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Abstract 

Type 2 diabetes mellitus (T2DM) is one of the most common chronic metabolic diseases and has come to be considered as an 

important cardiovascular risk factor. Myocardial dysfunction has already presented in diabetes mellitus patients even in the absence 

of coronary artery disease, hypertensive, and valvular heart disease. This is known as diabetic cardiomyopathy which was first 

confirmed in 1972. The existing literatures about the effect of diabetes on myocardial function mainly focus on left ventricular. Due 

to the complex geometric shape of the right ventricular (RV), it is difficult and challenging in clinical practice to early and accurately 

assess RV function. And studies on RV function in T2DM patients are relatively rare. Cardiovascular complications were the leading 

cause of death in T2DM patients. Currently, about the pathogenesis of cardiovascular complications in T2DM patients has not been 

fully elucidated. EAT is an emerging cardiovascular risk factor which is located between the myocardium and the visceral 

pericardium. Large body of evidences indicate that EAT in excess is associated with cardiovascular dysfunction in a variety of 

disease states. However, the association between EAT and RV function in patients with T2DM remains uncertain. 
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1. Introduction 

 Diabetes mellitus represents a critical health care 

problem with a worldwide escalation mostly related to ageing 

population, socio-economic development, unhealthy diet 

regimes, and sedentary lifestyle. Its global estimated 

prevalence was 9.3% in 2019 and is projected to cover a 

quarter of the global population in 2030, and more than half 

in 2045 [1]. As a result, a substantial disease burden is 

expected, mainly due to CV complications that represent the 

leading cause of death among diabetic people, although the 

morbidity of the other chronic complications of diabetes 

overall has a high prevalence and a huge impact on National 

Health Systems [2]. The adipose tissue surrounding the heart 

involves two types of depots, the pericardial adipose tissue 

(PAT) and the EAT, even if the nomenclature is confusing, 

as some researchers use the terms paracardial or intrathoracic 

or mediastinal for pericardial fat, and the term pericardial fat 

to indicate the combination of paracardial fat with EAT [3]. 

PAT rests on the external surface of the pericardial fibrous 

layer, consists of adipocytes originating from the primitive 

thoracic mesenchyme, and is vascularized by non-coronary 

arteries.  

 Otherwise, EAT is located under visceral 

pericardium in anatomical continuity with myocardium and 

is embriologically derived, as mesenteric and omental fat, 

from brown adipose tissue (BAT) of splanchnic mesoderm. 

Importantly, EAT is supplied by branches of coronary arteries 

with a shared microcirculation that facilitates a direct 

crosstalk with the myocardium [3]. Based on these features, 

only EAT may be considered to be a true heart-specific 

visceral fat. In healthy individuals, EAT accounts for ~20% 

of total heart weight and is heterogeneously distributed on an 

area exceeding 80% of the cardiac total surface. It mainly 

occupies atrioventricular and interventricular grooves and 

surrounds the right coronary artery and left anterior 

descending coronary artery, and to a lesser extent covers atria, 

free wall of right ventricle, and apex [4]. Microscopically, 

EAT is mainly composed of white adipocytes specialized in 

energy storage, with a higher cellularity than subcutaneous 

and other visceral fat depots, with a prevalence of 

preadipocytes over mature adipocytes [4]. 

 

1.1. Functional properties 

EAT may contribute to heart physiology by 

mechanical, metabolic, thermogenic, and paracrine/vasocrine 

mechanisms. Due to its spatial distribution, EAT exerts 

mechanical protection of coronary arteries from excessive 

distortion and compression during contraction of neighboring 

myocardium. Compared with subcutaneous adipose tissue 

(SAT), human EAT is richer in saturated fatty acids (FAs) 
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and poorer in unsaturated ones [5]. This different composition 

may account for its greater capacity of mobilization, 

deposition, and synthesis of FAs than all body fat and other 

visceral adipose depots. Thanks to this remarkable flexibility 

of FA turnover, EAT can play important physiological role of 

metabolic sensor for heart, which greatly depends on FA 

oxidation as primary fuel. To that end, EAT provides FAs 

directly to myocardium at times of high energy demand and 

implements local triacylglycerol storage as request decreases 

[6]. High rates of lipogenesis displayed by EAT act as 

scavenger for excess FAs in systemic circulation to protect 

against their myocardial lipotoxicity responsible of functional 

deterioration and possible lethal arrhythmias [7]. Animal and 

human data indicate that EAT is phenotypically brown during 

early stages of life. Despite whitening with age, it retains in 

adulthood biological property to combust proinflammatory 

FAs, showing molecular features and a gene profile of beige 

adipocytes, a new class of adipocytes that display properties 

of brown adipocytes, but located within WAT depots [7].  

