
 
Cardiology and Cardiovascular Research 
2021; 5(4): 157-165 
http://www.sciencepublishinggroup.com/j/ccr 
doi: 10.11648/j.ccr.20210504.11 
ISSN: 2578-8906 (Print); ISSN: 2578-8914 (Online)  

 

Assessment of Right Ventricular Function by Speckle 
Tracking Echocardiography in Patients with Metabolic 
Syndrome 

Ibrahim Mohammed Ibrahim
*
, Attia Morsy Shokr, Mostafa Attia Al-Sawasany 

Cardiology Department, Faculty of Medicine, Al-Azhar University, Cairo, Egypt 

Email address: 

 
*Corresponding author 

To cite this article: 
Ibrahim Mohammed Ibrahim, Attia Morsy Shokr, Mostafa Attia Al-Sawasany. Assessment of Right Ventricular Function by Speckle 

Tracking Echocardiography in Patients with Metabolic Syndrome. Cardiology and Cardiovascular Research.  

Vol. 5, No. 4, 2021, pp. 157-165. doi: 10.11648/j.ccr.20210504.11 

Received: September 21, 2021; Accepted: October 18, 2021; Published: October 28, 2021 

 

Abstract: Metabolic syndrome (MetS) and visceral adiposity are crucial cardio metabolic risk factors. There is evidence of 
subclinical left ventricular myocardial dysfunction in individuals with metabolic syndrome (MetS). However, the effect of 
MetS on the right ventricle (RV) is yet unknown. By using 2D Speckle Tracking Echocardiography, we investigated the link 
between MetS and right ventricle function. This study was conducted on 50 MetS patients and 25 age and gender matched 
individuals (control group). The MetS is diagnosed when presence of ≥3 American Heart Association/National Heart, Lung, 
and Blood Institute criteria. All individuals had sufficient laboratory assays as well as a thorough 2D examination including 
tissue Doppler imaging (TDI) and R. V global longitudinal strain (GLS) during the period between November 2019 and 
December 2020. The metabolic group had a statistically significant lower RV- GLS (-18.27±2.16 in MetS subjects vs. - 
26.64±3.05 in control subjects, P<0.001), a significantly lower E/A ratio (0.95±0.12 in MetS subjects vs. 1.14±0.15 in controls, 
P<0.001), and a statistically significant increase in the E/Em ratio (5.66±1.03 in MetS subjects vs. 4.24±0.46 in controls, 
P<0.001). Other echocardiographic or functional capacity tests revealed no significant differences between the two groups. We 
concluded that MetS was associated with preclinical right ventricle systolic dysfunction detected by 2D-STE observed with 
Normal RV by TAPSE and FAC and Normal left ventricular ejection fraction (LVEF) in addition to RV diastolic dysfunction. 
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1. Introduction 

Metabolic syndrome (Met S) is a massive health problem 
that combines clinical, biological, and biochemical trials, 
affecting people worldwide. It consists of elevated blood 
pressure, atherogenic dyslipidemia, elevated blood glucose, 
and insulin resistance [1]. 

The propagation of metabolic syndrome ranges greatly 
among populations worldwide, ranging from 8% to 84%. The 
propagation of metabolic syndrome and its components are 
affected by genetic history, social status, diet, and lifestyle. 
The incidence of metabolic syndrome varies depending on 
demographic factors (such as race, age, and gender), 
geographic area, and the definition standard [2]. 

A long time ago, the right ventricle (RV) was thought not 

to have an essential function in the heart, and therefore it was 
completely overlooked. But in the last 50 years, RV became 
recognized for its importance in many physiological and 
pathological diseases, then had a lot of interest [3]. 

Over the previous 25 years, technology has advanced 
significantly in echocardiography. A single test can yield 
several structural and physiological indices. From one-
dimensional to real-time three-dimensional, systolic to 
diastolic, physiology to pathology, global to regional, the 
sonographer or clinician may assess RV function in great 
detail [4]. 

STE imaging is defined as a non-invasive ultrasound 
technique that provides an objective and quantifiable 
assessment of global and regional myocardial function 
independent of insolation and heart translational motions [5] 
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Speckle tracking echocardiography is a highly sensitive 
technique for detecting preclinical systolic abnormalities and 
mild myocardial dysfunction [6]. 

