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ABSTRACT
Objective: The aim of this study was to assess subclinical left (LV) and right ventricular (RV) dysfunction novel load-independent isovolumic 
myocardial acceleration (IVA) derived from tissue Doppler imaging (TDI) in patient with metabolic syndrome (MetS).
Methods: This study had an observational case-control design. The study included 133 subjects which were divided into two groups: 75 patients 
with MetS and 58 controls without MetS. MetS was defined by the presence of ≥3 criteria according to ATP-NCEP III guidelines. All the subjects 
underwent laboratory blood tests and complete conventional echocardiography and TDI. Student’s t, Mann-Whitney U, Pearson's, and multiple 
regression analysis were used for statistical analysis.
Results: There were no significant difference between two groups in terms of traditional echocardiographic parameters. The diastolic and global 
functions of both ventricles were significantly impaired in MetS group. The TDI-derived IVA of the LV and the RV was significantly lower in patients 
with MetS (3.2±0.9 vs. 4.0±1.4, p<0.001 and 2.6±0.7 vs. 3.1±0.9, p=0.001, respectively). Whereas, TDI derived systolic velocity (Sa), and peak myocar-
dial velocity during isovolumic contraction (IVV) of both ventricles were similar between the two groups. In the multiple regression analysis, waist 
circumference and diastolic blood pressure were found to be an independent determinant of  IVA of LV (β=-.223, 95% CI=-.034 -.002, p=0.004) and 
RV (β=-.527, 95% CI=-.085 -.020, p=0.002) respectively.
Conclusion: MetS affects global, diastolic, and systolic functions of two ventricles. This disruption lead to decreased function of heart was 
related with raised risk factors of MetS. (Anatolian J Cardiol 2015; 15: 42-9)
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The role of isovolumic acceleration in predicting subclinical right and 
left ventricular systolic dysfunction in patient with metabolic syndrome

Introduction

Metabolic syndrome (MetS) is a cluster of risk factors con-
sisting of hyperglycemia, hypertriglyceridemia, lower high-densi-
ty lipoprotein (HDL) cholesterol, hypertension, and abdominal 
obesity (1, 2). MetS is diagnosed with three or more of these 
metabolic abnormalities are present in the same person accord-
ing to the National Cholesterol Education Program Adult 
Treatment Panel III (NCEP ATP III) (2). MetS is a risk factor for the 
development of type II diabetes and atherosclerotic cardiovascu-
lar disease. The association of Mets with left ventricular hyper-
trophy and left ventricular diastolic and systolic dysfunction was 
shown in clinical study (3). Ivanovic et al. (4) showed that dia-
stolic and global functions of the left ventricle (LV) were signifi-
cantly changed and that systolic functions of the LV were fully 
preserved in patients with MetS. The function of the right ventri-

cle (RV) was also investigated in MetS groups. Tadic et al. (5) 
demonstrated the impairment of global functions of RV in MetS 
patients and this impairment was related to components of MetS. 
Also, Karakurt et al. (6) demonstrated the detoriation of both the 
systolic and diastolic functions of the RV by using the myocardial 
performance index (MPI), tricuspid annular plane systolic excur-
sion (TAPSE) and some other parameters in MetS patients. 
Isovolumic myocardial acceleration (IVA) is a new tissue Doppler 
parameter which is used to assess the systolic function of both 
LVs and RVs. IVA is the ratio of tissue Doppler-derived peak myo-
cardial velocity during isovolumic contraction (IVV) divided by 
the acceleration time (AT). This parameter has been validated in 
a variety of experimental (7, 8) and clinical (9, 10) settings. The 
IVA, which reflects an earlier isovolumic event and is more robust 
in terms of load dependency compared with peak dP/dt, is more 
sensitive to changes in contractile state than Emax (8).



 The aim of this study was to assess left and right ventricular 
function in terms of novel load-independent IVA derived from 
TDI in patients with MetS.

Methods

Study design
This study is an observational case-control study.

