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Abstract

Background: Little is known about the sex-specific differences in predictors of left ventricular diastolic
dysfunction in metabolic syndrome. One of the novel paradigms include the role of arterial stiffness in the
pathogenesis of left ventricular diastolic dysfunction. There are some differences in arterial stiffness in patients with
metabolic syndrome. We hypothesized that arterial stiffness may play a different role in the etiology of diastolic
dysfunction in men and women with metabolic syndrome, acting independently from other established predictors of
this condition besides the components of metabolic syndromes, such as age, left ventricular hypertrophy and
systolic function. The aim of the study was to analyze the sex-specific differences in arterial stiffness as predictors of
diastolic dysfunction in metabolic syndrome. Methods: The study included 131 patients from 2 centers in Poland
and Italy (60 women and 71 men, mean age 53.7 ± 6.7 years) with metabolic syndrome and no history of
cardiovascular disease. All patients underwent detailed echocardiography and high-resolution echo-tracking of
carotid arteries with the evaluation of arterial stiffness. Results: In the multivariate analysis, relative wall thickness
was independently associated with diastolic dysfunction occurrence in women with metabolic syndrome (P=0.012),
while independent predictors of diastolic dysfunction in men were relative wall thickness (P=0.08), left ventricular
mass index (P=0.001) and arterial compliance (P=0.004). Conclusions: There are sex-differences in left ventricular
diastolic dysfunction predictors in metabolic syndrome. Besides left ventricular hypertrophy as a powerful
determinant of left ventricular diastolic dysfunction in both men and women with metabolic syndrome, also arterial
compliance as a measure of arterial stiffness was independently associated with left ventricular diastolic dysfunction
occurrence in men but not in women with metabolic syndrome.
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Introduction
Metabolic Syndrome (MS) is an independent predictor of

cardiovascular diseases [1]. The cardiovascular risk linked to MS is
partly explained by increased prevalence and extent of Target Organ
Damage (TOD), such as preclinical carotid atherosclerosis and Left
Ventricular (LV) remodeling including Left Ventricular Hypertrophy
(LVH) and Diastolic Dysfunction (DD) [2,3], which altogether are
considered precursors of clinical cardiovascular events.

Adverse prognostic impact of MS might be greater in women
comparing to men [4,5]. Still little is known about sex-specific
differences in the predictors of diastolic dysfunction of the Left
Ventricle (LV DD) in Metabolic Syndrome. One of the novel
paradigms of heart failure with preserved EF (HfpEF) includes the role
of Arterial Stiffness (AS) in the pathogenesis of LV DD [6-10]. Some
differences in AS in men and women with MS have been described
[11-13]. The hypothesis of our study is that AS may play a different
role in the pathophysiologic mechanism underlying LV DD in men
and women with MS and that this relationship is independent of
established predictors of LV DD such as age, LVH and LV systolic

function, besides the components of MS. The aim of the study was to
check for the sex-specific differences in AS as predictors-of LV DD in
MS.

Patients and Methods
A total of 159 patients with metabolic syndrome defined according

to NCEP-ATP III were enrolled to the study from Department of
Cardiology, T Marciniak Hospital, Wroclaw, Poland and Department
of Surgical, Medical and Molecular Pathology and Critical Care
Medicine; Division of Anesthesiology, University of Pisa, Italy. Patients
were selected from a larger population referred to cardiological
evaluation for high blood pressure, dyspnoea or atypical chest pain,
resulted free of clinical cardiovascular disease (myocardial ischemia
and/or previous myocardial infarction, heart failure, TIA/stroke), and
with echocardiography showing ejection fraction (EF)>55% and no
evidence of regional wall motion abnormalities, cardiomyopathy,
pericardial disease, or valve dysfunctions.

