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ABSTRACT

Background: Two-dimensional speckle-tracking echocardiography (2D-STE) has emerged as a valuable tool for assessing
cardiac function in patients with type 1 (T1IDM) and type 2 diabetes mellitus (T2DM).

Hypothesis: This review synthesizes recent studies utilizing 2D-STE in diabetic patients, highlighting its clinical applications
and findings.

Methods: In this review, relevant studies were identified through comprehensive searches of major scientific databases,
including PubMed, Scopus, Google Scholar, ScienceDirect, and other reputable sources.

Results: The results of this study indicate that 2D-STE is capable of detecting subclinical cardiac dysfunction in patients with
both T1IDM and T2DM, even in instances where conventional echocardiographic parameters appear to be within normal
limits. Assessment of right ventricular (RV) function through 2D-STE has demonstrated impaired right ventricular free wall
longitudinal strain (RVFWLS) and global longitudinal strain (RVGLS) in individuals with T2DM, which correlates
with suboptimal glycemic control. Furthermore, evaluation of left ventricular (LV) function has revealed decreased global
longitudinal strain (GLS) and impaired LV twist mechanics in T2DM patients, particularly under conditions of physiological
stress.

In T1DM patients, 2D-STE has identified early changes in myocardial deformation, with studies reporting reduced LV and RV
strain values compared to healthy controls. The technique has also been effective in assessing the impact of disease duration
and glycemic control on cardiac function in both TIDM and T2DM.

Conclusions: These findings underscore the potential of 2D-STE as a sensitive and comprehensive tool for early detection of
cardiac dysfunction in both TIDM and T2DM, potentially guiding management strategies and improving outcomes in these
high-risk populations.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly
cited.

© 2025 The Author(s). Clinical Cardiology published by Wiley Periodicals, LLC.
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1 | Introduction

Two-dimensional speckle-tracking echocardiography (2D-STE)
has emerged as a powerful tool for assessing cardiac function in
various cardiovascular conditions, including diabetes mellitus
(DM) [1, 2]. DM is a chronic metabolic disorder characterized
by elevated blood glucose levels, which can lead to significant
cardiovascular complications over time [3, 4]. The impact
of DM on cardiac function is multifaceted, affecting both the left
and right ventricles through various mechanisms, including
metabolic disturbances, microvascular dysfunction, and auto-
nomic neuropathy [5, 6]. Traditional echocardiographic
parameters, such as ejection fraction (EF), have limitations in
detecting subtle changes in cardiac function, particularly in the
early stages of diabetic cardiomyopathy [7, 8]. 2D-STE offers a
more sensitive and comprehensive assessment of myocardial
deformation, allowing for the detection of subclinical cardiac
dysfunction before overt clinical manifestations [8]. This tech-
nique analyzes the movement of speckles within the myocar-
dium throughout the cardiac cycle, providing quantitative
measures of myocardial strain and strain rate [9]. In patients
with DM, 2D-STE has shown promise in identifying early
changes in left ventricular (LV) function, even in those with
preserved EF [1]. The assessment of global longitudinal strain
(GLS) using 2D-STE has been particularly valuable in detecting
subtle LV dysfunction in diabetic patients [10]. Moreover, 2D-
STE has demonstrated utility in evaluating right ventricular
(RV) function, which is often overlooked but can be signifi-
cantly affected in DM [2]. RV dysfunction in DM can occur
independently of LV dysfunction and may contribute to the
overall cardiovascular risk in these patients [10]. The ability of
2D-STE to assess both LV and RV function comprehensively
makes it a valuable tool in the management of diabetic patients.

Early detection of cardiac dysfunction using 2D-STE may allow
for timely interventions and potentially improve outcomes in
individuals with DM [11]. Furthermore, 2D-STE has shown
potential in monitoring the effects of various treatments,
including glucose-lowering medications and exercise interven-
tions, on cardiac function in diabetic patients [8]. The tech-
nique's reproducibility and relatively low operator dependence
make it suitable for longitudinal follow-up of cardiac function
in DM [12]. Recent studies have also explored the prognostic
value of 2D-STE-derived parameters in predicting cardiovas-
cular events in diabetic populations [10, 13]. The integration of
2D-STE into routine clinical practice for diabetic patients could
potentially enhance risk stratification and guide personalized
management strategies. However, standardization of 2D-STE
protocols and establishment of normative values specific to
diabetic populations are needed to optimize its clinical appli-
cation. Additionally, the cost-effectiveness and widespread
availability of 2D-STE in different healthcare settings remain
important considerations for its broader implementation [1, 13].
Despite these challenges, the growing body of evidence sup-
porting the use of 2D-STE in assessing cardiac function in DM
highlights its potential as a valuable clinical tool [1]. As
research in this field continues to evolve, 2D-STE may play an
increasingly important role in the comprehensive cardiovascu-
lar evaluation of individuals with DM. In this review, relevant
studies were identified through comprehensive searches of
major scientific databases, including PubMed, Google Scholar,

ScienceDirect, and other reputable sources. The search strategy
involved using specific keywords related to 2D-STE, DM, and
cardiac function. Studies were selected based on their relevance
to the assessment of cardiac function in patients with type 1 and
type 2 diabetes mellitus using 2D-STE. Additional inclusion
criteria included original research articles in English. The titles
and abstracts of retrieved articles were screened, and full texts
were reviewed for eligibility. Reference lists of selected articles
were also examined to identify further relevant studies. Data
extraction focused on study design, population characteristics,
echocardiographic techniques, and key findings related to
2D-STE parameters in diabetic patients.

