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Abstract

AIM: To evaluate the left ventricular structure and
function in isolated metabolic syndrome.

METHODS: One hundred and fifty six consecutive
adults with metabolic syndrome were enrolled in the
study. Fifty nine had isolated metabolic syndrome (group
A) and 97 had metabolic syndrome with hypertension
and/or diabetes (group B). There was a control group
of 34 healthy adults. In addition to classic echocar-
diographic assessment of myocardial structural and
functional changes, the Tei index was used to evaluate
global left ventricular performance.

RESULTS: There were no statistically significant differ-
ences between group A and controls in all parameters of
left ventricular structural, systolic, and diastolic function
except global myocardial performance (Tei index). On
the other hand, significant differences were observed
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between group B and the control group in most of the
parameters of left ventricular structural and global per-
formance.

CONCLUSION: The early identification of isolated
metabolic syndrome in non-diabetic, non-hypertensive
adults may be an indication that aggressive preventive
measures should not be postponed until overt obesity,
hypertension or diabetes mellitus has developed.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Metabolic syndrome is a condition characterized by the
accumulation of multiple risk factors (insulin resistance,
hyperglycemia, dyslipidemia, hypertension, visceral obe-
sity) for cardiovascular disease (CVD) in an individual
with a background of obesity and/or lack of exercise'.
However, it is not known whether isolated metabolic
syndrome (hyperglycemia or elevated blood pressure but
not diabetes mellitus or hypertension)” is also associated
with abnormal cardiac structure and function. If isolated
metabolic syndrome indicates persons who have already
developed abnormal left ventricular (V) structure and
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function, early recognition of isolated metabolic syn-
drome would be important.

The new International Diabetes Federation (IDF) defi-
nition of metabolic syndrome, when compatred to the Na-
tional Cholesterol Education Program Adult Treatment
Panel IIT (ATPIII) criteria, allows for better applicability
to different ethnic groups, because of ethnic-specific cut-
offs for identification of visceral obesity™.

The Tei index was introduced by Tei ez a/” as a Dopplet-
derived index that combines both systolic and diastolic
function to separate those with normal ventricular func-
tion from those with ventricular dysfunction. This index
has been found to correlate well with invasive measures of
systolic and diastolic IV function'”. Measurement of the
Tei index is non-invasive and easily obtained, does not re-
quite the presence of an experienced echocardiographer,
and it does not significantly prolong the time required for
the examination'".

The goal of the current study was to examine the echo-
cardiographic parameters of LV structural and global
performance using the Tei index in metabolic syndrome
patients with and without hypertension and/or diabetes
and in healthy controls.

MATERIALS AND METHODS
Subjects and methodology

A case-control study was performed. One hundred and
fifty six consecutive adults with metabolic syndrome were
enrolled in the study. All were recruited from the outpa-
tient cardiology, diabetes and general medicine clinics of
Suez Canal University Hospital from November 2007
to April 2010. Fifty nine patients fulfilling the hypergly-
cemia or elevated blood pressure criteria for metabolic
syndrome, but not the criteria for diabetes mellitus or hy-
pertension, were considered as having isolated metabolic
syndrome (group A). Ninety seven patients had metabolic
syndrome with hypertension and/or diabetes, (group B).
Thirty four healthy adults with no metabolic syndrome
and matched for age and gender comprised the control
group. Metabolic syndrome was diagnosed according to
the International Diabetes Federation (IDF) definition:
waist citcumference = 94/80 cm (men/women) plus any
2 of the following 4 factors: increased triglyceride level =
150 mg/dL ot a specific treatment for this lipid abnor-
mality; reduced high density lipoprotein cholesterol < 40/
50 mg/dL (men/women) or a treatment specific for this
lipid abnormality; raised blood pressure (BP): systolic BP
= 130 or diastolic BP = 85 mm Hg or treatment of pre-
viously diagnosed hypertension; raised fasting plasma glu-
cose = 100 mg/dL or treatment of previously diagnosed
type 2 diabetes".

