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Relation of metabolic syndrome components to left ventricular mass in
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Abstract

Metabolic syndrome (MetS) is associated with increased risk for cardiovascular disease (CVD). Mexican Americans (MA) exhibit
increases in CVD risk factors compared with non-Hispanic whites (NHW), but few data exist comparing the relation of MetS to subclinical
CVD, for example, left ventricular (LV) mass. Asymptomatic subjects (104 MA and 101 NHW, 52.2% female, aged 48 ± 12 years) were
studied by echocardiography (echo) and by blood and urine tests. Metabolic syndrome was defined based on the American Heart
Association/National Heart, Lung, and Blood Institute definition. Echo LV mass was compared with the presence or absence of MetS and
with the number of MetS components. Multiple linear regression also examined the association of MetS with LV mass adjusted for non-MetS
risk factors. Left ventricular mass was lower in MA (145.5 ± 43.9 g) compared with NHW (160.2 ± 49.9 g) (P b .05), although this difference
was attenuated after adjusting for MetS and other risk factors. Left ventricular mass was higher in those with vs without MetS in both MA
and NHW men and women (P b .05 to P b .01). There was a significant (P b .001) graded increase in echo LV mass with increasing number
of MetS components both in MA (108.3 to 153.8 g) and NHW (144.3 to 215.1 g). In multiple regression analysis, male sex and MetS
remained independently associated (P b .0001) with LV mass; however, body mass index explained much of this association, indicating the
strong association of obesity with LV mass. Mean LV mass in both MA and NHW adults was higher in those with vs without MetS and with
increasing number of MetS components, with body mass index the principal component of MetS associated with LV mass. The prognostic
significance of LV mass in persons with MetS requires further study.
© 2010 Elsevier Inc. All rights reserved.
1. Introduction

Metabolic syndrome (MetS) and the number of MetS risk
factors are associated with an increased risk of cardiovas-
cular disease (CVD) and all-cause mortality [1-3]. The
association of increased left ventricular (LV) mass and LV
hypertrophy with the incidence of CVD is also well
established [4,5]. Recently, data have been reported on the
association of MetS with LV mass, including data in African
Americans [6] and in hypertensive subjects [7]. There are no
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reported data regarding the association MetS and MetS risk
factors with LV mass in Mexican Americans (MA), how this
compares to non-Hispanic whites (NHW), and whether MetS
is an independent risk factor for LV mass in these groups.

In this study, we sought to test the hypotheses that (1)
MetS and the burden of MetS risk factors are related to
echocardiographic (echo) LV mass and (2) these relations
differed between MA and NHW.
2. Methods

2.1. Subjects

Asymptomatic community-based adult volunteers were
enrolled from the greater Southern California and Detroit
areas [8]. We studied 104 adult MA (39 men and 63 women;
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able 1
escriptive statistics

MA (n = 104) NHW (n = 101)

ge (y) 47.1 ± 13.5 49.7 ± 10.8
Female 62.5%† 41.6%

otal cholesterol (mg/dL) 200.9 ± 35.0 203.2 ± 37.4
DL cholesterol (mg/dL) 53.5 ± 13.3 54.0 ± 13.2
riglycerides (mg/dL) 182.1 ± 121.7† 124.3 ± 66.6
ystolic BP (mm Hg) 125.8 ± 17.0 125.1 ± 14.4
iabetes (%) 7.7% 6.9%
moking (%) 6.7% 5.9%
lucose (mg/dL) 90.7 ± 13.7 88.6 ± 21.6
MI (kg/m2) 30.6 ± 6.9† 27.7 ± 4.2
MetS 35.5%† 19.8%

V mass (g) (unadjusted) 145.5 ± 49.3⁎ (n = 103) 160.2 ± 49.9
V mass/height2.7 38.9 ± 10.4 (n = 103) 36.7 ± 8.7
V mass/BSA 77.6 ± 18.1 (n = 103) 81.1 ± 18.7

⁎ P b .05 compared with NHW.
† P b .01 compared with NHW.
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mean age, 47.1 ± 13.5 years) and 101 NHW (59 men and
42 women; age, 49.6 ± 10.8 years) volunteers using blood
tests, transthoracic echo, and brachial arterial flow-mediated
dilatation by ultrasound. Subjects were generally healthy:
individuals with hypertension or known CVD or taking
cardiovascular or blood pressure (BP) medications were
excluded. To qualify for inclusion, subjects had to be
classified as MA according to at least one of the following
criteria used in the San Antonio Heart Study [9]: (1) father's
surname and mother's maiden name are both Spanish, and
both parents were born in Mexico; and/or [2] only 1 parent
has a Spanish surname, but 3 of 4 grandparents have
Mexican origins.

