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Abstract: Background: Left ventricular (LV) hypertrophy is an independent predictor of increased cardiovascular morbidity and mortality. It remains unclear whether components of the metabolic syndrome are associated with LV hypertrophy. Methods and Results: Accordingly, we analyzed echocardiograms in 192 consecutive ambulatory patients
referred for echocardiography from October to December 2004. Patients were excluded if they had atrial fibrillation,
significant valvular heart disease or failed to cooperate for echocardiogram. Of these, 126 (66%) patients met Adult
Treatment Panel (ATP) III diagnostic criteria for the metabolic syndrome. 29% had any 3 metabolic syndrome components, 18% had any 4 metabolic syndrome components and 17% had all 5 metabolic syndrome components. In
analyses of variance adjusted for age and sex, LV mass and LV mass adjusted to its allometric relation to height2.7
(LV mass/height2.7) were higher in patients with metabolic syndrome compared to those without metabolic syndrome
(237 g [228-239 95%CI] vs. 224 g [206-239 95%CI] p=0.005 and 62 g/m2.7 [59-65 95%CI] vs. 56 g/m2.7 [52-60
95%CI] p=0.014, respectively). The prevalence of LV hypertrophy using prognostically-validated gender-specific partition values for LV mass/ height2.7 was significantly higher in metabolic syndrome patients than in those without
metabolic syndrome (81 v. 58%, p<0.001). There was a step-wise increase in LV mass/ height2.7 in those with no
metabolic syndrome components to those with increasing number of metabolic syndrome components (Figure,
p<0.001). In this study of high-risk patients, the significant independent predictors of LV hypertrophy were only high
blood pressure (OR=3.2, p=0.008) and increased waist circumference (OR=2.8, p=0.006) with no interaction between blood pressure and waist circumference. Conclusion: Metabolic syndrome is associated with higher LV mass
and prevalence of LV hypertrophy. Increasing number of metabolic syndrome components is associated with stepwise increases in LV mass. Identification of LV hypertrophy in metabolic syndrome patients may provide an additional
prognostic tool to further risk-stratify these patients.
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Introduction

higher cardiac risk [3-4].

The metabolic syndrome is constellation of interrelated risk factors of metabolic origin that
are associated with heightened risk for cardiovascular disease cardiovascular mortality and
diabetes [1-4]. The Third Report of the National
Cholesterol Education Program Expert Panel of
Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults provided a definition
of the metabolic syndrome [5]. Studies have
shown higher prevalence the metabolic syndrome in African Americans and Hispanics and
suggest that these ethnic groups may be at