This study aimed to investigate RV function by Global 
longitudinal strain 2D-STE with the metabolic syndrome by 
2D Speckle Tracking Echocardiography. 

2. Patients and Methods 

2.1. Study Area 

During the period from November 2019 - December 2020, 
this study was carried out at Al-Zahar university hospital – 
Cardiology Department (Cairo- Egypt). 

The study included two groups. First one included 50 
patients (26 males and 24 females) with metabolic syndrome, 
while the control group included 25 participants (11 males 
and 14 females) with no risk factors of the MetS. 

We excluded coronary artery disease patients, LV systolic 
dysfunction (EF<50%), heart failure, congenital heart 
conditions, atrial fibrillation, moderate to severe valvular 
heart disease, pericardial heart disease, previous 
cerebrovascular insult, severe obesity (body mass index>35), 
sleep apnea syndrome, kidney failure, poor echo window, 
and chronic diseases, including obstructive lung disease, 
pulmonary hypertension, connective tissue disorders, liver 
cirrhosis, and neoplasms. Patients whose RV strain analysis 
revealed the loss of two or more segments were excluded 
from the research. 

On the other hand, the study protocol was approved by the 
local ethics council, and patients and volunteers gave their 
informed written consent before participating in the study. 

1) Three International Diabetes Federation and American 
Heart Association/National Heart, Lung, and Blood 
Institute criteria were used to define the MetS: 

2) Waist circumference ≥102 and 88 cm in men and 
women, respectively. 

3) BP ≥ 130/85 mmHg. 
4) HDL-cholesterol<40 and 50 mg/dl in men and women, 

respectively. 
5) Triglycerides 150 mg/dl or greater. 
6) Fasting glucose 100 mg/dl or greater. 
Height, weight, and waist circumference were measured 

and body surface area and BMI were calculated for all 
participants. Fasting glucose, triglycerides, total cholesterol, 
low- and high-density lipoprotein (HDL) cholesterol, and 
HbA1c were all measured. Antihypertensive and glucose-
lowering medication administration information was also 
obtained. 

In the morning hours, arterial blood pressure readings were 
acquired using a standard sphygmomanometer by averaging 
the results of two consecutive measures made in the sitting 
position within a five-minute interval after the individual had 
rested for at least five minutes in that posture. 

A systolic blood pressure of 140mmHg, a diastolic blood 
pressure of 90mmHg, and/or current antihypertensive 
treatment were considered hypertension [7]. 

HbA1c>6.5%, fasting serum glucose level ≥126 mg/dl, 
and/or current medical therapy with an oral hypoglycemic 
agent and/or insulin were considered diabetes [8]. 

2.2. Trans-thoracic Echocardiography 

To reduce interobserver variability, all patients were 
examined by the same physician. Using a Philips ultrasound 
system affinity, all patients were examined with a 
transthoracic echo-Doppler examination in the left lateral 
position. A matrix probe S4-2 with a multi frequency (2 – 4 
MHz) was used to examine all patients, and a simultaneous 
ECG was displayed alongside all records. 

Using the Q-lab software available on the 
echocardiography machine, speckle images analysis was 
performed. Three cardiac cycles were obtained with the 
subject holding his breath in each view for image acquisition 
For offline analysis, all images were digitally stored. All 
measurements were made in accordance with the criteria of 
the American Society of Echocardiography and the European 
Association of Cardiovascular Imaging [9]. 

LV ejection fraction was measured using the biplane 
Simpson method. Using 2-D echocardiography (M-mode), 
we assessed left ventricular end systolic and diastolic 
dimensions, left ventricular posterior wall diameter 
(LVPWD), inter ventricular septal diameter (IVSD), 
fractional shortening (FS), anomalies in wall motion, and 
valvular lesions [9]. 

Pulsed-wave Doppler of mitral to assess trans mitral 
velocities was obtained sample volume at 1 mm–3 mm, 
between mitral leaflet tips during diastole to record velocity 
profile. Mitral inflow assessment was done by measuring 
peak early (E) and late (A) diastolic filling velocities and E/A 
ratio. At the mitral annulus level, doppler imaging (TDI) 
assessment of myocardial systolic and early and late diastolic 
velocities were examined (results provided are means from 
lateral and septal walls) [10]. 

