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Abstract

Objectives—We assessed in the Multi-Ethnic Study of Atherosclerosis (MESA) whether

impaired fasting glucose, insulin resistance, and waist-to-hip ratio had effects on cardiac

remodeling, independent of obesity.

Background—Recent studies suggest that central obesity and insulin resistance may be primary

mediators of obesity-related cardiac remodeling independent of body mass index (BMI).

Methods—We investigated 4,364 individuals without diabetes in MESA. Impaired fasting

glucose (IFG: 100-125 mg/dl) or insulin resistance (by homeostatic model assessment of insulin

resistance, HOMA-IR) and waist-to-hip ratio (WHR) were used for cardiometabolic phenotyping.

Multivariate linear regression analysis was used to determine the effects of the cardiometabolic
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markers on LV remodeling, assessed primarily through the LV mass-to-volume ratio obtained by

cine cardiac magnetic resonance imaging.

Results—Individuals with IFG were more likely to be older, hypertensive, with increased

prevalence of cardiometabolic risk factors regardless of BMI. In each quartile of BMI, individuals

with above-median HOMA-IR, above-median WHR, or IFG had a higher LV mass-to-volume

ratio (p<0.05 for all). HOMA-IR (p<0.0001), WHR (p<0.0001), and the presence of IFG (p=0.04),

but not BMI (p=0.24), were independently associated with LV mass-to-volume ratio after

adjustment for age, gender, hypertension, race, and dyslipidemia.

Conclusions—Insulin resistance and waist-to-hip ratio are associated with concentric LV

remodeling independent of BMI. These results support the emerging hypothesis that the

cardiometabolic phenotype, defined by insulin resistance and central obesity, may play a critical

role in LV remodeling independently of BMI.
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INTRODUCTION

Affecting nearly 1 in 3 adults, obesity represents a growing, critical risk to cardiovascular

health [1]. With associated abnormalities in left and right ventricular structure and function

[2], obesity imposes a higher lifetime risk of heart failure independent of co-morbid illness

(hypertension, coronary artery disease, and type 2 diabetes) [3-5]. Recently, abnormal

neurohormonal activation from visceral adipocyte stores has been postulated to drive insulin

resistance and a pro-inflammatory metabolic syndrome linking obesity to heart failure [6]. In

effect, the insulin resistance that accompanies central obesity (“adiposopathy”) has been

proposed to resolve an “obesity paradox,” the observation that not all obese individuals are

subject to similarly elevated cardiovascular risk [6]. In several large studies, markers of

central obesity and insulin resistance, but not body mass index (BMI), predict cardiac

mortality and heart failure, even with a normal BMI [7-12]. The hypothesized role of insulin

resistance independent of BMI has recently given rise to the concept of a “metabolically

healthy” obese and “metabolically unwell” non-obese individual. Indeed, obese individuals

without other components of the metabolic syndrome have a lower lifetime heart failure

risk, compared to non-obese individuals with metabolic syndrome [9]. However, whether

presence of central obesity and insulin resistance is associated with adverse cardiac

remodeling independent of BMI in patients without diabetes or established cardiovascular

disease is unknown.

To provide evidence to support the effect of insulin resistance on cardiac remodeling across

BMI, we investigated markers of insulin resistance, central obesity, and ventricular structure

and function in participants of the Multi-Ethnic Study of Atherosclerosis (MESA). Using a

cross-sectional design, we tested whether insulin resistance and waist-to-hip ratio are

associated with concentric LV remodeling (as defined by LV mass-to-volume ratio)

independent of BMI. Given the important links between inflammation and cardiovascular

disease across BMI, we further tested the hypothesis that systemic inflammation is
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associated with concentric LV remodeling, independent of BMI, insulin resistance, or waist-

to-hip ratio.