The aim of this review article is to critically evaluate the current
literature on the use of 2D-STE echocardiography in assessing
right and LV function in individuals with DM, highlighting its
clinical applications, advantages, and limitations.

2 | Overview of 2D-STE

2D-STE emerged in the early 2000s as an extension of tissue
Doppler imaging techniques. It was developed to overcome
limitations of earlier methods, particularly angle dependency in
assessing myocardial motion. The technique utilizes natural
acoustic markers, or speckles, within the myocardium to track
myocardial deformation throughout the cardiac cycle [14, 15].

This noninvasive imaging modality utilizes the natural acoustic
markers, or speckles, within the myocardium to track myo-
cardial deformation throughout the cardiac cycle. 2D-STE pro-
vides quantitative measurements of myocardial strain and
strain rate, offering a more comprehensive evaluation of cardiac
mechanics compared to traditional echocardiographic parame-
ters [16, 17].

The technique allows for the assessment of both global and
regional myocardial function, making it particularly valuable in
detecting subtle changes in cardiac performance [15, 18]. One of
the key advantages of 2D-STE is its ability to analyze myocar-
dial deformation in multiple directions, including longitudinal,
circumferential, and radial strains. This multi-directional anal-
ysis provides a more complete picture of myocardial function
and can reveal abnormalities that may not be apparent with
conventional echocardiography [19, 20].

2D-STE has shown particular promise in the evaluation of
LV function, with GLS emerging as a robust marker of overall
LV systolic function [21].

In patients with preserved EF, 2D-STE can detect subclinical
LV dysfunction, making it a valuable tool for early diagnosis
of various cardiac conditions [21]. The technique has also
demonstrated utility in assessing RV function, which is often
challenging to evaluate using traditional echocardiographic
methods [22].

RV free wall strain and RV four-chamber longitudinal strain are
two key parameters derived from 2D-STE that provide insights
into RV performance [23].
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2D-STE has found applications across a wide range of cardio-
vascular conditions, including ischemic heart disease, cardio-
myopathies, and valvular heart disease. In the field of
congenital heart disease, 2D-STE has proven valuable in
assessing ventricular function in pediatric patients, offering a
more sensitive approach than conventional methods [24].

The technique has also been applied to evaluate cardiac func-
tion in various systemic diseases that can affect the heart, such
as beta-thalassemia major [16].

One of the strengths of 2D-STE is its relatively low operator
dependence and good reproducibility, making it suitable for
longitudinal follow-up of patients. The technique has shown
promise in monitoring the effects of various interventions,
including medical therapies and cardiac rehabilitation pro-
grams [25].

In sports cardiology, 2D-STE has been used to assess the impact
of different levels of exercise on myocardial performance,
helping to distinguish between physiological adaptations and
pathological changes [25].

Despite its many advantages, 2D-STE does have some limita-
tions, including dependence on image quality and the need for
standardization across different ultrasound systems and soft-
ware platforms [14, 26].

Ongoing research is focused on addressing these challenges and
further refining the technique. As 2D-STE continues to evolve,
it is increasingly being integrated into routine clinical practice,
complementing traditional echocardiographic assessments and
providing additional diagnostic and prognostic information.
The growing body of evidence supporting the use of 2D-STE in
various cardiac conditions underscores its potential to become a
standard tool in comprehensive cardiovascular evaluation.

3 | Recent Developments
In recent years, 2D-STE has been increasingly used for:

Endocrine disorders: Detecting subclinical LV dysfunction in
patients with acromegaly [27, 28].

Cardiotoxicity monitoring: Detecting early signs of cardiac
dysfunction in cancer patients undergoing chemotherapy
[29, 30].

Thyroid disorders: Assessing cardiac contractility in patients
with subclinical hyperthyroidism [31].

4 | Using the 2D-STE to Assess Right and Left
Ventricular Function in Patients With Type 2
Diabetes Mellitus (T2DM)

2D-STE has emerged as a powerful tool for assessing myocardial
function in patients with T2DM. This advanced echocardio-
graphic technique allows for the quantitative evaluation of both

left and right ventricular function by tracking the motion
of speckles in the myocardium throughout the cardiac cycle.
2D-STE offers several advantages over conventional echo-
cardiographic parameters in evaluating cardiac function in
T2DM patients. It provides a more sensitive and accurate
assessment of subtle myocardial changes, allowing for the
detection of subclinical dysfunction before overt clinical mani-
festations. This is particularly important in T2DM patients,
where early identification of cardiac abnormalities can guide
timely interventions and potentially improve outcomes.

For LV assessment, 2D-STE enables the measurement of global
and regional longitudinal, circumferential, and radial strain,
offering a comprehensive evaluation of LV mechanics. In T2DM
patients, LV longitudinal strain has been shown to be impaired
even in the presence of normal EF, indicating its value in
detecting early diabetic cardiomyopathy.

RV function assessment, traditionally challenging due to
its complex geometry, has been significantly improved with
2D-STE. The technique allows for the evaluation of RV free wall
and septal strain, providing insights into RV mechanics that
were previously difficult to obtain.

Recent studies have demonstrated that RV dysfunction, as
assessed by 2D-STE, is present in T2DM patients and may have
prognostic implications.