In a study on fat samples taken at open heart surgery, 

expression of uncoupling protein-1 (UCP-1), inner 

mitochondrial membrane protein that is a specific marker for 

and a mediator of nonshivering thermogenesis in brown 

adipocytes, 5-fold higher in epicardial than substernal fat and 

basically undetectable in SAT [8]. Chronic exposure to cold 

promotes activation of epicardial fat peroxisome proliferator-

activated receptor γ (PPAR-γ) coactivator 1-α (PGC 1-α), a 

key mediator of the white-to-beige adipocyte transformation. 

These BAT-like features of EAT could defend myocardium 

against hypothermia or unfavorable hemodynamic 

conditions, such ischemia or hypoxia. However, there is no 

direct evidence of heat production, and a role in regulation of 

myocardial and/or vascular redox state has suggested [5]. 

EAT is an extremely active endocrine organ producing 

adipocytokines, not only ones involved in thermogenesis and 

regulation of lipid and glucose metabolism, but even those 

capable of both pro-inflammatory and anti-inflammatory 

response (interleukin (IL)-1b, interleukin (IL) 6 and 

interleukin (IL) 6 soluble receptor, tumor necrosis factor-α 

(TNF), adiponectin). Through shared microcirculation, these 

bioactive molecules may locally modulate structure and 

function of adjacent myocardium in a paracrine fashion [9].  

There is even evidence for a microcirculatory 

connection between EAT and the coronary wall, by which 

cytokines may be released from epicardial tissue directly into 

vasa vasorum and transported downstream into the arterial 

wall by mean of a vasocrine-signaling mechanism. Thus, an 

interrelation of pericoronary fat with vasomotor function is 

mediated by the release of specific vasoactive factors such as 

leptin and adiponectin among others [10]. EAT has a unique 

transcriptome enriched in genes involved in coagulation, 

endothelial function, phospholipase activity, apoptosis, and 

immune signaling, and a secretome that may be influenced by 

environmental, epigenetic, and genetic factors. Under 

physiological conditions, EAT secretes the adiponectin, an 

adipocyte-derived adaptive adipokine that nourishes the 

myocardium contributing to FAs combustion, and exerts a 

series of protective actions against hypertrophy stimuli for 

cardiomyocytes and against inflammation and fibrosis of 

myocardium and coronary arteries [11]. Other anti-

inflammation adipokines may be secreted by a normal EAT 

such as adrenomedullin, C1q/TNF-related proteins, omentin, 

and secreted frizzled-related protein 5.  

Additionally, EAT is a major source of 

mesenchymal stem cells that, transiting through the shared 

microcirculation, can provide the regeneration and repair of 

injured myocardium. As opposed to these protective actions, 

detrimental roles for heart are attributed to epicardial fat [12]. 

An imbalanced proinflammatory secretome promoting the 

EAT synthesis of leptin, TNF-α, IL-1b and IL-6, may disrupt 

myocardial function. These results have been found in a small 

population of patients with CAD and the local inflammatory 

burden was independent of other clinical variables and of the 

plasma concentrations of circulating cytokines. Moreover, in 

the epicardial fat of a sub-group of patients, the authors 

observed an up-regulation of almost 800 inflammatory and 

immune response genes [13]. Similarly, a high-FA feeding of 

the heart by EAT may lead to intramyocardial fat 

accumulation causing functional derangements. This is what 

can happen when an enlarged and biologically transformed 

EAT coats the heart, thus losing its physiological protective 

role, and acquiring lipotoxic effects throughout an excess FFa 

release, which leads to abnormal lipid deposition and fatty 

infiltration in the myocardium [13]. 

 

1.2. Epicardial adipose tissue in diabetes 

An expansion of EAT is associated with insulin   

resistance and visceral fat accumulation, the core defects of 

metabolic syndrome and two fundamental elements of T2DM 

that frequently precede its diagnosis by a long-lasting period. 

It has been calculated that EAT thickness is almost double in 

individuals with metabolic syndrome compared to controls, 

with a significant correlation with each component of 

syndrome [14]. In non-diabetic people, impaired fasting 

glucose, or obesity-related reduction of insulin sensitivity, as 

assessed by euglycemic hyperinsulinemic clamp and other 

markers of insulin resistance, associated with increased 

epicardial fat. Various studies indicate that an enlarged EAT 

mass in T2DM is associated with obesity and metabolic 

syndrome and its components [15]. In T1DM, a study 

describes a higher epicardial fat independently of obesity. 

