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Aim To characterize the extent to which metabolic syndrome criteria predict left ventricular (LV) struc-
ture and function.
Methods and results Metabolic syndrome criteria were assessed in 607 adults with normal LV function.
The cohort was grouped according to the number of criteria satisfied: (1) Absent (0 criteria, n ¼ 110);
(2) Pre-Metabolic Syndrome (1–2 criteria, n ¼ 311); and (3) Metabolic Syndrome (�3 criteria, n ¼ 186).
Echocardiography was used to assess LV structure (LV mass) and systolic (LVEF, Vs) and diastolic function,
by pulse-wave Doppler (E/A ratio) and tissue Doppler imaging (Ve). LV volumes and LVEF were similar
between groups. However, LV mass increased significantly and progressively (LVM/Ht2.7, in g/m2.7:
34.9 + 6.7, 41.0+ 9.5, 46.3+ 11.0, P, 0.001); LV relaxation decreased progressively (Veglobal0, in
cm/s: 13.5 + 2.8, 12.1+ 3.0, 10.5+ 2.2, P, 0.001) from Absent to Pre-Metabolic Syndrome to Meta-
bolic Syndrome groups, respectively. Multiple variable analyses showed that diastolic blood pressure,
waist circumference, and triglyceride levels were independent predictors of Ve after adjustment for
LV mass.
Conclusion Patients with metabolic syndrome have LV diastolic dysfunction independent of LV mass.
These functional abnormalities may partially explain the increased cardiovascular morbidity and mor-
tality associated with metabolic syndrome.
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Introduction

The metabolic syndrome represents a clustering of cardio-
vascular risk factors affecting �22% of the adult population
in industrialized countries and over 40% of the those aged 50
and older.1,2 These risk factors have been shown to act
synergistically, via mechanisms poorly defined, to increase
the risk of adverse cardiovascular events including coronary
artery disease (CAD) and congestive heart failure, and are
associated with high cardiovascular morbidity and mor-
tality.2–4 Although studies have shown that hypertension,
diabetes mellitus, and obesity adversely affect cardiac
structure and function, the extent to which individual and
clustering components of the metabolic syndrome predict
subclinical left ventricular (LV) systolic and/or diastolic
dysfunction has not been well characterized.5–9

LV hypertrophy (LVH) imparts increased risk of cardiovas-
cular morbidity and mortality, including development of

systolic and diastolic dysfunction, and progression to heart
failure.10–12 Although the progressive addition of metabolic
syndrome risk factors, such as obesity, diabetes, and/or
dyslipidaemia, is associated with increased LV mass, inde-
pendent of hypertension, the effects of the metabolic
syndrome and of each of its component criteria on cardiac
structure and function has not been well characterized.13

Thus, the purpose of this study was to evaluate the effects
of the metabolic syndrome and the individual components
of the syndrome on echocardiographically-determined LV
structure and function.

Methods

Study population

The study cohort consisted of 607 subjects (out of 872 consecutive,
ambulatory subjects), aged 21 and older meeting study criteria. All
study subjects underwent a complete cardiovascular evaluation
after an 8 h fast, including: (1) history and physical examination;
(2) heart rate, blood pressure (obtained after 10 min of rest in the

* Corresponding author. Tel: þ1 314 362 1076; fax: þ314 747 8170.
E-mail address: lfuentes@wustl.edu

& The European Society of Cardiology 2007. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org

European Heart Journal (2007) 28, 553–559
doi:10.1093/eurheartj/ehl526



sitting position, expressed as the average of three consecutive
measurements in each arm); (3) fasting serum glucose and insulin
(for those not receiving insulin and/or oral hypoglycemic agents);
(4) fasting plasma lipids [i.e. triglyceride, high-density lipoprotein
cholesterol (HDL-C), total cholesterol, and low-density lipoprotein
cholesterol (LDL-C) concentrations]; and (5) comprehensive two-
dimensional and Doppler echocardiogram. The Human Research
Protection Office at Washington University approved of this proto-
col; informed consent was obtained prior to study enrolment.
Metabolic syndrome was diagnosed according to the amended

