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Abstract
Objective  We assessed the hypothesis that metabolic 
syndrome is associated with adverse changes in 
cardiac structure and function in participants of the 
Echocardiographic Study of Latinos (Echo-SOL).
Methods  Non-diabetic Echo-SOL participants were included 
in this cross-sectional analysis. Metabolic syndrome was 
defined according to the American Heart Association/
National Heart, Lung, and Blood Institute 2009 Joint Scientific 
Statement. Survey multivariable linear regression analyses 
using sampling weights were used adjusting for multiple 
potential confounding variables. Additional analysis was 
stratified according to the presence/absence of obesity (body 
mass index (BMI) ≥25 kg/m2) and the presence/absence of 
metabolic syndrome.
Results  Within Echo-SOL, 1260 individuals met inclusion 
criteria (59% female; mean age 55.2 years). Compared with 
individuals without metabolic syndrome, those with metabolic 
syndrome had lower medial and lateral E′ velocities 
(−0.4 cm/s, (SE 0.1), p=0.0002; −0.5 cm/s (0.2), p=0.02, 
respectively), greater E/E′ (0.5(0.2), p=0.01) and worse 
two-chamber left ventricular longitudinal strain (0.9%(0.3), 
p=0.009), after adjusting for potential confounding variables. 
Increased left ventricular mass index (9.8 g/m2 (1.9), 
p<0.0001 and 7.5 g/m2 (1.7), p<0.0001), left ventricular end-
diastolic volume (11.1 mL (3.0), p=0.0003 and 13.3 mL (2.7), 
p<0.0001), left ventricular end-systolic volume (5.0 mL (1.4), 
p=0.0004 and 5.7 mL (1.3) p<0.0001) and left ventricular 
stroke volume (10.2 mL (1.8), p<0.0001 and 13.0 mL (2.0), 
p<0.0001) were observed in obese individuals with and 
without metabolic syndrome compared with individuals with 
normal weight without metabolic syndrome. In sensitivity 
analyses, individuals with normal weight (BMI <25 kg/m2) 
and metabolic syndrome had worse left ventricular global 
longitudinal strain (2.1%(0.7), p=0.002) and reduced left 
ventricular ejection fraction (−3.5%(1.4), p=0.007)  
compared with normal-weight individuals without  
metabolic syndrome.
Conclusions  In a sample of US Hispanics/Latinos metabolic 
syndrome was associated with worse left ventricular systolic 
and diastolic function. Adverse changes in left ventricular size 
and function were observed in obese individuals with and 
without metabolic syndrome but decreased left ventricular 
function was also present in normal-weight individuals with 
metabolic syndrome.

Introduction
Hispanics/Latinos are the largest ethnic 
minority group in the USA, comprising 17% 
of the population (55 million) in 2014.1 While 
Hispanics/Latinos represent diverse racial 
and cultural backgrounds from across the 
Americas, several alarming trends in cardio-
vascular health have emerged in this popu-
lation. Compared with non-Hispanic whites, 
Hispanics/Latinos have a higher prevalence 
of obesity, diabetes, and dyslipidemia.2 3 
Additionally, Hispanics/Latinos have a high 
prevalence of metabolic syndrome, demon-
strating poor metabolic health across several 
measures.4 5 In the population-based cohort 
Hispanic Community Health Study/Study of 
Latinos (HCHS/SOL), 35% of participants 
met the criteria for metabolic syndrome. 
However, the long-term impact of metabolic 
syndrome on cardiovascular outcomes in 
Hispanics/Latinos is not well understood.

Metabolic syndrome is associated with 
multiple adverse cardiovascular outcomes 
including heart failure, coronary heart disease, 

Significance of this study

What is already known about this subject?
►► Metabolic syndrome is prevalent in 35% of 
Hispanics/Latinos in the USA.

What are the new findings?
►► In Hispanics/Latinos metabolic syndrome is asso-
ciated with decreased left ventricular diastolic and 
systolic function, even in individuals with normal 
body mass index.

How might these results change the focus of 
research or clinical practice?

