peripheral
edema was observed in 10.0% and 23.3%. The lower frequency of these manifestations in the sodium-
glucose cotransporter-2 inhibitor group corresponds to the differences observed in selected
echocardiographic parameters.

The left ventricular mass index was also lower among patients receiving sodium-glucose
cotransporter-2 inhibitors, with values of 101.4 + 15.6 g/m* compared with 110.8 + 17.2 g/m? in the
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comparison group. This difference, together with the lower frequency of structural remodeling,
suggests that assessment of ventricular geometry may provide additional information when
characterizing cardiac changes in patients with type 2 diabetes mellitus. The presented clinical and
echocardiographic findings indicate differences in cardiac structural and functional characteristics
between patients receiving sodium-glucose cotransporter-2 inhibitor therapy and those receiving
standard treatment. However, these observations should be interpreted cautiously because the
presented data do not include statistical significance values, confidence intervals, or adjustment for
potential confounding factors. Therefore, the observed differences should be considered as
descriptive findings rather than definitive evidence of a causal treatment effect. Further studies with
larger patient populations, standardized follow-up periods, and appropriate statistical analysis are
required to clarify the relationship between sodium-glucose cotransporter-2 inhibitor therapy and
cardiac remodeling in patients with type 2 diabetes mellitus.

Conclusion

The presented findings indicate that cardiac structural and functional changes are important
manifestations of cardiovascular involvement in patients with type 2 diabetes mellitus. Patients
receiving sodium-glucose cotransporter-2 inhibitor therapy demonstrated more favorable values of
several echocardiographic and clinical parameters compared with the standard-treatment group. The
mean left ventricular ejection fraction was higher, while the frequency of left ventricular remodeling
and impaired relaxation was lower among patients receiving sodium-glucose cotransporter-2
inhibitors. The lower E/e’ ratio and left ventricular mass index also indicate differences in diastolic
and structural cardiac characteristics between the groups. Clinical manifestations associated with
heart failure were observed less frequently in the treatment group. These findings support the
importance of comprehensive clinical and echocardiographic assessment of patients with type 2
diabetes mellitus. However, the presented results should be interpreted as descriptive findings because
statistical significance and adjustment for potential confounding factors were not provided. Further
studies involving larger patient populations and longer observation periods are needed to clarify the
relationship between sodium-glucose cotransporter-2 inhibitor therapy and cardiac remodeling.
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