Left ventricular (LV) hypertrophy has been
shown to be a strong independent predictor of
increased cardiovascular morbidity and mortality [1-2, 6-8] and has been used a surrogate to
assess cardiovascular risk in epidemiologic
studies. Population-based studies have indicated an association between the metabolic
syndrome and abnormal LV geometry [9-14].
However, it remains unclear whether metabolic
syndrome is associated with LV mass independently of its components in high-risk patients.
Therefore, we conducted a cross-sectional study
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determine the relation of the metabolic syndrome and its components to abnormal LV geometry in an ambulatory clinical cohort of Hispanic and non-Hispanic blacks adults.
Methods
Study population
We reviewed results of clinical, laboratory and
echocardiographic examinations of all ambulatory patients who were referred for echocardiography evaluation from October to December
2004. Patients with coronary heart disease,
atrial fibrillation, significant (>2+) valvular heart
disease or failed to cooperate for the echocardiographic procedure were excluded from the
analyses. The protocol was reviewed and approved by the Institutional Review Board of the
Bronx-Lebanon Hospital Center.
We abstracted data on the following variables:
age, race, height, weight, blood pressure (BP),
fasting lipid profile (serum total cholesterol, high
density lipoprotein cholesterol (HDL-C), lowdensity lipoprotein cholesterol (LDL-C), triglycerides and fasting glucose. In addition, information on diagnosis and treatment for hypertension, type 2 diabetes mellitus (DM) and dyslipidemia was also collected. Hypertension was
defined based on the Seventh report of the Joint
National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure recommendations or taking antihypertensive medications [15]. DM was defined based
on the American Diabetes Association recommendations or taking insulin or oral hypoglycemic agents [16]. Body mass index (BMI) was
calculated as weight in kg divided by height
(m2).
The metabolic syndrome was defined based on
modified National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III)
criteria [5] and the methodology used elsewhere [5, 17] was applied. The NCEP ATP III [5]
guidelines define the metabolic syndrome as
having three or more of the following abnormalities: waist circumference (WC) in females > 88
cm and WC>102 cm in men ,fasting serum glucose ≥ 110 mg/dL, fasting serum triglycerides ≥
150 mg/dL, HDL cholesterol < 50mg/dl, and
blood pressure ≥ 130/85 mm/Hg. Patients
treated for hypertension, DM and dyslipidemia
were regarded as having high blood pressure,
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hyperglyceridemia, elevated triglycerides and
low HDL cholesterol respectively when MBS
parameters were attributed to the study patients. WC measurements were not obtained in
all study patients. Previous studies have shown
[18-21] a significant correlation between BMI
and waist circumference. In our study, we used
the previously described methodology for supplementing BMI as a surrogate of WC [22]. As a
reference population to determine the cut-off
values of BMI corresponding to ATP III defined
WC cut-off values, we used data from National
Health and Nutrition Examination Survey
(NHANES) 2001-2002 participants. From the
NHANES 2001-2002 dataset, we extracted the
subset of n=2376 participants with following
characteristics: demographically Non-Hispanic
black 43 % and Hispanic 57%, with mean age of
45.96 (95% CI 45.2-46.68) years and BMI of
28.73 (95% CI 28.5 –29.0) kg/m2. In this
NHANES 2001-2002 subset population, a waist
circumference of 88 cm in women corresponded to a BMI of 26.08 kg/m2 (r=0.86, p<
0.0001) and waist circumference of 102 cm in
men corresponded to a BMI of 29.64 kg/m2
(r=0.80, p< 0.0001).
Echocardiographic protocol
The parasternal acoustic window was used to
record ³5 consecutive beats of 2-dimensional
and M-mode recordings of the LV internal diameter and wall thicknesses at or just below
the tips of the mitral valve leaflets in long and
short-axis views at baseline and immediately
port-exercise. Correct orientation of planes for
imaging and Doppler recordings was verified
using standard procedures [16, 23]. All echocardiographic measurements were made using a
computerized review station by an experienced
reader (JNB) blinded to patient demographics.
LV internal dimension and interventricular septal and posterior wall thicknesses were measured at end-diastole and end-systole according
to American Society of Echocardiography recommendations on up to 3 cycles [23]. When optimal orientation of the LV could not be obtained
by M-mode, correctly oriented 2-D linear dimensions were made by the leading-edge convention according to ASE recommendation [23]. A
close correlation between these two methods
has been previously reported [24]. End-diastolic
ASE LV dimensions were used to calculate LV
mass by a formula that yields values closely
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Table 1. Clinical features of patients with and without the metabolic syndrome
Variable

MBS (N=126)

No MBS (N=66)

P

Age, years
Female, N (%)
Hispanic Ethnicity, N (%)
Body Mass Index, kg/m2
Systolic BP, mm Hg
Diastolic BP, mm Hg
Fasting Glucose, mg/dL
Total Cholesterol, mg/dL
LDL Cholesterol, mg/dL
HDL Cholesterol, mg/dL
Triglycerides, mg/dL
Diabetes Mellitus, N (%)
Hypertension, N (%)
Dyslipidemia, N (%)
Coronary Artery Disease, N (%)

61 (95% CI: 58-64)
80 (63%)
49 (39%)
32 (95% CI: 30-33)
131 (95% CI: 131-138)
76 (95% CI: 73-78)
149 (95% CI: 135-164)
172 (95% CI: 164-181)
97 (95% CI: 91-104)
44 (95% CI: 41-47)
159 (95% CI: 145-173)
70 (56%)
99 (79%)
60 (48%)
17 (13%)

60 (95% CI: 59-64)
31 (47%)
37 (56%)
25 (95% CI: 23-27)
128 (95% CI: 123-133)
73 (95% CI: 70-76)
113 (95% CI: 93-133)
183 (95% CI: 172-194)
99 (95% CI: 90-109)
61 (95% CI: 57-66)
101 (95% CI: 81-120)
13 (20%)
31 (47%)
5 (8%)
6 (9%)

