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Speckle tracking echocardiography
in patients with diabetes mellitus: a systematic review
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Abstract. Relevance Speckle tracking echocardiography (STE) constitutes a notable progression in the realm of non-invasive
cardiac imaging, facilitating accurate quantification of myocardial deformation across various planes. This modality surpasses
traditional echocardiographic metrics, such as left ventricular ejection fraction (LVEF), by allowing for the early identification
of subclinical myocardial dysfunction. This review delineates the foundational principles and technological advancements
associated with STE, encompassing the incorporation of deep learning algorithms, high-frame-rate imaging, and three-dimensional
applications that enhance tracking precision and clinical applicability. Particular attention is directed toward the significance
of global longitudinal strain (GLS) as a sensitive biomarker indicative of early systolic impairment. The clinical significance
of STE is particularly pronounced in individuals with type 1 diabetes mellitus (T1DM), a cohort that is at an increased risk for
the onset of cardiovascular complications. Numerous studies illustrate that STE can detect myocardial strain abnormalities in
diabetic patients well in advance of the appearance of overt cardiac symptoms or declines in LVEF. This capability facilitates the
earlier recognition of diabetic cardiomyopathy, enhances the monitoring of therapeutic responses, and permits risk stratification
based on parameters such as GLS and atrial strain. Conclusion: STE has emerged as an invaluable instrument in contemporary
cardiology, particularly for the diabetic demographic, where it unveils subtle myocardial dysfunction frequently overlooked
by conventional methods. Its expanding role in cardio-oncology, heart failure management, and diabetes care underscores the
necessity for broader clinical integration. Nevertheless, additional prospective, outcome-based studies are imperative to validate
its prognostic significance and to effectively incorporate it into standard clinical practice. By bridging the divide between imaging
and early intervention, STE presents promising trajectories for the enhancement of long-term cardiovascular outcomes.

Keywords: speckle tracking echocardiography (STE), global longitudinal strain (GLS), myocardial deformation, diabetes
mellitus, subclinical cardiac dysfunction, diabetic cardiomyopathy
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Introduction

Speckle tracking echocardiography (STE) is
a method of examining the heart using ultrasound, which
allows you to assess the work of the heart muscle at each
point over several heart cycles. This method allows you
to accurately measure both total and regional myocardial
deformity, which gives a detailed picture of the systolic
function of the myocardium. Such as ejection fraction,
are normal. STE allows you to assess the performance
of both the left and right ventricles, as well as the
atria, using parameters such as global longitudinal
deformity (GLS), which is a more sensitive indicator
of early systolic dysfunction, torsional deformity, and
circular deformity [1].

Speckle-tracking echocardiography was developed
as a method that provides a reliable assessment of
the movement of tissue displacements using unique
speckle templates generated by ultrasound imaging.
Speckle tracking algorithms were originally based on
the use of optical flow and block-matching techniques.
These methods made it possible to accurately assess the
movement of specific tissue areas by tracking speckle
patterns on ultrasound images over several cardiac
cycles. To improve lateral resolution, the method was
developed by applying advanced techniques such
as the Riess transform, which extends the Hilbert
transform into a multidimensional space, increasing
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the lateral resolution accuracy [1, 2]. The evolution of
speckle-tracked echocardiography (STE) has further
refined the method, allowing the quantification of
regional myocardial function and providing a more
sensitive assessment of left ventricular dysfunction
compared to traditional approaches such as ejection
fraction [3]. Innovation continued with the introduction
of convolutional neural networks (CNNs) to detect
tracked speckle patches, which significantly reduced
tracking errors and improved accuracy [4]. The
emergence of deep learning models such as the
Neural Network for Unsupervised Motion Estimation
(UMEN-Net) allowed for the refinement of the method
by using RF echoes before and after deformation
to infer displacement fields, which improved the
assessment of axial and lateral deformation [4]. In
addition, methods such as two-dimensional iterative
projection (TDIP) and the use of dynamic nuclei
in speckle tracking have been proposed to improve
the accuracy and efficiency of estimating the blood
flow velocity profile. These methods have proven to
be applicable in various clinical situations [5]. The
combined implementation of these advances has
contributed to improved reliability and accuracy of
motion assessment in ultrasonic speckle tracking,
making it a valuable tool for medical diagnosis and
treatment monitoring.
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The basic idea is to track the movement of granular
patterns, known as speckles, which are formed by the
scattering of ultrasound waves in tissues, on successive
ultrasound frames. This assessment can be carried out
in a variety of directions — longitudinal, radial, and
circular — to provide a comprehensive assessment of
tissue mechanics [6]. The process begins with tissue
segmentation, after which traceable speckles are
extracted, which can be improved using ultra-precise
neural networks (CNNs) to improve the accuracy of
the result [7, 8, 9]. Another significant advancement
is the use of high-frequency frame echocardiography,

which contributes to more detailed and faster imaging of
speckles, which is critical for accurate motion tracking
in three-dimensional (3-D) echocardiography[10].
Interpretation of image analysis utilizing the American
Heart Association (AHA) framework delineates the
regional wall segments of the left ventricle (LV)
across various echocardiographic and tomographic
perspectives. This approach facilitates the integration
of conventional two-dimensional views with the
17-segment model employed for the analysis of strain
and perfusion. (Fig.1) [11].
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Fig.1. Diagram of the left ventricle segments for 2D echocardiography [11, modified]