►► Hispanic/Latino patients with metabolic syndrome 
might represent an at-risk population to target in-
terventions for primordial prevention of heart failure.
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and cardiovascular mortality.6–9 Incident heart failure in 
normal-weight individuals with metabolic syndrome is in 
fact greater than incident heart failure in overweight indi-
viduals without the metabolic syndrome.10 Yet, the rela-
tionship between metabolic syndrome and heart failure 
risk in Hispanics/Latinos has not been well described. 
Hispanics/Latinos in the USA have a higher incidence 
of heart failure compared with non-Hispanic whites, and 
Hispanics/Latinos who present with heart failure are 
younger with more comorbidities and lower left ventric-
ular ejection fraction.11–13 However, Hispanics/Latinos in 
the USA represent a relatively young demographic such 
that the future public health burden of clinical heart 
failure as this population ages is potentially underesti-
mated. In order to identify preclinical disease, abnormal-
ities in cardiac structure and function can be determined 
by echocardiography and cardiac MRI, many of which 
have been associated with incident cardiovascular disease 
and increased mortality including asymptomatic left 
ventricular systolic and diastolic dysfunction, left ventric-
ular hypertrophy, left ventricular size in diastole and left 
atrial size.14–19 Recent data suggest that even borderline 
left ventricular systolic function is associated with inci-
dent heart failure and increased all-cause mortality.20 
Therefore, understanding the complex relationship of 
cardiometabolic risk factors and body mass index with 
cardiac structure and function offers an opportunity to 
risk stratify individuals and prevent future adverse cardio-
vascular outcomes.

The primary objective of this study was to determine 
the associations of metabolic syndrome and its individual 
criteria with cardiac structure and function as measured 
by transthoracic echocardiography in participants in the 
Echocardiographic Study of Latinos (Echo-SOL). Our 
secondary objective was to compare cardiac structure and 
function in Echo-SOL participants according to normal/
abnormal body mass index (BMI) and prevalent meta-
bolic syndrome.

Methods
Study setting
HCHS/SOL is a population-based longitudinal cohort 
study (n=16 415, mean age 43) of self-identified Hispanic/
Latino individuals, 18–74 years of age.21 This study was 
designed to assess chronic disease in Hispanic/Latino 
individuals living in four cities in the USA: Bronx, New 
York; Chicago, Illinois; Miami, Florida; and San Diego, 
California. Participants were recruited in communities 
surrounding four field centers in the respective cities. 
The details of HCHS/SOL sampling method have been 
previously described.21 Exclusion criteria included: active-
duty military service, not living at the residential address, 
planning to move from the area within 6 months, or phys-
ically unable to attend the clinic examination. The base-
line HCHS/SOL assessment was completed from 2008 to 
2011 and consisted of a questionnaire, anthropometric 
measurements, and laboratory testing.

Echo-SOL is an ancillary study of HCHS/SOL 
consisting of 1824 participants recruited through a strati-
fied-sampling process representative of the parent study.22 
Echo-SOL was designed to characterize cardiac structure 
and function using transthoracic echocardiography in 
a representative sample of Hispanic/Latino individuals 
living in the USA. The baseline echocardiography exam-
ination for the Echo-SOL ancillary study was performed 
from 2011 to 2014.22 Inclusion criteria for Echo-SOL 
included: age 45 years or older; self-reported Hispanic/
Latino of Mexican, Puerto Rican, Cuban, Dominican, 
Central American or South American background; and 
enrollment 36 months or fewer from the date of the base-
line HCHS/SOL visit. Echo-SOL enrolled on average 
~80% of eligible participants at each of the study sites.

In this cross-sectional study of the Echo-SOL cohort, 
we included non-diabetic participants without coronary 
artery disease or severe aortic or mitral valve disease. 
Coronary artery disease was determined by self-report or 
pathologic Q-waves on ECG consistent with prior myocar-
dial infarction. Aortic and mitral valve disease was deter-
mined by transthoracic echocardiography.

Study procedures
Phillips IE-33 or Sonos 5500/7500 ultrasound imaging 
platforms with a standard 2.5 to 3.5 MHz phased-array 
probe were used in the acquisition of all echocardio-
graphic imaging data. A standard transthoracic echocar-
diograpy examination was performed with the participant 
in the partial left decubitus position. ECG-gated M-mode, 
2D, spectral, color flow, and tissue Doppler images were 
acquired in the parasternal long axis, short axis, and 
apical four-chamber and two-chamber long-axis views. 
Left ventricular global longitudinal strain analysis was 
performed using the vendor-independent TomTec 
Cardiac Performance Analysis software (TomTec, 
Hamden, Connecticut, USA) on acquired 2D images. All 
images were read by a sonographer and over-read by a 
cardiologist (CJR) with level 3 echocardiography training 
as specified by the American College of Cardiology and 
the American Society of Echocardiography.23 Inter-reader 
and intrareader variability were assessed and determined 
to have a high degree of intraclass correlation for each 
measurement (0.80–0.99).