Exclusion criteria were the following: chronic kidney
disease; a history or findings of cardiovascular disease
including heart failure symptoms or systolic dysfunction;
coronary artery disease; significant valvular heart disease
(i.e. greater than mild valvular insufficiency, or stenosis)
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and/or hypertrophic cardiomyopathy; pregnancy or lacta-
tion; and/or major systemic illness.

All groups had a full medical history and clinical exami-
nation including BP measurement, anthropometric mea-
sures, systemic examination, biochemical tests including
lipid profile, fasting plasma glucose (FPG), glycosylated he-
moglobin (Hb) Alc, and echocardiographic studies. Body
mass index (BMI) was calculated as weight/height” (kg/m”)
and was used as an estimate of overall adiposity. Waist cir-
cumference, a validated estimate of visceral adiposity, was
measured to the nearest 0.5 cm'”. Systemic hypertension
was defined according to the Joint National Committee
VII JNC VII) critetia, as a BP > 140/90 mmHg and/or
under current antihypertensive therapym. Diabetes was de-
fined according to revised American Diabetes Association
criteria as (a) fasting serum glucose level = 126 mg%, or
HbAlc = 6.5 and/or (b) current medical therapy with an
oral hypoglycemic agent and/or insulin"”

Echocardiographic evaluation

M-Mode and 2D echocardiographic studies were pet-
formed with a Hewlett-Packard phased array ultrasono-
scope (Sonos 1800, USA, model: DR 53 15) using a 2.5
and 3.5 MHz transducer.

Parameters of LV structure: LV dimensions (systolic
diameter (SD) and diastolic diameter (DD), LV diameter
(LVD), interventricular septum (IVS) and posterior wall
(PW) thicknesses were measured at end diastole (R wave
of electrocardiogram) and end systole (maximum pos-
terior motion of septum) and were indicated by d and s,
respectively. All were detected in the parasternal long-axis
view during M-mode tracing according to the recommen-
dation of the American Society of Echocardiography' .
LV mass (LVM) was calculated according to the modi-
fied cube formula of Mayosi ez al'” as follows: LVM =
1.01[(IVSa + PWa + DD)’ - (DD)’| - 13.6 g

LVM index (LVMI) was then calculated as follows:
LVMI=LVM/m’, where m was the height of the patient
in meters. Relative wall thickness (RWT) was calculated as
the ratio IVSa+PWa)/LVDa. LV geometric pattern was
considered normal if LVMI was < 50 g/m2 and RWT
was < 0.44. Concentric remodeling was diagnosed when
LVMI was < 50 g/ m” and RWT was > 0.44; concentric
hypertrophy was defined as LVMI > 50 g/m” and RWT
> 0.44; eccentric hypertrophy was diagnosed when LVMI
was > 50 g/m” and RWT was < 0.44.

Parameters of systolic function: LV end-diastolic and
end-systolic volumes (EDV and ESV) were calculated ac-
cording to Abraham e# al 13]; stroke volume was calculated
as the difference between EDV and ESV; cardiac output
(CO) was obtained as the product of stroke volume and
heart rate (HR). Ejection fraction (EF) was calculated as
EF% = 100 x (EDV-ESV)/EDV"",