By utilizing 2D-STE for both LV and RV assessment in T2DM
patients, clinicians can gain a more comprehensive under-
standing of cardiac function, potentially leading to earlier
detection of diabetic cardiomyopathy and improved manage-
ment strategies.

This introduction sets the stage for a detailed exploration of the
application and significance of 2D-STE in evaluating biven-
tricular function in T2DM patients.

HbAlc or glycated hemoglobin, is a critical marker used to
assess long-term blood glucose control in individuals, particu-
larly those with diabetes [32].

The relationship between HbAlc levels and RV free wall lon-
gitudinal strain (RVFWLS) is significant in the context of T2DM
[2]. Higher HbAlc levels are independently associated with
subclinical RV dysfunction, indicating that poor glycemic con-
trol adversely affects RV performance. Specifically, RVFWLS is
a sensitive measure that reflects the impact of hyperglycemia on
the RV myocardium [2].

Zhang et al. investigated the association between glycemic
control and RV function in individuals with T2DM using
2D-STE and three-dimensional echocardiography (3DE). The
study results revealed that patients with uncontrolled T2DM
exhibited reduced RVFWLS compared to those with controlled
blood glucose levels. This reduction in RVFWLS was more
pronounced in the uncontrolled subgroup, indicating a signifi-
cant impact of poor glycemic control on RV function. Addi-
tionally, the uncontrolled T2DM subgroup showed higher
pulmonary artery systolic pressure (PASP) and a lower
RVFWLS/PASP ratio, suggesting increased RV afterload. The
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incidence of RV dysfunction was significantly higher in the
uncontrolled T2DM patients compared to the controlled sub-
group. Furthermore, the study demonstrated an impaired right
ventricular-pulmonary circulation (RV-PC) coupling in diabe-
tes, highlighting the importance of effective glycemic control for
preventing diabetic cardiomyopathy. These findings underscore
the critical role of maintaining controlled blood glucose levels to
mitigate cardiovascular complications in T2DM patients [2].

RVGLS has emerged as a key parameter for assessing the sys-
tolic function of the RV, offering several advantages over con-
ventional echocardiographic measures [33]. It is angle-
independent, less load-dependent than other parameters, and
highly accurate for measuring regional myocardial deformation,
allowing for the detection of subclinical RV dysfunction even
when conventional parameters appear normal [33]. RVGLS has
demonstrated strong prognostic value across various cardio-
vascular conditions, including pulmonary hypertension, heart
failure (HF), and cardiac amyloidosis [34-36]. Studies have
shown that RVGLS correlates better with cardiac MRI-derived
RV EF compared to parameters like tricuspid annular plane
systolic excursion (TAPSE) or fractional area change (FAC),
and provides incremental prognostic information beyond LV EF
in HF patients [34, 37].

Wu et al. utilized 2D-STE to assess RV systolic function in in-
dividuals with prediabetes and T2DM. Results indicated that
the RVGLS and RV free wall strain (RVFW-LS) decreased
progressively from normoglycemic controls to prediabetic and
diabetic patients. This decline in strain values suggests early
impairment of RV systolic function in patients with abnormal
glucose metabolism. The study found that 2D-STE was more
sensitive than conventional echocardiography in detecting these
subtle changes. Multivariate regression analysis identified
HbA1lc, interventricular septal longitudinal strain (IVS-LS), and
LV end-diastolic diameter (LVEDd) as independent predictors
of RVGLS. The findings highlight the potential of 2D-STE in
identifying early cardiac dysfunction, which might not be evi-
dent through conventional methods. Overall, the study under-
scores the importance of monitoring glucose levels to mitigate
myocardial damage [10].

Epicardial adipose tissue (EAT) is a unique fat depot located
between the myocardium and visceral pericardium, sharing the
same microcirculation as the adjacent myocardium [38, 39].
Under normal physiological conditions, EAT serves protective
functions, including acting as a buffer against mechanical
stress, providing thermal regulation, and serving as a local en-
ergy source for the heart [38]. However, in pathological states,
particularly in patients with T2DM, increased EAT thickness
has been associated with adverse cardiovascular outcomes [40].
Studies have shown that patients with T2DM tend to have
higher EAT volume compared to nondiabetic individuals, and
this increased EAT is linked to a higher risk of coronary artery
disease (CAD), metabolic syndrome, and overall cardiovascular
morbidity and mortality [41, 42].

Systolic blood pressure (SBP) and HbAlc levels are crucial clin-
ical parameters in the management of patients with T2DM.
Studies have identified specific threshold effects between albu-
min/creatinine ratio (ACR) and both HbAlc and SBP, with risk

threshold values of HbAlc=64% and SBP =127 mmHg,
respectively, above which the logarithm function (LnACR)
increased dramatically [43]. Higher levels of HbAlc have been
associated with an increased risk of hypertension (HT), even
after adjusting for various confounding factors, suggesting a
potential causal relationship between glycemic control and blood
pressure regulation [44]. Furthermore, long-term visit-to-visit
variability in both HbAlc and SBP has been shown to represent a
combined and additive risk for cardiovascular disease (CVD)
incidence in patients with T2DM, with a possible synergistic
effect between HbA1c variability and mean SBP levels [45].