Definitions
In this study, we used the American Heart Association/ 
National Heart, Lung, and Blood Institute3 Joint Scien-
tific Statement criteria to define metabolic syndrome 
as three or more of the following: fasting glucose 
≥100 mg/dL and/or on antihyperglycemic medication; 
triglycerides ≥150 mg/dL and/or on triglyceride-low-
ering medication; HDL <40 mg/dL in men and <50 mg/
dL in women and/or on HDL-raising medication; waist 
circumference ≥102 cm in men and ≥88 cm in women; 
systemic systolic blood pressure ≥130 mm Hg, systemic 
diastolic blood pressure ≥85 mm Hg, and/or on antihy-
pertensive medication.

 on July 4, 2022 by guest. P
rotected by copyright.

http://drc.bm
j.com

/
B

M
J O

pen D
iab R

es C
are: first published as 10.1136/bm

jdrc-2017-000484 on 13 A
ugust 2018. D

ow
nloaded from

 

http://drc.bmj.com/


3BMJ Open Diab Res Care 2018;6:e000484. doi:10.1136/bmjdrc-2017-000484

Cardiovascular and Metabolic Risk

The echocardiographic measurements included in this 
study included multiple measures of left and right heart 
structure and function: left ventricular mass indexed to 
body surface area (LVMI), left ventricular end-diastolic 
volume (LVEDV), left ventricular end-systolic volume 
(LVESV), left ventricular ejection fraction (LVEF), left 
ventricular stroke volume, medial and lateral tissue 
Doppler E′ velocities, mitral inflow E velocity and A 
velocity ratio (E/A), mitral valve E velocity and E' velocity 
ratio (E/E′), isovolumic relaxation time (IVRT), peak 
right ventricular/right atrial pressure gradient, tricuspid 
annular plane systolic excursion (TAPSE), right ventric-
ular fractional area change, left atrial volume index, left 
ventricular global longitudinal strain (GLS) (individual 
four-chamber and two-chamber views and average).

Echo-SOL participant sociodemographic and life-
style characteristics were obtained by questionnaires 
conducted during the HCHS/SOL baseline visit. National 
background was determined by self-report and classified 
as: Mexican, Puerto Rican, Cuban, Dominican, Central 
American, or South American. Alcohol and tobacco 
use was determined by self-report and characterized 
as current, former, or never. Education was described 
by three categories: less than high school, high school 
or equivalent, or greater than high school. Household 
income was categorized into five groups: <US$20 000, 
US$20 001–40 000, US$40 001–75 000, or >US$75 000. 
US born was defined as born in the 50 states of USA, 
excluding US territories. Physical activity was determined 
using the Global Physical Activity Questionnaire and was 
classified as low, moderate, or high.

Statistical methods
The primary aim of this study was to compare echocar-
diographic measures of cardiac structure and function in 
participants with and without metabolic syndrome. The 
baseline characteristics of participants with and without 
metabolic syndrome were compared. The corresponding 
distribution of all baseline sociodemographic and clin-
ical characteristics was summarized for the overall popu-
lation using means±SE for continuous variables and 
proportions for categorical variables. Continuous vari-
ables were compared using elementwise regression using 
generalized least squares estimation. This methodology 
was chosen due to the sampling weighting to account for 
survey methods and nonresponse. Categorical variables 
were compared using Rao-Scott Χ2. The mean values of 
the echocardiographic outcome variables in participants 
with and without metabolic syndrome were compared 
using t-tests. Summary statistics were weighted to adjust 
for sampling probability and non-response. Multivari-
able linear regression analyses were used to model the 
relationships between metabolic syndrome and each 
echocardiographic outcome variable described above 
adjusting for the following covariates: Minimally adjusted 
model (age and sex) and fully adjusted model (age, sex, 
study site, tobacco use, alcohol use, physical activity, and 
education).

A priori multivariable linear regression analyses were 
conducted to model the relationship between the indi-
vidual components of metabolic syndrome (ie, fasting 
glucose ≥100 mg/dL) with the following echocardio-
graphic measurements: LVMI, LVEDV, LV GLS, and 
E/E′. Regression models were adjusted for covariates as 
above.