0.50
0.028
0.023
<0.001
0.04
0..14
0.005
0.13
0.71
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.36

related (r=0.90, p<0.001) to necropsy LV weight
[25] and which showed excellent reproducibility
(intraclass correlation coefficient = 0.93, p <
0.001) between two separate echocardiograms
in 183 hypertensive patients [26] LV hypertrophy was defined using ex-specific partition values in men and women for LV mass adjusted to
its allometric relation to height (height2.7) [10,
27]. Values of LV mass/height 2.7 more than
49.2 g/m 2.7 in men or 46.7 g/m 2.7 in women
identified LV hypertrophy [28]. Relative wall
thickness, a measure of LV concentricity, was
calculated as 2 x end-diastolic posterior wall
thickness/LV internal diameter [23]. Normal
geometry was present when LV mass index and
relative wall thickness were normal, normal LV
mass index and increased relative wall thickness was classified as concentric remodeling,
increased LV mass index but normal relative
wall thickness identified eccentric LV hypertrophy and increases in both variables identified
concentric LV hypertrophy [29].
Statistical analysis
Statistical analysis was performed with the JMP
statistical software, version 4.0 and SAS statistical software version 8.2 (SAS Institute Inc). Results are reported as the means with 95% confidence intervals or percentages. We assessed
the normality of the distribution of all variables
using the normal quintile plot method. For comparison of continuous variables between the
two groups, we used the unpaired two sided
tests t-test. The analysis of covariance model
was used to adjust for age, sex and BMI as con-
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founding variables. Least square means are
reported for adjusted continuous variables.
Cochran-Armitage trend test was used to analyze trend in groups with ordinal variables. Dichotomous variables were compared by chisquare analysis using the Pearson test. Logistic
regression analysis models were used in model
for ascertaining effects of various independent
variables on LV geometry, LV mass and to calculate odds ratios. Parameter estimates was used
to evaluate interation between variables. Twotailed p-values < 0.05 were indicated statistical
significance.
Results
A total of 290 patients were evaluated during
the specified time period. Of these, 192 patients fulfilled the inclusion criteria. The study
population (n=192) consisted of non-Hispanic
blacks 55 % (n=106) and Hispanic 45% (n=86).
Females were 58% (n=111) and male 42 %
(n=81). The overall prevalence of the metabolic
syndrome in the study participants was 66 %
(n=126). The clinical characteristics of the patients with and without the metabolic syndrome
are summarized in Table 1. Metabolic syndrome was significantly more prevalent among
Non-Hispanic blacks than Hispanic 61% vs. 39
% respectively (p = 0.02) and among female
than male 63% vs. 37 % (p 0.03) in the population. The prevalence of previously diagnosed
and treated hypertension, DM type 2, dislipidemia, and coronary artery disease were 68%,
43%, 34%, and 12% respectively. The study
population did not differ by age, diastolic BP,
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Table 2. Left ventricular geometry in patients with and without the metabolic syndrome
Variable
LV Mass, g

MBS (N=126)
238 (95% CI: 227-250)

No MBS (N=66)
220 (95% CI: 204-236)

P
0.001

LV Mass/Body Surface Area, g/m2

129 (95% CI: 123-136)

126 (95% CI: 117-136)

0.147

LV Mass/Height2.7, g/m2.7

62 (95% CI: 59-65)

56 (52-60)

<0.0001

Relative Wall Thickness

0.43 (95% CI:0.42-0.44)

0.40 (0.40-0.44

0.048

total cholesterol and LDL levels among those
with and without the metabolic syndrome, but
by definition those with metabolic syndrome
had significantly higher BMI, systolic BP, fasting
glucose and triglyceride levels and lower HDL
levels (Table 1).
Among individual components of the metabolic
syndrome, most prevalent was high blood pressure (89%), followed by high fasting glucose
(76%), high waist circumference (WC) (75%),
hypertriglyceridemia (51%) and low HDL cholesterol (51%). In the study only 2 patients (1%)
had no of metabolic syndrome components, 31
(16.1%) had any one metabolic syndrome component, 33 (17.2%) had any two metabolic syndrome components, 55 (28.6%) had any three
metabolic syndrome components, 37 (19.3%)
had any four metabolic syndrome components
and 34 (17.7%) had all five metabolic syndrome
components present.
In ANCOVA adjusting for age, sex, and WC, patients with metabolic syndrome had significantly
higher mean LV mass and LV mass/height2.7
(Table 2). There were step-wise increases in LV
mass/height2.7 from no metabolic syndrome to
one metabolic syndrome component to all five
metabolic syndrome components in the study
population (Figure 1). Furthermore, the prevalence of LV hypertrophy was statistically signifi-