Note: LAX—Long Axis View — shows vertical long-axis of left ventricle; 4C -(four-chamber view) cuts through both left and right

ventricle chambers; 2C (two-chamber view) excludes right ventricle; focused on anterior and inferior left ventricular walls; SAX

(short axis views — viewed at levels of MV (short axis view at mitral valve); SAX PM (short axis view at papillary muscle level);
SAX AP (short axis view at apex level).
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Global longitudinal deformity (GPD) is an
important echocardiographic indicator that evaluates
myocardial deformity, especially longitudinal shortening
of the left ventricle, and is considered a reliable indicator
for assessing left ventricular systolic function. The
main elements of GPD include accurate acquisition
of high-quality images, often by speckle-tracking
echocardiography or magnetic resonance imaging
(MRI), and subsequent analysis of myocardial deformity
in various segments of the left ventricle [12].

GPD is calculated by averaging the strain values
across these segments, which reduces the influence of
noise and observer variability, making this indicator
more reliable compared to the left ventricular ejection
fraction (LVEF) [13].

The clinical value of the use of GPD applies to
a variety of cardiovascular diseases, including heart
failure, myocardial infarction, and chemotherapy-
induced cardiotoxicity, where it demonstrates a higher
predictive value compared to conventional measures
such as LVEF [14]. The use of GPD is significant for
the detection of subclinical myocardial dysfunction,
even with preserved LV EF, and is a marker of adverse
cardiovascular events and mortality in both symptomatic
and asymptomatic patients with heart failure [15]. The
GPD method is included in the guidelines of cardio-
oncology [16] for the early detection of chemotherapy
cardiotoxicity, allowing for timely adjustment of the
dose of anticancer therapy. Despite its advantages,
the assessment of the prognostic value of GPD in
some conditions, such as ejection fraction preserved
heart failure (HFpEF), remains a matter of debate,
highlighting the importance of further research to
confirm its clinical relevance in different patient
populations. Given the above, GPD is a sensitive tool for
assessing myocardial function, which should be used to
monitor patients in dynamics and assess the prognosis of
patients with various cardiovascular pathologies. Global
longitudinal strain (GPD) values: The normal range
for GPD, which measures how much the heart muscle
shortens during heart contraction, has been shown to
range from —15.9 to —22.1%, with a mean of —19.7%
(95% confidence interval: —20.4 to —18.9%). Global
Circular Deformation (GCD) values: For the GCD
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indicator, which measures the force of circular torsion
of the myocardium, the normal range is—20.9 to—27.8%,
with a mean of —23.3% (95% confidence interval: —24.6
to —22.1%). Global radial deformity (GRD) values:
The normal range for GRD assessing heart muscle
thickening during ventricular systole is 35.1 to 59.0%,
with a mean of 47.3% (95% confidence interval: 43.6
to 51.0%) [17]. GLS has been employed as a predictive
measure for unfavorable left ventricular remodeling in
individuals who have undergone a myocardial infarction
(MI). It delineates elevated pulse wave velocity (PWYV)
and diminished global longitudinal strain (GLS) as
autonomous predictors of adverse remodeling outcomes.
The investigation encompassed a cohort of 112 patients,
stratified into two groups predicated upon the presence
of ST-segment elevation. The findings elucidate that an
increased initial PWYV is associated with a diminished
efficacy in the recovery of left ventricular systolic
function. The outcomes underscore the significance
of monitoring PWV and GLS to enhance therapeutic
strategies following MI [18].

Interpretation of image analysis utilizing the
framework established by the American Heart
Association (AHA) delineates the regional wall
segments of the left ventricle (LV) as observed
through various echocardiographic and tomographic
perspectives. This framework facilitates the
integration of conventional two-dimensional views
with the 17-segment model employed for the
assessment of strain and perfusion dynamics (Fig. 2)
[19, modified].

Possibilities of using the technique of speckle
tracking-echocardiography in patients with diabetes
mellitus

Studies show that inadequate glycemic control in
patients with diabetes mellitus negatively affects left
ventricular (LV) function, which can lead to a decrease
in LV EF and an increase in the incidence of heart failure
(HF) [20, 21]. Patients with diabetes mellitus often
develop heart failure with preserved ejection fraction,
in which there is a deterioration in ventriculo-arterial
interaction and an increase in arterial stiffness, which
exacerbates the course of HF, so early detection of
myocardial dysfunction plays an important role.
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Fig. 2. Plots of the left ventricle 17-segments model [19, modified].