The secondary aim of this study was to compare 
cardiac structure and function in participants with and 
without metabolic syndrome by BMI. Multivariable linear 
regression analyses were stratified by BMI comparing 
individuals with and without metabolic syndrome in the 
following strata: normal weight, overweight and obese. 
The models adjusted for the following covariates: age, 
sex, site, tobacco use, alcohol use, years of education, 
and physical activity. Sensitivity analyses were performed 
using linear regression analyses of the aggregate data 
with interaction terms to evaluate for interaction between 
BMI and metabolic syndrome for each echocardio-
graphic measure of structure and function. In sensitivity 
analyses, multivariable linear regression analyses were 
used to compare the echocardiographic measurements 
of cardiac structure and function in normal weight (BMI 
<25 kg/m2) participants without metabolic syndrome to 
the following groups: obese (BMI ≥30 kg/m2) without 
metabolic syndrome; obese (BMI ≥30 kg/m 2) with meta-
bolic syndrome; overweight (BMI ≥25 kg/m2 and <30 kg/
m2) without metabolic syndrome; overweight (BMI ≥25 
kg/m2 and <30 kg/m2) with metabolic syndrome; and all 
weights with metabolic syndrome. The model adjusted 
for the following covariates: age, sex, site, tobacco use, 
alcohol use, years of education, and physical activity. All 
statistical analyses were performed with SAS software 
V.9.3 and weighted to adjust for sampling probability and 
non-response.

Results
Within the Echo-SOL cohort 1260 non-diabetic partic-
ipants (mean age 55.2 years) who met the inclusion 
criteria were included in this analysis, with 399 (32%) 
participants meeting the criteria for metabolic syndrome. 
The baseline characteristics of the participants with and 
without metabolic syndrome are described in table  1. 
Compared with those without metabolic syndrome, 
participants with metabolic syndrome were older with 
a greater proportion of participants between 55 and 
64 years of age. Participants with metabolic syndrome 
also tended to be Cuban or Puerto Rican and to live 
in Miami. Individuals with metabolic syndrome had a 
greater prevalence of low physical activity and lower 
education and income. Mean BMI was higher in indi-
viduals with metabolic syndrome (32 kg/m2) but was 
also elevated in individuals without metabolic syndrome 
(29 kg/m2). The distribution of individuals with normal 
weight, overweight and obesity with and without meta-
bolic syndrome are presented in online supplementary 
figure 1.
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Table 1  Characteristics of Echocardiographic Study of Latinos participants with and without metabolic syndrome

Metabolic syndrome,
n=399

Without metabolic syndrome,
n=861 P values

Age, mean (SE)

 � <55 46.4 (4.6) 57.6 (2.7) 0.11

 � 55–64 36.1 (3.7) 26.1 (2.1)

 � 65+ 17.5 (3.4) 16.3 (3.2)

Female gender, N (%) 274 (59.8) 568 (58.1) 0.74

National background, N (%)

 � Dominican 64 (14.7) 160 (19.2) 0.08

 � Puerto Rican 72 (19.5) 145 (15.5)

 � Mexican 95 (16.8) 227 (23.5)

 � Cuban 99 (38.7) 158 (28.8)

 � Central American 49 (6.3) 78 (5.8)

 � South American 20 (4.1) 90 (7.2)

Site, N (%)

 � Bronx 106 (31.1) 251 (32.7) 0.08

 � Chicago 91 (10.1) 199 (11.7)

 � Miami 134 (44.9) 232 (35.0)

 � San Diego 64 (13.9) 179 (20.7)

Low physical activity, N (%) 276 (70.8) 543 (60.5) 0.04

Tobacco use, N (%)

 � Current 63 (16.4) 148 (18.5) 0.25

 � Former 106 (29.0) 183 (22.5)

Years of education, N (%)

 � Less than high school 142 (32.5) 261 (30.1) 0.36

 � High school 96 (24.8) 190 (20.2)

 � Greater than high school 152 (42.7) 387 (49.6)

Household income <US$20 000/year, N (%) 196 (59.7) 389 (46.1) 0.006

US mainland born, N (%) 35 (7.4) 85 (9.6) 0.41

Body mass index, kg/m2 (SE) 31.5 [0.3] 28.5 (0.4) <0.0001

Fasting glucose, mg/dL (SE) 98.2 (1.0) 93.0 (0.3) <0.0001

High-density lipoprotein, mg/dL (SE) 44.1 (0.7) 55.1 (0.5) <0.0001

Triglyceride, mg/dL (SE) 184.5 (5.2) 133.4 (1.3) <0.0001

Waist circumference, cm (SE) 103.3 (0.8) 94.7 (0.5) <0.0001

Systolic blood pressure, mm Hg (SE) 133.2 (1.3) 125.5 (0.8) <0.0001

Diastolic blood pressure, mm Hg (SE) 78.4 (0.7) 74.4 (0.4) <0.0001

Antihypertensive medication use, N (%) 117 (26.8) 91 (14.6) 0.003

Antihyperglycemic medication use, N (%) 3 (0.64) 2 (0.08) 0.03

Lipid-lowering medication use, N (%) 48 (17.7) 87 (10.2) 0.10

Rao-Scott Χ2 test used to compare categorical variables in individuals with and without metabolic syndrome. Elementwise regression 
using generalized least squares estimation was used to compare continuous variables in individuals with and without metabolic syndrome. 
Percentages are weighted to account for sampling and non-response.