METHODS

Participant population

The overall design of the MESA study has been described previously [13]. In brief, the

MESA study consists of 6,814 men and women of different ethnicities (white, African

American, Chinese American, and Hispanic) enrolled from six different national sites, all of

whom were free of clinical cardiovascular disease (history of myocardial infarction, angina

pectoris, prior revascularization, heart failure, atrial fibrillation, stroke, or peripheral arterial

disease) at the time of enrollment. Baseline demographics and medical history (including

cardiac risk factors), as well as height, weight, waist and hip dimensions, were collected at

the index examination (July 2000-August 2002 cycle). Body mass index was calculated as

weight divided by the square of height (in kg/m2). Resting systolic blood pressure was

measured three times in the seated position using a Dinamap model Pro 100

sphygmomanometer (Critikon, Wipro GE Healthcare, Waukesha, WI). Fasting blood

glucose (Vitros analyzer, Johnson and Johnson Clinical Diagnostics, Rochester, NY) and

fasting insulin (radioimmunoassay, Linco Human Insulin Specific RIA kit, Linco Research)

were assessed during the baseline visit. In addition, selected biomarkers of inflammation,

including interleukin-6, C-reactive protein, tumor necrosis factor-α receptor 1, and

plasminogen activator inhibitor-1 (PAI-1), and cardiac remodeling were collected, as

previously described [14]. Hours of physical activity per week were extracted from self-

reported questionnaires conducted at the initial study visit. Protocols were approved by the

Institutional Review Board at each participating institution. All participants provided written

informed consent.

From the initial sample enrolled in the first MESA examination (N=6,814), individuals with

data missing for fasting blood glucose, body mass index, waist or hip circumference (N=26,

0.4%) were excluded. In addition, individuals with diabetes mellitus (as defined by a fasting

blood sugar ≥ 126 mg/dl at screening, history of treated or untreated diabetes, use of anti-

diabetic medications) were excluded (N=925), leaving 5,863 individuals with complete data

on adiposity measures, fasting blood glucose, and without established diabetes.

Cardiac magnetic resonance (CMR) assessment of LV structure and function

CMR imaging was performed at 1.5 Tesla at the index examination as previously described

[15, 16]. Assessment of ventricular function was performed using electrocardiographically-

gated fast gradient echo cine images (repetition time 6 msec, minimal echo time, flip angle

20°, 8 mm slice thickness with 2 mm gap, matrix 256×160, field of view adjusted to body

size, receiver bandwidth 32 kHz). LV volumes and mass were determined by short-axis

volumetric coverage, normalized to body surface area. Papillary muscles were included in

the LV volumes and excluded from LV mass. LV mass to LV end-diastolic volume was

calculated as an index of concentric remodeling.
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To analyze regional myocardial systolic and diastolic function, CMR tagging and regional

systolic wall shortening analyses were performed in a subgroup of the population [17].

Global systolic wall shortening was calculated for the mid-LV short-axis slice as the average

of segmental fractional shortening: (LV end-diastolic – LV end-systolic)/LV end-diastolic

thickness (N=4,215). CMR tagging analysis was performed with two sets of cine images

with spatially modulated magnetization in orthogonal directions, using 7 mm tag line

spacing, and analyzed by harmonic phase techniques (HARP software, Diagnosoft,

Morrisville, NC) over 19-27 phases/cardiac cycle (average repetition time 6 msec, echo time

3 msec, flip angle 12°, matrix 256×96-140, average temporal resolution 40 msec). Peak

systolic strain (a marker of subclinical ventricular systolic dysfunction) was calculated as the

average of segmental peak systolic strain in the mid-LV slice (N=880). MASS software

(version 4.2, Medis, The Netherlands) at a single reading center by readers blinded to

clinical data was used to quantify data.

Statistical analysis

We examined impaired fasting glucose (IFG; 100-125 mg/dl) and insulin resistance (by

homeostasis model assessment of insulin resistance, HOMA-IR; fasting insulin in μU/mL ×

fasting glucose in mg/dL/405) [18]. We assessed central obesity by waist-to-hip ratio

(WHR). Baseline clinical, demographic, and measures of ventricular structure/function were

stratified by obesity (BMI ≥ 30 kg/m2) and by IFG. Data normality was assessed by visual

inspection of distributions and normal quantile-quantile plots. The Student's t-test (normal

continuous data) or Kruskal Wallis test (non-normal continuous data) were used for

comparisons. Chi-square or Fisher exact testing was used for categorical covariates.