Study population
The study was performed in Mehmet Akif Ersoy Thoracic 

and Cardiovascular Surgery Training and Research Hospital 
İstanbul-Turkey. Participants enrolled in the study were selected 
among patients admitted to the cardiology outpatient clinic from 
January 2012 to February 2013. Study population included 75 
consecutive patients (mean age 47±10 years, 56% male) with 
MetS and 58 control subjects (mean age 44±8 years, 54.4% male) 
without MetS.

The exclusion criteria of the present study were defined as 
follows: angina, acute coronary syndromes, heart failure history, 
congenital, pericardial and valvular heart disease, atrial fibrilla-
tion or flutter, secondary hypertension, renal disease, thyroid 
disorders, malignancies, chronic obstructive pulmonary dis-
ease, pulmonary hypertension, atrio-ventricular conduction 
abnormality, left bundle branch block or any other intra-ventric-
ular conduction delay, segmental wall motion abnormalities, LV 
ejection fraction (EF) <55%, pregnancy, and inflammatory dis-
eases.

Written informed consent was obtained from all the patients 
following approval of the study by the institutional review board. 
The study was consistent with the Declaration of Helsinki.

Study protocol
Patients with MetS and control subjects without MetS 

included to the study. Anthropometric measurement obtained. 
Blood samples were drawn following overnight fasting period. 
Conventional echocardiography and tissue Doppler imaging 
were performed to all subjects.

Study variables
The baseline variables of the study were as following: age, 

sex, smoking status, body mass index (BMI), waist circumfer-
ence, heart rate, blood pressure, fasting serum glucose, plasma 
lipids [i.e., triglyceride, high density lipoprotein (HDL) cholester-
ol, total cholesterol, and low-density lipoprotein (LDL) choles-
terol concentrations] and echocardiographic measurements. In 
our study presence of MetS was a primary predictor variable, 
the outcome variables were RV and LV IVA.

Diagnosis and definitions
The diagnosis of MetS was based on the presence of three 

or more of the risk factors for MetS established by the NCEP ATP 
III 2005 guidelines: systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) ≥130/≥85 mm Hg, fasting plasma glucose 

≥100 mg/dL, waist circumference >102 cm for men and >88 cm 
for women, fasting triglycerides >150 mg/dL, and HDL choles-
terol <40 mg/dL for men and <50 mg/dL for women (2). The diag-
nosis of diabetes was based on the criteria of the World Health 
Organization published in 2006 (11), and arterial hypertension 
was based on the recommendations of European Society of 
Cardiology Hypertension Guideline published in 2007 (12).

Conventional echocardiographic examination
All transthoracic echocardiographic examinations were per-

formed with the GE vivid S6 Vingmed system 5 (Norway, Horten), 
which is equipped with 2.5-4 MHz transducers. All the patients 
were examined in the left lateral and supine positions with two-
dimensional, M-mode, pulsed, and color flow Doppler echocar-
diography. Single lead electrocardiogram recordings were 
obtained continuously. For all the measurements, the average of 
at least five cardiac cycles was used.

The diameters of the LV, the thicknesses of the walls of the 
LV, and the left ventricular ejection fraction (modified Simpson’s 
rule) were measured according to published recommendations 
(13). The LV mass was calculated using the formula as previously 
described (14). LV mass index (LVMI) was indexed for the surface 
area. The right ventricular fractional area change (RV FAC) was 
measured from the apical four-chamber view. End-diastole was 
identified by the onset of the R-wave, and end-systole was identi-
fied as the smallest cavity size immediately before the opening of 
the tricuspid valve. The RV FAC was calculated using the formula: 
(end-diastolic area-end-systolic area)/end-diastolic area (15). 
TAPSE was used to assess the global systolic function of the RV. 
TAPSE was measured by M-mode using cursor in apical four-
chamber view at tricuspid lateral annulus. Maximum displace-
ment during systole was evaluated. Pulmonary artery systolic 
pressure (PAP) was estimated by continuous-wave Doppler 
imaging using the Bernoulli equation (15).