Cardiovascular and Metabolic Risk

Table  2 shows the mean values of each echocardio-
graphic measurement in individuals with and without 
metabolic syndrome. Of note, the mean values for 
several measures of diastolic dysfunction including 
medial and lateral E′ velocities, E/E′ ratio, and 

isovolumic relaxation time were abnormal in individ-
uals with and without metabolic syndrome. The mean 
values of echocardiographic measures of right and 
left ventricular systolic function were normal in both 
groups.
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Table 2  Mean values of echocardiographic measures in Echo-SOL participants with and without metabolic syndrome

Metabolic
syndrome (SE)

Without metabolic
syndrome (SE) P values

LV mass index, g/m2 81.3 (1.0) (n=389) 79.2 (1.0) (n=845) 0.14

LV end-diastolic volume, mL 84.0 (1.7) (n=396) 83.8 (1.0) (n=854) 0.92

LV end-systolic volume, mL 33.5 (0.8) (n=395) 33.5 (0.5) (n=854) 0.98

LV ejection fraction, % 60.4 (0.3) (n=377) 60.2 (0.2) (n=836) 0.73

LV stroke volume, mL 70.1 (1.4) (n=393) 70.6 (0.9) (n=848) 0.76

Medial E′ velocity, cm/s 6.8 (0.1) (n=395) 7.5 (0.1) (n=856) <0.0001

Lateral E′ velocity, cm/s 9.0 (0.2) (n=394) 9.9 (0.2) (n=849) 0.002

E/A ratio 1.0 (0.02) (n=395) 1.1 (0.01) (n=848) 0.0003

E/E′ ratio 10.0 (0.2) (n=394) 9.3 (0.2) (n=848) 0.0051

Isovolumic relaxation time, s 0.1 (0.001) (n=394) 0.1 (0.0009) (n=850) 0.44

Peak RV/RA pressure gradient, mm Hg 17.6 (0.6) (n=373) 17.8 (0.3) (n=821) 0.76

TAPSE, cm 2.1 (0.03) (n=377) 2.1 (0.03) (n=827) 0.85

RV fractional area change, % 0.5 (0.006) (n=365) 0.5 (0.006) (n=797) 0.24

Left atrial volume index, mL/m2 22.7 (0.5) (n=365) 23.2 (0.03) (n=845) 0.36

LV longitudinal strain (four chamber), % −18.9 (0.4) (n=391) −18.7 (0.2) (n=846) 0.61

LV longitudinal strain (two chamber), % −19.5 (0.3) (n=379) −20.3 (0.3) (n=829) 0.027

LV global longitudinal strain (average), % −19.0 (0.3) (n=391) −19.5 (0.2) (n=845) 0.12

E/A, mitral inflow E velocity and A velocity ratio; E/E', mitral valve E velocity and E' velocity ratio; Echo-Sol, Echocardiographic Study of 
Latinos; LV, left ventricle; RA, right atrium; RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion.

Cardiovascular and Metabolic Risk

Multivariable linear regression analyses of the relation-
ship between metabolic syndrome with measurements 
of cardiac structure and function were notable for worse 
left ventricular diastolic function and systolic function 
in individuals with metabolic syndrome compared with 
individuals without metabolic syndrome (table 3). Specif-
ically, in the fully adjusted models, individuals with meta-
bolic syndrome had lower medial E′ velocity (−0.4 cm/s 
(SE 0.1)), lower lateral E′ velocities (−0.5 cm/s (0.2)), 
and a greater E/E′ ratio (0.5 (0.2)). Additionally, left 
ventricular longitudinal strain in the apical two-chamber 
view was worse by 0.9% (0.3) in individuals with meta-
bolic syndrome compared with those without, with a 
trend towards worse global longitudinal strain (GLS) 
(0.4 (0.2), p=0.07). There were no differences in left 
ventricular volumes, ejection fraction, or stroke volume. 
Moreover, there were no differences in right ventricular 
function measured by TAPSE and right ventricular frac-
tional area change or in peak right atrial or right ventric-
ular pressure gradient.

