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Abstract

Objective—Metabolic syndrome (MetS) can lead to myocardial fibrosis, diastolic dysfunction
and eventual heart failure. We evaluated alterations in myocardial microstructure in people with
MetS using a novel algorithm to characterize ultrasonic signal intensity variation.

Methods—Among 254 participants without existing cardiovascular disease (mean age 42 + 11
years, 75% women), there were 162 with MetS, 47 with obesity without MetS, and 45 non-obese
controls. Standard echocardiography was performed, and a novel validated computational
algorithm was used to investigate myocardial microstructure based on sonographic signal intensity
and distribution. We examined the signal intensity coefficient (SIC, left ventricular
microstructure).

Results—The SIC was significantly higher in people with MetS compared with people with
(P<0.001) and without obesity (P=0.04), even after adjustment for age, sex, body mass index,
hypertension, diabetes mellitus and triglyceride to HDL cholesterol (TG/HDL) ratio (P<0.05 for
all). Clinical correlates of SIC included TG concentrations (r=0.21, P=0.0007) and the TG/HDL
ratio (r=0.2, P=0.001).
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Conclusions—Our findings suggest that preclinical MetS and dyslipidemia in particular, are
associated with altered myocardial signal intensity variation. Future studies are needed to
determine whether the SIC may help detect subclinical disease in people with metabolic disease,
with the ultimate goal of targeting preventive efforts.

obesity; echocardiography; metabolic syndrome

Introduction

One in four adults are living with obesity in the United States, a condition that is expect to
affect more than half of the population by 2030 (1). Obesity predisposes to metabolic
disease, with an increased risk of diabetes mellitus and metabolic syndrome (MetS) among
those with higher body mass index(2, 3). Both obesity and metabolic disease have been
linked to increased risk of cardiovascular disease, including heart failure (4). Further,
subclinical changes in diastolic function and cardiac mechanics are apparent among
individuals with obesity (5, 6), and may herald the future development of clinical heart
failure. The underlying mechanisms driving cardiovascular disease in those with obesity are
unclear, however many of the direct myocardial changes in metabolic disease are attributed
to cardiac fibrosis (7), as well as increased myocardial lipid content, which appears
correlated with the degree of adiposity (8). While experimental studies have demonstrated
activation of myofibroblast phenotypes and myocardial macrophage infiltration leading to
fibrosis in animal models of obesity and metabolic disease,(9) myocardial fibrosis has been
more difficult to ascertain and examine in human investigations.

The quantitative aspects of reflected ultrasound beams have long been studied as potential
noninvasive indicators of myocardial fibrosis (10). Specifically, scattering properties of the
myocardium are directly correlated with histologic myocardial collagen content and
extracellular matrix (11, 12). Previous clinical studies have demonstrated abnormalities in
cyclic integrated signal intensity variation (historically termed ‘backscatter’) among patients
with metabolic disease (13-15). Indeed, small human trials have demonstrated improvements
in sonographic signal intensity variation with spironolactone therapy among patients with
diabetes and obesity, both with abnormal diastolic function.(16, 17) However, cyclic
integrated signal intensity variation has not gained widespread clinical use due to the need
for prospective image acquisition with specialized software.

Our group recently validated a novel ultrasonic image analysis algorithm to ascertain
myocardial signal intensity variation using a widely-available open access software, applied
to routinely acquired echocardiographic images (18, 19). In initial studies, we demonstrated
abnormalities in myocardial signal intensity variation in hypertensive heart disease, which
correlated with experimental models simulating pressure overload states (18). Further, a
recently published study demonstrated alterations in ultrasonic signal intensity variation and
cardiac microstructure in hypertrophic cardiomyopathy, as well as sarcomere-mutation
carriers without left ventricular hypertrophy (20). In this study, ultrasonic signal intensity
variation correlated with extracellular volume by cardiac magnetic resonance imaging, as
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well as left ventricular diastolic function parameters. We sought to apply this novel
methodology to a well-characterized sample of individuals with obesity with and without
MetS, in order to investigate potential alterations in myocardial microstructure associated
with metabolic dysfunction. Further, we hypothesized that myocardial signal intensity
variation would be associated with measures of metabolic dysfunction, above and beyond its
known association with hypertension.