2.3. Assessment of the RV 

The RV outflow tract (RVOT) was assessed using 2D 
echocardiography in the PLAX (RVOT proximal) and PSAX 
(RVOT distal, RVOT proximal) views, while the apical 4CH 
view was used to assess the RV basal diameter (RVD1), RV 
mid-cavity diameter (RVD2), and RV longitudinal dimension 
(RVD3). The apical 4CH image was used to get the tricuspid 
plane systolic excursion (TAPSE). The RV fractional area 
change (FAC) was determined in the apical 4CH view by 
dividing the difference of RV area (diastolic–systolic) by the 
RV end-diastolic area [11]. 

Tricuspid inflow was assessed using Doppler 
echocardiography, and the peak early diastolic filling velocity 
(E vel) and peak late diastolic filling velocity (A vel) were 
measured. The E/A ratio was calculated by dividing the E 
velocity by the A velocity. 

In the apical 4CH view, pulse-wave TDI was utilized to 
quantify the lateral peak systolic velocity (RV Smv), lateral 
early and late diastolic velocities (RV Emv and RV Amv), 
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and the average E/Em ratio [12]. 

2.4. Two-dimensional Speckle Tracking Echocardiography 

(2D-STE) 

Standard 2D images were obtained in the RV-focused 
apical views, with a steady electrocardiographic recording. 
Global systolic myocardial strain were acquired at a heart 
rate of 74 (±18) bpm, after adjusting the sector depth, gain, 
and size,. By reducing the depth and sector width, the frame 
rate was increased to 76±24 fps. The images were digitally 
saved and analysed offline [13]. 

By monitoring and averaging three consecutive cardiac 
cycles, we quantified RV strain using a commercially 
available LV strain software. The RV speckle tracking 
images included six segments analysis: the RV septal and 
free walls' basal, mid, and apical regions. In Figure 1, two 
examples of the strain of the RV six segments and the RV 
GLS of both groups are displayed. The speckle pattern 
change in position from the initial one was then used to 
compute myocardial strain. By averaging the six segments 
peak systolic values, peak systolic longitudinal strain was 
computed. Regional thickening or lengthening and regional 
thinning or shortening were expressed as a positive and 
negative numbers, respectively [14]. 

According to the American Society of Echocardiography 
and the European Association of Cardiovascular Imaging, 
normal right ventricular global longitudinal strain (GLS) 
value is -20% [9]. 

2.5. Statistical Analysis 

Continuous data was presented as mean and standard 
deviation, whereas categorical data was provided as numbers 
and percentages (SD). The independent student t test or one 
way ANOVA test were used to compare means between 
groups, whichever was more convenient. The Pearson’s 
correlation was used for correlation analysis. An SPSS 26 
programme was used for all statistical analysis. A p value of 
less than 0.05 was deemed significant. 

3. Results 

Our study included two groups; Met S group included 26 
males and 24 females (50 patients) and a control group 
included 11 males and 14 females (25 participants). No 
significant differences between both groups regarding age 
and gender. 

Demographic and general characteristics are shown in 
Table 1. All Met S parameters were significantly higher in 
individuals with MetS than in controls. The levels of HBA1c, 
total cholesterol, and LDL cholesterol were also shown to be 
significantly higher in the MetS group. 

Table 1. Demographic Characteristics and Clinical Parameters in MetS and 

Control Subjects. 

Variable 
Met s Control value - 

p (n=50) (n=25) 

Age (y) 40.14±8.17 41.8±11.24 0.624 
Sex (female, %) 24 (48%) 14 (56%) 0.514 
BMI (kg/m2) 29.18±2.14 22.04±1.48 <0.001 
Waist circumference, cm 

   
Women: 10.7±6.17 81.14±3.82 <0.001 
Men 110.58±3.602 86.55±7.076 <0.001 
Heart Rate 74.82±7.81 76.72±7.81 0.226 
SBP (mmHg) 139±14 104±13 <0.001 
DBP (mmHg) 84±8 75±7 <0.001 
Plasma Glucose (mg/dL) 178±89 85±7 <0.001 
Triglycerides (mg/dL) 161±15 128±16 <0.001 
HDL (mg/dL) 

   
Women (mg/dL) 37±6 74±7 <0.001 
Men 36±5 67±12 <0.001 
LDL (mg/dL) 139±16 96±19 <0.001 
Cholesterol (mg/dL) 216±28 177±13 <0.001 
HbA1c (%) 5.85±0.78 4.9±61 <0.001 

Data shown are mean±standard deviation. 