After excluding subjects with an inadequate quality of
echocardiographic or echo tracking data, the final study population
consisted of 131 pts (60 women and 71 men, mean age 53.7 ± 6.7
years). All selected patients underwent complete 2D, M-mode, and
Doppler echocardiography and carotid ultrasound, including high-
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resolution eTracking. This study was approved by the Ethics
Committee of Wroclaw University of Medicine and University of Pisa;
written informed consent was sought from each participant.

Echocardiography
Detailed two-dimensional Doppler and tissue Doppler

echocardiographic recordings (Alpha 10; HITACHI-ALOKA, Tokyo,
Japan) were performed in each patient. Volumes were assessed with the
Teichholz method. LV Stroke Volume (SV) normalized for Pulse
Pressure (PP) was used as a measure of total arterial compliance (SV/
PP). End-diastolic wall thickness (Interventricular Septum [IVS] and
Posterior Wall [PW]) and Left Ventricle cavity diameter (LV End-
Diastolic Diameter [EDD]) were used to calculate LV Mass (LVM)
from the formula introduced by Devereux et al. [14] and then
normalized for BSA to obtain LV Mass Index (LVMI). Relative Wall
Thickness (RWT) was assessed from the formula: RWT=2PW/EDD.
The criterium for Left Ventricular Hypertrophy (LVH) was LVMI>110
g/m2 for women or->125 g/m2 for men.

Assessment of LV systolic and diastolic function
LV systolic function was evaluated by Ejection Fraction (EF)

calculated with Teichholtz method, Midwall Fractional Shortening
(MFS) according to de Simone et al. [15] and tissue Doppler-derived
peak longitudinal systolic shortening velocity (S′) from apical four-
chamber view at the lateral and septal mitral annulus and then
averaged [16]. LV diastolic function was assessed based on
conventional Doppler mitral inflow and tissue Doppler of the mitral
annulus, according to recommendations [16]. Early (E) and late (A)
Velocities, E/A ratio, and E Wave Deceleration Time (DTE) were
determined on the basis of transmitral pulse wave Doppler. Tissue
Doppler parameters, that is, early (e′) and late (a′) Diastolic Mitral
Annular Velocities, their ratio (e′/a′), were measured at septal and
lateral sides of the mitral annulus and then averaged. E/e′ was
considered as an index of LV filling pressure.

Integrated assessment of arterial function
Vascular ultrasonography of the right common carotid artery was

performed with an HITACHI-ALOKA Alpha 10 device with an
integrated and automated ultrasonographic, Doppler, and high-
resolution echo-tracking system. After visualization of the Intima-
Media Complex (IMT) of anterior and posterior arterial walls in
longitudinal axis with a maximal internal diameter, an echo-tracking
sample was positioned at the blood-intima interface, with 1 kHz
sampling rate for detection of carotid diameter changes. Diameter
changes follow changes in intravascular pressure, which enables a
conversion of carotid diameter waveform changes into arterial pressure
waveforms by calibrating peak and minimal values to systolic and
diastolic brachial blood pressures [17]. The data for minimum five
beats were averaged. The following AS parameters were evaluated
online [10]:

1. β (beta stiffness index), a ratio of the natural logarithm of
systolic/diastolic blood pressure to the relative change in the
arterial diameter: β=ln (Ps/Pd)/[(Ds-Dd)/Dd], where ln is the
natural logarithm, Ps the systolic blood pressure, Pd the diastolic
blood pressure, Ds the arterial systolic diameter, and Dd is the
arterial diastolic diameter

2. Epsilon (Ep): Young’s modulus, also referred to the pressure-
strain elasticity modulus: Ep=(Ps-Pd)/[(Ds-Dd)/Dd]

3. Arterial compliance (AC): AC, from the arterial cross-sectional
area and blood pressure: AC=π(Ds × Ds - Dd × Dd)/[4 × (Ps -
Pd)]

4. Pulse wave velocity (PWVβ): one-point PWV, from the time
delay between two adjacent distension waveforms, based on the
water hammer equation and using the β: PWVβ:=÷(β:\P/2\r)

Where P-diastolic blood pressure, r-blood density (1,050 kg/m3).