Note: Plot A: most values are highly negative (e.g., —29%, —21%, —19%), indicating strong contraction. One segment shows
a positive value (6%) in the anterior septal area, indicating reduced or paradoxical motion. Likely suggests localized dysfunction
in that anterior region. Plot B: overall slightly less negative strain values compared to B (e.g., —23%, —=15%, —=14%). A positive strain
value (5%) appears in the lateral region, possibly suggesting abnormal movement in that area.

Studies show that GPD is a more sensitive
indicator for detecting subclinical cardiac dysfunction
in patients with diabetes mellitus compared to traditional
echocardiographic indicators. GPD is a more sensitive
method in detecting early myocardial damage, even if
LV EF is intact [22, 23].

Various methods of speckle-tracking echocardiography
have been studied to assess the deformation properties of
the myocardium in patients with diabetes mellitus.

Lehner LJ study (follow-up period of 3 years
from 2013 to 2016), where a retrospective analysis
was performed to assess GPD in three groups [24]. The
first group consisted of patients with type 1 diabetes
mellitus and renal insufficiency (PI) (type 1 DM + PI)
(n=16). The second group consisted of patients with PI
without type 1 DM (n=20). The third group consisted
of a control group with healthy volunteers (n=48).
Echocardiography with GPD assessment in patients
with type 1 diabetes mellitus + PN and in the renal
insufficiency group showed that GPD was significantly
lower in both groups compared to healthy volunteers.
Global longitudinal deformity in the group of patients
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with type 1 diabetes + PN: -13.07 £ 2.67%, GPD was
slightly better in the group of patients with PN without
DM: -14.68 + 4.87%. The GPA in the healthy volunteer
group was significantly higher compared to patients in
the other groups: -19.78 + 1.89%, indicating that LV
function was better among healthy volunteers. Global
radial and circular deformity in patients with type 1
diabetes + PN is worse, which confirms the effect of
diabetic microvasculopathy on the myocardium.

A study by Mayumi Ifuku studied left atrial
dysfunction using echocardiography in children and
adults with type 1 diabetes mellitus (type 1 diabetes)
[25]. A total of 53 patients with type 1 diabetes mellitus
aged 5 to 41 years (mean age 23 years) were included,
the patients were divided into three age groups: D1
(514 years), D2 (15-24 years), and D3 (25-41 years).
Control groups comparable in age and sex were also
divided into corresponding groups (C1, C2, and C3) for
comparison. All underwent echocardiography to assess
left atrium (LP) function with deformity analysis. LP
stiffness was significantly higher in patients with type
1 diabetes aged 25—41 years compared to the control
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group, which indicates an increase in LP stiffness with
age in patients with type 1 diabetes. The data obtained
indicate that LP function decreases in adolescents
and young people with type 1 diabetes, while LP
stiffness increases in patients over 30 years of age.
Which indicates potential early markers of diastolic
dysfunction. The age range of participants was wide (5—
41 years), which could introduce variability in the results
due to different life stages and disease progression. The
study did not examine the effect of glycemic control
or the duration of diabetes on LV function, which may
provide additional clues about the relationship between
type 1 diabetes and LV dysfunction. The Thousand
& 1 study is one of the largest in Denmark, initiated
by Magnus Jensen and Peter Sogaard [26]. A total of
1065 patients with type 1 diabetes mellitus without
heart disease, the control group (n=198) were included.
All underwent standard and 2D speckle-tracking
echocardiography to measure global longitudinal
deformity and assess systolic function. Patients were
divided into groups based on albuminuria status:
normoalbuminuria (n=739), microalbuminuria (n=223),
and macroalbuminuria (n=103). The study aimed to
determine whether myocardial systolic function was
impaired in all patients with type 1 diabetes or only
in patients with albuminuria with healthy people,
which indicates the absence of specific diabetic
cardiomyopathy in this subgroup. With stratification
by albuminuria status, the difference in GPD compared
to controls was —18.8 + 2.5% in normoalbuminuria
(p = 0.28), and —17.9 £ 2.7% in microalbuminuria
(p = 0.001). Notably, patients with type 1 diabetes
without albuminuria exhibited myocardial systolic
function similar to healthy individuals. However, the
authors emphasized that the presence of subclinical
coronary artery involvement was not known. The
study did not examine long-term LV systolic function
in different patient groups.