Biomarker concentrations were compared by non-parametric (Wilcoxon rank-sum) testing.

The association of insulin resistance and central obesity with cardiac structure was assessed

by Spearman correlation between CMR LV structure and function, and HOMA-IR, WHR,

or fasting glucose, in the whole population, and in obese and non-obese individuals

separately. To examine the association of HOMA-IR or WHR with concentric LV

remodeling, we compared the LV mass-to-volume ratio across quartiles of BMI, stratified

around median HOMA-IR, median WHR, or by presence of IFG. Two-way analysis of

variance and post-hoc Student's t-tests (with Bonferroni correction for multiple hypothesis

testing) were used to compare across strata.

To investigate how insulin resistance or central obesity modifies the association between

BMI and LV mass-to-volume ratio, we built a multivariate linear regression model with LV

mass-to-volume ratio as the dependent variable, and BMI (continuous variable), presence of

IFG, HOMA-IR (dichotomized by median), and WHR (dichotomized by median) included

as explanatory variables, as well as interaction terms of each marker (IFG, HOMA-IR, or

WHR) with BMI. We also adjusted for age, gender, race, prior and current smoking status,

history of hypertension (by Joint National Committee VI guidelines), high-density

lipoproteins, and triglycerides in the model (hereafter referred to collectively as “clinical

covariates”). Continuous variables (age, triglycerides, HDL and BMI) were centered and

standardized in this model. A separate model (without the interactions) was constructed to

check the stability of the main effects.
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We examined associations between LV mass-to-volume ratio, a marker of concentric LV

remodeling, and inflammatory biomarkers. For all regression analyses, biomarkers of

systemic inflammation were log-transformed to establish normality. Spearman correlation

coefficients were used to measure association of inflammatory biomarkers with BMI, fasting

glucose, HOMA-IR and WHR in the overall population, and in the obese and non-obese

groups separately.

PAI-1 is known to be elevated in obesity and the metabolic syndrome, and its relationship

with the cardiometabolic phenotype markers and the LV structure parameters was closely

examined. To assess whether HOMA-IR or WHR would affect the relationship between

PAI-1 and obesity, we compared with two-way analysis of variance mean PAI-1 levels

across quartiles of BMI, with PAI-1 stratified by median HOMA-IR, or WHR. Student's t-

tests (with Bonferroni correction for multiple hypothesis testing for 4 comparisons, one for

each quartile) were used for post-hoc comparisons. The effect of PAI-1 on concentric LV

remodeling was assessed with a linear regression model for LV mass-to-volume ratio, with

PAI-1 (log transformed), HOMA-IR, WHR, IFG, BMI, as predictors, and simultaneous

adjustment by clinical covariates. To examine links between PAI-1 and cardiometabolic

markers, we also built a model for PAI-1 which included BMI, HOMA-IR (dichotomized by

median), WHR (dichotomized by median), IFG, and the interaction of each parameter with

BMI as predictors. Continuous variables were centered and standardized. The number of

measurements for each analysis varied, based on the availability of CMR data. A p < 0.05

was considered significant. Analyses were performed using SAS 9.3 (SAS Institute, Cary,

NC) or R (version 2.15.1, R Foundation for Statistical Computing, Vienna, Austria; http://

www.R-project.org/).

RESULTS

Clinical and biochemical characteristics by obesity and impaired fasting glucose

Baseline clinical, demographic, and biochemical characteristics of the study population are

shown in Table 1. Of the overall population, 1,734 (30%) were obese by BMI criteria. In the

obese subgroup, 386 (22%) individuals had IFG, as compared to 515 (12%) subjects with

IFG in the non-obese stratum (p <0.0001). The presence of IFG in both the non-obese and

obese groups was associated with a more adverse clinical, metabolic, and inflammatory

profile. Compared to individuals without IFG, individuals with IFG (in both obese and non-

obese groups) were older, more often male, more often hypertensive, with a greater waist

circumference, WHR, HDL and triglyceride concentrations, fasting glucose, and HOMA-IR.