The reproducibility of the measurements mentioned earlier has been
reported elsewhere [18]. IMT was determined in line with the
established standards. In addition, serum concentrations of glucose
and lipids were determined in all the study subjects.

Statistical Analysis
Mean and standard deviations were calculated for quantitative

variables and percentages for qualitative variables. As all variables were
not normally distributed, differences between groups were tested by
Mann-Whitney test for quantitative variables and by a c2 test for
percentages of qualitative variables. The statistical significance was at
p<0.05 (two-sided tests), and for multiple testing, we used a statistical
significance of p<0.01). For quantitative variables showing a
statistically significant difference between the two groups, Receiver-
Operating Characteristic (ROC) curves were used to calculate the cut-
off values optimized to reach the best compromise in the prediction of
diastolic dysfunction. Optimal cut-off was defined as a threshold when
the sum of sensitivity and specificity was maximum. A multivariable
logistic regression analysis was performed considering as dependent
variables the occurrence of diastolic dysfunction. All the variables with
a significant value<0.25 at univariate analysis were included into the
model. The stepwise method with backward elimination was used, and
Odds Ratios (OR) with 95% CIs was calculated. The model was
evaluated using the Hosmer-Lemeshow test.

Results

Clinical characteristics
There were no significant differences in the mean values of age,

Body Mass Index (BMI), systolic (SBP) and Mean Blood Pressure
(MBP in male and female patients with MS. Women presented with
higher mean values of Heart Rate (HR; P=0.043) and DBP (P=0.04)
and men with higher mean values of waist circumference (P=0.001).
The prevalence of diabetes mellitus was higher in men than in women
(P<0.001) and mean values of glucose were higher in men compared to
women (P<0.001). Women had higher mean values of HDL (P<0.001)
and lower mean values of triglycerides (P<0.001) (Table1).

Clinical parameters

All

N=131

Sex W vs. M

Women Men  

 N=60 N=71

Age (years) M ± SD 53.7 ± 11.6 54.6 ± 12.7 52.9 ± 10.5 P=0.216

BMI (kg/m2) M ± SD 31.8 ± 4.5 32.3 ± 5.3 31.4 ± 3.7 p=0.647

HR (1/min) M ± SD 70.3 ± 10.4 72.0 ± 10.2 68.9 ± 10.3 p=0.043

SBP (mm Hg) M ± SD 136.2 ± 14.7
137.2 ±
14.9 135.5 ± 14.7 p=0.443

DBP (mm Hg) M ± SD 78.9 ± 10.2 80.8 ± 10.2 77.3 ± 9.9 p=0.043
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MBP (mm Hg) M ± SD 98.0 ± 10.8 99.6 ± 10.7 96.6 ± 10.7 p=0.079

Glucose (mg/dL) M ±
SD 132.3 ± 48.9

111.5 ±
36.0 149.9 ± 51.7 p<0.001

Waist (cm) M ± SD
n=122 102.8
± 12.9

n=60 99.0
± 10.7

n=62 106.5
± 13.8 p=0.001

HDL (mg/dL) M ± SD
n=127 48.0
± 13.1

n=57 53.4
± 13.9

n=70 43.7 ±
10.7 p<0.001

TG (mg/dL) M ± SD
n=123 159.9
± 100.0

n=54 133.1
± 86.9

n=69 180.9
± 105.1 p<0.001

Table 1: Clinical characteristics of the study groups.

Echocardiographic characteristics
Women had significantly lower mean values of LV dimensions and

volumes, such as EDD (P<0.001), ESD (P=0.001), EDV (P<0.001), ESV
(P<0.001), and SV (P<0.001) than men (Table 2).Mean values of LVMI
were higher in men than in women (108.79 vs. 83.2 g/m2, P<0.001)
(Table 2).