National Cholesterol Education Program’s Adult Treatment Panel III
(ATP-III) guidelines in individuals meeting three or more of the fol-
lowing criteria: (a) increased waist circumference (.102 cm in
men or .88 cm in women); (b) increased fasting triglyceride
(.1.7 mmol/L); (c) high blood pressure (�130/�85 mmHg) or anti-
hypertensive therapy; (d) decreased HDL-C (,0.45 mmol/L in men
or ,0.56 mmol/L in women); (e) impaired fasting glucose
(�5.6 mmol/L).14,15 Those receiving niacin and/or fibric acid deriva-
tives were considered to have met the criteria for both increased
serum triglyceride and decreased HDL-C.14,15

Systemic hypertension was defined according to Joint National
Committee VII (JNC VII) criteria, as a BP �140/�90 mmHg and/or
current antihypertensive therapy.16 Overweight and obesity were
defined as a body mass index between 25–30 kg/m2 and
.30 kg/m2, respectively. LDL-C was calculated according to
Friedewald’s equation when TG was �5.7 mmol/L; otherwise it
was directly measured by ultracentrifugation.17 Diabetes was
defined according to revised American Diabetes Association criteria,
as (a) fasting serum glucose level �7.0 mmol/L and/or (b) current
medical therapy with an oral hypoglycaemic agent and/or
insulin.18 CAD was defined as (a) history and/or treatment for
angina and/or myocardial infarction; (b) history of coronary artery
revascularization procedures and/or coronary angiography with
.50% stenosis in one or more of the major coronary arteries; and/
or (c) regional wall motion abnormalities on rest echocardiography.
Exclusion criteria included the following: (1) history or findings of

cardiovascular disease including heart failure symptoms or systolic
dysfunction (LVEF ,55%), coronary artery disease, significant
valvular heart disease (i.e. greater than mild valvular insufficiency
or stenosis), and/or hypertrophic cardiomyopathy; (2) pregnancy
or lactating; and/or (3) major systemic illness.

Echocardiography

Echocardiography was performed in harmonic imaging mode by use
of a 3.5-MHz transducer and commercial ultrasound system
(Sequoia-C256, Acuson-Siemens, Mountain View, CA). Internal
dimensions, left ventricle wall thickness, and LVEF (by modified
Simpson’s rule) were measured according to published recommen-
dations.19 Left atrial diameter was measured in the parasternal
long-axis view. The relative wall thickness (RWT) was calculated
as follows: LV end-diastolic diameter / 2 † end-diastolic posterior
wall thickness. The LV mass was determined by the M-mode-derived
cubed method and indexed to height2.7 (LVM/Ht2.7) to correct for
body habitus; LVH was defined as LVM/Ht2.7 �51 g/m2.7 for men
and �49.5 g/m2.7 for women.20

Pulsed-wave Doppler (PWD)-derived transmitral inflow velocities
were obtained in the apical 4-chamber view with the sample
volume placed at the mitral valve leaflet tips.21 Measurements
included the transmitral early diastolic (E-wave) and atrial
(A-wave) velocities to calculate E/A ratio, E-wave deceleration
time, and the isovolumic relaxation time.21 Tissue Doppler
imaging (TDI) was used to obtain LV myocardial velocities in the
apical 4- and 2-chamber views with a 2 mm sample volume placed
at the lateral, septal, anterior, and inferior mitral annulus.8,21–25

Measurements included the systolic (Vs) and early diastolic (Ve)
myocardial velocities. Values reported include the velocities at
the septum (Vsseptal and Veseptal) and the average of the four
annular sites (Vsglobal and Veglobal). LV diastolic dysfunction was

defined as follows: (1) PWD criteria: E/A ratio ,1 if age ,55
or ,0.8 if age �55, and/or DT .240 ms; (2) TDI criteria: Veglobal
�12.9 cm/s if age ,40; Veglobal �10.2 cm/s age 40–59; and Veglobal
�7.2 cm/s if age �60.26 All echocardiographic measurements were
averaged over three consecutive cardiac cycles, measured by a
single investigator blinded to all other variables.