Instead, in a pilot study in T1DM patients from the 

DCCT/EDIC (Diabetes Control and Complications 

Trial/Epidemiology of Diabetes Interventions and 

Complications), epicardial accumulation of adipose tissue 

was strongly associated with elements of metabolic syndrome 

such as higher body mass index (BMI) and waist-to-hip ratio, 

and elevated triglycerides [16].  

A meta-analysis including 13 relevant studies for 

1102 diabetic patients and 813 healthy subjects, suggests that 

the amount of EAT is significantly higher in individuals with 

diabetes than healthy controls, irrespective of T1DM or 

T2DM, BMI and EAT measurement techniques. Importantly, 

EAT adiposity is associated with alterations of myocardial 

function in T2DM people and may be a predictor of diastolic 

dysfunction in new diagnosed patients [17]. Already two 

decades ago, EAT identified as a source of inflammatory 

mediators in high-risk cardiac patients. In a bioptical study 

comparing SAT and EAT among subjects with or without 

diabetes, adipocyte size in EAT was significantly larger in 

diabetic than non-diabetic subjects, and both SAT and EAT 

featured in diabetic group by a predominantly inflammatory 

profile  [18]. Recent genetic investigations evidence that the 

EAT transcriptome of T2DM subjects is highly enriched in 

immune genes like Pentraxin 3 and endothelial lipase G 

compared to SAT from the same individuals. An altered 
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secretory profile associated with increased volume of EAT is 

confirmed in a population of T2DM patients with CAD [18]. 

EFT can be measured by echocardiography, cardiac magnetic 

resonance imaging, and computed tomography (CT). Recent 

studies have confirmed EFT associated with obesity, fasting 

blood glucose levels, insulin resistance, and adiponectin in 

patients with T2DM, and an increase in EFT observed in 

patients with T1DM and T2DM [19]. 

 

2. Right Ventricular Function 

2.1. Anatomy  

The shape of the right ventricle (RV) has been 

compared to that of a bagpipe and consists of an inflow and 

an outflow compartment. The RV and the left ventricle [5] 

are closely linked together. The interventricular septum 

connects the two ventricles. They share the same pericardial 

space and have mutual epicardial fibers [20]. The RV 

generates the same stroke volume as the LV but due to low 

resistance in the pulmonary vasculature it requires only one 

quarter of the stroke work. This explains the thin right 

ventricular wall as compared to the left ventricular 

myocardium. When pulmonary pressures rise and/or right 

ventricular volume overload occurs, the RV reacts with 

hypertrophy, dilatation, and increased contractility [20]. 

 

2.2. Right ventricular function 

The main role of the RV is to sustain an effective 

cardiac output. Stroke volume of the RV is predominantly 

generated by longitudinal shortening rather than by reduction 

of the cavity diameter (radial function) as is the case in the 

LV. Due to complex anatomy of the RV, echocardiographic 

evaluation of RV function is often difficult [21]. Visual 

examination is the most commonly used method to quantify 

right ventricular function (RVF). There are many pitfalls that 

can lead to overestimation or underestimation of function. If 

used as a single parameter, visual examination proved to be 

an inaccurate method for evaluation of RVF; therefore, the 

guidelines suggest using at least one other parameter to 

quantify RVF. Several echocardiographic RVF parameters 

have been established and validated. Each of the parameters 

has significant limitations and pitfalls [21]. 

  

2.3. Two-dimensional analysis of RV function  

The complex nature of RV contour makes it difficult 

to re-construct RV shape mentally utilizing even multiple 2D 

imaging planes. In addition, incorporation of these scanning 

planes still falls short of a complete 3D geometry, therefore 

echocardiographers have been using surrogate parameters to 

describe RV function [22]. Among these, the most frequently 

reported 2DE measurements for RV function are tricuspid 

annular plane systolic excursion (TAPSE) and RV fractional 

area change (FAC) by the apical 4-chamber view. TAPSE is 

defined as the distance traveled between end-diastole and 

end-systole at lateral corner of the tricuspid annulus. TAPSE 

has validated to correlate strongly with RVEF measured by 

radionuclide angiography, with low observer variabilities 

[22]. In addition, it has also been validated against RVEF by 

biplane Simpson method and RV FAC. In a large series of 

900 cases, including 150 normal subjects, a cutoff value >17 

mm of TAPSE is defined as normal and the guideline 

recommends the use of <16 mm of TAPSE as abnormal. Of 

note, TAPSE is angle dependent, and measurement can be 

affected by sliding motion of the heart within the chest cavity. 