Echocardiographic variable

All

N=131

Sex W vs. M

Women N=60 Men N=71  

PW (mm) M ± SD 9.5 ± 1.8 8.6 ± 1.5 10.3 ± 1.7 <0.001

IVS (mm) M ± SD 10.7 ± 2.4 9.5 ± 2.0 11.6 ± 2.2 <0.001

EDD (mm) M ± SD 50.7 ± 5.7 48.4 ± 5.2 52.6 ± 5.4 <0.001

ESD (mm) M ± SD 31.2 ± 5.5 29.6 ± 5.4 32.6 ± 5.3 0.001

RWT (-) M ± SD 0.379 ± 0.082 0.359 ± 0.079 0.396 ± 0.080 0.003

LVMI (g/m2) M ± SD 97.07 ± 26.43 83.20 ± 19.84 108.79 ± 25.72 <0.001

EDV (cm3) M ± SD 119.0 ± 29.1 107.9 ± 24.7 128.3 ± 29.5 <0.001

ESV (cm3) M ± SD 38.3 ± 14.4 33.1 ± 12.9 42.7 ± 14.2 <0.001

SV (cm3) M ± SD 81.5 ± 18.3 74.7 ± 15.9 87.2 ± 18.3 <0.001

EF (%) M ± SD 68.6 ± 5.9 69.7 ± 5.5 68.0 ± 6.1 0.298

MFS (%) M ± SD 17.7 ± 2.9 18.7 ± 3.2 17.0 ± 2.5 <0.001

S’ (mm/s) M ± SD 8.1 ± 1.6 8.3 ± 1.9 8.0 ± 1.5 0.584

e’ (cm/s) M ± SD 8.3 ± 2.1 8.7 ± 2.2 8.0 ± 2.0 0.038

e’/a’ (-) M ± SD 0.777 ± 0.193 0.808 ± 0.195 0.750 ± 0.189 0.014

E/e’ (-) M ± SD 8.459 ± 2.137 7.907 ± 1.627 8.925 ± 2.401 0.015

Abbreviations: PW-Posterior Wall Thickness, IVS-Interventricular Septum Thickness, EDD-End-Diastolic Diameter of Left Ventricle, ESD-End-Systolic Diameter of Left
Ventricle, RWT-Relative Wall Thickness, LVMI-Left Ventricular Mass Index, EDV-End-Diastolic Volume of Left Ventricle, ESV-End-Systolic Volume of Left Ventricle, SV-
Stroke Volume, EF-Ejection Fraction, MFS-Midwall Fractional Shortening, S’-Tissue Doppler-Derived Peak Longitudinal Systolic Shortening Velocity, E-Early Diastolic
Mitral Filling Velocity, e′-Early Diastolic Mitral Annular Velocity, a’-Late Diastolic Mitral Annular Velocity

Table 2: Echocardiographic characteristics of the study groups.

No significant differences were found between women and men in
terms of conventional LV systolic function indices such as EF and
endocardial FS. Also, subendocardial longitudinal function expressed
by S′ did not differ between men and women with MS. Men had lower
mean values of midwall FS (P<0.001) (Table 2). LV DD was slightly
more frequent in men than in women (n=41, 57.7% vs n=29, 48.3%)
but this was not statistically significant (P=0.368). Diastolic function
abnormalities were also most advanced in men compared with
women-mean values of e’ and e’/a’ were lower and E/e’ ratio was higher
in men than in women (P=0.038; P=0.014 and P=0.015 respectively)
(Table 2).