Song et al. utilized 2D-STE to assess RV function in patients
with T2DM. The study found that EAT thickness was signifi-
cantly higher in patients with T2DM compared to nondiabetic
controls. In T2DM patients, those with EAT thickness of 5 mm
or more exhibited more pronounced RV dysfunction. Specifi-
cally, the right ventricular longitudinal strain (RV-LS) and
early-diastole longitudinal strain rate (RV LSR-E) were signifi-
cantly lower in T2DM patients with thicker EAT. The study
demonstrated that EAT was negatively correlated with RV LS
and RV LSR-E, independent of other cardiovascular risk factors
such as SBP and HbAlc levels. These findings suggest that
increased EAT is associated with subclinical RV systolic
and early diastolic dysfunction in T2DM patients. The use of
2D-STE was effective in detecting these subtle myocardial
dysfunctions. Overall, the study highlights the potential role of
EAT as a cardiovascular risk factor in T2DM, warranting
further investigation and potential therapeutic targeting.

Song et al. utilized 2D-STE to assess the relationship between
EAT and LV function in patients with T2DM. The results indi-
cated that patients with a GLS of less than 18% exhibited higher
age, body mass index (BMI), waist circumference (WC), SBP,
diastolic blood pressure (DBP), low-density lipoprotein choles-
terol (LDL-C), HbAlc, E/e ratio, and EAT thickness compared to
those with GLS of 18% or more. The study found no significant
differences in other echocardiographic parameters such as left
atrial diameter (LAD), interventricular septal thickness (IVSD),
LV posterior wall thickness (LVPWD), LVEDD, LV end-systolic
diameter (LVESD), and LV ejection fraction (LVEF) between the
two groups. Multivariate linear regression analysis revealed that
EAT thickness was independently associated with both systolic
and diastolic dysfunction of the left ventricle in T2DM patients.
The study demonstrated good reliability in the measurement of
GLS, EAT, and E/e, with an intra-class correlation coefficient
(ICC) of 0.75 or higher. The findings suggest that thickened EAT
is linked to impaired LV function in T2DM patients. This asso-
ciation underscores the potential of EAT as a therapeutic target
for improving cardiac function in this population.

Nonalcoholic fatty liver disease (NAFLD) is increasingly rec-
ognized as the most common chronic liver disease among pa-
tients with T2DM [46]. The diagnosis rate of NAFLD is rising,
and T2DM patients are at a higher risk of developing severe
forms of this condition [47]. Furthermore, NAFLD can lead to
CVDs, highlighting the importance of monitoring cardiac
function in these patients.

Chang et al. utilized 2D-STE to evaluate LA function in pa-
tients with T2DM and NAFLD. It found that patients with
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moderate to severe NAFLD exhibited significant changes in
LA function compared to those with mild or no fatty liver
disease. Specifically, the LA active ejection fraction (LAAEF)
and late diastolic strain rates (LASRa) were significantly
higher in patients with severe NAFLD. Conversely, the LA
passive ejection fraction (LAPEF), SRes, and systolic strain
rates (LASRs) were notably decreased in this group. These
findings suggest that as NAFLD severity increases, there are
marked alterations in LA function, potentially indicating early
cardiac dysfunction. The study underscores the importance of
monitoring cardiac function in T2DM patients with NAFLD,
as early changes in LA function could serve as an indicator for
intervention and management. Overall, 2D-STE proved to be a
valuable noninvasive tool for detecting early changes in LA
function in this patient population [12].

Global peak systolic longitudinal rotation (PSLR) is a sensitive
measure of LV systolic function that can detect subclinical LV
dysfunction even when conventional parameters like EF appear
normal [37, 48]. Importantly, HbAlc levels have been found to
negatively correlate with apex and global PSLR in T2DM pa-
tients, indicating that those with higher HbAlc values demon-
strate larger clockwise apex and global PSLR [48]. This
relationship suggests that PSLR could serve as a sensitive
indicator of LV systolic dysfunction in T2DM patients, poten-
tially reflecting the impact of poor glycemic control on cardiac
function [48, 49].

Huang et al. investigated the use of 2D-STE to assess LV
systolic dysfunction in patients with T2DM. It found that
T2DM patients exhibited a significant clockwise PSLR,
whereas normal subjects showed minimal PSLR. A negative
correlation was observed between HbAlc levels and both
apex and global PSLR, indicating that higher HbAlc levels
were associated with greater PSLR and impaired cardiac
function. The study demonstrated that PSLR could effectively
detect LV systolic dysfunction in T2DM patients. The repro-
ducibility and repeatability of PSLR measurements were
confirmed, with no significant differences found in inter-
observer and intraobserver variability. The study concluded
that PSLR is a reliable and convenient tool for detecting
cardiac dysfunction in T2DM patients. Additionally, HbAlc
was identified as a potential predictor of systolic dysfunction
in this population [48].

Dobutamine stress echocardiography (DSE) is a diagnostic
imaging technique used to evaluate cardiac function, particu-
larly in patients who are unable to undergo traditional exercise
stress testing [50]. During DSE, dobutamine, a medication that
stimulates the heart, is administered to increase heart rate and
mimic the effects of exercise. This allows for the assessment of
myocardial function and the detection of wall motion abnor-
malities that may not be visible at rest [51].

DSE is particularly useful in diagnosing CAD and can help
reveal subclinical abnormalities in myocardial mechanics,
especially in asymptomatic patients with conditions like T2DM.
The technique enables clinicians to observe changes in LV
function and to assess the heart's response to increased work-
load, providing valuable information for early diagnosis and
management of cardiac conditions [52, 53].