Study sample

Participants were recruited from general cardiology and nutrition outpatient clinics at Boston
Medical Center. Potential participants were screened for inclusion/exclusion criteria, and
approached with permission of their primary physician. For the non-obese control group,
research volunteers were recruited from the same clinics, as well as advertisements in the
research community. Participants were grouped into three study groups: Participants with
MetS met 3 or more of 5 accepted criteria:(21) (a) increased waist circumference (=102 cm
in men; =88 cm in women); (b) increased fasting triglyceride (=150 mg/dL); (c) high blood
pressure (=130/85 mmHg) or treatment for hypertension; (d) decreased HDL-C (<40 mg/dL
in men; <50 mg/dL in women); (e) impaired fasting glucose (=100 mg/dL). Participants with
obesity without MetS had a body mass index (BMI) =30 kg/m?, and met <1 MetS criterion
other than increased waist circumference. Non-obese controls had a BMI <30 kg/m? and no
major medical comorbidities. Participants with a history of cardiovascular disease as
ascertained by self-report and subsequent review of medical records (heart failure, coronary
artery disease, valvular heart disease, or atrial fibrillation), severe hypertension (defined as
taking >2 antihypertensive medications), or those with asymptomatic left ventricular (LV)
systolic dysfunction (any previous echocardiogram with LV ejection fraction < 50%) were
excluded from the study.

Clinical assessment

Participants underwent medical history, anthropometrics, assessment of resting blood
pressure (average of three consecutive measurements), and fasting bloodwork. Diabetes
mellitus was defined as a fasting serum glucose level =126 mg/dL and/or anti-diabetic
therapy. All participants provided informed consent, and the study was approved by the
Boston University Medical Center Institutional Review Board.

Image analysis

All participants underwent standard two-dimensional transthoracic echocardiograms using a
1 - 5 MHz transducer and a commercially available ultrasound machine (iE33, Phillips
Medical Systems, Andover, Massachusetts, USA). Conventional echocardiographic
measures, including cardiac dimensions, relative wall thickness (RWT), LV ejection fraction,
and LV diastolic parameters using pulsed-wave and tissue Doppler assessment were
measured according to published recommendations (22, 23). LV mass was ascertained by
the cubed method and indexed to height to the power of 2.7 (LV mass/height?-7) (24). All
echocardiographic measurements were averaged over three consecutive cardiac cycles (when
available).
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For advanced image analyses of myocardial ultrasonic signal intensity variation, a validated
computational algorithm was used to measure signal intensity distributions within 2D
ultrasound images using the ImageJ software platform v1.46 (NIH, Bethesda, MD)(18, 19).
In brief, end-diastolic frames of the parasternal long axis echocardiographic views were
obtained in .bmp format. A region of interest was defined as the pericardium adjacent to the
mid-basal inferolateral LV segment, and the signal intensity distribution of the pixels within
the region analyzed. The 25! percentile of pericardial signal intensity distribution (p) was
used to calculate the Signal Intensity Coefficient (SIC) as follows: SIC = (1-p/256). The
Myocardial Structural Index (MSI) was calculated using standardized values of SIC and
RWT as follows: MSI = SIC/0.13 + RWT/0.05. As previously described, the MSI is
calculated as sum of the relative increase in SIC (compared to a referent cohort standard
deviation) plus the relative increase in RWT (compared to a referent cohort standard
deviation). Thus, both the SIC and RWT were scaled, with 1 unit value on each scale
equaling the referent cohort standard deviation. This method allowed for generating the sum
of the scaled values to represent a single aggregate measure (with positive values) of both
microstructural change and macrostructural cardiac wall-to-cavity remodeling that is not
represented by either the SIC or RWT alone. Seven of 261 studies (2.7%) were deemed poor
quality and were excluded from image analysis. All myocardial signal intensity variation
images were analyzed by a single observer (YR) blinded to clinical status. We randomly
selected 20 images from the study sample for analysis by a second observer in order to
examine reproducibility. This demonstrated robust reproducibility with intra- and inter-
observer coefficients of variation of 4.0% and 7.4%, respectively, and intra-class correlation
coefficients of 0.92 and 0.94, respectively.