Statistical analysis

Statistics were performed using SAS software (Version 9.1, SAS
Institute, Cary, NC). For analysis, the study cohort was grouped
according to the number of metabolic syndrome criteria satisfied:
Absent (0 criteria), Pre-Metabolic Syndrome (1–2 criteria), and
Metabolic Syndrome (�3 criteria). All P-values for comparisons of
variables presented in Tables 1 and 2 were adjusted for multiple
comparisons using a Bonferroni adjustment. Values for continuous
data were presented as the mean+ SD. Group differences were
assessed by analysis of variance and the Dunnett post-hoc test for
multiple comparisons. The Cochran–Armitage trend test was used
to test group trends for categorical variables. The odds ratios and
95% confidence intervals (CI) were calculated for Pre-Metabolic -
Syndrome and Metabolic Syndrome being associated with PWD-
and TDI-determined LV diastolic dysfunction. Stepwise multiple
variable regression models determined the variables most predic-
tive of Vsglobal, Veglobal, and E/A ratio and included: age, LVM/
Ht2.7, Vsglobal (except when Vsglobal was the dependent variable),
metabolic syndrome group assignment, and the individual metabolic
syndrome criteria expressed as continuous variables (i.e. waist
circumference, triglyceride, HDL-C, systolic and diastolic blood
pressures, and fasting glucose).
The models were re-analyzed substituting the continuous variable

glucose with its dichotomous counterpart (i.e. impaired fasting
glucose) to include diabetics in the models. Variables that were
not normally distributed were log- or reciprocally-transformed for
analysis. Variable entry into the stepwise regression models
required a P-value, 0.10; a P-value, 0.05 was considered statisti-
cally significant.

Results

Characteristics of study population

Demographic and clinical characteristics of the 607 subjects
(mean age: 49 + 13, 59% female) were grouped according to
the number of metabolic syndrome criteria (Table 1).
Gender and racial distributions were similar among the
three groups. Despite not meeting waist circumference cri-
teria for visceral obesity, 47% in the Absent group were
either overweight or obese. Hypertension was the most
prevalent criteria in the Pre-Metabolic Syndrome group,
while hypertension, increased waist circumference, and
hypertriglyceridaemia were the three most common criteria
present in the Metabolic Syndrome group (Figure 1).

LV structure and systolic function

The LV dimensions, volumes, and LVEF were similar across
the three groups (Table 2). The RWT, LVM/Ht2.7, and left
atrial diameter exhibited stepwise increases from the
Absent to Pre-Metabolic Syndrome to Metabolic Syndrome
groups. LVH was present in 2% of the Absent, 14% of the Pre-
Metabolic Syndrome, and 31% of the Metabolic Syndrome
groups (P , 0.0001). Although the LVEF was similar among
the three groups, the TDI-derived Vsseptal, but not Vsglobal,
(measures of longitudinal systolic myocardial contractility)
was significantly lower in the Metabolic Syndrome group
compared with the Absent group (P ¼ 0.006). Univariate
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analyses showed that systolic and diastolic blood pressure,
glucose (only for Vsglobal), triglyceride, age, and LVM/Ht2.7

were significant predictors of Vsseptal and Vsglobal; however,
stepwise multiple variable analysis found that only age and
LVM/Ht2.7 were independent predictors of Vsseptal (model
r2 ¼ 0.16), and that age, systolic and diastolic blood
pressures were independent predictors of Vsglobal (model
r2 ¼ 0.22).

LV diastolic function in Pre-Metabolic Syndrome
and Metabolic Syndrome

The E/A ratio exhibited a stepwise decrease from the Absent
to the Pre-Metabolic Syndrome to the Metabolic Syndrome
groups, primarily a result of increased A-wave velocity;
the deceleration time and isovolumic relaxation time were
significantly longer in the Metabolic Syndrome group
(Table 2). The TDI-derived Veseptal and Veglobal were signifi-
cantly lower in both the Metabolic Syndrome and Pre-
Metabolic Syndrome than in the Absent group (P � 0.0002
for all). These findings suggest that there is a progressive
impairment in LV relaxation as the number of Metabolic
Syndrome criteria increase.