Philouze et al. utilized 2D-STE to assess myocardial mechanics
in patients with T2DM and control subjects. At rest, there were
no significant differences in systolic longitudinal strain (LS) and
LS rate between the two groups. However, under dobutamine
stress, significant differences emerged, indicating impaired
myocardial functional reserve in T2DM patients. Specifically,
T2DM patients exhibited reduced apical rotation and twist
mechanics compared to controls during stress. These alterations
were not apparent at rest, highlighting the utility of stress
echocardiography in unmasking subtle myocardial dysfunction.
The study also found that EAT was a significant contributor to
these stress-induced changes. Furthermore, the speckle-
tracking echocardiographic indexes significantly increased in
both groups in response to dobutamine infusion, except for
apical rotation, which did not change in the diabetic population.
Overall, the results underscore the importance of using stress
echocardiography to detect early myocardial dysfunction in
asymptomatic T2DM patients [53].

Fragmented QRS (fQRS) is an electrocardiographic finding
characterized by the presence of additional deflections or not-
ches in the QRS complex of the ECG [54]. It is considered a
marker of myocardial fibrosis or scar tissue and is associated
with an increased risk of cardiovascular adverse events [55].
fQRS can indicate underlying cardiac issues, such as myocardial
scarring, and has been linked to various conditions, including
diabetic cardiomyopathy, CAD, and HF [56, 57].

Bayramoglu et al. utilized 2D-STE to assess LV function in pa-
tients with T2DM and fQRS complexes. The results demon-
strated statistically significant differences in LV strain values
between patients with and without fQRS, indicating subclinical
LV dysfunction in those with fQRS. Specifically, the LV-GLS was
significantly lower in the fQRS-positive group compared to the
fQRS-negative group. The study identified fQRS and the duration
of diabetes as independent predictors of LV-GLS, suggesting that
fQRS is a reliable marker for detecting early cardiac involvement
in diabetic patients. Additionally, the study found that fQRS and
minimum left atrial volume index (minLAVTI) were independent
predictors of the E/SRivr ratio, an index of LV filling pressure.
The findings suggest that fQRS could serve as an indicator of
diabetic cardiomyopathy, highlighting the potential of STE in
evaluating myocardial function in diabetic patients. Overall, the
study emphasizes the importance of identifying fQRS in routine
clinical assessments to predict better and manage cardiac com-
plications in diabetes [58].

Early diastolic strain (EDS) and early diastolic strain rate (SRe)
are important indices used to assess LA function, providing
valuable insights into the heart's diastolic performance [59].
These parameters, measured through advanced echocardio-
graphic techniques such as speckle tracking, offer a more sen-
sitive and accurate evaluation of LA mechanics compared to
traditional volumetric measurements [59]. EDS and SRe reflect
the LA's ability to expand and receive blood from the pulmonary
veins during early ventricular diastole, serving as early indicators
of diastolic dysfunction even before overt clinical symptoms
manifest [60, 61]. Recent studies have demonstrated that
impaired EDS and SRe are associated with various cardiovascular
conditions, including HT, obesity, and HF, highlighting their
potential as prognostic markers in clinical practice [62, 63].
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Hosseinsabet et al. utilized 2D-STE to assess LA function in
CAD patients with varying levels of T2DM control. The results
indicated that EDS and SRe, markers of LA conduit function,
were significantly lower in CAD patients with poorly controlled
diabetes compared to those with well-controlled diabetes and
euglycemic controls. This impairment in LA function was
identified as an independent determinant in patients with
poorly controlled diabetes. The study found no significant dif-
ferences in LA volumetric parameters among the groups, sug-
gesting that the observed functional impairments were not due
to changes in atrial size. Multivariable analysis confirmed that
poorly controlled diabetes, along with factors like sex and
hematocrit, were independent determinants of the impaired
indices. The study highlights the importance of glycemic con-
trol in preserving cardiac function in diabetic patients with
CAD. Overall, the findings underscore the detrimental impact
of poor diabetes management on cardiac health, particularly in
the context of CAD [64].

Global peak atrial longitudinal strain (PALS) has emerged as a
valuable echocardiographic parameter for assessing LA dys-
function in patients with T2DM and HF. This advanced imaging
technique, utilizing speckle tracking echocardiography, pro-
vides a more sensitive and accurate evaluation of LA mechanics
compared to conventional measures, allowing for earlier
detection of subtle changes in atrial function [65]. In patients
with T2DM and HF, reduced global PALS values have been
associated with worse cardiovascular outcomes and increased
risk of atrial fibrillation [65, 66].

Peak atrial contraction strain (PACS) has emerged as a valuable
echocardiographic parameter for assessing LA dysfunction in
patients with T2DM. This advanced imaging technique, utiliz-
ing speckle tracking echocardiography, provides a more sensi-
tive and accurate evaluation of LA contractile function
compared to conventional measures, allowing for earlier
detection of subtle changes in atrial mechanics [65]. In patients
with T2DM, reduced PACS values have been associated with
impaired LA booster pump function and increased risk of car-
diovascular complications, including atrial fibrillation and HF
[65, 67]. Recent studies have demonstrated that PACS, along
with other LA strain parameters such as PALS, can serve as
independent predictors of adverse cardiovascular events in
T2DM patients, highlighting their potential as prognostic tools
in clinical practice and guiding treatment decisions [65, 68].