Parameters of diastolic function: assessment of dia-
stolic function was obtained by pulsed-wave Doppler of
both transmitral and pulmonary venous flow patterns
recorded in the apical 4-chamber view. Peak flow velocity
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Characteristics Controls (7 = 34) Group A (n = 59) Group B (7 = 97) P P P
Age (yr) 469+74 444 +73 499 +8.3 NS NS NS
SBP (mmHg) 117.5+6.1 1344 +£5.6 140.1 £ 8.1 NS 0.01 <0.05
DBP (mmHg) 789+6.4 853143 919+79 NS 0.05 <0.05
BMI (%) 222+1.2 287+3.6 31.8+4.7 <05 <0.01 NS
W. Circum. (cm) 822+46 98.1+6.5 105.1+7.1 <0.05 <0.05 NS
HDL (mg/dL) 457 £6.9 40.8+£6.5 432+7.6 NS NS NS
Triglyceride (mg/dL) 1389+ 161 1747 £ 233 181942411 <005 <005 NS
FPG (mg/dL) 91.7 £10.6 98.6 £15.2 118.4 +43.6 <0.05 <0.01 <0.05
HbA1lc (%) 510+ 0.41 6.20 + 0.30 7.40+1.10 <0.05 <0.01 <0.05

Group A: Isolated metabolic syndrome patients; Group B: Metabolic syndrome patients; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic

BP; W. Circum: Waist circumference; HDL: High density lipoprotein cholesterol; FPG: Fasting plasma glucose; HbAlc: Glycosylated hemoglobin; NS:

Non significant; P: Comparison between group A (isolated metabolic syndrome) and control; P': Comparison between group B (metabolic syndrome) and

control; P*: Comparison between group A and B.

Tei index = (ICT + IRT)/ET = (a - b)/b

Mitral flow iMitraI flow

IcTi , IIRT

Lv outﬂow§

Figure 1 Doppler time intervals included in the Tei index"®. Measure-

ment of Doppler intervals. The index is defined by the equation (a-b)/b, where
a represents the interval between cessation and onset of mitral inflow and b
represents the ejection time (ET) of the left ventricular outflow. Isovolumic re-
laxation time (IRT) is measured by subtracting d, the interval from the peak of
the R wave on the ECG to the end of ejection time, from the interval ¢ between
the R wave and the onset of mitral inflow. Isovolumic contraction time (ICT) is
obtained by subtracting IRT from a-b.

in early diastole (E wave) and during atrial contraction (A
wave) and peak E/A ratio were measured. LV isovolumet-
ric relaxation time (IRT) was also measured in ms as the
interval between the aortic valve closure click and the start
of mitral flow"”.

The following time intervals were measured for Tei
index calculation: IRT (ms: from the end of the S wave to
the beginning of the E wave); isovolumetric contraction
time (ICT ms: from the beginning of the first positive
deflection after the Q wave to the onset of the S wave;
ejection time (ET) ms: From the beginning to the end of
the S wave. The Tei index was calculated as ICT+IRT)/
ET (Figure 1)"". A Tei index < 0.40 is considered normal.
Higher index values correspond to more pathological
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states with overall cardiac dysfunction"”

Ethics

Informed consent was obtained from all adults. The aim
and the value of the wotk were explained in a simplified
manner for them. There was no harm inflicted on them.
On the contrary all showed a benefit in the follow-up and
in the final results of the study. The study was approved
by the Ethics Committee of Faculty of Medicine, Suez
Canal University. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki as
reflected in a priori approval by the institution’s Human
Research Committee.

Statistical analysis

According to the type of data, the Student unpaired #
test and the y” test were used for statistical comparisons
between 2 groups. Descriptive statistics were obtained
including mean, standard deviation, mode and median for
quantitative variables and frequency and percent for quali-
tative variables. The analysis was carried out by a com-
puter program (SPSS Version 11). The P value was set at
< 0.05 for statistically significant results and at < 0.0001
for highly significant results.