In addition, markers of systemic adiposity-related inflammation (e.g., C-reactive protein,

plasminogen activator inhibitor-1, interleukin-6, soluble TNFα receptor-1, urine albumin)

were higher in the obese and in individuals with IFG. In addition, there was a statistically

significant increase in prevalence of IFG across quartiles of HOMA-IR and WHR in both

the obese and non-obese cohorts (p < 0.05 for all panels; Figure 1). Finally, a greater

proportion of obese individuals did not engage in any weekly exercise (27% vs. 20% in non-

obese, p < 0.0001), (Table 1). Subjects with IFG exercised less per week as compared to

subjects with normal fasting glucose, regardless of obesity status (p = 0.001). Obese

Shah et al. Page 5

J Am Coll Cardiol. Author manuscript; available in PMC 2014 July 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.R-project.org/
http://www.R-project.org/


individuals with IFG had a lower amount of weekly intentional exercise than those with

NFG (p = 0.006).

Association between insulin resistance, central obesity, and LV remodeling in obese and
non-obese individuals

CMR indices of LV remodeling and systolic function, stratified by obesity and IFG, are

shown in Table 2. Regardless of obesity status, individuals with IFG had a higher LV mass-

to-volume ratio, a higher ventricular mass index and lower end-diastolic volume index. In

the overall cohort, higher fasting glucose, HOMA-IR, BMI, and WHR were all positively

associated with concentric LV remodeling (all p < 0.0001; Supplementary Table 1). Markers

of cardiometabolic health (IFG, WHR) also had an effect of regional LV function: in both

the obese and non-obese groups, individuals with IFG had a small reduction in peak systolic

strain (Table 2). A less negative peak systolic strain (denoting subclinical systolic

dysfunction) was associated with a higher fasting glucose (p < 0.01), HOMA-IR, BMI, and

WHR (p < 0.0001 for rest). When limited to patients with IFG, male gender (β=1.93, p <

0.0001) and higher BMI (β=0.14, p=0.01) were associated with lower peak systolic strain,

after adjustment for age, gender, race, history of hypertension, triglycerides, BMI, HDL

cholesterol, and log-transformed HOMA-IR.

Incremental effects of insulin resistance and central obesity on concentric LV remodeling
across BMI

When stratified by quartiles of BMI, LV mass-to-volume ratio was significantly higher in

individuals with IFG, above-median HOMA-IR (HOMA-IR > 1.73) and above-median

WHR (WHR > 0.92; Figure 2). Consistently, individuals with above-median WHR, HOMA-

IR, or IFG had greater LV mass-to-volume ratio at every quartile of BMI. When HOMA-IR

was stratified around 2.5 (as has been reported [19]), HOMA-IR continued to have a highly

significant association with LV mass-to-volume ratio across BMI quartiles (p < 0.0001).

Table 3 with the regression coefficients of a multivariate linear regression model for LV

mass-to-volume ratio demonstrates the association of LV mass-to-volume ratio with the

cardiometabolic predictors (HOMA-IR, WHR, or IFG). In this model, BMI was not

significantly associated with LV mass-to-volume ratio. In addition, BMI did not modify the

association of HOMA-IR with LV mass-to-volume (p = 0.77), suggesting that above-median

HOMA-IR is associated with concentric LV remodeling regardless of BMI. On the other

hand, BMI did modify the association of WHR (p = 0.008) with LV mass-to-volume ratio,

suggesting that a higher WHR may have a greater impact on concentric LV remodeling in

more obese individuals. In a model without interaction terms adjusted for clinical covariates,

HOMA-IR (β = 0.0205, p < 0.0001), WHR (β = 0.0247, p < 0.0001), and IFG (β = 0.0243, p

= 0.02), but not BMI (p = 0.10), were still each independently associated with LV mass-to-

volume ratio.