Tissue Doppler imaging
Doppler tissue echocardiography was performed using 

transducer frequencies between 3.5 and 4.0 MHz by adjusting 
the spectral-pulsed Doppler signal filters until a Nyquist limit of 
15 to 20 cm/s was reached and then using the minimal optimal 
gain. Five consecutive cycles were recorded using a frame rate 
greater than 150 fps. The monitor sweep speed was set at 50 to 
100 mm/s to optimize the spectral display of myocardial veloci-
ties. Every effort was made to align the pulsed-wave cursor to 
ensure that the Doppler angle of incidence was as close to 0 as 
possible to the direction of the walls. In the apical four-chamber 
view, the pulsed Doppler sample volume was placed at the level 
of the LV mitral annulus, and the RV tricuspid annulus at end-
expiration (16).

The peak myocardial velocity during isovolumic contraction, 
acceleration time of peak myocardial velocity during isovolumic 
contraction (AT), peak myocardial systolic velocity (Sa), peak 
early and late diastolic velocities (E’ and A’), isovolumic contrac-
tion time (IVCT), isovolumic relaxation time (IVRT), and ejection 
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time (ET) were measured. The MPI was calculated as the sum 
of the IVCT and the IVRT divided by the ET. The IVA was defined 
as the ratio of IVV divided by the AT (Fig. 1) (15).

 All the measurements were obtained by a single observer 
who was blinded to the clinical details. To detect intraobserver 
variability, the same investigator repeated the echocardiograph-
ic measurements for pulsed-wave TDI-derived LV and RV Sa, 
IVV, IVA in 20 patients. 

Statistical analyses
Statistical analyses were performed using the SPSS soft-

ware version 17.0 for Windows (SPSS Inc., Chicago, Illinois, 
USA). The variables were investigated using visual (histograms, 
probability plots) and analytical methods (Kolmogorov-Smirnov/
Shapiro-Wilk’s test) to determine the normal distribution. 
Descriptive analyses are presented using means and standard 
deviations or median and the interquartile range (IQR, range 
from the 25th to the 75th percentile). The categorical variables 
are expressed as numbers and percentages. A logarithmic 
transformation was applied to transform the numerical data (left 
ventricular IVA, right ventricular IVA, fasting plasma glucose, 
triglyceride and HDL-cholesterol) with a non-normal distribution 
into a normal distribution. Numerical variables were compared 
using the Student’s t-test, One-way ANOVA or Mann-Whitney U 
test. Tukey’s tests were performed to test the significance of 
pairwise differences by using Bonferroni correction to adjust for 
multiple comparisons. Categorical data were compared with the 
chi-square test. Pearson’s correlation coefficients were used to 
assess the relationship between continuous variables. A step-
wise, multiple regression analysis was conducted to identify 
significant determinants of left ventricular and right ventricular 
IVA. The analysis included variables that showed a p value of 
less than 0.05 in Pearson’s correlation analysis. Intraobserver 
agreement was assessed with Pearson’s correlation coeffi-
cients, and a p value of less than 0.05 was considered significant.

Results

Basal characteristics
Demographic, clinic and laboratory parameters of patients 

and control groups were shown in Table 1. There were no sig-
nificant difference between two groups in terms of age, gender, 
smoking, heart rate, serum creatinine and total and LDL choles-
terol levels. As expected, those with MetS had significantly 
higher SBP, DBP, waist circumference, triglycerides and fasting 
plasma glucose level compared to controls (Table 1). Also, HDL 
cholesterol level was lower in MetS group than control group.

The numbers of risk factors for MetS were identified in 
patients respectively: three in 48% (n=36), four in 37.3% (n=28), 
and five in 14.7% (n=11) of patients. The presence of increased BP 
(clinical BP ≥130/85 mm Hg) was a common feature among the 
MetS patients (82.7%), followed by decreased HDL cholesterol 
(80%), increased levels of triglycerides (78.7%), increased waist 
circumference (68%), and high fasting plasma glucose (52%).

Left and right ventricular function
Although the LV mass index, interventricular septum (IVS) 

and posterior wall were higher in the patients with MetS, LV 
end-systolic and diastolic diameters and EF were similar 
between the two groups. RV function was completely preserved 
in patients with MetS in terms of TAPSE and RV FAC, and there 
was no significant difference in these parameters between the 
two groups. Also, there was no difference between two groups 
in terms of estimated PAP (Table 2).