The prevalence of LV diastolic dysfunction by PWD- and
TDI-derived indices ranged from 7–9% in the Absent group
to 17–18% in the Pre-Metabolic Syndrome group and
29–35% in the Metabolic Syndrome group (Figure 2). In the

Pre-Metabolic Syndrome group, the odds ratio for detecting
LV diastolic dysfunction were 2.6 (95% CI: 1.2–5.6, P ¼ 0.01)
by PWD and 2.2 (95% CI: 1.1–4.5, P ¼ 0.03) by TDI; in
the Metabolic Syndrome group the odds ratio were 5.2
(95% CI: 2.4–11.4, P , 0.0001), and 5.5 (95% CI: 2.7–11.3,
P, 0.0001), respectively.

Multiple variable regression models
of LV diastolic function

To determine the contribution of each component of the
metabolic syndrome to measures of LV relaxation (i.e.
Veglobal velocity and E/A ratio), univariate and stepwise mul-
tiple variable regression models were developed to include
systolic and diastolic blood pressures, waist circumference,
glucose, HDL-C, triglyceride, and metabolic syndrome group
assignment (Absent, Pre-Metabolic Syndrome, or Metabolic
Syndrome) with covariates including age, LVM/Ht2.7, and
Vsglobal (Table 3). The univariate analyses demonstrated
that all variables were significantly associated with Emglobal

(P, 0.0001 for all) except HDL-C. Stepwise multiple
variable regression analyses demonstrated that age, Vsglobal,
diastolic blood pressure, waist circumference, LVM/Ht2.7,
and triglyceride remained independently associated with
Veglobal (r2 ¼ 0.75). The univariate analyses for E/A ratio
(Table 3) showed that all of the variables except HDL-C
had significant associations with the E/A ratio (p � 0.0004

Table 1 Characteristics of the study population

Absent
(n ¼ 110)a

Pre-MetS
(n ¼ 311)a

MetS
(n ¼ 186)a

P-values

Adjusted
Omnibusb

Pre-MetS vs.
Absentc

MetS vs.
Absentc

Age, years 44+ 12 48+ 13 51+ 11 0.0004 0.003 ,0.0001
Female, n (%) 64 (58) 184 (59) 108 (58)
African American, n (%) 21 (19) 70 (23) 47 (25)
Body mass index, kg/m2 25+ 3 29+ 6 35+ 6 ,0.0001 ,0.0001 ,0.0001
Waist circumference, cm 79+ 10 91+ 15 104+ 13 ,0.0001 ,0.0001 ,0.0001
Systolic BP, mmHg 110+ 9 124+ 17 131+ 15 ,0.0001 ,0.0001 ,0.0001
Diastolic BP, mmHg 73+ 6 80+ 9 83+ 8 ,0.0001 ,0.0001 ,0.0001
HDL cholesterol, mmol/L 1.6+ 0.4 1.5+ 0.4 1.9+ 0.3 ,0.0001 0.0002 ,0.0001
Triglyceride, mmol/L 0.9+ 0.3 1.3+ 0.6 2.2+ 1.3 ,0.0001 0.0002 ,0.0001
Glucose, mmol/La 4.6+ 0.5 4.9+ 0.8 5.6+ 1.3 ,0.0001 0.02 ,0.0001
Total cholesterol, mmol/L 5.0+ 0.8 5.0+ 1.0 5.0+ 1.0
LDL cholesterol, mmol/L 2.9+ 0.8 3.0+ 0.8 2.9+ 0.9
Heart rate, bpm 63+ 11 64+ 10 69+ 11 ,0.0001 ,0.0001
Insulin, mU/mLa 6.3+ 4.0 9.3+ 8.1 18.0+ 16.2 ,0.0001 ,0.0001 ,0.0001
Past medical history, %
Hypertension — 154 (50) 129 (69) ,0.0001
Type 2 diabetes mellitus — 20 (7) 73 (41) ,0.0001
Current smoker 7 (6) 33 (11) 18 (10)
Prior smoker 25 (23) 96 (31) 65 (35)