In the study of Mihaela Berceanu, the main
objective was to study the right ventricle using
conventional echocardiography and speckle-tracking
echocardiography [27]. The study included 60 young
people diagnosed with type 1 diabetes mellitus at an
average of 9.7 +6.3 (2-27) years old, and a control
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group (n=90). The images and measurements obtained
from echocardiography were analyzed using the
special EchoPAC BT13 software. The study used
STEs to measure deformities in different segments of
the right ventricle (basal, middle, and apical), but no
significant differences were found in these deformity
measurements between the diabetic group and the
healthy group of individuals, indicating that the ability
of the heart muscle to contract was similar in both GLS
RV groups globally (%) -22.4+ 0.5, GLS RV free
wall (%) -26.4+4.3, GLS RV basal (%) —-25.5+4.9,
GLS RV mean (%) —28.7+4.6, GLS RV apical (%) —
25.3+6.03 segments. Conventional echocardiographic
parameters showed that in the group of diabetics, the
rates on the tricuspid ring (Et and At) and the Et/At
ratio of 0.9+ 1 were reduced compared to the control
group, which indicates an impaired ability of the right
ventricle to fill with blood (decreased diastolic function)
in young people with type 1 diabetes.
MAGYAR-Path study (analysis of the movement
of the heart and great vessels using 3D speckle tracking
echocardiography in various patients) [28]. Prospective
analysis of 17 patients with type 1 diabetes mellitus
who received insulin through a pump and were not
obese, mean age of 33.5 years, of which 8 were men.
20 healthy participants, were comparable in age and
sex, mean age — 36.9 years. In the course of the study,
various volumetric parameters of the LP were measured,
including maximum and minimum volumes, as well as
volume before atrial contraction. In addition, to assess
functional changes in the LP, such deformity parameters
as segmental circular deformity, basal longitudinal
deformity, and 3-D echocardiography of the atria were
analyzed, and healthy volunteers. Total atrial stroke
volume increased (23.6+6.9 mL vs. 19.6+4.6 mL,
p=0.04), while segmental circular deformity was
reduced (28.9% + 11.4% vs. 37.3% = 12.5%, p=0.04).
In particular, patients with type 1 diabetes had increased
LP volumes and altered deformity parameters, indicating
early LP remodeling in these patients. The study did
not include the assessment of clinical outcomes and
focused on echocardiographic parameters and did not
assess clinical outcomes such as the incidence of atrial
fibrillation or heart failure, which are important for
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understanding the clinical significance of LP dysfunction
in patients with type 1 diabetes.

Fridolfsson from the Department of Clinical
Physiology in Kalmar (Sweden) conducted a study
that included 43 people with type 1 diabetes recruited
from diabetes clinics and schools in Sweden, which
ensured that the control group was matched by age
and sex and 43 healthy people aged 10—30 years [29].
A significant negative correlation was found between
the average level of HbA1lc and PALS (peak atrial
longitudinal strain), left atrial conduit strain, which
indicates that better metabolic control is associated
with better left atrial function (r =—0.3, p < 0.05) and
conduit deformity (r =— 0.4, p < 0.05). However, the
higher left atrial stiffness found in young participants
with type 1 diabetes, may be associated with earlier
onset of disease in this group, and the results should be
interpreted with caution in the younger adult population.

Taghreed A. Ahmed and researchers found that
young adults with type 1 diabetes have early signs
of heart dysfunction even if they did not have any
symptoms, highlighting the importance of early
detection of symptoms of myocardial dysfunction
for timely correction [30]. The study involved 30
young patients with type 1 diabetes and 15 healthy
controls for a total of 45 participants. The diabetic
group consisted of 10 men and 20 women, with an
average age of 20.9 years, while the control group
consisted of 5 men and 10 women, with an average age
of 23.8 years. 2D speckle tracking echocardiography
(2D-STE) was used as the main diagnostic tool, which
revealed a significant decrease in the mean peak global
longitudinal deformity of the LV and the peak global
longitudinal deformity of the LP in diabetic patients
compared to non-diabetics, indicating early cardiac
dysfunction in the group of diabetics (15.8+6.8 and
23.9+2.7, respectively; P<0.001) and LV strain
rates using the Strain-Raine technique (19.7+5.4 and
23+2.7, respectively P<0.05). Although the study
assessed functional capacity using the treadmill test,
no significant differences were found between the
diabetic and control groups, which may indicate that
the test is not sufficiently sensitive to detect early
myocardial functional impairment.

CARDIOLOGY

The study by Berceanu M. included 50 adults
with type 1 diabetes and 80 healthy volunteers
[31]. The study showed that although the total
pumping capacity of the heart (ejection fraction)
was similar in the two groups, in the type 1 diabetes
group, the myocardial deformation properties in
different layers were reduced, indicating early
cardiac dysfunction of the GPD in the endocardium
and myocardial GPD (-20. + 2.7 vs. -22. + 2.3
and—18.0 + 2.4 vs.—19.1 + 1.9, respectively, p < 0.05)
compared to the control group. Measurements of
pancreatic deformity did not reveal significant
differences between the groups. Only those who had
been diagnosed with type 1 diabetes for at least one
year were included in the study, which means that the
findings may not apply to those who were diagnosed
with the disease within a shorter period or recently.
In this work, the researchers did not have data on
the presence and extent of albuminuria, a condition
that in previous studies was strongly correlated with
global longitudinal deformity, which did not allow an
assessment of the effect of albuminuria on myocardial
deformation properties.