Statistical analysis

Baseline clinical and echocardiographic characteristics were compared between non-obese
controls, participants with obesity with and without MetS using one-way analysis of
variance (ANOVA) or chi-squared statistics as appropriate. Subsequent pairwise
comparisons were performed using two sample t-tests (continuous) and chi-squared test
(categorical), with Bonferroni correction for multiple testing. Between-group differences in
myocardial microstructure (SIC and MSI) were assessed using analysis of covariance
(ANCOWVA) in order to account for potential clinical confounders. Due to a right-skewed
distribution, the SIC was natural-log transformed in analyses. Analyses were first adjusted
for age, sex, and BMI, and then additionally for systolic blood pressure, the use of anti-
hypertensive medications, the presence of diabetes mellitus, and the triglyceride-to-HDL
cholesterol ratio.

Correlations of myocardial microstructure measures and other echocardiographic parameters
of cardiac structure and function, as well as clinical characteristics were assessed using
pairwise Pearson correlation coefficients. We performed a sensitivity analysis after exclusion
of diabetic individuals. In exploratory analyses, correlates of SIC among individuals with
obesity with and without MetS were investigated using forward and backward stepwise
selection models, forcing age and sex, with covariate retention at P<0.05. To account for the
use of antihypertensive medications, correlations with systolic and diastolic blood pressure
used a correction factor of 15 mmHg and 10 mmHg, as previously described in other studies
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(25). Lastly, we examined diastolic parameters among participants with SIC above and
below the mean SIC and above and below the mean LV mass/ht27. All analyses were
performed using STATA release 11 (StataCorp, College Station, TX), and results considered
statistically significant using a two-sided P-value <0.05.

A total of 162 participants with MetS (mean age 44 * 11 years, 73% women), 47 individuals
with obesity without MetS (38 + 10 years, 89% women), and 45 healthy controls without
obesity (44 + 12 years, 51% women) were enrolled. Baseline clinical, laboratory, and
echocardiographic characteristics are summarized in Table 1. Blood pressure was highest in
the group with MetS, and the group with obesity had intermediate blood pressures compared
with controls that were non-obese. Notably, BMI did not differ between groups with obesity
and MetS (P=0.99), with 43% in those with obesity, and 48% in those with MetS classified
as severe obesity (BMI =40 kg/m?2). In contrast, the triglyceride-to-HDL cholesterol ratio
was significantly higher among subjects with MetS, and was comparable among controls
with and without obesity (4.1+3.4 in MetS; 1.8+1.0 in those with obesity; 1.5+0.9 in those
without obesity, respectively).

Measures of myocardial microstructure are abnormal in metabolic syndrome

The SIC, a novel measure of myocardial microstructure, was significantly higher in
individuals with MetS compared with those with and without obesity (P<0.001 vs those with
obesity; P=0.04 vs controls without obesity, Table 2, Figure 1). This finding persisted after
adjusting for age, sex, and BMI (P=0.004 vs those with obesity; P=0.0004 vs controls). The
SIC also remained significantly higher in MetS after additionally adjusting for systolic blood
pressure, anti-hypertensive treatment, diabetes mellitus, and the triglyceride-to-HDL
cholesterol ratio (P=0.03 vs those with obesity, P=0.007 vs controls).

Similarly, the MSI, an aggregate measure of myocardial microstructure and gross
morphological changes, was highest in individuals with MetS (P<0.001 vs both controls
with and without obesity, Table 2). The MSI remained significantly higher in MetS
compared with other groups after multivariable adjustment (P=0.0003 vs those with obesity;
P=0.02 vs controls without obesity after adjusting for age, sex, BMI, systolic blood pressure,
anti-hypertensive treatment, diabetes mellitus, and the triglyceride-to-HDL cholesterol
ratio).