Left ventricle diameters and ejection fraction showed no 
significant differences between both groups (Table 2). The 
Met S group had a significantly increased relative wall 
thickness and left atrial diameter (Table 2). The tissue 
Doppler (sm) parameter of LV systolic function showed 
normal LV systolic function in Met S patients. However, LV 
diastolic function parametes (E/A and E/E) were significantly 
changed (Table 2). 

3.1. Assessment of Right Ventricle Diastolic Function by 

Doppler and Tissue Doppler Echo 

As shown in Table 3, there were a significant decline in 
E/A ratio (0.95±0.12 in met s vs. 1.14±0.15 in control, P 
value<0.001). A highly significant increase in E/e’ was 
reported in MetS (5.66±1.03) than the control group 
(4.24±0.46) (P value<0.001) 

The global systolic RV function parameters (TAPSE, FAC) 
were totally intact in individuals with MetS and did not show 
a significant difference between the groups (Table 3). 

3.2. RV Systolic Function (2D-STE and TDI) 

Right ventricular global longitudinal strain (RV GLS) 
showed a significant decline in the metabolic group 
compared to controls (-8.27±2.16 in MetS group vs. -
26.64±3.05 in control subjects, P<0.001) (Table 4). 

TDI assessment of RV systolic function showed a non-
significant difference between metabolic group and control 
group regarding average S wave velocity (11.75±1.70 vs 
11.83±1.16) (Table 4). 

Table 2. Left ventricle conventional echocardiography and tissue Doppler data.  

Variable 
Met s Control 

p- value 
(n=50) (n=25) 

Left ventricular end diastolic dimension 4.78±0.54 4.82±0.54 0.664 
Left ventricular end systolic dimension 3.10±43 3.15±0.44 0.664 
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Variable 
Met s Control 

p- value 
(n=50) (n=25) 

Posterior wall thickness 0.99±0.15 0.8±0.15 <0.001 
Left ventricular fraction shorting 34.5±5.02 34.60±4.9 0.91 
Left ventricular ejection fraction (%) 63.8±6.35 63±48 0.835 
Relative wall thickness (RWT) 0.41±0.09 0.33±0.07 <0.001 
Aortic root diameter 2.70±0.43 2.65±0.37 0.611 
Left atrial dimension 3.70±0.29 3.22±0.42 <0.001 
E (cm/s) 66.88±6.54 65.28±5.09 0.2837 
A (cm/s) 60.92±6.33 50.80±4.33 <0.001 
E/A ratio 1.0±0.18 1.25±0.13 <0.001 
LV. e’ 10.01±0.89 12.49±1.02 <0.001 
E/e’ ratio 6.57±0.65 5.78±1.01 0.002 
Mitral s (cm/s) 9.78±2.24 10.14±2.43 0.251 

Data are shown as mean±standard deviation. 

Table 3. Right ventricle conventional echocardiography and tissue Doppler data. 

Variable 
Met s Control 

P- value 
(n=50) (n=50) 

RVOT proximal (cm) 2.69±0.28 2.63±0.27 0.138 

RVOT distal (cm) 2.14±0.20 2.11±0.23 0.573 

RVD1 (basal) (cm) 3.91±0.27 3.20±0.18 <0.001 

RVD2 (mid) (cm) 2.81±0.33 2.58±0.27 0.004 

RVD3 (longitudinal) (cm) 6.30±0.51 6.11±0.48 0.483 

TAPSE (cm) 2.25±0.31 2.30±0.21 0.679 

RV ED area (cm2) 13.31±3.0 13.74±3.6 0.826 

RV ES area (cm2) 7.61±2.32 7.70±2.7 0.902 

RV FAC (%) 44.66±6.1 48.62±7.43 0.087 

Doppler data 
   

Tricuspid E velocity (cm.s−1) 58.32±5.98 54.84±6.23 0.075 

Tricuspid A velocity (cm.s−1) 60.08±4.76 44.92±4.41 <0.001 

Tricuspid E/A ratio 0.95±0.12 1.14±0.15 <0.001 

Tissue Doppler imaging 
   

RV e’ 10.30±1.11 12.63±1.31 <0.001 

RV a’ 13.92±1.34 13.77±1.27 0.718 

Tricuspid E/e’ ratio 5.66±1.03 4.24±0.46 <0.001 

Data are shown as mean±standard deviation. 