Jedrzejewska Ip study included 50 young adults
with type 1 diabetes and 50 healthy adults of the same
age as a control group to compare heart function between
the two groups [32]. They specifically measured left
ventricular global longitudinal deformity (LV GPD), left
ventricular global circular deformity (LV GCD), basal
left ventricular radial deformity (LV-basal GRD), and
right ventricular free wall global longitudinal deformity
(RV GPD) to assess the heart’s pumping capacity. On
the day of the echocardiography, blood samples were
taken to measure NT-proBNP, glycated hemoglobin
(HbA1c), and microalbuminuria, which are indicators
of cardiac workload, blood sugar control, and kidney
function, respectively. Multivariate logistic regression
analysis showed that the only dependent predictor of LV
GPD reduction was low-density lipoprotein [odds ratio
3.65 (95% confidence interval: 1.27-10.5), P 1/4 0.014]
LV GPD (220.3 + 2.0% vs. 222.2 + 1.8%, P, 0.001),
LV HCD (221.1 + 2.5% vs. 222.2 + 2.4%, P, 0.05),
LV-basal GD (50.5% + 11.5 vs. 57.1% +17.0, P, 0.05),
and RV GPD (230.1% + 3.5 vs. 232.7% + 3.9, P, 0,01).
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A study by Bogdanovi¢ J. included asymptomatic
patients with diabetes mellitus without cardiovascular
disease, divided into three groups: acute hyperglycemia
(group A), optimal metabolic control (group B), and
healthy control (group C) [33]. The study included
three groups: Group A — 67 patients with acute
hyperglycemia, Group B — 20 patients with optimal
metabolic control, and Group C — 20 healthy
individuals as controls. Group A had significantly
higher blood glucose levels (22.5 + 1.1 mmol/L)
compared to Group B (5.8 £ 0.2 mmol/L) and Group
C (5.1 £ 0.1 mmol/L). The 2D-STE was used to assess
global and regional left ventricular (LV) function by
multilayer strain analysis, including global longitudinal
deformity (GPD) and peak systolic longitudinal and
circular deformity in different myocardial layers
(endocardial, myocardial medial, and epicardial)
The study showed that the global longitudinal
deformity in patients with acute hyperglycemia
(group A) (—19. 6 £0.4%) was significantly lower
compared to patients with optimal metabolic control
(group B (-21.3+0.4%; p <0.05)) and healthy subjects
(group C (-21.9 = 0.4%; p<0.01)) at baseline,
suggesting impaired cardiac function in group A. Peak
systolic longitudinal deformity in the endocardial
(Endo), myocardial (Myo), and epicardial (Epi) layers
was significantly lower in group A compared to group
B and group C at baseline, This indicates the effect of
acute hyperglycemia on all layers of the heart muscle.
Group A had lower peak systolic longitudinal deformity
in the endocardial (—22.8 £ 0.4%), myocardial
(-19.7£0.3%), and epicardial (-17.4+0.3%) layers
compared to groups B and C. A marked worsening of
peak systolic circular deformity in the basal level of
the left ventricle in all three layers (Endo, Myo, and
Epi) and at the mean level in the cavity in the Epi layer
in group A compared to group C indicates that acute
hyperglycemia also affects the circular contraction
of the heart muscle. Despite achieving normal
blood glucose levels (euglycemia) after 72 hours of
continuous insulin treatment and maintaining good
glycemic control for three months, global longitudinal
strain and peak systolic longitudinal and circular
torsion did not improve in group A, suggesting that
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the negative impact of acute hyperglycemia on cardiac
function is not reversible within three months.

The investigation conducted by Hajdu et al in the
Heart Institute at the University of Pécs encompassed
a cohort of 70 asymptomatic individuals diagnosed with
type 1 diabetes mellitus (T1DM), with a mean age of
38.2 years and a demographic composition comprising
46 females [34]. Furthermore, the study incorporated
30 healthy volunteers to facilitate comparative
analysis. The methodology employed for participant
selection in this study is not explicitly articulated in
the available documentation; nonetheless, it may be
deduced that the patients were chosen based on their
T1DM diagnosis and their asymptomatic condition,
while the healthy volunteers functioned as a control
cohort. The primary aim of the study was to elucidate
the effect of current HbA1lc levels on left ventricular
global longitudinal strain (GLS), circumferential
strain (GCS), and atrial strain parameters, in addition to
evaluating the impact of age and hypertension on these
associations. The findings of the study indicated that
the quality of glycemic control, as evidenced by HbA1c
levels, exerts a significant influence on myocardial
mechanics in asymptomatic patients with type 1 diabetes
mellitus (T1DM). In particular, a current HbA1c level
emerged as an independent predictor of left ventricular
global longitudinal strain (GLS), circumferential
strain (GCS), and atrial strain parameters. Patients
exhibiting HbA1c levels exceeding 7.4% demonstrated
compromised myocardial mechanics, whereas those
with HbA1c levels at or below 7.4% and without
hypertension presented echocardiographic results akin
to those of healthy volunteers.