Metabolic syndrome is associated with worse diastolic function

In addition to alterations in measures of myocardial microstructure, traditional
echocardiographic measures of cardiac structure were also abnormal in MetS (Table 1).
While there were no significant differences in LV ejection fraction between groups (P for
ANOVA=0.31), those with obesity and/or MetS had greater LV mass and LA diameters.
Further, those with MetS had worse diastolic function as assessed by the e' tissue Doppler
mitral annular velocities, the mitral early wave to €' ratio, and the spectral Doppler mitral
inflow pattern P<0.05 for each pairwise comparison of MetS vs those without obesity, and
MetS vs those with obesity).
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Measures of myocardial microstructure are associated with metabolic disease

The strongest clinical correlates of myocardial microstructure as assessed by the SIC were
triglyceride concentrations (r=0.21, P=0.0007, Table 3, Figure 2) and the triglyceride-to-
HDL cholesterol ratio (r=0.2, P=0.001), a measure associated with insulin resistance in
previous studies.(26) An abnormal triglyceride-to-HDL ratio > 3.0 was associated with a
higher SIC (0.22+0.02 versus 0.19+0.02, P=0.006, Figure 3). Similarly, the combination of
hypertriglyceridemia and high waist circumference, also known as the hypertriglyceridemic-
waist phenotype (27), was associated with significantly higher SIC (0.24+0.02 versus 0.19
+0.01, P=0.02).

In exploratory analyses, triglyceride levels were the only clinical characteristic associated
with the SIC in a stepwise model after adjusting for age and sex (P=0.049), and when
considered a dichotomous variable, elevated triglycerides again represented the most
significant clinical correlate of SIC in stepwise analyses (P=0.02).

Measures of myocardial microstructure are associated with diastolic dysfunction

The SIC was nominally correlated with echocardiographic parameters, including the mitral
inflow E/A ratio (r=-0.14, P=0.02) and LA diameter (r=0.12, P=0.06). In contrast, the MSI
was correlated with clinical phenotypes (blood pressure, HDL and triglyceride
concentrations, fasting glucose, waist circumference, BMI) as well as cardiac structure and
function (LA size, LV mass, E/A ratio, mean €', and E/e' ratio) as shown in Table 3. When
examining diastolic parameters across high and low SIC and LV mass groups, we found
minor but non-significant pairwise differences among those with high vs low SIC within a
given LV mass stratum (P>0.05 for all, Table S1).

Sensitivity analysis excluding diabetic individuals

In a sensitivity analysis after exclusion of individuals with diabetes (leaving 90 participants
with MetS), we found that both the SIC and MSI remained higher in those with MetS (SIC
0.21, s.e. 0.02, P<0.05 compared with those with obesity but non-significant compared with
controls; MSI 10.2, s.e. 0.2, P<0.05 compared with both those with and without obesity).
Further, the SIC remained significantly correlated with triglyceride concentrations among
individuals without diabetes (r=0.21, P=0.005).

Discussion

We found that individuals with MetS without known cardiovascular disease had altered
ultrasonic signal intensity variation, implying differences in myocardial microstructure
compared with individuals with obesity that were metabolically healthy and controls without
obesity. Notably, the most significant clinical correlates of myocardial microstructure were
hypertriglyceridemia and the triglyceride-to-HDL cholesterol ratio. Our results show that
myocardial signal intensity variation is associated with measures of metabolic dysfunction,
above and beyond its known association with hypertension.