Figure 1. LV mass/height 2.7 (g/m2.7, y-axis) in relation to number of MBS components (x-axis).
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Figure 2. Prevalence of LV hypertrophy (y-axis) in
patients with and without MBS.

cantly higher in metabolic syndrome patients
than in those without metabolic syndrome
(Figure 2). Prevalence of the study participants
with concentric LV geometry, defined as relative
wall thickness (RWT) > 0.42, was 54% (n=103).
Logistic regression models were used for concentric LV geometry and LV hypertrophy adjusted for height2.7 as response variables and
individual metabolic syndrome components
among model effects. In logistic regression, only
high blood pressure (OR=3.2, p=0.008) and
increased WC (OR=2.8, p=0.006) were significant predictors of LV hypertrophy (Table 3).
When similar analysis was done for concentric
LV geometry, none of MBS parameters predicted concentric LV geometry (data not shown).
Since high blood pressure and elevated WC significantly predicted LV hypertrophy, we assessed the effects of these metabolic syndrome
components on LV hypertrophy (Figure 3). As
seen in Figure 3A, adjusted LV mass was significantly higher among patients with the metabolic
syndrome and high blood compared to whose
with normal blood pressure (61 vs. 51 g/m
2.7respectively, p=0.001). Similarly, in patients
with the metabolic syndrome and increased WC,
adjusted LV mass was significantly higher than
in those with normal WC (60 vs. 53 g/m 2.7 re-

Am J Cardiovasc Dis 2011;1(1):84-91

Left ventricular geometry in the metabolic syndrome

Table 3. Risk of left ventricular hypertrophy with components of the metabolic syndrome
Component

Unadjusted OR (95% CI), p

Adjusted OR (95% CI), p

High Blood Pressure

4.1 (1.91-90.3), 0.0003

3.2 (1.34-7.49), 0.008

High Waist Circumference

2.9 (1.42-5.86), 0.004

2.8 (1.35-5.93), 0.006

Hyperglycemia

1.9 (0.93-3.86), 0.08

1.8 (0.84-3.62), 0.01

Hypertriglyceridemia

1.1 (0.51-2.41), 0.8

1.1 (0.49-2.43), 0.8

Low HDL Cholesterol

1.0 (0.46-2.17), 0.9

1.1 (0.49-2.44), 0.58

spectively, p=0.009) (Figure 3B). When blood
pressure and WC were used as combined variable, the parameter estimate for the analysis
was negative for interaction (p=0.95). Hence,
the effects of high blood pressure and increased WC on LV hypertrophy are additive
(Figure 3C). Similar analysis was performed for
the RWT as independent variable did not reveal
differences between blood pressure and WC
groups (data not shown).
Discussion
Our study indicates that in an inner city, ambulatory clinical cohort of Non-Hispanic blacks and
Hispanic patients, metabolic syndrome is highly
prevalent and is associated with higher LV mass
and prevalence of LV hypertrophy. In our study
population with high burden of cardiovascular
risk factors, high blood pressure and increased
WC, were significant predictors of LV hypertrophy and those effects were additive.