In examining the relationship between the preva-
lence of individual criteria for metabolic syndrome 
with selected measures of left ventricular structure and 
function, high waist circumference and elevated blood 
pressure were associated with multiple measures of left 
ventricular structure and function (table 4). Specifically, 
high waist circumference was associated with increased 
LVMI (4.8 g/m2 (1.2)), increased LVEDV (6.8 mL (1.7)), 
increased E/E’ (0.8 (0.2)), and worse left ventricular 
longitudinal strain in the two-chamber view (0.6% 

(0.3)). Elevated blood pressure was associated with 
increased LVMI (3.7 g/m2 (1.6)) and increased E/E′ 
ratio (0.7 (0.02)). Elevated triglyceride level was associ-
ated with worse left ventricular longitudinal strain in the 
two-chamber view (0.6% (0.3)). Neither elevated fasting 
glucose nor low HDL were associated with any of the 
selected echocardiographic measures of left ventricular 
structure and function.

In a secondary analysis comparing individuals with 
and without metabolic syndrome stratified by BMI cate-
gories, the most striking differences in cardiac struc-
ture and function was observed among normal-weight 
individuals. Normal-weight individuals with metabolic 
syndrome had decreased left ventricular systolic func-
tion and decreased myocardial deformation. Specifically, 
after adjusting for potential confounding variables, LVEF 
was reduced by 3.1% (0.4) and LVGLS was decreased by 
2% (0.2). Additionally, normal weight individuals with 
metabolic syndrome had decreased left ventricular mass 
index (−4.7 g/m2 (1.1)) and increased left ventricular 
end diastolic volume (−2.0 mL (0.9)) compared with 
normal-weight individuals without metabolic syndrome. 
Of note, the sample size of normal-weight individuals 
with metabolic syndrome was modest (n=22). In over-
weight individuals, metabolic syndrome was associated 
with increased LVEF (0.5% (0.2)) and worse LVGLS 
(0.2% (0.1)). Moreover, metabolic syndrome was asso-
ciated with smaller left ventricular volumes (LVEDV 
−3.0 mL(0.7); LVESV −1.5 mL (0.3)). There was no differ-
ence in cardiac structure and function observed between 
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Table 3  Multivariable linear regression analyses of the association of metabolic syndrome with echocardiographic measures 
of cardiac structure and function in Echo-SOL

Minimally adjusted
beta (SE) P values

Adjusted
beta (SE) P values

LV mass index, g/m2 2.2 (1.4) 0.11 2.0 (5.7) 0.13

LV end-diastolic volume, mL 1.3 (2.3) 0.58 1.2 (1.9) 0.52

LV end-systolic volume, mL 0.6 (1.0) 0.55 0.6 (0.9) 0.5

LV ejection fraction, % −0.1 (0.4) 0.78 −0.1 (0.4) 0.88

LV stroke volume, mL −0.5 (1.4) 0.71 −0.2 (1.3) 0.90

LV longitudinal strain (four chamber), % −0.2 (0.3) 0.54 −0.3 (0.3) 0.39

LV longitudinal strain (two chamber), % 1.0 (0.4) 0.0196 0.9 (0.3) 0.009

LV global longitudinal strain (average), % 0.5 (0.3) 0.056 0.4 (0.2) 0.07

Medial E′ velocity, cm/s −0.5 (0.1) <0.001 −0.4 (0.12) 0.0002

Lateral E′ velocity, cm/s −0.6 (0.2) 0.016 −0.5 (0.2) 0.02

E/E′ 0.5 (0.2) 0.04 0.5 (0.2) 0.01

E/A ratio −0.07 (0.02) 0.0012 −0.06 (0.02) 0.003

Isovolumic relaxation time, s 0.0007 (0.007) 0.59 0.0005 (0.001) 0.68

Peak RV/RA pressure gradient, mm Hg −0.6 (0.7) 0.39 −0.7 (0.6) 0.28

TAPSE, cm 0.005 (0.05) 0.92 0.02 (0.04) 0.54

RV fractional area change, % −0.01 (0.009) 0.12 −0.01 (0.009) 0.20

Left atrial volume index, mL/m2 −0.6 (0.5) 0.28 −0.3 (0.5) 0.53

E/A, mitral inflow E velocity and A velocity ratio; E/E', mitral valve E velocity and E' velocity ratio; Echo-Sol, Echocardiographic Study of 
Latinos; LV, left ventricle; RA, right atrium; RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion.
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obese individuals with and without metabolic syndrome. 
Interaction between metabolic syndrome with over-
weight and obesity was significant for medial E′ velocity 
(p=0.03) and peak right ventricular/right atrial pressure 
gradient (p=0.04) in which increased BMI is associated 
with higher medial E′ velocity and decreased peak right 
ventricular/right atrial pressure gradient in relation to 
metabolic syndrome. No statistically significant interac-
tion was observed between metabolic syndrome and BMI 
for any other echocardiographic measures of cardiac 
structure and function (table 5).