There are two notable aspects of our study: first, we used a novel ultrasonic algorithm to
study changes in myocardial microstructure in individuals with metabolic dysfunction and
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obesity. Previous studies have focused on integrated ultrasonic signal intensity variation,
historically termed ‘backscatter’, which examines sonographic properties through the
cardiac cycle as a reflection of intrinsic scattering properties of the myocardium (28, 29).
Specifically, integrated backscatter measures correlate directly with histologic myocardial
collagen content and fibrosis (10, 11, 30). In clinical studies, integrated backscatter has been
shown to be abnormal in a variety of conditions, including hypertension (31), and coronary
artery disease (32). More relevant to our study population, integrated backscatter appears to
be abnormal in diabetic cardiomyopathy (13, 14) where backscatter correlates with severity
of insulin resistance and glycated hemoglobin (33), and also predicts worse exercise
capacity (34). Abnormalities are also seen in individuals with obesity and MetS, where
clinical correlates include abdominal adiposity (15). Further, antifibrotic therapy with
spironolactone has been associated with improvements in integrated backscatter among
people with diabetes (16) and obesity (17), both with impaired diastolic function. However,
previous integrated techniques have been limited in utility due to the prospective application
of complex imaging algorithms, variability due to poor quality images and random noise.
(35)

We recently validated a novel image analysis algorithm, which can be applied to routinely
acquired echocardiographic images using open access software (18, 19). This algorithm
appears to be a sensitive measure of cardiac microstructure among those with hypertensive
heart disease, where the SIC was more strongly associated with blood pressure elevation
compared with traditional echocardiographic measures (18). In addition, alterations in
microstructure were detected among patients with hypertrophic cardiomyopathy, as well as
sarcomere gene mutation carriers in the absence of left ventricular hypetrophy. Importantly,
the SIC was correlated with extracellular volume measures on cardiac magnetic resonance
imaging, as well as other measures of LV diastolic function (20). We now extend these
findings to cardiometabolic disease, and show that the SIC is abnormal in individuals with
obesity and metabolic disease, even after accounting for hypertension. We and others have
previously shown abnormalities in cardiac mechanics and diastolic function in individuals
with obesity-related metabolic disease (5, 36). The current study suggests that along with
functional abnormalities of the myocardium, structural changes are also detectable in a
preclinical population.

The second notable finding of our study is that alterations in myocardial signal intensity
variation are most strongly correlated with dyslipidemia among individuals with obesity,
rather than elevated blood pressure. It is important to note that these results differ from a
previous study showing a strong association with blood pressure (18). This may be due to
differences in hypertension severity, with the current sample being younger with lower blood
pressures compared with the prior study, allowing us to study individuals with obesity in the
absence of severe hypertension. Cardiac structural changes in those with obesity and
metabolic dysfunction include interstitial fat infiltration and myocyte steatosis, as well as
fibrosis (7, 8, 37, 38). The underlying mechanisms of fibrosis remain poorly understood,
with likely contributions from abnormal loading conditions and hypertension, systemic
inflammation, and metabolic dysfunction (7). Our results highlight the importance of
metabolic dysfunction, and in particular the association of dyslipidemia in altered ultrasonic
signal intensity variation. The triglyceride-to-HDL ratio serves as a strong surrogate of
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insulin resistance (26), and it may be that hypertriglyceridemia in our sample is a marker of
systemic metabolic dysfunction. It is also known that myocardial-specific lipid accumulation
can directly lead to cardiac dysfunction and fibrosis. In experimental models of
cardiomyocyte-specific overexpression of diacylglycerol acyl transference, myocardial
triglyceride accumulation was associated with increased cardiac fibrosis and eventual
cardiomyopathy (39). In human studies of diabetes, cardiac steatosis as assessed by
magnetic resonance spectroscopy independently predicted concentric remodeling and
cardiac mechanics, though interestingly was not associated with extracellular volume
fraction (40).Whether the association of dyslipidemia and microstructural alterations in our
study are due to systemic or cardiac-specific effects remains unknown.