2.2. Echocardiography

This study used the echo protocol used in both the
Cardiovascular Health Study [10] and Coronary Artery Risk
Development in Young Adults studies [11]. For each
subject, a baseline echo was recorded using a standardized
protocol. Two-dimensionally guided M-mode echo measure-
ments of the LV were made according to conventions of the
American Society of Echocardiography. Left ventricular
mass was derived from the formula described by Devereux
et al [12,13]:

LV mass in gramsð Þ
= 0:8 × 1:04 VSTd + LVIDd + PWTdð Þ3 − LVIDdð Þ3

h i
+ 0:6

where VSTd is the ventricular septal thickness at end
diastole, LVIDd is the LV internal dimension at end diastole,
and PWTd is the LV posterior wall thickness at end diastole.

Left ventricular mass was also normalized for height and
body surface area (BSA) by dividing LV mass by height2.7

and by BSA.

2.3. Demographic and risk factors

Demographic and risk factor measures included age, sex,
ethnicity, fasting blood glucose and lipids, BP, smoking, and
(height and weight to calculate) body mass index (BMI).
Metabolic syndrome was defined if at least 3 of the
following factors were present, according to a modified
definition based on the most recent American Heart
Association/National Heart, Lung, and Blood Institute
criteria [14]:

• Triglycerides of at least 150 mg/dL;
• High-density lipoprotein (HDL) cholesterol less than
50 mg/dL (women) and less than 40 mg/dL (men);

• Body mass index of at least 30 kg/m2 for men and at
least 25 kg/m2 for women;

• Blood pressure of at least 130/85 mm/Hg or on
medication; or

• Fasting blood glucose of at least 100 mg/dL or on
medication for glucose.
2.4. Statistical analyses

Analyses were performed using SAS statistical software
(SAS Institute, Research Triangle Park, NC). Risk factors,
LV mass, and MetS prevalence were compared between MA
and NHW using the Student t test or χ2 test for proportions,
as appropriate. Left ventricular mass was examined in
relation to the number of MetS risk factors (0, 1, 2, or 3+
defining MetS) in both MA and NHW. Multiple linear
regression was used to examine whether MetS was
independently associated with LV mass after adjustment
for age, sex, ethnicity, and the non-MetS risk factors of total
cholesterol and smoking. An interaction term of MetS and
ethnicity was also tested to see whether relationships of MetS
with LV mass differed according to ethnicity. Furthermore,
in a secondary analysis, we investigated whether MetS
remained associated with LV mass over and above its
component risk factors.
3. Results

Comparing MA with NHW, MA were significantly (P b
.05 to P b .01) more likely to be female, had higher BMI and
triglycerides, and a greater prevalence of MetS (Table 1). In
addition, mean unadjusted LV mass was significantly lower
in MA compared with NHW, both in those with and in those
without MetS, and significantly higher in those with vs
without MetS in both MA and NHW (Fig. 1). There was also
a significant and graded increase in LV mass by number of
MetS risk factors in both MA (P = .0029) and NHW (P =
.01) (Fig. 2). In the overall cohort, however, there was no
significant difference in MA vs NHW when LV mass was
indexed to body height or to BSA (Table 1).

Table 2 shows associations of risk factors with LV mass,
unadjusted and indexed by height and BSA. Age was
positively associated with LV mass indexed by height or
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Fig. 1. Mean LV mass by presence of MetS. Comparisons between those
with vs without MetS for LV mass: NHW women (P b .05), NHW men
(P b .01), MA women (P b .01), and MA men (P b .05).

able 2
evels of LV mass by risk factor and associations of risk factors with LV
ass

Unadjusted
LV mass

LV mass/height2.7 LV mass/BSA

ender
(male/female)

183.8 ± 44.3/
124.6 ± 29.1

40.5 ± 10.1/
35.3 ± 8.5

89.0 ± 18.6/
70.5 ± 13.2

moking
(yes/no)