In a sensitivity analysis comparing individuals with 
normal BMI without metabolic syndrome to obese indi-
viduals with and without metabolic syndrome, multiple 
differences in cardiac structure and function emerged 
(online supplementary table 1). Compared with indi-
viduals with normal BMI without metabolic syndrome, 
obese individuals with and without metabolic syndrome 
had increased LVEDV (7.5 mL (1.7) and 9.8 mL (1.9), 
respectively), increased LVESV (5.7 mL (1.3) and 
5.0 mL (1.4), respectively), and increased left ventric-
ular stroke volume (13.0 mL (2.0) and 10.2 mL (0.8), 
respectively) after adjusting for potential confounders. 
After full adjustment, worse longitudinal strain in the 
two-chamber view was observed in obese individuals with 
metabolic syndrome (1.3% (0.4)). A similar pattern of 
changes in cardiac structure and function was observed 
in comparing normal BMI individuals without metabolic 
syndrome to individuals with metabolic syndrome of 

all BMIs (online supplementary table 1). In sensitivity 
analyses that compared normal BMI individuals without 
metabolic syndrome to overweight individuals, similar 
changes in left ventricular structure and function were 
observed; however, worse global longitudinal strain in 
the two-chamber view was observed in the overweight 
individuals both with and without metabolic syndrome 
(online supplementary table 2).

Discussion
The results of this study found that within the Echo-SOL 
cohort of Hispanic/Latino individuals living in the USA, 
individuals with metabolic syndrome had worse diastolic 
function and worse left ventricular longitudinal strain 
compared with individuals without metabolic syndrome. 
High waist circumference, elevated blood pressure, and 
elevated triglycerides were associated with increased 
left ventricular mass, increased left ventricular size and 
decreased left ventricular systolic function by longitu-
dinal strain. Left ventricular longitudinal strain and LVEF 
were also impaired in individuals with normal weight and 
metabolic syndrome.

This study represents the largest study of meta-
bolic syndrome and cardiac structure and function as 
measured by echocardiography in Hispanic/Latino indi-
viduals. The results of this study support the findings of 
studies in other populations that found an association of 
metabolic syndrome with echocardiographic measures of 
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diastolic dysfunction but no difference in left ventricular 
mass or left ventricular volumes.24–30 Few studies have 
examined subclinical left ventricular systolic dysfunction 
by left ventricular longitudinal strain in individuals with 
metabolic syndrome. Prior studies include a subgroup 
of the Multi-Ethnic Study of Atherosclerosis cohort and 
a single-center study in Korea, both of which found 
decreased longitudinal strain in participants with meta-
bolic syndrome.31 32 Another study observed decreased 
left atrial strain in individuals with metabolic syndrome, 
suggesting a generalized myopathic process affecting 
both the left ventricle and the left atrium.33 Our study 
did not measure left atrial strain, but did not observe any 
difference in left atrial size between participants with and 
without metabolic syndrome.

While the overall metabolic derangement that results 
from metabolic syndrome is likely greater than the sum 
of the individual criteria, we sought to understand which 
criteria of the metabolic syndrome were associated with 
changes in cardiac structure and function in individuals 
from Hispanic/Latino background. Surprisingly, only 
high waist circumference, elevated blood pressure, and 
elevated triglycerides were associated with changes in 
cardiac structure and function in this study. Additionally, 
high waist circumference was associated with the greatest 
derangement of left ventricular geometry and function, 
rather than hypertension. Hypertension is not only 
highly prevalent in this population but also is better char-
acterized in its progression from cardiac remodeling and 
subclinical diastolic and systolic dysfunction to clinically 
overt heart failure.34 This finding is supported by prior 
analyses of the Northern Manhattan Study, which found 
that high waist circumference rather than BMI was asso-
ciated with worse GLS.35 Additional studies are needed 
to better understand the role of abdominal obesity in 
cardiac remodeling and the pathogenesis of cardiac 
dysfunction.