Table 4. Comparison between the two groups as regards the RV function 

assessed by TDI and strain. 

Variable 
Met S Control 

P- value 
(n=50) (n=25) 

RV GLS 18.27±2.16 26.64±3.05 <0.001 
RV Smv 11.75±1.70 11.83±1.16 0.574 

Data are shown as mean±standard deviation  

The univariate regression analysis revealed that the 
predictors of RVGLS were triglycerides (unstandardized B=-

0.14, p<<0.001), waist circumference (unstandardized B=-
0.21, p<0.001), systolic BP (unstandardized B=-0.13, 
p<0.001), and glucose level (unstandardized B=-0.03, 
p<0.001) (Table 5). 

The multivariate regression analysis showed that waist 
circumference, systolic BP, and glucose level were 
independent factors in predicting RVGLS (Unstandardized B 
for waist circumference=--0.089, p=0.007; Unstandardized B 
for Systolic BP=-0.052, p=0.009; Unstandardized B for 
Glucose level=-0.011, p=0.036) (Table 5). 

Table 5. The univariate and multivariate regression analysis to identify the predictors of Right Ventricular Global Longitudinal Strain (RVGLS). 

 

Univariate Analysis Multivariate Analysis 

Unstand. B SE Test p Unstand. B SE Test P 

Waist circum. -0.21 0.022 -9.61 <0 .001 -0.089 0.032 -2.75 0.007 

Systolic BP -0.13 0.016 -8.27 < 0.001 -0.052 0.019 -2.69 0.009 

Glucose level -0.03 0.005 -6.58 < 0.001 -0.011 0.005 -2.13 0.036 

Triglycerides -0.14 0.019 -7.25 < 0.001 -0.039 0.021 -1.86 0.067 

(Intercept)  
   

44.63 2.578 17.31 < .001 
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Figure 1. GLS of the right ventricle and strain of the six segments of the right ventricle in one of the Mets (a) and one of the control (b). 

4. Discussion 

MetS is a growing global concern that can be viewed as a 
complex condition consisting of a cluster of related elements. 
Multiple definitions have been proposed to describe the 
condition; however, according to the International Diabetic 
Federation (IDF), central obesity has been regarded as the 
cornerstone of the disorder, along which two more metabolic 
abnormalities are necessary to make the diagnosis [15, 16]. 

The peril of the disease can be attributed to its assumingly 
high prevalence. However, global data on the incidence and 
prevalence of this disease are neither always readily available 
nor accurate. Furthermore, there has often been a strong 
association between MetS and the incidence of T2DM, one 
of its end results. In fact, according to data provided by the 
Centers for Disease Control and Prevention (CDC), more 
than 30% of the adult US population has MetS, while 12% of 
the US adults have T2DM, with a one-to-three ratio between 
the prevalence of the two conditions. Strikingly, if we apply 
the same proportion worldwide, over a billion MetS cases 
can be expected to exist in the current times, worldwide [17]. 

With each of its components being a risk factor for a vast 
range of cardiovascular-related morbidities and mortalities, 
the relation between MetS and cardiac, including right 
ventricular dysfunction, has been starting to get more 
recognized over the last decade [18-20]. Regardless, in 
comparison with the humongous body of evidence 
illustrating the link between MetS and left cardiac dynamics, 
the current knowledge concerning MetS-related right-sided 
heart problems, is considered defective. Nevertheless, 
previous work has come up with a number of theories that 
could lay the ground for future research. For instance, it was 
suggested by Kranstuber et al. that the hyperglycemia in 
T2DM would result in an irreversible cross-linkage between 
glucose and proteins related to cardiac myocytes, leading to 
advanced glycation end products (AGEs) production, thereby 
causing myocardial dysfunction [21]. Meanwhile, a similar 

reaction was suggested by Bidasee et al., to take place at the 
intracellular level, causing abnormal myocardial calcium 
handling and homeostasis [22]. 

In the MetS group, BMI and waist circumference were 
significantly higher than the healthy subjects. This is in line 
with the data from Samiei et al., who concluded significantly 
greater BMI and waist circumferences amongst participants 
with MetS [23]. 

Regarding the distribution of the other three components 
of MetS, a statistically significant difference was observed 
between both groups. Likewise, Serrano-Ferrer et al. reported 
greater percentages of hypertension, hyperglycemia, low 
HDL and hypertriglyceridemia in the MetS group compared 
to the control group, respectively [24]. 