In the comparison of right and left ventricular diastolic 
function, the tissue Doppler-derived parameters E’, A’, and 
E’/A’ ratio were significantly impaired in the MetS patients 
compared to the controls. Although Sa and IVV were similar 
between two groups, right and left ventricular systolic function 
IVA was significantly reduced in patients with MetS. The MPI 
of the systolic and diastolic function of both LV and RV was 
significantly higher in patients with MetS compared to con-
trols (Table 2).

Left ventricular and right ventricular IVA in MetS subgroups
Both RV IVA and LV IVA were the same between in patients 

having increased or normal glucose level (p=0.483, p=0.283, 
respectively) and having normal or decreased HDL level (p=0.320, 
p=0.063, respectively). Also, RV IVA and LV IVA were found to be 
lower in increased TG group than normal group (p=0.001, 
p=0.033, respectively). While there was no difference between 
subgroups titled as normal and increased waist circumference 
in terms of RV IVA (p=0.620), LV IVA was found to be lower in 
increased waist circumference group (p=0.012). Moreover, there 
was no difference between hypertensive and normotansive 
groups regarding as LV IVA (p=0.459). However, RV IVA was sig-
nificantly found to be lower in hypertensives than normotan-
sives (p=0.012). Although the reverse relation between the 
number of risk factors of MetS and LV IVA was seen, this 

Figure 1. Tissue Doppler imaging obtained at lateral corner of tricuspid 
annulus
AT - time interval from the onset of the wave during isovolumic contraction to the time at 
peak velocity of this wave (accelaration time), IVV - isovolumic contraction velocity begins 
before the R - wave on electrocardiogram
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association was not significant between groups (all p values 
>0.05). Also, there was a significant difference between 2 and 
3 criteria positive groups for MetS in terms of RV IVA (p=0.003) 
(Table 3).

Correlation between isovolumic acceleration and metabolic 
syndrome parameters
The results of the correlation analysis were shown in Table 4. 

The IVA of the LV was significantly inversely correlated with the 
patient’s waist circumference, triglycerides levels, and number 
of risk factors. There was no correlation between the IVA of the 
LV and their fasting plasma glucose, HDL-cholesterol, DBP, and 
SBP. Although, the RV IVA was significantly inversely correlated 
with DBP, SBP, triglyceride levels, and numbers of risk factors, it 
was positively correlated with HDL cholesterol level. However, 
there was no correlation between RV IVA and fasting plasma 
glucose and waist circumference. 

Regression analysis
In univariate analysis, DBP, SBP, waist circumference, HDL 

cholesterol level, triglyceride levels and number of risk factors of 
MetS were found to be the parameters that were associated 
with RV IVA. Moreover, waist circumference, and number of risk 
factors of MetS were found to be the parameters that were 
associated with LV IVA. Although left ventricular mass index 
was considered to be a confounder in multiple regression analy-
sis, waist circumference and DBP were found to be an indepen-
dent determinant of IVA of LV (r2=104, ß=-.223, 95% CI=-.034 
-.002, p=0.004) and RV (r2=197, ß=-.527, 95% CI=-.085 -.020, 
p=0.002) respectively (Table 5).

Reproducibility data
The intraobserver variability was low for TDI-derived veloci-

ties (LV Sa: r=0.93, p<0.001, LV IVV: r=0.92, p<0.001; LV IVA: r=0.94, 
p<0.001) (RV Sm: r=0.95, p<0.001; RV IVV: r=0.93, p<0.001; RV IVA: 
r=0.96, p<0.001).

Discussion

The main findings of the present study were as follows: 1) 
MetS affects global, diastolic, and systolic functions of two ven-
tricles, 2) This disruption lead to decreased function of heart 
was related with raised risk factors of MetS, 3) In multiple 