Medical therapy, %
Anti-hypertensive — 119 (38) 104 (56) ,0.0001
Statin 1 (1) 36 (12) 49 (26) ,0.0001
Fibrate — 1 (0) 8 (4) 0.03
Niacin — — 6 (3)
Oral hypoglycaemic — 9 (3) 54 (29) ,0.0001
Insulin — 2 (1) 5 (3)

Italicized variables represent metabolic syndrome criteria.
aGlucose and insulin only obtained in fasting subjects not taking oral hypoglycaemic agents or insulin (Absent: n ¼ 111, Pre-MetS: n ¼ 297, MetS: n ¼ 127).
bThe omnibus P-value for continuous variables and the Cochran-Armitage trend test for categorical variables are adjusted per Bonferroni.
cPair-wise comparisons of categorical variables by Dunnett.
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for all). Stepwise multiple variable regression analyses
showed that age, diastolic blood pressure, Vsglobal, systolic
blood pressure, and HDL-C were independently associated
with E/A ratio (model r2 ¼ 0.50). Importantly, metabolic
syndrome group assignment was not independently associ-
ated with Veglobal or E/A ratio in the multiple variable
analyses.

The regression models used fasting glucose level as a con-
tinuous variable; these were not obtained in diabetic sub-
jects receiving oral hypoglycaemic or insulin therapy (n ¼

72), which may result in the exclusion of more severe meta-
bolic phenotypes from analysis. As such, the regression
models may have underestimated the contribution of
impaired fasting glucose to measures of LV diastolic func-
tion. Re-analysis of the stepwise multiple variable regression
models (data not shown) including the presence or absence
of impaired fasting glucose (as a dichotomous variable)
instead of fasting glucose resulted in models where the
metabolic syndrome group variable was retained for both

Table 2 Echocardiographic parameters of LV structure and function

Absent
(n ¼ 110)

Pre-MetS
(n ¼ 311)

MetS
(n ¼ 186)

P-values

Adjusted
Omnibusa

Pre-MetS vs.
Absentb

MetS vs.
Absentb

LV structure
LVEDD, mm 48+ 4 49+ 5 49+ 5
LVESD, mm 32+ 4 31+ 5 32+ 5
LVEDV, ml 90+ 23 91+ 23 92+ 22
LVESV, ml 33+ 10 32+ 11 33+ 11
RWT 0.37+ 0.05 0.40+ 0.06 0.43+ 0.08 ,0.0001 0.0007 ,0.0001
LVM/Ht2.7, g/m2.7 34.9+ 6.7 41.0+ 9.5 46.3+ 11.0 ,0.0001 ,0.0001 ,0.0001
LA diameter, mm 36+ 5 38+ 5 40+ 6 ,0.0001 0.0001 ,0.0001

LV systolic function
LVEF, % 64+ 4 65+ 6 65+ 5
Vsseptal, cm/s 8.2+ 1.1 8.0+ 1.2 7.7+ 0.9 0.04 0.0006
Vsglobal, cm/s 8.3+ 1.0 8.2+ 1.1 8.0+ 0.8

LV diastolic function
E-wave, cm/s 72+ 14 72+ 16 74+ 17
A-wave, cm/s 48+ 14 55+ 15 66+ 18 ,0.0001 ,0.0001 ,0.0001
E/A ratio 1.6+ 0.5 1.4+ 0.5 1.2+ 0.5 ,0.0001 ,0.0001 ,0.0001
DT, ms 198+ 33 202+ 34 216+ 40 0.0002 ,0.0001
IVRT, ms 88+ 15 95+ 19 95+ 19 0.05 0.001 0.002
Veseptal, cm/s 11.5+ 2.4 10.4+ 2.7 9.0+ 2.1 ,0.0001 0.0002 ,0.0001
Veglobal, cm/s 13.5+ 2.8 12.1+ 3.0 10.5+ 2.2 ,0.0001 ,0.0001 ,0.0001

aThe omnibus P-values are adjusted per Bonferroni.
bPair-wise comparisons of categorical variables by Dunnett.
LA, left atrial; LVEDD, LV end-diastolic diameter; LVEDV, LV end-diastolic volume; LVESD, LV end-systolic diameter; LVESV, LV end-systolic volume.