Several limitations are worth mentioning. Our study design was cross-sectional and
observational, thus causal inferences cannot be drawn, and the clinical implications of the
described subclinical changes in myocardial microstructure remain to be elucidated. It is
important to note that ultrasonic signal intensity variation can be influenced by many factors,
including collagen content and fibrosis, myocyte size, sarcomere length, as well as fiber
orientation (30). While a previous study showed correlation of the SIC with myocardial
fibrosis ascertained by cardiac magnetic resonance imaging (20), such data are not available
in our sample. Thus, abnormalities observed in our study may reflect changes in myocardial
architecture due to a number of different processes that remain unclear, including possible
myocyte steatosis and fat infiltration. Thus further studies are needed to elucidate potential
clinical implications. We do not have measures of endothelial function or inflammation to
further elucidate potential clinical correlates of ultrasonic signal intensity variation. Ours
was a modest sample, and residual confounding could have influenced results. Lastly, our
study sample was predominantly comprised of women, and the group with obesity without
MetS in particular was comprised predominantly of premenopausal women, limiting
generalizability to other populations. Hence, findings need to be validated in larger
populations in future studies.

In summary, we used a novel ultrasonic image analysis algorithm to demonstrate that
metabolic dysfunction was associated with altered myocardial signal intensity variation
among obese individuals. Specifically, the SIC was more strongly correlated with
hypertriglyceridemia compared with blood pressure. The SIC may represent a sensitive
imaging modality to evaluate subclinical myocardial changes in cardiometabolic disease
prior to progression to clinically overt cardiovascular disease. The ability to detect
microstructural changes may help identify at-risk individuals, and future studies evaluating
potential targeted preventive efforts in metabolic disease are warranted.
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What is known about this subject?

- People with obesity and metabolic disease are at risk for the development of
heart failure

- Animal models support the development of cardiac fibrosis as a driver of
cardiac remodeling in obesity

- Ultrasound scattering properties are directly correlated with histologic
myocardial collagen content
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What does this study add?

- We demonstrate alterations in myocardial microstructure in people with
metabolic syndrome using a novel algorithm to characterize ultrasonic signal
intensity variation

- Dyslipidemia in particular is correlated with myocardial signal intensity
variation

- Future studies are needed to determine whether ultrasonic signal intensity
variation may help detect subclinical disease in people with metabolic disease
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Figurel.
Measures of myocardial backscatter in individuals with MetS, obesity without MetS, and

non-obese controls. Panel A displays the signal intensity coefficient, and panel B the
myocardial structure index. Error bars represent standard errors.
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Figure 2.
Correlation between myocardial microstructure (SIC) and triglyceride concentrations. Given

skewed distributions, both SIC and triglyceride concentrations are log-transformed.
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Figure 3.
The SIC is higher among individuals with abnormal triglyceride-to-HDL cholesterol ratios