The investigation conducted by Abdel-Salam et al.
sought to examine the preliminary alterations in regional
left ventricular systolic and diastolic performance
in young asymptomatic individuals diagnosed with
type 1 diabetes mellitus, utilizing speckle-tracking
echocardiography (STE) as the evaluative tool [35].
The study incorporated a cohort of 60 subjects,
comprising 30 normotensive asymptomatic individuals
with type 1 diabetes mellitus (DM) aged 40 years or
below, alongside 30 age-matched healthy controls.
The participant selection process was predicated
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on specific inclusion criteria: individuals needed to
have a diabetes duration exceeding 5 years and a left
ventricular ejection fraction of 50% or more, thereby
ensuring a comparably homogenous cohort for analysis
relative to the control group. The research aimed to
compare the myocardial deformation metrics of
the diabetic population against those of the healthy
controls to discern any statistically significant variances
in cardiac functionality, with particular emphasis on
global longitudinal systolic strain and strain rates. The
investigation evaluated early alterations in regional left
ventricular functionality in young asymptomatic patients
with type 1 diabetes mellitus employing speckle-tracking
echocardiography. The findings elucidated that global
longitudinal systolic strain and strain rate were markedly
diminished in the diabetic cohort in comparison to their
healthy counterparts (-17.7£2.5% vs.-21.2+1.7%,
P<0.001;-1.1£0.2 vs.-1.3£0.2 s-1, P=0.003).
Furthermore, diastolic function exhibited impairment
as evidenced by conventional echocardiography and
tissue Doppler imaging, underscoring the presence
of early cardiac dysfunction within this demographic.

The investigation conducted by Ringle et al
evaluated the long-term progression of left ventricular
performance in asymptomatic individuals diagnosed
with type 1 diabetes mellitus, employing both 2D and
3D speckle tracking echocardiography across a duration
of six years [36]. At the initial assessment, the diabetic
cohort demonstrated compromised longitudinal function,
evidenced by a statistically significant reduction in
both 2D-global longitudinal strain (GLS) and 3D-GLS
relative to the control group. Subsequent evaluations
indicated a slight deterioration in longitudinal function
over time; however, no clinical indications of heart
disease were detected, as there were no registered
fatalities or instances of heart failure. The research
encompassed a total of 66 asymptomatic individuals with
type 1 diabetes lacking any cardiovascular risk factors,
juxtaposed with 26 appropriately matched healthy
controls, thereby constituting a comprehensive sample
size of 92 participants. The sampling methodology
entailed a comparative analysis between the diabetic
individuals and healthy controls, with a subset of 14
diabetic patients undergoing a longitudinal follow-
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up evaluation spanning six years to investigate the
long-term changes in left ventricular function. The
investigation established that asymptomatic type 1
diabetic patients demonstrated diminished longitudinal
function as assessed by both 2D and 3D speckle
tracking echocardiography at the baseline, revealing
significant disparities in global longitudinal strain (GLS)
when contrasted with the matched healthy controls.
Over the six-year follow-up period, a modest decline
in longitudinal function was observed among the
diabetic patients, suggesting a progression towards
subclinical myocardial dysfunction. Notably, despite the
documented reduction in longitudinal function, the study
found that global circumferential strain (GCS) and radial
strain (GRS) exhibited stability throughout the study
duration. Furthermore, the metabolic status displayed no
correlation with GLS; however, GCS and GRS exhibited
a compensatory enhancement in function among
patients with prolonged diabetes and microvascular
complications, indicating potential adaptive mechanisms
in response to the pathophysiological condition.

The principal aim of the investigation conducted
by Zheng Li is to examine the utilization of the three-
dimensional speckle tracking imaging technique
(3D-STI) for the assessment of left ventricular systolic
function (LVSF) in individuals diagnosed with diabetes
mellitus (DM) [37]. The research endeavors to perform
a meta-analysis to quantify myocardial function in
patients with DM by juxtaposing myocardial strain
measurements acquired via 3D-STI against those of
a control cohort. The demographic sample encompassed
970 participants sourced from 9 distinct studies that
were subjected to analysis in the meta-analysis. The
sampling methodology entailed the extraction of
electronic databases from the earliest available date up to
29 April 2023, albeit specific information regarding the
sampling techniques employed in the individual studies
remains unspecified. The findings of the study indicated
that, although there was no statistically significant
difference in left ventricular ejection fraction between
diabetic individuals and control subjects (P > 0.05),
notable disparities were observed in myocardial strain
metrics, encompassing global longitudinal strain, global
circumferential strain, global radial strain, and global
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area strain, all exhibiting significant variations (all
P < 0.05) between the two groups. The investigation
concluded that the three-dimensional speckle tracking
imaging technique (3D-STI) demonstrates efficacy
in precisely quantifying early left ventricular systolic
function impairment in patients with diabetes
mellitus, underscoring its potential utility for the early
identification of diabetic cardiomyopathy.