Carotid arterial stiffness parameters in men and women with
MS

Mean values of AS parameters differed between men and women
with MS. The mean values of β and PWVβ were higher in men
comparing to women (P=0.02, P=0.03 respectively). Women had lower
mean values of arterial compliance (AC, P=0.018). Also, a measure of
arterial total compliance (SV/PP) was significantly lower in women
than in men (P=0.01) (Table 3).
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Arterial stiffness

 

All N=131

 

Sex

W vs. M

 

Women N=60 Men N=71

β (-) M ± SD 9.06 ± 3.43 8.21 ± 2.88 9.79 ± 3.71 0.02

Ep (kPa) M ± SD 128.1 ± 55.5 117.4 ± 46.0 137.1 ± 61.3 0.079

AC (mm2/kPa) M ± SD 0.741 ± 0.296 0.697 ± 0.315 0.777 ± 0.276 0.018

PWVβ (m/s) M ± SD 6.38 ± 0.96 6.17 ± 0.76 6.56 ± 1.08 0.03

SV/PP (cm3/mm Hg) M ± SD 1.466 ± 0.422 1.382 ± 0.427 1.537 ± 0.407 0.01

Abbreviations: β-Beta Stiffness Index, Ep-Epsilon, Young’s Modulus, AC-Arterial Compliance, PWVβ-One-Point Pulse Wave Velocity, SV-Stroke Volume, PP-Pulse
Pressure

Table 3: Carotid arterial stiffness indices in men and women with MS.

Correlations of LV DD parameters in men and women with
MS (chart)
The following significant linear correlations of LV diastolic

dysfunction indices were found in women: e’ and age (r=-0.407), e’ and
LVMI (r=-0.366), e’ and AC ( r=0.283), e’ and PWVβ (r=-0.271); e’/a’
and age (r=-0.258), e’/a’ and LVMI (r=-0.295); E/e’ and SBP (r=0.259),
E/e’ and glucose (r=0.348), E/e’ and LVMI (r=0.296). In men linear
regression analysis revealed the following significant linear correlations
of LV diastolic dysfunction indices: e’ and age (r=-0.368), e’ and LVMI

(r=-0.277), e’ and AC (r=0.255); e’/a’ and age (r=-0.301); E/e’ and
glucose (r=0.311).

ROC curve analysis of LV DD occurrence in men and women
with MS

With the use of ROC curve analysis, optimal cut-off values of
parameters in the determination of diastolic dysfunction occurrence
were identified (Table 4).

 

 

Women Men

Cut-off Sens. Spec. AUC Cut-off Sens. Spec. AUC

>43 85.5 48.5 0.711 >59 46.3 90 0.719

BMI (kg/m2) £32.5 93.6 27.3 0.567 >29.0 75.6 33.3 0.51

HR (bpm) £81 90.8 14.6 0.493 >63 75.6 40 0.54

SBP (mm Hg) >122 73.4 41.9 0.568 >135 58.5 63.3 0.604

DBP (mm Hg) £75 53.8 54.5 0.515 <81 36.6 83.3 0.546

MBP (mm Hg) >99 32.4 73.7 0.517 >102 31.7 90 0.557

Glucose (mg/dL) >91 86.7 44.9 0.618 >105 82.9 36.7 0.579

Waist (cm) >99 78.7 36.1 0.568 >112 47.1 78.6 0.58

HDL (mg/dL) <59 61.2 68.6 0.632 <44 55 80 0.612

TG (mg/dL) >104 54.7 67.2 0.622 >214 84.6 33.3 0.552

PW (mm >8.9 75.7 59.1 0.722 >10 58.5 76.7 0.725

IVS (mm) >9.4 75.1 69.2 0.777 >12.0 58.5 83.3 0.748

RWT (-) >0.381 65.9 82.3 0.774 >0.435 43.9 86.7 0.68

LVMI (g/m2) >80 77.5 57.6 0.695 >115 53.7 96.7 0.754

PP (mm Hg) >55 45.1 73.7 0.594 >58 51.2 70 0.565

SV/PP (mL/mm Hg) £1.71 83.8 36.4 0.638 £1.79 90.2 33.3 0.48
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β (-) >6.3 74 37.9 0.523 >8.8 63.4 56.7 0.596

Ep (kPa) >69 84.4 24.2 0.529 >110 68.3 56.7 0.611

AC (mm2/kPa) £0.87 82.7 50 0.693 £0.64 51.2 83.3 0.669

PWVβ (m/s) >6.4 63.6 82.3 0.625 >6.6 63.4 73.3 0.652

Table 4: ROC curve analysis in the determination of LV DD occurrence in men and women with MS.