 MetS  Control *P 
 (n=75) (n=58) value

Age, years  47±10 44±8  .081

Sex, female, n, % 33 (44) 27 (46.6)  .769

Smoking, n, % 22 (29.3) 17 (29.3)  .998

Body mass index, kg/m2 30±4 27±4 <.001

Waist circumference, cm 102±9 93±9 <.001

Diastolic blood pressure, mm Hg 93±12 80±9 <.001

Systolic blood pressure, mm Hg 149±19 129±13 <.001

Heart rate, beat/min 78±13 78±13  .852

Fasting plasma glucose, mg/dL 103±14 93±8 <.001

HDL-Cholesterol, mg/dL 39±9 53±14 <.001

Triglyceride, mg/dL 225±132 122±75 <.001

Total cholesterol, mg/dL 215 (185-242) 200 (187-224) .232

LDL-Cholesterol, mg/dL 141 (117-170) 117 (110-152)  .076

Creatinine, mg/dL 0.8 (0.7-0.9) 0.7 (0.6-0.9)  .078
Value are presented as mean±SD, median (interquartile range) or number or percentage 
of patients. *Student's t-test, Mann-Whitney U test, chi-square tests 
HDL - high density lipoprotein; LDL - low density lipoprotein; MetS - metabolic syndrome

Table 1. Demographic, clinic and laboratory parameters of patients 
and control groups

 MetS  Control *P 
 (n=75) (n=58) value

Left ventricle

End-diastolic diameter, mm 48.4±4.0 47.5±3.9 .205

End-systolic diameter, mm 29.5±3.3 29.0±3.7 .402

Interventricular septum, mm 12 (10-13) 10 (8-11) <.001

Posterior wall, mm 10 (9-11) 9 (8-10) .001

Ejection fraction, % 67 (64-70) 68 (64-72) .144

Mass index, gr/m2 100.1±25.9 84.9±19.4 <.001

E' velocity, cm/sec 10.4±2.9 12.8±3.5 <.001

A' velocity, cm/sec 11.8±2.1 10.7±1.4 <.001

E'/A' ratio 0.8 (0.7-1.1) 1.2 (0.9-1.4) <.001

Sa, cm/sec 9.5 (8.0-10.5) 10.0(8.5-11.0) .145

IVV, cm/sec 7.0 (6.0-8.5) 7.5 (6.5-9.5) .135

IVA, m/sec2 2.6±0.7 3.1±0.9 .001

MPI 0.53±0.1 0.49±0.1 .022

Right ventricle

FAC, % 64.1±8.2 64.8±7.8 .684

TAPSE, mm 22.5±2.7 22.6±3.2 .772

Estimated PAP, mm Hg 26.3±5.2 25.8±4.4 .582

Tricuspid annular E' wave, 12.0±3.1 14.0±3.0 <.001 
cm/sec

Tricuspid annular A' wave, 16.0±3.4 14.3±3.9 <.001 
cm/sec

E'/A' ratio 0.8±0.3 1.1±0.4 <.001

Sa, cm/sec 14.0±2.9 14.3±3.0 .587

IVV, cm/sec 13.9±3.5 14.0±3.0 .490

IVA, m/sec2 3.2±0.9 4.0±1.4 <.001

MPI 0.44±0.1 0.39±0.1 .011
E', peak myocardial velocity during early diastole. A' - Peak myocardial velocity during 
atrial contraction; FAC - fractional area change; IVA - myocardial acceleration during 
isovolumic contraction; IVV - peak myocardial velocity during isovolumic contraction; 
MetS - metabolic syndrome; MPI - myocardial performance index; Sa - peak myocardial 
velocity during systole; TAPSE - tricuspid annular plane systolic excursion;  
PAP - pulmonary artery pressure; Value are presented as mean±SD or median 
(interquartile range). *Student's t-test, Mann-Whitney U test

Table 2. Conventional and  tissue Doppler imaging  measurements of 
left and right ventricle
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regression analysis, waist circumference and DBP were found 
to be an independent determinant of IVA of LV and RV.

The effect of MetS on cardiac structure and function has 
been investigated previously in selected populations (3, 6). 
These studies evaluated the effects of MetS on cardiac func-
tions (systolic, diastolic and global) both for RV and LV respec-
tively. Structural and functional changes observed in the LV due 
to MetS would also be expected to be seen in RV. In this study, 
we found significant impairment in the function of both the RV 
and LV by using novel sensitive TDI indices.