The observed relationship between BMI and metabolic 
syndrome in relation to cardiac structure and function 
in this cohort of Hispanic/Latino individuals is particu-
larly intriguing. While left ventricular longitudinal strain 
to some degree was worse in all weight/metabolic cate-
gories when compared with normal-weight individuals 
without metabolic syndrome, the greatest reduction in 
strain tended to be numerically higher in normal-weight 
individuals with metabolic syndrome. Additionally, only 
normal weight individuals with metabolic syndrome had 
a reduction in left ventricular ejection fraction compared 
with normal weight individuals without metabolic 
syndrome, suggesting a significant drop in left ventric-
ular systolic function between the two groups. This obser-
vation is concerning in that it suggests that metabolically 
unhealthy individuals at a normal weight may have 
higher risk of heart failure, thus highlighting the fact that 
it might not be sufficient to focus on weight alone when 
counseling Hispanic/Latino patients on heart failure 
risk reduction. Given that the sample of normal-weight 
individuals with metabolic syndrome was small (n=22), 

larger studies are necessary in order to better define 
the phenotype of normal-weight individuals with meta-
bolic syndrome and the factors that make them vulner-
able to subclinical reductions in left ventricular systolic 
function. Additionally, while the individuals in this study 
do not represent a heart failure population, the results 
of this study are reminiscent of the obesity paradox in 
which obese individuals with heart failure have less severe 
disease and better survival compared with normal-weight 
patients with heart failure.36 37 While the cause of the 
obesity paradox continues to be debated, the results of 
this study suggest that the pathophysiology of non-isch-
emic cardiomyopathy related to cardiometabolic disease 
may differ in obese and normal-weight individuals.

While individuals with metabolic syndrome appear 
to be at increased risk for asymptomatic left ventricular 
systolic dysfunction, the clinical implications of this 
observation are less clear. Screening echocardiography 
for individuals with metabolic syndrome has not been 
addressed in the appropriate use criteria for echocardi-
ography and is typically not performed in the absence 
of clinical symptoms that suggest cardiac disease.38 Once 
individuals with asymptomatic left ventricular systolic 
dysfunction are identified, the 2013 ACCF/AHA guide-
line for the Management of Heart Failure recommends 
aggressive risk factor control including evidence-based 
medications to treat hypertension, hyperlipidemia, and 
diabetes.39 Additionally, the guideline also suggests that 
individuals with asymptomatic reduced left ventricular 
ejection fraction be treated with ACE inhibitor and beta-
blocker therapy to prevent clinical heart failure, a recom-
mendation that is supported by evidence from clinical 
trials.40 41 However, no clinical trial has specifically exam-
ined the efficacy of ACE inhibitors or beta blockers to 
reduce incident heart failure in individuals with asymp-
tomatic left ventricular dysfunction and metabolic 
syndrome. Also, the optimal method of identifying indi-
viduals with asymptomatic left ventricular dysfunction in 
the setting of known cardiometabolic risk factors has not 
been addressed, and additional studies are needed to 
evaluate the yield and cost-effectiveness of any proposed 
screening strategy. Additionally, left ventricular systolic 
dysfunction has largely been defined by left ventricular 
ejection fraction. Better understanding of the degree to 
which left ventricular longitudinal strain can be used to 
identify individuals at risk for incident heart failure and 
increased mortality is needed.

This study has several limitations. First, it is a cross-sec-
tional, observational study; therefore, determination 
of causality cannot be made. Second, we are unable to 
adjust for BMI in the linear regression analyses because 
BMI is highly collinear with waist circumference, which 
is a component of the definition of metabolic syndrome. 
Third, while this study is one of the largest studies of 
metabolic syndrome and cardiac structure and func-
tion by echocardiography in any population, the sample 
size is modest; thus, we are unable to perform strati-
fied analyses by national origin in order to characterize 
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the heterogeneity within Hispanic/Latinos. Within 
our sample, individuals with metabolic syndrome were 
disproportionately Cuban or Puerto Rican and lived in 
Miami. Thus, it would be interesting to compare cardiac 
structure and function in Cubans and Puerto Ricans 
with metabolic syndrome to other Hispanic/Latino 
groups. As the echocardiography examination of the 
entire HCHS/SOL cohort over age 45 is currently being 
performed, we will soon have the power to understand 
interactions between national background, environment, 
and cardiometabolic health.

Conclusion
In a sample of US Hispanics/Latinos, metabolic syndrome 
was associated with reduced left ventricular systolic 
and diastolic function, even in individuals with normal 
BMI. The results of this study suggest that strategies for 
cardiovascular disease and heart failure prevention in 
Hispanics/Latinos should include multiple indicators of 
cardiometabolic disease beyond BMI. The relationship 
between cardiometabolic risk factors and the progression 
of heart failure in Hispanics/Latinos requires further 
investigation to prioritize targets for primary prevention.
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