Conclusion

Speckle tracking echocardiography (STE) has
become a valuable imaging tool for assessing myocardial
function in cardiology, especially in patients with
diabetes mellitus. By providing an accurate assessment
of myocardial deformity using the STE technique,
this study allows for an objective assessment of the
deformity properties of the various layers of the heart,
which makes it possible to detect subclinical myocardial
dysfunction early and monitor the progression of this
dysfunction over time. However, the significance of
subclinical lesions detected by STE in patients with
diabetes mellitus is not completely clear in practical
terms for doctors, which suggests the need to obtain
more convincing evidence for the early detection of
subclinical myocardial dysfunction and its further impact
on the strategy and results of treatment of patients with
type 1 diabetes mellitus. Further research focusing
on long-term outcomes and identifying the potential
benefits for patients from using the STE technique
will help find common ground between researchers
and clinicians.
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BO3MOXXHOCTb UCNOJIb30BaHUSA METOANKU CNEKN-TPEKUHT
Nnpu NpoBeAeHUN aXoKapauorpadumn y naLueHToB
C caxapHbIM fguabeTom: cucTteMaTUJYecKum 063op

X.M. AdayxabbopoB = P.JI. Ammap , E.A. Tepemenko , JK./I. KobaaBa

! Poccutickuii yHUBepcuTeT py»X0Obl HapooB uMmenu Iarpuca Jlymymo6sl, 2. Mockea, Poccutickass @edepayust
><11142230152@pfur.ru

AHnHoTanus. JXoKapauorpadus ¢ 0TCIeKUBAaHUEM CIIEKJIOB, CBU/IETE/ILCTBYET O 3aMETHOM Tporpecce B 00/1aCTh HEMHBA-
3WBHOM BH3yanu3aluy cep/ria, obneryatoiieii orieHKy edopMariid MUOKap/a B pa3/IMuHbIX TIPOCTPAHCTBEHHBIX TJIOCKOCTSIX.
OTOT MHHOBAL[MOHHBIN METO/, IPEBOCXOUT TPaJULIMOHHBIE 3XOKapAuorpaduueckue roKa3aTesy, Takue Kak ¢pakius BeiOpoca
JIEBOTO JKeJTy/I0UKa, U M03BOJISIET BBISIB/ISITL CyOKIMHIUECKYHO JUCHYHKIMIO MUOKap/ja Ha paHHUX ctagusix. Ocoboe BHUMaHHe
yAensieTcs: 3HaueHUI0 17100aIbHOM Mpo/o/ibHOM AedopMatiun (GLS) Kak BLICOKOUYBCTBUTE/TBHOTO OMOMapKepa, YKa3bIBaloIero
Ha PaHHIOK CUCTO/TMUECKYIO HeZI0CTaTOUuHOCTh, KMHMUecKast 3HaUMMOCTD OL|eHKU CYOKJTMHHUYeCKOHM TUC(YHKIMM MHUOKapAa
0C06eHHO BBIpa)keHa Y JIL] ¢ caxapHbiM auabetom 1 tuma (CI1). 3ta semorpadurueckas rpymra XapakKTepu3yeTcs TOBBIIEHHON
CKJIOHHOCTBIO K Pa3BUTHIO CepPAEeYHO-COCYAUCTBIX OC/I0KHeHUH. MHOTrounCcIeHHbIe NCCIe[I0BaHuUs TI0Ka3bIBatoT, uTo STE
TI03BOJISIET BLISIB/ISITH aHOMaJIMHU AiehopMaliii MUOKap/a y MaljueHToB C ArnabeToM 3a/10/r0 /10 MOSIBJIEHUs SIBHBIX CeP/IeUHbIX
TIPOSIB/IEHUH WK CHIDKeHUsE ypoBHsI JIBO®. 3To criocobCcTByeT CBOEBPEMEHHOMY BBISIB/IEHHIO TUabeTHUe KON KapIMOMHUOTIATHH,
y/yullaeT MOHUTOPHHT TepareBTHUeCKUX PeaklUi U MO3BOJIsIeT MPOBOAUTL CTPAaTU(HUKALIMI0 PUCKOB Ha OCHOBE TaKMX MOKa3a-
Tesel, Kak ypoBeHb [ JIC u nipesicepiHOe HamnpsbkeHYe. Bbigoobi: Criek/ TpeKUHT 3X0KapArorpadusi CTaHOBUTCS He3aMeHUMbIM
WHCTPYMEHTOM B COBPEMEHHOU Kap/IUoI0rvu, 0COOEHHO /1J1s TalMeHTOB C J1abeToM, TTIOCKOJIBKY OHU TIO3BOJISIIOT BBISIBUTh
HIOAHCHI JUC(YHKIIMM MUOKAap/a, 4acTo yIyCcKaeMble U3 BU/Y TPaAWULIMOHHBIMU MeToZaMu. TeM He MeHee, IOTIO/THUTe TbHbIe
TIPOCTIEKTUBHBIE UCCIIe/IOBAaHUS], OPHEHTHPOBAHHbIE Ha pe3y/ibTaThl, He0OX0UMBI 1711 000CHOBaHHSI TPOrHOCTUYECKOW 3HAYUMOCTH
Triperniapara 1 ero 3¢ ¢eKTUBHOTO BHeJpeHHs B CTaHJAPTHYIO KIMHUYECKYFO MPAKTHKY.