The association of thicknesses of the walls of the LV with 
MetS was investigated, it was found significantly greater in 
patients with MetS compared to controls in our study. Yılmaz et 
al. (17) showed a significant increase in left ventricular wall 
thickness in MetS group similar to our results. Also, there are 
many clinical studies support this results are found in the litera-
ture (18-21). Left ventricular hypertrophy can be due to arterial 
hypertension or directly due to MetS. In the PAMELA trial, nor-
motensive subjects with MetS also had an increased left ven-
tricular mass index and an increased prevalence of left ventricu-
lar hypertrophy (21). Insulin resistance, which plays an important 

role in MetS, increases the accumulation of collagen in extracel-
lular spaces, leading to thickening of the left ventricular wall (20).

The association of diastolic functions of the LV with MetS 
was investigated, we showed a significant decrease of E’ and 
E’/A’ with increase of A’ in MetS group as compared to controls. 
These findings were similar to those of previous studies (4, 6, 22, 
23). MPI, which is detected by TDI, reflects both systolic and 
diastolic dysfunction. As some previous clinical studies, the MPI 
was significantly higher in the MetS groups than control sub-
jects in our study (6, 22, 24, 25).

In our study, the left ventricular EF, Sa, and IVV measurements 
were not significantly different between two groups. Other stud-
ies also found no significant difference in terms of left ventricular 
systolic functions between MetS patients and controls based on 
the EF (5, 19, 21, 23). However, some investigators found reduced 
systolic functions as measured by fractional shortening (18, 26). 
Using the TDI parameters Saseptal and Salateral, Ivanovic et al. 
(4) found no difference in left ventricular systolic functions 
between two groups. IVA is a reliable and load-independent mea-
sure of LV contraction (27). It can detect small changes in contrac-
tile function and shows a good correlation with invasive or nonin-
vasive measures of LV dP/dt (7, 9). In our study, the left ventricular 
IVA was significantly reduced in the MetS patients as compared 
to controls. Crendal et al. (28) showed attenuated longitudinal 
strain and both diastolic and systolic strain rate while preserving 
left ventricular function measured by conventional methods. Also, 
they presented that an abdominal obesity lead to subclinic sys-
tolic dysfunction. In consistent with this study, we found a waist 
circumference was one of the independent determinant of left 
ventricular IVA. Tang et al. (29) reported that the increased risk of 
diastolic heart failure as higher the metabolic syndrome risk 
score. In contrast to this study, we showed that the number of risk 
factors of metabolic syndrome was associated with an increas-
ingly compromised left ventricular function in our study. Subclinical 
systolic dysfunction can be related to lipotoxicity, increased cyto-
kine activity and interstitial deposition of triacylglycerol, ventricu-
lar hypertrophy and fibrosis (16, 18-20, 29). The mechanisms 
underlying cardiac remodeling in MetS are multifactorial, but one 

  RV IVA, LV IVA, 
Variables Subgroups m/sec2 m/sec2

 Normal 3.6±1.4 3.0±0.9

Waist circumference, cm Increased 3.5±1.0 2.7±0.7

 *p value .620 .012

 Hypertensives 3.3±1.0 2.8±0.8

Hypertension Non hypertensives 4.1±1.5 2.9±0.9

 *p value <.001 .459

 Increased 3.4±1.1 2.7±0.7

Glucose, mg/dL normal 3.6±1.3 2.9±0.9

 *p value .483 .283

 Normal 3.9±1.4 3.0±0.9

Triglyceride, mg/dL Increased 3.2±1.0 2.7±0.8

 *p value .001 .033

 Normal 3.7±1.3 2.9±0.8

HDL, mg/dL Decreased 3.4±1.1 2.7±0.8

 *p value .320 .063

 1 criteria positive 3.9±1.1 3.1±0.9

 2 criteria positive 4.3±1.7# 3.0±1.0

Number of risk factors for MetS
 3 criteria positive 3.1±1.0 2.6±0.6

 4 criteria positive 3.2±0.9 2.5±0.8

 5 criteria positive 3.1±0.9 2.5±0.7

 *p value .001 .023
Data are presented as mean±SD, *Student's t-test, One-way ANOVA, #p=0.003 vs. 3 criteria 
positive 
RV - right ventricle; LV - left ventricle; IVA - myocardial acceleration during isovolumic 
contraction; HDL - high density lipoprotein; MetS - metabolic syndrome