TAPSE is also load dependent, and TAPSE is increased in the 

presence of severe TR while in the presence of mildly reduced 

RV systolic function, TAPSE may appear to be within normal 

range [23]. TAPSE is a one-dimensional measurement which 

does not always reflect global RV function.  

However, it is an easily obtained surrogate marker 

for routine practice [23]. FAC is area difference between RV 

end-diastolic and end-systolic areas measured through ideally 

RV-focused apical view. Border should be traced carefully to 

exclude the heavy trabeculations inside the right ventricle. 

FAC has validated with cardiac magnetic resonance (CMR) 

and shown to be an independent predictor for sudden death, 

mortality after pulmonary embolism, heart failure, stroke, and 

myocardial infarction [24]. An FAC <35% is considered 

abnormal by guideline. FAC has advantage of being a quickly 

and easily obtainable parameter like TAPSE and is one of 

recommended methods alongside TAPSE. However, since 

FAC is 2D measurement, its disadvantage is that it does not 

represent global RV function or actual RVEF [25]. 2D RV 

volume quantification has used with area-length methods and 

disk summation methods. Area-length method, based on 

assumption of modified pyramidal or ellipsoid models for RV 

geometry approximation, underestimate CMR-derived RV 

volume and is inferior compared to 3DE derived volume [25]. 

Disk summation method, primarily adopted for calculating 

RV “body” volume, therefore underestimates true RV 

volume since RV inflow and outflow parts not included 

during quantification. Pooled studies of these 2DE methods 

derived RVEF has lower reference value of 44% with 95% 

confidence interval (CI) 38–50%. However, calculation of 2D 

RVEF is currently not recommended by the American 

Society of Echocardiography [22]. 

 

2.4. Right ventricular function in diabetes  

The Right ventricular (RV) function plays a 

significant role in the overall myocardial contractility. 

Nevertheless, most of the previous studies regarding 

diabetes-induced changes in myocardial dysfunction were 

dedicated to the LV at the cost of ignoring the role of the right 

heart chambers. However, assessment of RV function 

remains difficult, because of complex geometry, non-uniform 

contraction and partly retro-sternal position of the RV as 

recently validated, strain/strain rate imaging, comprehensive 

approach providing extensive information about regional 

myocardial function, may be applicable to the RV [26]. 

Diabetic cardiomyopathy is characterized by the occurrence 

of ventricular dysfunction independent of coronary artery 

disease and hypertension4. The proposed metabolic 

impairments contributing to diabetic cardiomyopathy include 

deposition of advanced glycation end products, 

atherosclerosis, subclinical microinfarctions, mitochondrial 

dysfunction, and lipotoxicity. These impairments not only 

lead to left ventricle [5] impairment but also might inevitably 

hamper right ventricle (RV) function because of the 

systematic nature of these impairments [27]. RV function is 

known to have diagnostic and prognostic values in multiple 

cardiovascular diseases and pulmonary disorders. The 

association between RV dysfunction with aggravation of 

myocardial function and prognosis in distinct cardiac diseases 

has been confirmed. The favorable effect of healthy diet and 

physical activity on RV mechanics indicates that RV 

myocardial abnormalities are probably modifiable through 

adequate interventional strategies. Most previous studies on 

https://www.nature.com/articles/s41598-019-46755-y#ref-CR4
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myocardial dysfunction in diabetes have paid more attention 

to LV [27]. 

2.5. Two-dimensional speckle-tracking echocardiography 

analysis 

 Three consecutive cardiac cycles images of apical 

four chamber of RV were acquired during an end-expiratory 

breath-hold and were transferred to the Echo PAC software 

(Echo PAC Version: 201, GE Vingmed Ultrasound) for 

offline STE analysis. The endocardial border of the RV was 

traced manually in the end-systolic frame at the point in the 

cardiac cycle in which the endocardial border was the 

clearest. Then the software would generate a region of 

interest automatically and adjusted the region of interest to 

make the myocardial included well [28]. If it was not feasible 

to track 1 or more segments, the case was excluded. The RV 

free wall was automatically divided into three segments: 

basal, mid, and apical. RV peak systolic longitudinal strain 

(RV LS) and strain rate (RV LSR-S), RV peak early diastolic 

longitudinal strain rate (RV LSR-E), and RV peak late 

diastolic longitudinal strain rate (RV LSR-A) were calculated 

as the mean of the values of the three segments of RV free 

wall. Due to RV LS is a negative value, we took its absolute 

value for a simpler interpretation [28]. 