Figure 1 Prevalence of individual criteria in the Pre-Metabolic Syndrome
and Metabolic Syndrome groups. MetS: Metabolic Syndrome.

Figure 2 Prevalence of diastolic dysfunction by pulse-wave Doppler and
tissue Doppler imaging criteria.
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Veglobal (P � 0.0001, model r2 ¼ 0.74) and E/A (P ¼ 0.0009,
model r2 ¼ 0.50); impaired fasting glucose was not retained
in either model.

Subgroup analyses in non-hypertensive and
normal waist circumference cohorts

To determine whether metabolic syndrome variables
remained predictive of Veglobal in a subgroup that did
not meet the JNC VII diagnostic criteria for systemic
hypertension or for the ATP-III criteria for increased waist
circumference, the regression analyses were repeated.
In the subgroup without systemic hypertension (i.e. BP
,140/,90 mmHg; Absent group: n ¼ 110, Pre-Metabolic
Syndrome group: n ¼ 157, Metabolic Syndrome group:
n ¼ 57), LVM/Ht2.7 was significantly greater in the
Pre-Metabolic Syndrome and Metabolic Syndrome groups
compared with the Absent group (P, 0.0001 for both).
The multiple variable regression models were also largely
unchanged except that triglyceride was not an independent
predictor of Ve (data not shown).

Similar analyses in those who did not meet the ATP-III
criteria for increased waist circumference (i.e. �102 cm in
men and �88 cm in women; Absent: n ¼ 110, Pre-Metabolic
Syndrome: n ¼ 190, Metabolic Syndrome: n ¼ 34) showed
that both LVM/Ht2.7 and RWTwere significantly greater and
Veseptal and Veglobal were significantly lower in the
Pre-Metabolic Syndrome and Metabolic Syndrome groups
compared with the Absent group (P � 0.002 for all).
However, waist circumference was no longer an independent
predictor of Veglobal.

Discussion

This study evaluated echocardiographically derived
measurements of LV structure and function in a cross-
sectional cohort of subjects who were grouped according
to the number of metabolic syndrome criteria met. Although
LV volumes and LVEF were similar among the three groups,
RWT and LVM/Ht2.7 and the prevalence of diastolic dysfunc-
tion increased progressively from the Absent to the

Pre-Metabolic Syndrome and Metabolic Syndrome groups.
Of note, the Absent group, while not meeting any criteria
for metabolic syndrome, did not represent a ‘normal
control’ group since 47% were either overweight or obese.
This study revealed that while each of the variables
contributing to metabolic syndrome was correlated with LV
relaxation (i.e. Veglobal) in univariate analyses (HDL-C
excluded), only diastolic blood pressure, waist circumfer-
ence, and triglyceride remained independently associated
with Veglobal in models that also included age and LV mass.

Metabolic syndrome and diastolic dysfunction

Results of the present study are consistent with those of
prior studies that identified hypertension and obesity as
independent predictors of impaired LV diastolic func-
tion.8,13,27 However, few studies have evaluated the
relationship between metabolic syndrome and echocardio-
graphically derived measures of LV structure and func-
tion.5,28,29 In the present study, measurements of diastolic
(Ve) function worsened progressively from the Absent to
the Pre-Metabolic Syndrome and Metabolic Syndrome
groups, indicating impairment in diastolic function with
increasing burden of metabolic syndrome.