Figure 3. Impact of high blood blood pressure only
(3A), waist circumference only (3B) and both high
blood pressure and waist circumference on adjusted
LV mass in patients with the metabolic syndrome.
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It is well-established that the prevalence of the
metabolic syndrome differs among various
population groups [3-4, 17, 22, 30] and it is
increasing within US population [31]. When
methodology similar to our study was used by
Ford et al. [31] to evaluate prevalence of the
metabolic syndrome in representative US population, NHANES 1999-2000, age-adjusted
prevalence of metabolic syndrome was 25.1 %
with a slightly higher prevalence in men (27.9%)
than in women (22.6%). Among blacks, women
had a 50% higher age-adjusted prevalence of
the metabolic syndrome than did men (36.7 vs
24.5%) [24]. In the American Indian participants
in the Strong Heart Study (SHS), diagnosis of
the metabolic syndrome was made in 43% of
the study population with significantly higher
prevalence in women than in men (51% vs 30%)
[12]. Similarly, the San Antonio Heart Study of
1656 Mexican-American subjects showed that
the metabolic syndrome was 13% higher in
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Mexican-American women than in men (32.8 vs
29%) [4]. Our study extends these observations
from population-based studies that indicate a
higher prevalence of metabolic syndrome in
women than in men. The higher prevalence of
the metabolic syndrome in our cohort (66%) is
due to that fact that this is a clinical cohort of
ambulatory patients referred for an echocardiogram.
As expected from a clinical cohort, prevalence
of diagnosed and treated hypertension, type II
DM and dyslipidemia were high: 68%, 43% and
34 %, respectively. These proportions are consistent with findings of the Atherosclerosis Risk
in Communities (ARIC) study of a representative
sample selected from black residents in Jackson Mississippi (mean age=59 years), where 54
% of women and 42 % of men had hypertension, 24 % of women and 21% of men had type
II DM and 38 % of women and 39% of men had
dyslipidemia [9].
Several population-based studies have shown
the association of ATP III-defined metabolic syndrome with abnormal cardiac structure and
function. In the American Indian SHS participants, mean LV mass was higher in participants
with metabolic syndrome than in those without
metabolic syndrome by 17 g (about 11%) [10].
Similarly, among black participants of ARIC
study, age-adjusted mean LV mass/height increased progressively with increasing components of the metabolic syndrome in both men
and women from 125 and 131 g/m in those
with no metabolic syndrome component to 169
and 170 g/m in those with three metabolic syndrome components in men and women, respectively [9]. Furthermore, in a clinical cohort of
hypertensive non-diabetic patients [12], LV
mass was higher in patients with metabolic syndrome (220 g) than in patients without metabolic syndrome (178 g). Our results extend the
results of these studies by showing that LV
mass was higher in an ambulatory clinical cohort of Hispanic and non-Hispanic black adults
by 18 g (about 8%). Furthermore, after adjusting for covariates, LV mass adjusted to its allometric relation to height (height2.7) was higher
in patients with MBS than in patients without
MBS (62 g/m 2.7 vs. 56 g/m 2.7).
The Hypertension Genetic Epidemiology Network (HyperGEN) Study indicated that LV mass/
height2.7 increased with the number of metabolic risk factors, after adjusting for covariates
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[32]. In the ARIC study [9] significant trend was
observed in increasing LV mass/height with
increasing metabolic syndrome components.
Our study extend these results and indicate that
there was a step-wise increase in adjusted LV
mass and number of metabolic syndrome components and prevalence of LV hypertrophy was
significantly higher in patients with the metabolic syndrome compared to those without the
metabolic syndrome. Furthermore, high blood
pressure and increased waist circumference
were the strongest predictors of LV hypertophy;
there was no interaction between blood pressure and WC in predicting LV hypertrophy indicating that these effects were additive. These
suggest that optimal control of hypertension
and obesity in patients with the metabolic syndrome could be efficacious in regressing LV
hypertrophy and perhaps, reduce cardiovascular
morbidity and mortality associated with LV hypertrophy.
Potential limitations include that the crosssectional design of this study does not permit
establishing of any causal relationships. This
study was performed in an ambulatory clinical
cohort of Hispanic and non-Hispanic black patients and thus, may not be directly applicable
to the general population and to other ethnicities. However, several population-based studies
of varying ethnicity have documented evidence
of association between metabolic syndrome
and abnormal LV geometry.
Conclusion
In a clinical ambulatory cohort of Hispanic and
non-Hispanic black adults with high burden of
cardiovascular risk factors, the metabolic syndrome is associated with higher LV mass and
prevalence of LV hypertrophy. Increasing number of metabolic syndrome components is associated with step-wise increases in LV mass.
High blood pressure and increased WC separately and additively contribute to LV hypertrophy suggesting that optimal blood pressure control and weight loss may be sufficient to regress
LV hypertrophy. Further studies are needed to
determine the prognostic impact of changes in
metabolic syndrome components on cardiovascular morbidity and mortality.
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