150.6 ± 54.8/
146.2 ± 47.0

38.3 ± 9.6/
37.8 ± 9.6

78.6 ± 19.8/
79.4 ± 18.4

iabetes
(yes/no)

144.1 ± 44.9/
153.3 ± 47.8

40.2 ± 12.0/
37.6 ± 9.4

78.7 ± 16.9/
79.3 ± 18.6

ge (y) 0.073 0.21⁎⁎ 0.17⁎

otal cholesterol
(mg/dL)

−0.043 0.008 −0.055

DL cholesterol
(mg/dL)

−0.39⁎⁎⁎ −0.23⁎⁎⁎ −0.25⁎⁎⁎

riglycerides
(mg/dL)

0.12 0.15⁎ 0.06

ystolic BP (mm Hg) 0.39⁎⁎⁎ 0.46⁎⁎⁎ 0.41⁎⁎⁎

iastolic BP (mm Hg) 0.47⁎⁎⁎ 0.37⁎⁎⁎ 0.39⁎⁎⁎

lucose (mg/dL) 0.20⁎⁎ 0.22⁎⁎ 0.17⁎

MI (kg/m2) 0.40⁎⁎⁎ 0.52⁎⁎⁎ 0.21⁎⁎⁎

⁎ P b .05 (comparingmean values for binary variables or for correlations).
⁎⁎ P b .01 (comparing mean values for binary variables or for

orrelations).
⁎⁎⁎ P b .001 (comparing mean values for binary variables or for

orrelations).
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BSA, and men had greater LV mass compared with women
by either of the 3 measurements. High-density lipoprotein
cholesterol bore significant inverse association with each LV
mass measure, as did both systolic and diastolic BP. Glucose
and BMI were also positively associated with each of the
3 LV mass measures; however, smoking and diabetes were
not (Table 2).

In multiple linear regression analyses (Table 3), MetS and
male sex were independently and consistently associated
with increased LV mass, unadjusted as well as indexed for
height and BSA; age was also associated with LV mass
indexed by height and BSA, but not unadjusted LV mass.
There was no consistent difference in LV mass by ethnicity
in multivariable analysis, and an interaction term of MetS
with ethnicity showed that this relation to LV mass did
not differ between MA and NHW (Table 3). Moreover,
Fig. 2. Mean LVmass (in grams) by number of MetS risk factors. For MA vs
NHW: P b .01 for 0 component, P = .20 for 1, P = .35 for 2, P = .07 for 3,
and P = .04 for 4+ components. Across number of MetS components: P =
.0029 for MA and P = .01 for NHW.
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relationships of MetS with LV mass were robust and
essentially unchanged even after excluding subjects with
diabetes, indicating that the relation of MetS with LV mass
was not dependent on subjects with diabetes (results not
shown). In an additional regression analysis, the presence of
MetS remained significantly associated (coefficient, 28.3;
P b .001) with LV mass after additionally adjusting for the
MetS risk factors of elevated glucose, BP, triglycerides, and
low HDL-C; however, after the additional adjustment for
BMI, this was completely attenuated and no longer
significant (coefficient, 8.8; P = .34). Left ventricular mass
able 3
ultiple linear regression of risk factors for LV mass

Unadjusted LV
mass (coefficient)

LV mass/height2.7

(coefficient)
LV mass/BSA
(coefficient)

tercept 126.5 25.6 63.3
ge (per y) 0.34 0.17‡ 0.30†

ex
(male vs female)

59.7‡ 6.41‡ 19.34‡

thnicity
(MA vs NHW)

−4.16 3.48⁎ 1.29

otal cholesterol
(per mg/dL)

−0.12 −0.013 −0.05

moking
(any vs none)

0.37 0.45 −0.33

etS (yes vs no) 34.7‡ 6.66† 9.30⁎

etS ethnicity
interaction term

−7.4 −1.42 −3.84

⁎ P b .05.
† P b .01.
‡ P b .001.
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indexed by height and BSA was expectedly attenuated more
from adjustment with other MetS risk factors, especially
BMI. Also of interest was to examine the association of
MetS and LV mass in persons with both lower BMI
(b25 kg/m2 in women and b30 kg/m2 in men) and higher
BMI (above these cut points, comprising 53% of partici-
pants). Although MetS was associated with LV mass in both
groups, adjustment for BMI attenuated these relationships in
both groups (results not shown). Finally, we sought to
examine whether the relation of MetS and its components
with LV mass was similar among men and women by using
an interaction term of sex with MetS and each of the
components. We found no interactions, with the exception of
unadjusted LV mass with sex (P b .01, with men with MetS
having a 2.46 g greater LV mass than women with MetS).
4. Discussion