Univariable analysis proved the following significant variables in
determining LV diastolic dysfunction in women (Table 5): age>43 yrs,
SBP>122 mmHg, glucose level> 91 mg%, HDL<59 mg%, TG>104 mg
%, LVMI>80 g/m2, RWT>0,381, MFS<20%, PP>55, SV/PP<1.71,
β>6.3, PWVβ >6.5, AC<0.87. However, at multivariate analysis, only
RWT was independently associated with LV DD occurrence in women
with MS (Table 5).

Variables

 

Cut-
off
value

 

Univariable analysis Multivariable analysis

OR
95%
CI

P-
value OR

95%
CI

P-
value

Age (years) >43 5.57
3.35-9
.25

<0.00
1    

BMI (kg/m2) >31.5 1.09
0.90-1
.33 0.354    

HR (bpm) £81 1.68
0.88-3
.22 0.153    

SBP (mm
Hg) >122 1.99

1.28-3
.09 0.003    

DBP (mm
Hg) £75 1.39

0.93-2
.10 0.136    

MBP (mm
Hg) >99 1.34

0.86-2
.11 0.239    

Glucose
(mg/dL) >91 5.33

3.16-8
.96

<0.00
1    

Waist (cm) >99 1.91
1.18-3
.09 0.011    

HDL (mg/dL) <59 3.44
2.20-5
.36

<0.00
1    

TG (mg/dL) >104 2,48
1,52-4
,05

<0,00
1    

PW (mm) >8.9 4.51
2.88-7
.05

<0.00
1    

IVS (mm) >9.4 6.63
4.20-1
0.5

<0.00
1    

RWT (-)
>0.38
1 9

5.56-1
4.6

<0.00
1 5,87

1.46-2
3.5 0.012

LVMI (g/m2) >80 4.66
2.96-7
.35

<0.00
1    

PP (mm Hg) >55 2.31
1.49-3
.56

<0.00
1    

SV/PP
(mL/mm Hg) £1.71 2.72

1.66-4
.46

<0.00
1    

EF (%) >68.0 0.8
0.15-4
.26 0.873    

MFS% £20.0 4.5
1.36-1
4.8 0,022    

S’ (mm/s) <8.6 12
0.98-1
37 0.084    

β (-) >6.3 1.73
1.11-2
.71 0.02    

Ep (kPa) >69 1.73
0.99-2
.92 0.053    

AC (mm2/
kPa) £0.87 4.77

2.94-7
.72

<0.00
1    

PWVβ (m/s) >6.5 8.13
5.04-1
3.1

<0.00
1    

Table 5: Multiple logistic regression analysis for the discrimination of
left ventricular diastolic dysfunction (women with MS).

In univariable analysis provided in men with MS, it turned out that
significant determinants of LV diastolic dysfunction in men were
(Table 6): age>59 yrs, HDL<44 mg%, LVMI>115 g/m2, RWT>0,435,
S’<7.7 cm/s; SV/PP<1.79, PWVβ>6.6, AC<0.64. At multivariate
analysis, only RWT and LVMI, as well as AC, were independently
associated with LV DD occurrence in men.