Increased LV mass, RWT, and deceleration time have been
reported in hypertensive subjects with metabolic syndrome
compared with a hypertensive cohort without the syn-
drome.28 In the Strong Heart Study, those with metabolic
syndrome had greater LV mass and RWT and significantly
lower E/A ratio; however, LV diastolic function was not
characterized in Pre-Metabolic Syndrome.5 The present
study, by use of improved measures to detect LV relaxation
(i.e. Ve), identifies a Pre-Metabolic Syndrome group with
impaired LV diastolic function. Furthermore, the present
study demonstrated that in a subgroup of subjects without
systemic hypertension (as defined by JNC VII), LV mass was
significantly greater and Ve significantly lower in the Meta-
bolic Syndrome group; both systolic and diastolic blood
pressures remained independent predictors of LV relaxation
in this subgroup. Thus, even blood pressure levels within the

Table 3 Univariate and stepwise multiple variable analyses of Em and E/A ratio for each component of the metabolic syndrome and
covariates

Variable Veglobal, cm/s E/A Ratio

Univariate Multiple variable Univariate Multiple variable

r P-value P-value r P-value P-value

Systolic BP 0.20 ,0.0001 0.13 ,0.0001 0.005
Diastolic BP 0.14 ,0.0001 ,0.0001 0.09 ,0.0001 ,0.0001
Triglyceride 0.04 ,0.0001 0.01 0.03 ,0.0001
Glucose 0.04 ,0.0001 0.02 0.0004
Waist circumference 0.05 ,0.0001 ,0.0001 0.03 ,0.0001
HDL-C 0.02
MetS group 0.12 ,0.0001 0.08 ,0.0001
Age 0.54 ,0.0001 ,0.0001 0.43 ,0.0001 ,0.0001
LVM/Ht2.7 0.11 ,0.0001 0.005 0.04 ,0.0001
Vsglobal 0.42 ,0.0001 ,0.0001 0.18 ,0.0001 ,0.0001
Model r2 0.75 0.50

BP, Blood pressure. Blank fields not significant.
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non-hypertensive range may contribute to the development
of subclinical LV diastolic dysfunction.

Progressive abnormalities in LV mass
and diastolic dysfunction

Although LV mass exhibited a direct correlation with
measures of impaired relaxation (both Veglobal and E/A
ratio) in univariate analyses, its predictive value was rela-
tively weak for Veglobal, selected after age, Vsglobal, diastolic
blood pressure, waist circumference, and triglyceride.
Hypertension is an established risk factor for increased LV
mass; the current study suggests that LVH may represent
an intermediate phenotype, and that specific components
of metabolic syndrome (i.e. blood pressure and waist cir-
cumference) may carry higher risk for the development of
LV diastolic dysfunction. However, the mechanisms by
which hypertension and visceral obesity lead to impaired
LV diastolic function remain to be defined. Our group and
others have previously shown that visceral obesity is associ-
ated with diastolic dysfunction, an effect that may be
mediated by an obesity-related pro-inflammatory state
and/or by suppression of adiponectin expression.8,30–32

Other potential mechanisms whereby metabolic syndrome
contribute to impaired LV diastolic function include endo-
thelial dysfunction, abnormalities in myocardial perfusion
and/or metabolic substrate utilization, inflammation and
oxidative stress, interstitial fibrosis, impaired ventricular–
vascular interaction, and others.33–42

Limitations

The cross-sectional design of this study precludes outcome
analyses. Ambulatory blood pressure measurements, which
have been shown to be more predictive of hypertensive
end-organ damage, are not available in this study. Although
regression models identified high blood pressure and
abdominal obesity as the major contributors to LV structure
and function, this may apply only to the adult population in
the United States where obesity and impaired glucose toler-
ance/insulin resistance frequently coexist. Furthermore,
insulin resistance may have been found to have a more sig-
nificant association with LV structure and function if meta-
bolic syndrome was diagnosed according to the World
Health Organization criteria. Although insulin and glucose
were not obtained in diabetic subjects who were treated
with insulin and/or oral hypoglycaemics, the impact of this
limitation was minimized by performing regression analyses
using impaired fasting glucose as criteria, which includes
subjects with diabetes.

Conclusions

Individuals with the metabolic syndrome and normal LV sys-
tolic function frequently show abnormalities in LV diastolic
function (i.e. impaired relaxation). These findings are also
evident in subjects with only one or two metabolic syndrome
criteria (or Pre-Metabolic Syndrome). Blood pressure and
increased waist circumference are independently associated
with LV diastolic function in models that also include LV
mass. These functional abnormalities may partially explain
the increased cardiovascular morbidity and mortality associ-
ated with metabolic syndrome.
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