 

References  

[1] P. Saeedi, I. Petersohn, P. Salpea, B. Malanda, S. 

Karuranga, N. Unwin, S. Colagiuri, L. Guariguata, 

A.A. Motala, K. Ogurtsova. (2019). Global and 

regional diabetes prevalence estimates for 2019 and 

projections for 2030 and 2045: Results from the 

International Diabetes Federation Diabetes Atlas. 

Diabetes research and clinical practice.  157: 

107843. 

[2] R. Galiero, D. Ricciardi, P.C. Pafundi, V. Todisco, 

G. Tedeschi, G. Cirillo, F.C. Sasso. (2021). Whole 

plantar nerve conduction study: A new tool for early 

diagnosis of peripheral diabetic neuropathy. 

Diabetes research and clinical practice.  176: 

108856. 

[3] K. Tanaka, D. Fukuda, M. Sata. (2020). Roles of 

Epicardial Adipose Tissue in the Pathogenesis of 

Coronary Atherosclerosis―An Update on Recent 

Findings―. Circulation Journal.  85(1): 2-8. 

[4] G. Iacobellis. (2020). Pathology and cardiotoxicity 

of the epicardial adipose tissue. Epicardial Adipose 

Tissue: From Cell to Clinic. 37-47. 

[5] T. Salvatore, R. Galiero, A. Caturano, E. Vetrano, L. 

Rinaldi, F. Coviello, A. Di Martino, G. Albanese, S. 

Colantuoni, G. Medicamento. (2022). Dysregulated 

epicardial adipose tissue as a risk factor and 

potential therapeutic target of heart failure with 

preserved ejection fraction in diabetes. 

Biomolecules.  12(2): 176. 

[6] A. Burgeiro, A. Fuhrmann, S. Cherian, D. Espinoza, 

I. Jarak, R.A. Carvalho, M. Loureiro, M. Patrício, 

M. Antunes, E. Carvalho. (2016). Glucose uptake 

and lipid metabolism are impaired in epicardial 

adipose tissue from heart failure patients with or 

without diabetes. American journal of physiology-

endocrinology and metabolism.  310(7): E550-

E564. 

[7] A. Ladoux, P. Peraldi, B. Chignon-Sicard, C. Dani. 

(2021). Distinct shades of adipocytes control the 

metabolic roles of adipose tissues: from their origins 

to their relevance for medical applications. 

Biomedicines.  9(1): 40. 

[8] T.A. Nyawo. Evaluation of mitochondrial and 

molecular derangements in cardiac adipose tissue 

during type 2 diabetes and relationship with 

cardiovascular risk. Stellenbosch University, 2023. 

[9] A.J. Richard, U. White, C.M. Elks, J.M. Stephens. 

(2020). Adipose tissue: physiology to metabolic 

dysfunction. Endotext [Internet]. 

[10] P. Aldiss, G. Davies, R. Woods, H. Budge, H.S. 

Sacks, M.E. Symonds. (2017). ‘Browning’the 

cardiac and peri-vascular adipose tissues to 

modulate cardiovascular risk. International journal 

of cardiology.  228: 265-274. 

[11] A.M. Ansaldo, F. Montecucco, A. Sahebkar, F. 

Dallegri, F. Carbone. (2019). Epicardial adipose 

tissue and cardiovascular diseases. International 

journal of cardiology.  278: 254-260. 

[12] E.M. Muzurović, S. Vujošević, D.P. Mikhailidis. 

(2021). Can we decrease epicardial and pericardial 

fat in patients with diabetes? Journal of 

cardiovascular pharmacology and therapeutics.  

26(5): 415-436. 

[13] G. Iacobellis, G. Barbaro. (2019). Epicardial adipose 

tissue feeding and overfeeding the heart. Nutrition.  

59: 1-6. 

[14] O.S. Idiakheua. (2023). Relationship of the 

glycation gap to diabetes and its complications, and 

the potential role of adipokines. 

[15] R. Ruze, T. Liu, X. Zou, J. Song, Y. Chen, R. Xu, X. 