In the present study, the presence of MetS, as well as its
number of components, was independently associated with
increased LV mass in both MA and NHW. Mean LV mass
was significantly higher in those with vs without MetS in
both MA and NHW. Moreover, we demonstrate MetS to be
associated with increased LV mass (unadjusted) even after
adjustment for other risk factors and most MetS components,
with the exception of BMI, which when additionally
adjusted for appears to explain most of the strong relation
of MetS with increased LV mass. This indicates that obesity
is the most important component of MetS that explains its
relation with increased LV mass.

Similarly, in a study of African Americans from the
Jackson, MI, Field Center of the Atherosclerosis Risk in
Communities study, LV mass indexed by height increased in
a stepwise gradient with increasing number of MetS
components in both men and women [6]. In the Atheroscle-
rosis Risk in Communities study, the components of LV
mass significantly associated with the number of MetS
components were LV posterior wall and interventricular
septal thickness, but not LV internal dimension. In an echo
study in American Indians (the Strong Heart Study), the
investigators found that participants with MetS had greater
LV mass, internal dimension, and relative wall thickness
with lower LV ejection fraction than those without MetS
[15]. These workers found that increased BP was the
component of MetS most strongly associated with increased
LV mass. In the current study, in MA, systolic BP and BMI
were both positively associated, whereas HDL cholesterol
was negative associated, with LV mass.

Metabolic syndrome is well known to be associated with
risk for CVD. In a review of prospective studies of general
populations from 1998 to 2004, Ford [2] found that the
population-attributable fraction for the MetS was approxi-
mately 6% to 7% for all-cause mortality and 12% to 17% for
CVD. Recently, investigators from the Hypertension Genetic
Epidemiology Network were able to identify gene loci
related to crucial MetS and LV geometry risk factors that
contribute to the risk of developing heart disease [16]. In a
report from the Third National Health and Nutrition
Examination Survey, Li and associates [17] demonstrated
that MetS was associated with about a 2-fold increased
likelihood of self-reported heart failure and suggested that
MetS might serve as a surrogate indicator for the known
association between insulin resistance and heart failure.

4.1. Limitations

As expected, the cross-sectional nature of this study
precludes the ability to examine the impact of MetS on the
development of LV hypertrophy and/or the progression of
LV mass. In addition, without follow-up for cardiovascular
events, we were unable to show whether reported increases
in cardiovascular risk from MetS are mediated by increases
in LV mass. Finally, our relatively modest sample size and
relatively few subjects with diabetes precluded our ability to
examine the comparative association of both diabetes and
MetS in relation to increased LV mass. In a separate analysis
excluding subjects with diabetes, however, MetS was still a
strong predictor of LV mass independent of other non-MetS
risk factors. Finally, we did not make other specialized
measurements that would have been of interest to examine as
potential explanatory factors for the relation of MetS with
LV mass, including measures of inflammatory cytokines,
oxidation, insulin, or adiponectin levels.

4.2. Conclusions

Metabolic syndrome is associated with increased LV
mass both in MA and in NHW, and there is a significant
gradient of increased LV mass associated with an increasing
number of MetS risk factors. Moreover, although the
association of MetS with unadjusted LV mass appears to
be independent of most other MetS and non-MetS risk
factors, obesity (indicated by BMI in this study) is the
principal component of MetS that explains this relationship
to LV mass. Importantly, the prognostic significance of LV
mass in persons with MetS requires further investigation,
particularly in ethnic minority groups.
Acknowledgment

This study was supported in part by a Grant-in-Aid from
the American Heart Association National Center, Dallas,
TX. The authors thank Ms Danielle Rivas for her assistance
in manuscript preparation.
References

[1] Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kumpusalo E,
Tuomilehto J, et al. The metabolic syndrome and total and
cardiovascular disease mortality in middle-aged men. JAMA 2002;
288:2709-16.



1555Z. Allebban et al. / Metabolism Clinical and Experimental 59 (2010) 1551–1555
[2] Ford ES. Risks for all-cause mortality, cardiovascular disease, and
diabetes associated with the metabolic syndrome: a summary of the
evidence. Diabetes Care 2005;28:1769-78.