RESULTS

Baseline characteristics of 59 patients (33 male, 26 female,
mean age 44.4 years) with isolated metabolic syndrome
(group A), 97 patients (51 male, 46 female, mean age
49.9 years) with metabolic syndrome (group B) and 34
healthy controls (19 male, 15 female, mean age 46.9 years)
are shown in Table 1. In group B, 20 patients had diabetes
mellitus, 36 patients had hypertension, and 41 patients had
both. The average durations of diabetes and hypertension
were 5.4 and 7.2 years, respectively. The majority of dia-
betics were taking secretogogues, 75% of the hypertensive
patients were taking angiotensin converting enzyme in-
hibitors, but only 40% of patients with dyslipidemia were
taking statins. No patient in group A was taking any medi-
cations for elevated blood sugar or high blood pressure.
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Characteristics Controls (7 = 34) Group A (n = 59) Group B (n = 97) P P P
End SD (mm) 28.8+1.5 291+14 288+1.4 NS NS NS
End DD (mm) 48.7+4.6 50.6 £ 4.4 499+45 NS NS NS
EF (%) 63.9+79 63.5+6.5 62.7+7.4 NS NS NS
IVS thickness (mm) 8.6+0.5 84+0.6 9.2+0.7 NS <0.05 NS
PW thickness (mm) 8.6+0.7 8.6 0.6 9.3+09 NS <0.05 NS
RWT (%) 36.3+3.6 379+3.8 47.7£5.8 NS <0.05 <0.05
LVMI (g/mz) 88.2+74 93.2+4.1 120.8 £26.8 NS <0.05 <0.01
E/ A ratio 1.41+0.19 1.26 £0.12 1.17 £ 0.08 NS <0.01 <0.05
Tei index 0.36 + 0.07 0.64 £0.17 0.87 £0.12 <0.01 <0.001 NS

End SD: End systolic diameter; End DD: End diastolic diameter; EF: Ejection fraction; IVS: Interventricular septum; PW: Posterior wall; RWT: Relative wall

thickness; LVMI: Left ventricular mass index; E: E velocity; A: A velocity; P: Comparison between group A and control; P': Comparison between group B

and control; P* Comparison between group A and B.

No significant difference was observed among the groups
regarding age. There were significant differences in BMI,
waist circumference, BP, FBS, and triglycerides between
group B and the control group. There were significant
differences between group A and group B regarding BP,
FPG and HbATc.

Echocardiographic and Doppler data are shown in
Table 2. There were no statistically significant differences
between group A and controls in all parameters of LV
structural, systolic, and diastolic function except the global
myocardial performance (Tei index). On the other hand,
significant differences were observed between group B
and the control group in most of the parameters of LV
structural and global performance. Comparing echocar-
diographic parameters between group A and B, no signifi-
cant differences were observed except for LVMI, RWT,
and E/A ratio.

DISCUSSION

The value of a diagnosis of metabolic syndrome has been
challenged because it includes persons with established
hypertension and diabetes mellitus, components already
known to be CVD risk factors. Metabolic syndrome also
includes persons with mild hyperglycemia, but not dia-
betes, who are at an increased risk of developing overt
diabetes"”. Established hypertension is a powerful risk
factor for CVD, but those with pre-hypertension may
already manifest detrimental changes in cardiac structure
and function'”. To investigate this further, the current
study was undertaken to evaluate whether isolated meta-
bolic syndrome is also associated with abnormal cardiac
structure and function. If isolated metabolic syndrome
identifies persons who have already developed abnormal
LV structural and functional changes, the importance of
eatly recognition of isolated metabolic syndrome would
be enhanced.

In the current study, we found structural modifications
of the heartin patients with metabolic syndrome. The as-
sociated established hypertension and/or diabetes could
be thought to be responsible factorsin the induction of
the structural cardiac changes. Analysis of the current data
revealed that concentric hypertrophy appears to be the
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most obvious morphological change (LVMI > 50 g/ m’
and RWT > 44). Similar results were recorded in various
studies™™ ™. However, in the current study we observed
that, in the metabolic syndrome group, the increase in
LVM could be attributed to an increase in septal and pos-
terior wall thickness without changes in LV diastolic diam-
eters, compared with no increase in LVM in the isolated
metabolic syndrome group. The concentric hypertrophy
may be the result of a lack of increase in LV end-diastolic
dimensions, whereas wall thickness increases under the
stimulus of the elevated total vascular resistance.