As regards the cardiovascular parameters examined in our 
study, both SBP and DBP were significantly higher in the 
MetS group than in the control group. Meanwhile, no 
significant difference was found between the two groups in 
terms of heart rate. This was partially in alignment with the 
demographic criteria observed in the study performed by [25]. 

As for glucose and lipid regulation indicators, all 
metabolic parameters were significantly altered amongst the 
two groups of participants. This almost comes in complete 
agreement with the findings from the prospective study by 
Aslan et al., which demonstrated comparable results 
regarding plasma glucose, HDL, triglycerides, and 
cholesterol levels, but not LDL levels [26]. 

In our study, MetS impact on the different parameters 
obtained by 2D-STE was assessed. We observed no 
significance between the two groups regarding the 
conventional echocardiographic parameters related to the 
left-sided systolic function. Meanwhile, RVGLS was 
significantly lower in the MetS group. It is considered an 
accurate measure of the right-ventricular systolic 
performance, as well as a good and promising prognostic 
determinant of right ventricular dysfunction [27]. Such an 
observation corresponds to the observation made by Tadic et 
al. who conducted a cross-sectional study on 183 subjects 
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analyzed using 2D-STE examination. In this study, the 2D-
RVGLS was significantly lower amongst MetS patients 
compared to their healthy pairs16. Similarly, Serrano-Ferrer et 
al. found significantly reduced RVGLS percentages amongst 
39 MetS patients compared to 40 control subjects [24]. 

When using univariate regression analysis, all four 
components of MetS (i.e., waist circumference, dyslipidemia, 
hypertension, and hyperglycemia) could predict a significant 
reduction in RVGLS. Interestingly, when applying the 
multivariate regression analysis, altered triglycerides levels 
failed to independently correlate with significantly low 
RVGLS values. The same observation has been made by 
Tadic et al., where the association between dyslipidemia and 
RVGLS was lost in the multivariate but not the univariate 
regression analysis [16]. 

In this study, BP was significantly higher in MetS patients, 
which was independently associated with RV functions 
assessed by two-dimensional strain. This lies in agreement 
with the study conducted by Hanboly, who found that the 
global RV systolic strain was significantly reduced in the 
hypertensive group compared to the control group. This 
could be due to the fact that in hypertension, the resultant 
ventricular hypertrophy might contribute to the observed low 
RVGLS values due to the associated drop in the right-
ventricular end-diastolic dimensions [28]. 

In the current work, we also had the observation that 
abdominal/central obesity was independently associated with 
RV dysfunction as inspected by 2D-STE examination. 
Parallel findings were reported from the MESA study, a large 
multicentered, cohort that aimed at examining the linkage 
between the right ventricle morphological and functional 
characteristics, evaluated by cardiac MRI, and obesity in a 
sample of 4,127 subjects, who were clinically-free from any 
cardiovascular morbidities. Indeed, they found that RV mass 
and end-diastolic volume were higher among obese 
individuals in comparison to lean participants [29]. Since 
central obesity is regarded as the cornerstone of MetS. 
Numerous mechanisms have been suggested in attempt to 
reveal this pattern of association. 

Myocardial lipotoxicity has been closely examined as a 
plausible underlying mechanism for the development of RV 
dysfunction in obese subjects. In cases of hyperlipidemia, the 
heart’s uptake of lipid surges, causing accumulation of 
triglycerides. The heart has the ability to handle a wide range 
of energy-producing substrates, including glucose, ketone 
bodies and amino acids. Meanwhile, a rise in fatty acids 
concentrations in myocardial cells is accompanied by an 
increase in the rates of their metabolism through β-oxidation. 
Consequently, a metabolic state of substrates competition 
(i.e., Randle cycle) between glucose and fatty acids could 
develop, where glucose metabolism would be suppressed by 
the progressively increasing rates of fatty acid oxidation, 
causing less ATP molecules and energy to be produced, as 
well as raising oxygen consumption levels by the myocardial 
cells, leading to cardiac dysfunction [30]. Inflammation has 
been also proposed as a possible route for RV dysfunction in 
obesity, where high levels of adipocytes-produced cytokines 

were found to significantly alter glucose and fatty acid 
metabolism, cause insulin resistance and initiate myocardial 
fibrosis and affect cardiac contractility through disrupting 
intramyocardial calcium homeostasis [31]. 