KiroueBble €/1I0Ba: CIT9K/ TPIKUHT 3X0KapAuorpadusi, rnobanbHas MpojosibHas AedopMalys MUOKap/a, AuabeTnyeckast
KapJMOMHOTaTus, CyOKIMHUYeCKast AUCHYHKIUS MUOKap/ia

Nudopmarius o prHAHCHPOBAHMY — HaCTosAIIlee UCC/IeJOBaHKE He TIONYyYr/I0o BHelltHero ¢hMHaHCHUPOBaHHUS

BkJiag aBropoB. X.M. AGzy»ab00poB — NOJATrOTOBKA TEKCTa CTaThH, y4acTHe B 00CY)KieHnU MaTtepranoB crarby; P.JI. AMmap —
TIO/ITOTOBKA TEKCTA CTaTbH, y4acTHe B 00CYy»KAeHNH MaTteprasoB cTathy; E.A. TepelleHKO — MOJrOTOBKA TEKCTa CTaTb, aHaN3
u fononHeHue Tekcta cratby; JK.[I. KobasnaBa — dhopMynvpoBaHre 0CHOBHOM KOHLIETLIUU CTaThbH, HAYUYHOE PelaKTUPOBaHUe
TeKcTa. Bce aBTOpHI BHEC/IM 3HAUMTE/bHBIN BK/IaJ, B IOATOTOBKY PYKOIHCH, IPOUMTAJIN U YTBEDAWIN OKOHUATeTbHYI0 BEPCHI0
niepes; myO/IuKaLyen.

HNudopmanys o KOHQUIMKTe HHTEPeCcoB. ABTOPHI 3asiB/ISTIOT 00 OTCYTCTBUM KOH(JIMKTa HUHTEPECOB.

JTHUecKoe YTBep)KAeHne — He[IPUMEeHUMO.

BiarogapHocTH — HElIPUMEHUMO.

HNudopMupoBaHHoe coryiacue Ha MyOIMKaLUI0 — HEPUMEHHMO.
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188 KAPOMOJIOT A


https://orcid.org/0000-0003-3086-067X
mailto:1142230152%40pfur.ru?subject=Abdujabborov%20Khurshed%20Musindjonvich
https://orcid.org/0009-0008-6210-0310
https://orcid.org/0009-0004-0656-2239
https://orcid.org/0000-0002-5873-1768
mailto:1142230152%40pfur.ru?subject=Abdujabborov%20Khurshed%20Musindjonvich

Abdujabborov KM et al. RUDN Journal of Medicine. 2025;29(2)

Jns purupoBanus: Abdujabborov K.M., Ammar R.D., Tereshenko E.A., Kobalava Z.D. Speckle tracking echocardiography
in patients with diabetes mellitus: a systematic review// BecmHuk Poccuiicko2o yHusepcumema opyx#6bl Hapodos. Cepusi:
Meouyuna. 2025. T. 29. Ne 2. C. 177—189. doi: 10.22363/2313-0245-2025-29-2-177-189. EDN LEXRCB

Corresponding author: Abdujabborov Khurshed Musindjonvich — PhD student Department of Internal Diseases with a Course of
Cardiology and Functional Diagnostics named after Academician V.S. Moiseev, RUDN University, Russian Federation, 117198,
Moscow, Miklukho-Maklaya st, 6 E-mail: 1142230152@pfur.ru

Abdujabborov K.M. ORCID 0000-0003-3086-067X

Ammar R.D. ORCID 0009-0008-6210-0310

Tereshenko E.A. ORCID 0009-0004-0656-2239

Kobalava Z.D. ORCID 0000-0002-5873-1768

OmeemcmeeHHbill 3a nepenucky: Abayxab6opos Xypiies MyCHUHP)KOHOBHY — aCITUPaHT Kadeapbl BHYTPeHHUX O0/e3Hei
C KypCOM Kap/IO/IOTUH U (BYHKIMOHAIBHOM AMarHOCTUKYA UMeHH akazieMuka B.C. MoviceeBa MeuLIMHCKOTO WHCTUTYTa PY/TH,
Poccwuiickas @enepauus, 117198, r. MockBa, yin. Muknyxo-Makias, 4.6, E-mail: 1142230152@pfur.ru

Abnyxab6opor X.M. SPIN 2437-7054, ORCID 0000-0003-3086-067X

Awmmap P.Z1.SPIN 6310-9986, ORCID 0009-0008-6210-0310

Tepemenko E.A. SPIN 6978-5518, ORCID 0009-0004-0656-2239

Kob6anaga ’K.[I. SPIN 9828-5409, ORCID 0000-0002-5873-1768

CARDIOLOGY 189