Variables

Cut-
off
value
 Univariable analysis Multivariable analysis

 OR
95%
CI

P-
value OR

95%
CI

P-
value

Age (years) >59 7.77
2.03-
29.7 0.003    

BMI (kg/m2) >29.0 1.33
0.46-
3.82 0.798    

HR (bpm) >63 2.07
0.74-
5.73 0.252    

SBP (mm
Hg) >135 1.41

0.55-
3.64 0.636    

DBP (mm
Hg) >81 2.88

0.91-
9.12 0.115    

MBP (mm
Hg) >102 4.18

0.99-
16.3 0.061    

Glucose
(mg/dL) >105 2.81

0.93-
8.46 0.11    
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Waist (cm) >112 4.09
1.26-
13.3 0.032    

HDL
(mg/dL) <44 4.89

1.64-
14.5 0.007    

TG (mg/dL) >214 2,75
0,87-
8,72 0,143    

PW (mm) >10 4.64
1.62-
13.3 0.007    

IVS (mm) >12 7.06
2.25-
22.2 0.001    

RWT (-)
>0.43
5 5.09

1.50-
17.2 0.013 8.34

1.73-
40.1 0.008

LVMI (g/m2) >115 33.6
4.17-
270

<0.00
1 38.8

4.14-
364 0.001

PP (mm Hg) >58 2.45
0.91-
6.61 0.122    

SV/PP
(mL/mm Hg) £1.79 4.62

1.28-
16.6 0.03    

EF (%) >59.8 3.38
0.67-
16.9 0.267    

MFS% £17.3 2.73
0.99-
7.37 0.08    

S’ (mm/s) £7.7 8.71
1.64-
46.3 0.014    

β (-) >8.8 2.27
0.87-
5.93 0.15    

Ep (kPa) >110 2.82
0.96-
7.48 0.063    

AC (mm2/
kPa) £0.64 5.25

1.68-
16.4 0.006 9.04

2.07-
39.6 0.004

PWVβ (m/s) >6.6 4.77
1.70-
13.3 0.005    

Table 6: Multiple logistic regression analysis for the discrimination of
left ventricular diastolic dysfunction (men with MS).

Discussion
Metabolic syndrome contributes to the development of

cardiovascular events [19]. Cardiovascular involvement associated
with MS include vascular and myocardial abnormalities that are
initially manifested as increased large artery stiffness and impaired
relaxation of the left ventricle and has a prognostic importance in pts
with MS [20]. The correlation between the intensity of MS and both
the presence and grade of DD is reported in several studies [21,22].
The potent well-known determinants of LV DD in various conditions
are aging, hypertension, diabetes, obesity, LVH and LV systolic
function [10]. Recently also AS has been being considered as a novel
predictor of LV DD [6-10]. To the best of our knowledge, this is the
first study to determine sex-specific predictors of LV DD in MS.

Aging as a predictor of LV DD in men and women with MS
Age is an established predictor of LV DD both in men and women

in many conditions [10]. Some authors have shown that aging may

have a greater impact on LV DD occurrence in women than in men
[23]. In contrast, in our previous study of untreated hypertensives, age
was documented as a significant determinant of LV DD only in men
[10]. In the present study, age was identified as a predictor of LV DD in
both women and men with MS in the univariate analysis provided in
separate sex subgroups (Tables 5 and 6). What is interesting, the cut-off
point of age as a predictor of LV DD was much lower for women than
men (43 yrs vs. 59 yrs) suggesting that even younger women with MS
may be prone to LV DD development.

Left ventricular hypertrophy as a predictor of LVDD in men
and women with MS

One of the powerful sex-specific cardiovascular factors is LVMI,
which is usually greater in men. In our study, male patients presented
with higher values of LVMI (P<0.001) (Table 1). LVH is an established
predictor of LV DD in various populations [16]. In the present study,
univariate analysis in separate sex subgroups (Tables 5 and 6) revealed
that LVH indices, namely, RWT and LVMI were significant predictors
of LV DD both in men and women with MS. Multivariate analysis
provided in separate sex subgroups proved LVH in a feature of LVMI
and RWT as an independent predictors of LV DD in men with MS and
RWT only as an independent determinant of LV DD in women with
MS. Our previous study performed in pts with untreated hypertension
showed LVH indices as predictors of LV DD in men and not in women
[10]. In contrast, Nicolini et al. showed that the effects of MS on LV
concentric hypertrophy/remodeling and preclinical diastolic
dysfunctions were more pronounced in women [3].