Yin, Q. Xu. (2023). Obesity and type 2 diabetes 

mellitus: connections in epidemiology, 

pathogenesis, and treatments. Frontiers in 

endocrinology.  14: 1161521. 

[16] P. Maurovich-Horvat, G. Jermendy, Epicardial and 

pericoronary fat. In Visceral and Ectopic Fat, 

Elsevier: 2023; pp 39-56. 

[17] R.H. Christensen, C.S. Hansen, B.J. von Scholten, 

M.T. Jensen, B.K. Pedersen, P. Schnohr, T. Vilsbøll, 

P. Rossing, P.G. Jørgensen. (2019). Epicardial and 

pericardial adipose tissues are associated with 

reduced diastolic and systolic function in type 2 

diabetes. Diabetes, Obesity and Metabolism.  21(8): 

2006-2011. 

[18] M. Haberka, G. Machnik, A. Kowalówka, M. 

Biedroń, E. Skudrzyk, B. Regulska-Ilow, G. Gajos, 

R. Manka, M. Deja, B. Okopień. (2019). Epicardial, 

paracardial, and perivascular fat quantity, gene 

expressions, and serum cytokines in patients with 

coronary artery disease and diabetes. 

[19] Y. Li, B. Liu, Y. Li, X. Jing, S. Deng, Y. Yan, Q. 

She. (2019). Epicardial fat tissue in patients with 

diabetes mellitus: a systematic review and meta-

analysis. Cardiovascular diabetology.  18: 1-10. 

[20] M. Schneider, T. Binder. (2018). Echocardiographic 

evaluation of the right heart. Wiener Klinische 

Wochenschrift.  130: 413-420. 

[21] F. Monitillo, V. Di Terlizzi, M.I. Gioia, R. Barone, 

D. Grande, G. Parisi, N.D. Brunetti, M. Iacoviello. 

(2020). Right ventricular function in chronic heart 

failure: From the diagnosis to the therapeutic 



IJCBS, 24(10) (2023): 992-996 

 

Eldamanhory et al., 2023     996 
 

approach. Journal of cardiovascular development 

and disease.  7(2): 12. 

[22] H. Namisaki, Y. Nabeshima, T. Kitano, K. Otani, M. 

Takeuchi. (2021). Prognostic value of the right 

ventricular ejection fraction, assessed by fully 

automated three-dimensional echocardiography: a 

direct comparison of analyses using right 

ventricular–focused views versus apical four-

chamber views. Journal of the American Society of 

Echocardiography.  34(2): 117-126. 

[23] S. Clark. (2022). ASSESSMENT OF THE RIGHT 

HEART. Point-of-Care Ultrasound in Critical Care. 

79. 

[24] B. Bernhard, A. Schnyder, D. Garachemani, K. 

Fischer, G. Tanner, Y. Safarkhanlo, A.W. Stark, J. 

Schütze, M. Pavlicek-Bahlo, S. Greulich. (2023). 

Prognostic value of right ventricular function in 

patients with suspected myocarditis undergoing 

cardiac magnetic resonance. Cardiovascular 

Imaging.  16(1): 28-41. 

[25] A. Hameed, R. Condliffe, A.J. Swift, S. Alabed, 

D.G. Kiely, A. Charalampopoulos. (2023). 

Assessment of Right Ventricular Function—a State 

of the Art. Current Heart Failure Reports.  20(3): 

194-207. 

[26] W.R. HABLAS, R.M. YASER, H. Samy, M.A. 

ASHRAF, T. Ayman, A.E.-H.I. ABD EL, M. 

HAMID. (2018). Subclinical right ventricular 

dysfunction in type 2 diabetes mellitus: an 

echocardiographic strain/strain rate study. The 

Medical Journal of Cairo University.  86(March): 

153-162. 

[27] B.-y. Hu, J. Wang, Z.-g. Yang, Y. Ren, L. Jiang, L.-

j. Xie, X. Liu, Y. Gao, M.-t. Shen, H.-y. Xu. (2019). 

Cardiac magnetic resonance feature tracking for 

quantifying right ventricular deformation in type 2 

diabetes mellitus patients. Scientific Reports.  9(1): 

11148. 

[28] X.-t. Song, P.-y. Zhang, L. Fan, Y.-f. Rui. (2022). 

Epicardial adipose tissue and right ventricular 

function in type 2 diabetes mellitus using two-

dimensional speckle tracking echocardiography. 

Diabetes and Vascular Disease Research.  19(4): 

14791641221118622. 

 