Another possible justification was offered by Chahal et al. 
in the MESA study, where the chronic elevation in blood and 
stroke volumes, as well as in cardiac output that is related to 
obesity, could significantly alter ventricular dimensions. 
Although these changes would be initially almost exclusive 
to the left heart; however, due to the forces of ventricular 
independence that are directly shared between the two 
chambers, a close correlation between LV dysfunction and 
enlarged RV dimensions can be expected [28]. Other 
possible explanations were suggested in previous studies, 
including intramyocardial triglycerides deposition, cardiac 
remodeling and adaptation to body size, and the 
vasoconstrictive state resulting from the hypoxia related to 
sleep-disordered breathing commonly seen in obese 
individuals [29, 32, 33]. 

Our results demonstrated a clear negative correlation 
between elevated glucose levels (hyperglycemia) and 
changes in RV structure and function. This goes along with 
the observation made by Patscheider et al., who reported 
subclinical impairment in the right ventricular volumes and 
function of 87 prediabetic and 43 diabetic male subjects, 
compared to 207 normoglycemic healthy controls, when 
assessed with cardiac MRI [34]. Numerous mechanisms have 
been introduced in order to explain this association. One 
proposal for the development of RV dysfunction in diabetes 
was made by Pan et al., who postulated that the diabetic 
mitochondria might contribute to an abnormal state of 
relaxation of the pulmonary artery and subsequent 
development of pulmonary hypertension, by producing an 
excess of reactive oxygen species, which alter the pulmonary 
endothelial function [35]. 

Little work can be found discussing the influence of 
distorted lipid regulation, commonly known as dyslipidemia, 
on the right ventricle. In a study conducted by Dalen et al., 
using tissue Doppler, a significant association could be 
observed between altered HDL cholesterol levels, one of the 
lipoproteins that are markedly reduced in MetS, and right 
ventricular systolic and diastolic parameters [36]. 

Regarding the TAPSE scoring system, which measures the 
difference in distance between the right ventricular apex and 
the tricuspid annulus during the same cardiac cycle, no 
significant difference was reported between the MetS cases 
and the controls. These results are consistent with those of 
Tadic et al., who inspected 327 consecutive subjects divided 
into four groups; MetS (N=89), hypertensive (N=117), 
diabetic (N=45), and 76 healthy controls, conflicting results 
were obtained. In the Serbian observational cross-sectional 
study, none of the four groups showed any statistical 
significance regarding their TAPSE measurements16. 

In addition, Gopal et al. also failed to detect any significant 
differences between the two groups in terms of their TAPSE 
measures [37]. These findings disagree with those from Serrano-
Ferrer et al., where the TAPSE values were significantly 
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peculiar between the two divisions of participants [24]. 
There is no clear justification for such discrepancy in the 

findings of these studies. However, it has been suggested by 
Tamborini et al. that the commonly-observed reduction in 
TAPSE and peak systolic velocity (PSV) in cardiac patients 
might not be accurate measures of right ventricular dysfunction, 
especially when compared with other techniques like 3D right-
ventricular ejection fraction (RVEF), which could correlate 
better with the clinical status of those patients [38]. 

Regarding the right ventricular diastolic function, the MetS 
group had a significantly lower E/A ratio. Meanwhile, a 
substantial increase in the E/e’ ratio was found amongst the 
MetS participants when compared to their control pairs. Our 
findings coincide with those described by Sedaia et al., who 
reported significantly lower ratios amongst the MetS patients, 
indicating right ventricular dysfunction and impairment [39]. 

5. Study Limitations 

1) The sample size of our study is considered modest in 
comparison with prior work on the same topic, which 
might have influenced the magnitude of our findings 
and their interpretation. 

2) Only the longitudinal STE parameters were 
investigated. 

3) Because of the high interdependence of multiple MetS 
criteria, determining individual MetS risk factors effect 
on cardiac remodelling was difficult, which we 
attempted to address using multivariate analysis. 

6. Conclusion 

In summary, the current work showed deterioration of the 
right ventricular functional in subjects with a confirmed 
diagnosis of MetS, when examined using 2D speckle-
tracking echocardiography. Represented by RVGLS, all four 
components of MetS correlated independently with right 
ventricular dysfunction, with the exception of alterations in 
the triglyceride plasma levels. 
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