LV systolic function and LV DD in men and women
LV DD has been shown to be associated with long-axis systolic

dysfunction in various populations [24]. The present study showed in
the univariate analysis S′ as a predictor of LVDD in men but not in
women (Tables 4 and 5). In addition, in our previous study of
untreated hypertensives S′ was proved in the multivariate analysis
performed in the separate sex subgroups as an independent predictor
of LV DD in men, but not in women [10]. That was the first study in
which LV long-axis systolic dysfunction was identified as a sex-specific
predictor of LV DD in untreated hypertension as this is the first study
exploring the role of LV subendocardial longitudinal systolic function
as a sex-specific predictor of LV DD in MS. Why S′ influenced the
occurrence of LV DD in men to a larger extent than in women. One
potential reason is a higher prevalence of silent ischemia in men.

LV Midwall Fractional Shortening (MFS) is more precised than LV
endocardial fractional shortening in diagnosing an early LV systolic
dysfunction in patients with LVH and hypertension [15]. Women with
MS have a depressed afterload-corrected midwall fractional shortening
than women without the metabolic syndrome, whereas no differences
emerged in men with MS in the study by Schillaci et al. [25]. The
present study showed in the univariate analysis MFS as a predictor of
LVDD in women but not in men however the mean values of m FS
were lower in men comparing to women with MS. We have not met
before the study examining the role of MFS as a predictor of LV DD in
MS.

Arterial stiffness as a predictor of LV DD in men and women
Women have a stronger association of baPWV with metabolic

syndrome than men [12]. Conversely, data from MARK study showed
a greater association of CAVI and baPWV with MetS components in
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men than in women and indicated greater arterial stiffness in the event
of elevated blood pressure, fasting plasma glucose and waist
circumference [26]. Consistently, in our study, the mean values of AS
parameters namely β and PWVβ were higher in men compared to
women (P=0.02, P=0.03 respectively) and women have lower mean
values of AC (P=0.018) and a measure of arterial total compliance-
SV/PP) (P=0.01) (Table 3). LV DD is not only a disease of a stiff
ventricle but also a disorder of stiff arteries. It is also considered as a
coupling disease with disturbed arterial-ventricular interactions.

The relationship between AS and LV DD has been previously
reported in pts with hypertension [10], in diabetes [20] and in elderly
[27]. It has been also proved by Kass et al. [7] that increased AS
accounts for diminished exercise tolerance in HFpEF pts. Growing
evidence suggests that an increase in AS and related arterial-
ventricular coupling may play an important role in increasing
cardiovascular risk in MS [28]. Recently Solovjova et al. proved AS
measured by carotid-femoral PWV as an independent determinant of
LV DD in MS pts [29]. To the best of our knowledge, this is the first
study to examine sex-differences in AS as a predictor of LV DD in MS.
The univariate analysis of this study revealed that increased AS and
decreased AC was associated with LV DD occurrence in both women
and men. AC was proved as an independent determinant of LV DD

untreated hypertensive proved AS as an independent determinant of
LV DD in men but not in women [30].

Conclusion
There are sex-differences in LV DD predictors in MS. Besides LVH

as a powerful determinant of LVDD in both men and women with MS,
also arterial compliance as a measure of arterial stiffness was
independently associated with LV DD occurrence in men but not in
women with MS.

Clinical Implications
MS is not considered, so far, a gender-specific cause of

cardiovascular risk. Nevertheless, there is new evidence that significant
gender differences are present in the relationship between MS and
cardiovascular diseases. Detecting gender-related differences of cardiac
remodeling, including LV DD in MS would be of major importance to
improve the prevention, diagnosis, and treatment of these patients.
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