Georgievska-Ismail et al. investigated the role of 2D-STE in
assessing LA dysfunction in patients with T2DM and HF with
preserved ejection fraction (HFpEF). It found that global PALS
and PACS were significantly lower in diabetic patients compared
to nondiabetic patients. These reduced strain values were associ-
ated with a higher prevalence, greater severity, and longer dura-
tion of diabetes. Multiple linear regression analysis identified
diabetes as an independent predictor of reduced global PALS and
PACS. The study demonstrated that LA strain measurements
using 2D-STE provided additional value over traditional echo-
cardiographic parameters in detecting LA dysfunction. The
inclusion of LA strain parameters significantly improved the dis-
crimination between patients with and without diabetes. Overall,
the findings suggest that 2D-STE is a valuable tool for early
detection of LA dysfunction in diabetic patients with HFpEF [69].

Left atrial strain parameters provide valuable insights into the
mechanical properties and performance of the left atrium dur-
ing different phases of the cardiac cycle. LAg, or systolic left
atrial strain, represents the peak LS of the left atrium during
ventricular systole, corresponding to the reservoir function of
the LA and measuring its ability to expand and store blood
during ventricular contraction. LAggr.s, or systolic left atrial
strain rate, quantifies the rate of deformation of the LA during
ventricular systole, providing information about the speed at
which the LA expands to accommodate blood flow from the
pulmonary veins. Lagg, or early diastolic left atrial strain,
reflects the LA strain during early ventricular diastole, corre-
sponding to the conduit function of the LA and measuring the
passive emptying of the LA as the left ventricle relaxes. Lastly,
LAgr.g, or early diastolic left atrial strain rate, quantifies the
rate of LA deformation during early ventricular diastole, indi-
cating how quickly the LA empties passively into the left ven-
tricle [70-72].

Liu et al. utilized 2D-STE to assess LA phasic function in patients
with HT and T2DM. The results indicated that both the HT
group and the HT with diabetes (HT + DM) group exhibited
significantly lower peak LAgs and LAgg.s compared to the con-
trol group. Specifically, the LAg g and LAgg.g, which reflect early
diastolic function, were notably reduced in the HT group and
further decreased in the HT + DM group. This suggests that HT
impairs LA reservoir and conduit functions, while the presence
of diabetes exacerbates the conduit dysfunction. Multivariate
regression analysis confirmed that both HT and diabetes inde-
pendently contributed to the observed reductions in LAg g and
LAgr.g. These findings underscore the sensitivity of 2DSTE-
derived strain and strain rate imaging in detecting subtle changes
in LA function associated with these conditions [73].

Table 1 summarizes various studies that used 2D-STE to assess
cardiac function in patients with T2DM and related conditions.
It provides details on the total number of participants, the
number of T2DM patients, control or other groups, subgroups
within the studies, and key results, highlighting the effective-
ness of 2D-STE in detecting subtle cardiac dysfunctions and the
impact of factors such as glycemic control, EAT thickness, and
NAFLD on cardiac function in T2DM patients.

5 | Using the 2D-STE to Assess Right and Left
Ventricular Function in Patients With Type 1
Diabetes Mellitus (T1DM)

2D-STE has emerged as a powerful tool for evaluating cardiac
function in patients with TIDM [74]. This advanced imaging
technique allows for the quantitative assessment of myocardial
deformation and strain, providing valuable insights into both
left and RV mechanics [9, 74]. In patients with TIDM, 2D-STE
can detect subclinical changes in cardiac function before con-
ventional echocardiographic parameters show abnormalities
[9]. The ability to identify early cardiac dysfunction is crucial, as
it may allow for timely interventions to prevent or delay the
progression of diabetic cardiomyopathy [75]. Studies have
shown that 2D-STE can reveal impaired LV-GLS in T1DM pa-
tients, even when EF remains normal. This reduction in LV-
GLS is often one of the earliest signs of diabetic cardiomyopathy
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and may precede changes in other strain parameters [9, 75]. RV
function can also be assessed using 2D-STE, providing a com-
prehensive evaluation of cardiac performance in T1IDM patients
[74]. Research has demonstrated that RVFWLS may be reduced
in T1IDM patients compared to healthy controls, indicating
subclinical RV dysfunction. The assessment of both LV and RV
function using 2D-STE allows for a more complete under-
standing of the cardiac effects of TIDM [9].

These four studies all used 2D-STE to assess cardiac function,
particularly right and/or LV function, in patients with TIDM.
Their common goal was to detect subclinical cardiac dys-
function in TIDM patients using this advanced echocardio-
graphic technique.

Ahmed et al. utilized 2D-STE to assess RV function in young
Egyptians with TIDM. It revealed that these patients exhibited
significant early RV systolic dysfunction, despite having normal
RV and LV ejection fractions. The 2D-STE was effective in
detecting subclinical cardiac changes, specifically a notable
decrease in RV-GLS among the diabetic group compared to
healthy controls. Additionally, the study found prevalent RV
diastolic dysfunction in T1IDM patients, with significant differ-
ences in echocardiographic parameters such as the E/A and
E/Em ratios. The research identified higher BMI and RV E
velocity as independent predictors of RV dysfunction, suggest-
ing potential areas for intervention. These findings underscore
the importance of early echocardiographic screening in TIDM
patients to detect subclinical RV dysfunction. The study high-
lights the need for timely lifestyle and medical interventions to
prevent or delay HF development in this population [74].