greater than 3.
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Table 1
Clinical, laboratory, and echocar diogr aphic characteristics of the sample
Controlsn=45 Obesen=47 MetSn=162 P ANOVA
Demogr aphics
Age, years 44 (12) 38 (10) * 44 (11) 0.008
Women, n (%) 33 (73) 42 (89) 118 (73) 0.06
White, n (%) 23 (51) 6(13)* 46 (28)*1 <0.001
Clinical
Systolic blood pressure, mmHg 111 (13) 119 (11) * 125 (15) *f <0.0001
Diastolic blood pressure, mmHg 70 (8) 75 (8) * 78 (10) * <0.0001
Heart rate, bpm 62 (10) 67 (9) 72 (13) *t <0.0001
Body mass index, kg/m? 243 (2.6) 39.6(10.7)"  409(9.2)%  <0.0001
Waist circumference, cm 82 (14) 111 (19) * 122 (19) *f <0.0001
Diabetes mellitus, n (%) 0(0) 0(0) 72 (44) *f <0.001
Anti-hypertensive treatment, n (%) 0(0) 9(19)" 101 (62) 7 <0.001
Current smoker, n (%) 1(2) 4(9) 24 (15) 0.05
Laboratory
Total cholesterol, mg/di 192 (30) 177 (32) 184 (42) 0.17
HDL cholesterol, mg/dl 59 (13) 49 (10)* 43 (10)*7 <0.0001
Triglycerides, mg/dl 78 (35) 82 (39) 164 (118)*7 ~ <0.0001
Fasting glucose, mg/dl 86 (10) 90 (10) 116 (51) *t <0.0001
Creatinine, mg/dl 0.8(0.1) 0.8(0.1) 0.8(0.2) 0.76
TG/HDL ratio 15(0.9) 18(L0) 4134y  <0.0001
Echo characteristics
Left atrial diameter, mm 32(4) 38(5)" 38(5)~ <0.0001
LV end-diastolic dimension, mm 46 (4) 48 (5) * 46 (5) r 0.001
LV end-systolic dimension, mm 30 (4) 32(4) 30 (5) f 0.01
Interventricular septal thickness, mm 8(1) 92" 10 (2)*7 <0.0001
Posterior wall thickness, mm 8 (1) 1007 100" <0.0001
Relative wall thickness 0.36 (0.07) 0.40 (0.09) * 044 (0.08) *##  <0.0001
LV mass, gm/ht?7 28 (6) 4212 41(10)% <0.0001
LV ejection fraction, % 63 (6) 61 (4) 63 (6) 0.31
Mitral E wave, cm/s 73 (14) 83 (17) * 79 (18) 0.02
Mitral A wave, cm/s 51 (14) 58 (13) 68 (16) " <0.0001
E/A ratio 15(0.5) 1.5(0.4) 12(04)*7  <0.0001
Deceleration time, ms 198 (33) 190 (26) 197 (35) 0.36
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Controlsn=45 Obesen=47 MetSn=162 P ANOVA
Isovolumic relaxation time, ms 77(12) 78 (14) 84 (15) 1 0.002
Tissue Doppler mitral e', cm/s 11.2(2.8) 115(2.2) 9.4 (2.2)" <0.0001
E/e' ratio 6.8 (1.8) 7.4 (2.0 87257 <0.0001

*
P<0.05 compared with controls

fP<0.05 compared with obese

Data are means and standard deviations for continuous variables, unless otherwise indicated.
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Table 2
M easures of myocardial microstructure by study group

Controlsn=45 Obesen=47 MetSn=162 P ANOVA

Signal intensity coefficient 0.15(0.02) 0.13(0.02) 22 (0.01)*7  0.0001
Age, sex, BMI-adjusted 0.0004
Multivariable-adjusted 0.01

Myocardial structural index 8.3(0.3) 9.0(0.3) 10.6 (0.2)7 ~ <0.0001
Age, sex, BMI-adjusted <0.0001
Multivariable-adjusted 0.0007

*
P<0.05 compared with controls,

fP<0.05 compared with obese

Data are means and standard errors. Multivariable model adjusted for age, sex, body mass index, systolic blood pressure, hypertension treatment,
diabetes mellitus, triglyceride-to-HDL ratio
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Clinical and echocar diographic correlates of measures of myocar dial microstructure

SIC MSI

r P-value r P-value
Clinical correlates
Systolic blood pressure 0.12 0.05 0.34 <0.0001
Diastolic blood pressure 0.06 0.35 0.22 0.0005
HDL cholesterol -0.07 0.27 -0.25  <0.0001
Triglycerides 0.21  0.0007 0.24 0.0001
TG/HDL ratio 0.20 0.001 0.28 <0.0001
Total cholesterol 0.04 0.52 -0.004 0.95
Fasting glucose 0.08 0.18 0.22 0.0004
Wiaist circumference 0.10 0.10 0.30 <0.0001
Body mass index -0.01 0.84 0.23 0.0002
Echocar diographic correlates
Left atrial diameter 0.12 0.06 0.20 0.001
LV end-diastolic dimension -0.06 0.36
Relative wall thickness 0.09 0.14
LV mass -0.01 0.82 0.32 <0.0001
E/A ratio -0.14 0.02 -0.30  <0.0001
mean €' -0.08 0.16 -0.32  <0.0001
E/e' ratio 0.09 0.15 0.29 <0.0001
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