[3] Malik S, Wong ND, Franklin SS, Kamath TV, L'Italien GJ, Pio JR,
et al. Impact of the metabolic syndrome on mortality from coronary
heart disease, cardiovascular disease, and all causes in United States
adults. Circulation 2004;110:1245-50.

[4] Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP.
Prognostic implications of echocardiographically determined left
ventricular mass in the Framingham Heart Study. N Engl J Med
1990;322:1561-6.

[5] Gardin JM, McClelland R, Kitzman D, Lima JA, Bommer W,
Klopfenstein HS, et al. M-mode echocardiographic predictors of six- to
seven-year incidence of coronary heart disease, stroke, congestive
heart failure, and mortality in an elderly cohort (the Cardiovascular
Health Study). Am J Cardiol 2001;87:1051-7.

[6] Burchfiel CM, Skelton TN, Andrew ME, Garrison RJ, Arnett DK,
Jones DW, et al. Metabolic syndrome and echocardiographic left
ventricular mass in blacks: the Atherosclerosis Risk in Communities
(ARIC) Study. Circulation 2005;112:819-27.

[7] Mule G, Nardi E, Cottone S, Cusimano P, Incalcaterra F, Giandalia
ME, et al. Impact of metabolic syndrome on left ventricular mass in
overweight and obese hypertensive subjects. Int J Cardiol 2007;121:
267-75.

[8] Gardin JM, Allebban Z, Wong ND, Sklar SK, Bess RL, Spence MA,
et al. Endothelial function and urine albumin levels among
asymptomatic Mexican-Americans and non-Hispanic whites. Cardio-
vasc Ultrasound 2008;6:43.

[9] HazudaHP, Comeaux PJ, SternMP, Haffner SM, Eifler CW, Rosenthal
MA. comparison of three indicators for identifying Mexican-
Americans in epidemiologic research. Methodological findings from
the San Antonio Heart Study. Am J Epidemiol 1986;123:96-112.
[10] Gardin JM, Siscovick D, Anton-Culver H, Lynch JC, Smith VE,
Klopfenstein HS, et al. Sex, age and disease affect echocardiographic
left ventricular mass and systolic function in the free-living elderly.
The Cardiovascular Health Study. Circulation 1995;91:1739-48.

[11] Gardin JM, Wagenknecht LE, Anton-Culver H, Flack J, Gidding S,
Kurosaki T, et al. Relationship of cardiovascular risk factors to
echocardiographic left ventricular mass in healthy young black and
white adult men and women. The CARDIA Study. Circulation 1995;
92:380-7.

[12] Devereux RB, Savage DD, Sachs I, Laragh JH. Relation of
hemodynamic load to left ventricular hypertrophy and performance
in hypertension. Am J Cardiol 1983;51:171-6.

[13] Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs I,
Reichek N. Echocardiographic assessment of left ventricular hyper-
trophy: comparison to necropsy findings. Am J Cardiol 1986;57:
450-8.

[14] Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin
BA, et al. Diagnosis and management of the metabolic syndrome: an
American Heart Association/National Heart, Lung, and Blood Institute
Scientific Statement. Circulation 2005;112:2735-52.

[15] Chinali M, Devereux RB, Howard BV, Roman MJ, Bella JN, Liu JE,
et al. Comparison of cardiac structure and function in American
Indians with and without the metabolic syndrome (the Strong Heart
Study). Am J Cardiol 2004;93:40-4.

[16] Kraja AT, Huang P, Tang W, Hunt SC, North KE, Lewis CE, et al.
QTLs of factors of the metabolic syndrome and echocardiographic
phenotypes: the hypertension genetic epidemiology network study.
BMC Med Genet 2008;9:103.

[17] Li C, Ford ES, McGuire LC, Mokdad AH. Association of metabolic
syndrome and insulin resistance with congestive heart failure: findings
from the Third National Health and Nutrition Examination Survey. J
Epidemiol Community Health 2007;61:67-73.


	Relation of metabolic syndrome components to left ventricular mass in Mexican Americans versus .....
	Introduction
	Methods
	Subjects
	Echocardiography
	Demographic and risk factors
	Statistical analyses

	Results
	Discussion
	Limitations
	Conclusions

	Acknowledgment
	References