Berceanu et al. utilized 2D-STE to evaluate LV and RV function
in young adults with DM1. The results indicated that while
there were no significant differences in LVEF between the DM1
group and healthy controls, the DM1 group exhibited reduced
LS in the LV endocardium and myocardium. Specifically, the
GLS for the endocardium and myocardium was significantly
lower in the DM1 group compared to controls. Additionally, the
study found that mechanical dispersion was higher in the dia-
betes group, suggesting increased electrical heterogeneity.
Despite these differences, RV strain measurements did not
show significant differences between the groups. The findings
highlight subclinical myocardial dysfunction in DM1 patients,
characterized by lower LV endocardial and myocardial strain
and higher mechanical dispersion. This suggests that even in
the absence of overt heart disease, young adults with DM1 may
have underlying cardiac dysfunction detectable through
advanced imaging techniques like STE [9].

Rakha et al. utilized 2D-STE to assess LV function in pediatric
patients with long-standing T1DM. It was found that the mean
LV-GLS was significantly lower in diabetic patients compared to
the control group, with values of —19.7% versus —21.8%,
respectively, and a p-value of 0.038. Additionally, the mean LV
global circumferential strain (GCS) was also significantly
reduced in the diabetic group, measuring —21.3% compared to
—27.1% in controls, with a p-value of 0.001. Some specific seg-
ments, such as the mid-anterior, anterolateral, apical, and
anterior segments, were more significantly affected in the dia-
betic group. Despite these findings, the EF derived from 2D

speckle tracking did not show a statistically significant differ-
ence between the diabetic and control groups. The study
highlighted that the mean HbAlc level was a significant pre-
dictor of decreased GLS in diabetic children. Overall, the results
underscore the utility of 2D speckle tracking in detecting sub-
clinical myocardial changes in pediatric patients with T1DM,
even when conventional echocardiographic measures appear
normal [75].

Lukawska-Tatarczuk et al. utilized 2D-STE to assess LV func-
tion in women with T1DM, focusing on those with positive
antithyroid peroxidase antibodies (aTPO+). The results
revealed that the TIDM aTPO+ group exhibited significantly
lower GLS values compared to both the TIDM aTPO- group
and healthy controls, indicating impaired myocardial function.
Specifically, the lowest LS values were observed in the in-
feroseptal and anterolateral segments in the four-chamber
(4CH) view, with significant differences between the T1DM
aTPO+ group and controls. Additionally, the two-chamber
(2CH) view showed significant differences in strain values
between the TIDM aTPO+ and T1DM aTPO- groups. The
study also found that both T1IDM groups had significantly lower
anterolateral wall strain compared to controls, while only the
T1DM aTPO+ group showed significantly lower anterior wall
strain. These findings suggest that thyroid autoimmunity may
contribute to early myocardial dysfunction in T1DM, particu-
larly affecting specific LV segments. The study highlights the
potential of STE as a sensitive tool for detecting subclinical
cardiac dysfunction in this population [13].

Table 2 summarizes various studies that used 2D-STE to assess
cardiac function in patients with T1DM, providing details on
the total number of participants, the number of TIDM patients,
control groups, and key results for each study.

6 | Using the 2D-STE to Assess Right and Left
Ventricular Function in Patients With Gestational
Diabetes Mellitus (GDM)

GDM is defined as glucose intolerance first recognized during
pregnancy. Recent global estimates indicate a prevalence of
approximately 14%-16%, and this rate is expected to continue
rising in the coming years [76, 77]. 2D-STE is a sensitive
imaging technique used to detect subclinical cardiac dys-
function in patients with GDM [78, 79]. Li et al. demonstrated
that LV function in women with GDM was assessed using both
conventional echocardiography and 2D-STE. The results indi-
cated that while conventional echocardiographic parameters
and EF were similar between GDM patients and healthy con-
trols, the LV-GLS was significantly reduced in the GDM group.
Notably, 66% of GDM patients had an absolute LV-GLS of less
than 20%, suggesting subclinical systolic dysfunction despite
preserved EF. Furthermore, GDM patients showed significantly
lower LA reservoir and conduit strain values, indicating early
diastolic function impairment, although LA contractile function
did not differ between the groups. Multivariate regression
analysis confirmed that both LV-GLS and LA conduit strain
were independently associated with GDM. These findings sug-
gest that 2D-STE is more sensitive than conventional echo-
cardiography in detecting early, subclinical myocardial
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Summary of studies using 2D-STE to assess cardiac function in patients with TIDM.

TABLE 2

Key results

Control group

T1DM patients

Total participants

Study

T1DM patients showed significantly lower LV and RV GLS compared to

15(5 M, 10 F)

39 (13 M, 26 F)

54

Ahmed et al.

controls. LV GLS correlated negatively with HbAlc levels and diabetes

duration.

T1DM patients exhibited lower LV GLS and higher E/e’ ratio compared to

80 (55 M, 25 F)

50 (26 M, 24 F)

130

Berceanu et al.

controls. RV free wall strain was also reduced in TIDM patients.

T1DM patients had significantly lower LV and RV GLS compared to
controls. LV GLS correlated negatively with HbAlc levels and diabetes

35

48

83

Rakha et al.

duration.

T1DM patients with positive aTPO showed lower LV GLS compared to

29 (all F)

59 (all F)

88

Pukawska-Tatarczuk et al.