The E/A ratio exhibited a stepwise dectrease from the
control group to the isolated metabolic syndrome group
to the metabolic syndrome group, primarily as a result
of increased A-wave velocity. The deceleration time and
isovolumic relaxation time were significantly longer in
the metabolic syndrome group. These findings suggest
that there is a progressive impairment in LV relaxation
depending on the component of the metabolic syndrome.
The present data showed a significant decrease in diastolic
function for group B #s control, indicating impairment in
diastolic function with the increasing burden of metabolic
syndrome.

The results of the present study are consistent with
those of prior studies that identified hypertension, diabe-
tes mellitus, and obesity as independent predictors of im-
paired LV structure and function™ . Increased LV mass,
RWT, and deceleration time have been reported in hyper-
tensive subjects with metabolic syndrome compared with
a hypertensive cohort without metabolic syndrome™. In
the Strong Heart Study, those with metabolic syndrome
had greater LVM and RWT and significantly lower E/A
ratio”". Similatly, in the current study, LV diastolic func-
tion was not found in the isolated metabolic group but
was present in the metabolic syndrome group.

The above altered geometric pattern was associated in
the current study with a non significant depressed systolic
function in both groups, and significantly altered diastolic
function in the metabolic syndrome group. These differ-
ent findings might be due to the variability in metabolic
diagnostic criteria and subsequently the total vascular re-
sistance.

Tei Chuwa devised and published an index of myo-
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cardial performance (the Tei index) in 1995 that evaluated
LV systolic and diastolic function in combination”. The
index has proved to be a reliable method for the evalua-
tion of LV systolic and diastolic performance, with clear
advantages over older established indexes and has prog-
nostic value in many kinds of heart disease™™".

In the current study LV global function was assessed
using the Tei index. The Tei index exhibited a stepwise
increase from the control group to the isolated metabolic
syndrome group to the metabolic syndrome group. In
spite of the apparent normal LV systolic function (as
shown by a normal EF), the high Tei index predicted the
presence of early combined systolic and diastolic function
in isolated metabolic syndrome.

Other studies have previously shown that visceral
obesity is associated with diastolic dysfunction, an effect
that may be mediated by an obesity-related pro-inflamma-
tory state and/or by supptession of adiponectin exptes-
sion”*". In the current study, even in the isolated meta-
bolic group who were non-diabetic and non-hypertensive
and had a BMI significantly lower than that the metabolic
syndrome group, the altered global ventricular perfor-
mance may be mediated by other potential mechanisms.
This may contribute to insulin resistance, hypertriglyceri-
demia with subsequent impaired endothelial dysfunction,
abnormalities in myocardial perfusion and/or metabolic
substrate utilization, inflammation and oxidative stress,
interstitial fibrosis, impaired ventricular—vascular interac-
tion, efc.

Finally, as the Tei index is capable of estimating
combined systolic and diastolic performance, it could
be more advantageous than the isolated measurement
of either systolic or diastolic parameters in the early
evaluation of global LV function in isolated metabolic
syndrome patients. It is simple, noninvasive, easy to use
and reproducible. Moreover, the calculation of the Tei
index is independent of age, arterial pressure, heart rate,
ventricular geometry, atrioventricular valve regurgitation,
afterload, and preload in patients who are in a supine po-
Sidon[i,l 7,28,31,32] )

In conclusion, the current study shows that metabolic
syndrome groups (those with or without hypertension and
or/diabetes) have an associated abnormal LV global per-
formance. The functional changes are independent of and
precede the structural changes. In metabolic syndrome
the increase in LVMI is physiologically consistent with
an increase in LV diastolic dysfunction. The identifica-
tion of isolated metabolic syndrome in non-diabetic, non-
hypertensive adults may be an indication that aggressive
preventive measures should not be postponed until overt
obesity, hypertension or diabetes mellitus have developed.
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