Table 3. Subgroup analysis of right and left ventricular IVA for each 
component of the metabolic syndrome

 RV IVA LV IVA

 r P r P

Diastolic blood pressure -.370 <.001 -.139 .112

Systolic blood pressure -.255  .003 -.137 .117

Waist circumference -164 .059 -.282 .001

Fasting plasma glucose -.097 .265 -.050 .566

HDL  .240 .005  .142 .103

Triglyceride -.289 .001 -.212 .014

Number of risk factors -.280 .001 -.282 .001
HDL - high density lipoprotein; IVA - myocardial acceleration during isovolumic contraction; 
LV - left ventricle;  RV - right ventricle

Table 4. Correlation between right, left ventricular IVA and parameters 
of metabolic syndrome
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of the pivotal contributors is thought to be myocardial fibrosis. 
Sciaretta et al. (30) demonstrated that cardiovascular damage is 
more frequent in hypertensive patients with MetS than in hyper-
tensive’s without MetS and that hypertension is significantly 
related to increased levels of inflammation and fibrosis. Kosmala 
et al. (31) evaluated the effect of the aldosterone antagonist spi-
ronolactone added to standard angiotensin II inhibition and found 
increased myocardial abnormalities and decreased fibrotic mark-
ers in MetS patients.

In this study we investigated right ventricular diastolic and 
systolic function in MetS patients by using M-mode, two-dimen-
sional, tissue Doppler imaging techniques, which are suggested to 
show different aspects of RV function. In accordance with previ-
ous studies, we demonstrated that TDI-derived right ventricular 
diastolic measurements and RV MPI are impaired in MetS 
patients (5, 6). Consistent with the literature, the RV TAPSE, FAC 
and TDI derived RV Sa, IVV indicating right ventricular global sys-
tolic functions were completely preserved in the MetS group (5, 
6). On the other hand, decreased IVA of RV was shown in MetS 
patients in our study, it was associated with number of risk fac-
tors. In contrast to the findings of our study, Karakurt et al. (6) 
monstrated that not only RV Sa, but also TAPSE were worsened in 
patients with MetS compared with control subjects, as well as not 
significant associations between MetS components and echo-
cardiographic parameters. The analysis of our results showed 
that DBP, SBP and triglyceride levels were inversely associated 
with the right ventricular IVA. The influence of MetS on the struc-
ture and function of the RV is not completely clarified. One of the 
possible reasons is that the increase in systemic vascular resis-
tance in arterial hypertension leads to the increased vascular 
resistance in the pulmonary circulation, further causing the dam-
age of the RV structure and function (32). However, the estimated 
PAP was not different between two groups in our study. 
Hypertension may cause IVS hypertrophy which has an essential 
role in systolic dysfunction of the RV (33). In our study, the patients 
with MetS showed thickening of the IVS in consistent with some 
other clinical studies (17, 34-37). Triglycerides may exert lipotoxic 
effects due to the accumulation of toxic lipid intermediaries or the 
generation of highly reactive oxygen species, thereby leading to 

dysfunction and/or apoptosis of cardiomyocytes (4). As the RV is 
relatively thinner than the LV, these effects may cause subclinical 
systolic dysfunction in the RV but not in the LV.

Study limitations

The main limitations of the study are 1) the absence of any 
comparison with the gold standard imaging modality, magnetic 
resonance imaging, in the evaluation of the functions of the RV 
and the LV and in the detection of fibrosis 2) Coronary artery 
disease was excluded based on history, electrocardiography, 
and echocardiography (wall motion abnormality), the lack of an 
evaluation of coronary arteries indirect and directly with exer-
cise stress test and coronary angiography respectively.

Conclusion

In conclusion, MetS affects global, diastolic, and systolic func-
tions of both the RV and LV. The number of risk factors of metabolic 
syndrome was related with increasingly compromised right and left 
ventricular functions. Further studies are needed to support the 
clinical utility of novel echocardiographic indices in detecting for 
subclinical systolic dysfunction in patients with MetS.
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