T1DM patients with negative aTPO and controls. RV function was also

impaired in T1IDM patients.

male, RV = right ventricular.

left ventricular, M =

global longitudinal strain, HbAlc = glycated hemoglobin, LV =

female, GLS =

Abbreviations: aTPO = antithyroid peroxidase antibody, F

dysfunction in pregnant women with GDM [78]. In another
study, Sonaglioni et al. demonstrated that women with GDM
experience significant subclinical impairment in both ventric-
ular and atrial myocardial function, as assessed by 2D-STE,
compared to women with uncomplicated pregnancies. Specifi-
cally, women with GDM exhibited higher rates of overweight
and obesity, increased LV mass, elevated filling pressures, and
higher blood pressure, while maintaining a preserved EF. This
indicates that conventional measures may overlook early dys-
function. The study revealed that myocardial strain indices—
including left and right ventricular global LS and both atrial
reservoir strains—were significantly lower in women with
GDM, with these impairments persisting in about one-third of
cases postpartum. Moreover, it found that a higher BMI during
pregnancy was the strongest independent predictor of persistent
LV strain impairment after delivery, with a BMI of > 30 kg/m?
showing nearly perfect sensitivity and specificity for identifying
at-risk women. These findings suggest that even mild hyper-
glycemia in GDM, particularly in conjunction with obesity, can
lead to early and persistent subclinical cardiac dysfunction [79].
The results underscore the importance of advanced echo-
cardiographic techniques for early detection and the potential
need for targeted postpartum cardiovascular risk management
in this population.

7 | Future Directions

The comprehensive review of 2D-STE in assessing cardiac
function in diabetic patients has revealed several promising
avenues for future research.

7.1 | Longitudinal Studies

Long-term follow-up studies are needed to evaluate the prog-
nostic value of 2D-STE parameters in predicting cardiovascular
outcomes in both T1IDM and T2DM patients.

7.2 | Standardization

Efforts should be made to establish standardized protocols and
reference values for 2D-STE measurements specific to diabetic
populations, accounting for age, gender, and diabetes duration.

7.3 | Integration With Other Modalities

Future research should explore the combination of 2D-STE with
other imaging modalities, such as cardiac MRI or CT, to provide
a more comprehensive assessment of cardiac structure and
function in diabetic patients.

7.4 | Therapeutic Interventions

Studies investigating the impact of various therapeutic interven-
tions (e.g., novel antidiabetic medications, lifestyle modifications)
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on 2D-STE parameters could help guide personalized treatment
strategies.

7.5 | Machine Learning Applications

Developing machine learning algorithms to analyze 2D-STE
data could enhance the technique's diagnostic and prognostic
capabilities in diabetic cardiomyopathy.

7.6 | Three-Dimensional STE

Further exploration of three-dimensional STE could provide
additional insights into cardiac mechanics in diabetic patients,
potentially offering even greater sensitivity in detecting sub-
clinical dysfunction.

8 | Limitations

Despite the promising results, several limitations should be
considered.

8.1 | Image Quality Dependence

The accuracy of 2D-STE measurements is highly dependent on
image quality, which can be challenging in certain patient
populations (e.g., obese individuals).

8.2 | Lack of Standardization

The absence of universally accepted reference values and
standardized protocols across different ultrasound systems and
software platforms limits the comparability of results between
studies.

8.3 | Technical Expertise
2D-STE requires specialized training and expertise, which may
limit its widespread adoption in clinical practice.

8.4 | Cost and Availability

The technology and software required for 2D-STE may not be
readily available in all healthcare settings, particularly in
resource-limited areas.

8.5 | Limited Long-Term Data

There is a scarcity of long-term follow-up studies evaluating the
prognostic value of 2D-STE parameters in diabetic populationsl.

8.6 | Confounding Factors

The impact of comorbidities common in diabetic patients
(e.g., HT, obesity) on 2D-STE parameters needs further
clarification.

8.7 | Reproducibility Concerns

While 2D-STE has shown good reproducibility in many studies,
inter-vendor variability and the potential for measurement er-
rors in less experienced hands remain concerns.

Addressing these limitations and pursuing the outlined future
directions will help solidify the role of 2D-STE in the compre-
hensive cardiovascular evaluation and management of patients
with DM.

9 | Conclusion

2D-STE has emerged as a powerful and sensitive tool for
assessing cardiac function in patients with both T2DM and
T1DM. This review highlights the significant contributions of
2D-STE in detecting subclinical cardiac dysfunction, evaluating
both left and right ventricular performance, and assessing the
impact of various factors on myocardial function in diabetic
patients. The ability of 2D-STE to detect subtle changes in
myocardial mechanics, even when conventional echocardio-
graphic parameters appear normal, underscores its value in
early diagnosis and risk stratification for both T2DM and T1IDM
patients. Key findings from the reviewed studies demonstrate
the utility of 2D-STE in assessing the relationship between
glycemic control and cardiac function, evaluating the impact of
EAT on myocardial performance, and detecting early changes
in left atrial function across both types of diabetes. The tech-
nique has also shown promise in unmasking subclinical myo-
cardial dysfunction during stress conditions and in identifying
cardiac abnormalities associated with fQRS complexes in dia-
betic patients. Furthermore, 2D-STE has demonstrated poten-
tial in evaluating left atrial dysfunction in diabetic patients with
HF with preserved EF, providing additional prognostic infor-
mation for both T1IDM and T2DM populations. As research in
this field continues to evolve, 2D-STE is likely to play an
increasingly important role in the comprehensive cardiovascu-
lar evaluation and management of individuals with both types
of DM, potentially guiding personalized treatment strategies
and improving long-term outcomes.
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