Association of biomarkers of inflammation with concentric remodeling

Spearman correlations between inflammatory biomarkers and LV-mass-to-volume ratio,

HOMA-IR, WHR and fasting glucose are shown in Supplementary Table 2 for the overall

population and stratified by obesity. Although all inflammatory markers were associated
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with LV mass-to-volume ratio (in both obese and non-obese individuals), PAI-1

demonstrated a consistent, significant association with concentric LV remodeling, insulin

resistance and central obesity, and was therefore selected for further analyses.

PAI-1 levels were higher in individuals with above-median HOMA-IR across quartiles of

BMI (Figure 3). In a multivariate linear regression model for predicting PAI-1 (log-

transformed), containing similar covariates as in the model in Table 3 (without interaction

terms), BMI (p < 0.0001), HOMA-IR (p < 0.0001) and WHR (p = 0.04), but not IFG (p =

0.64) were associated with PAI-1. When PAI-1 was added as predictor to the model for LV

mass-to-volume ratio (including covariates in Table 3, without interactions), it was found

that PAI-1 had a significant association with concentric LV remodeling (β = 0.0226, p =

0.04), independent of BMI, WHR, HOMA-IR, and other clinical covariates. Of note, WHR

(p=0.001) and IFG (p=0.01) maintained a significant association with concentric LV

remodeling in this model. It should be noted that removal or addition of PAI-1 as predictor

in the linear regression model for LV-mass-to-volume ratio did not cause the other

predictors to loose or gain statistical significance, yet the addition of PAI-1 as predictor

resulted in a significantly (p=0.038) better agreement with the data than the model without

PAI-1.

DISCUSSION

In this cross-sectional, multi-ethnic, community-based study, the presence of insulin

resistance (by HOMA-IR) and central obesity (by WHR) was associated with concentric LV

remodeling across the spectrum of BMI. Impaired fasting glucose identified a subgroup

within both obese and non-obese individuals with a higher cardiometabolic risk (by

metabolic syndrome criteria) and greater concentric LV remodeling. Impaired fasting

glucose, a higher HOMA-IR, and higher WHR were significantly associated with concentric

LV remodeling, after adjustment for BMI and clinical covariates. After adjustment for

clinical covariates (as well as HOMA-IR, WHR, and IFG), BMI was not associated with LV

mass-to-volume ratio, suggesting that insulin resistance may explain some of the effect of

BMI on concentric LV remodeling in individuals without established diabetes or

cardiovascular disease. These results highlight the importance of insulin resistance and

central obesity in the pathogenesis of concentric LV remodeling across BMI.

Current World Health Organization guidelines define “obesity” as a BMI ≥ 30 kg/m2 [20].

However, a growing literature supports inflammation and insulin resistance as a potential

etiology for cardiovascular damage in both “obese” and “non-obese” individuals [6]. Pro-

inflammatory visceral adipocytes produce a variety of neurohormonal signals, including

interleukin-6, and PAI-1 [6], which mediate hepatic insulin resistance [21], cardiac

remodeling, and heart failure [22, 23]. In fact, cardiovascular function and clinical outcomes

are associated with the extent and neurohormonal activity of visceral fat [7, 8, 11, 24], such

that obese individuals without pro-inflammatory visceral adipose tissue remain

metabolically neutral [25]. Ultimately, cardiovascular risk may depend more on insulin

resistance than on BMI [26], with insulin resistance driving incident heart failure in non-

obese individuals to a greater degree than in metabolically healthy obese [9]. Our results

support the emerging hypothesis that “adiposopathy” (marked by insulin resistance and
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visceral adipose distribution) impacts cardiac remodeling across BMI beyond markers of

clinical risk. These results are in agreement with a recent smaller study utilizing

echocardiography, demonstrating a relationship between ventricular function, C-reactive

protein, and HOMA-IR in patients with normal weight obesity (normal BMI, increased fat

content) [27].

Our results provide additional insight into relationships between inflammation, insulin

resistance, and remodeling. PAI-1 exhibited a significant association with HOMA-IR and

WHR in the overall cohort and in both obese and non-obese strata, again confirming a

connection between adiposopathy, inflammation, and systemic insulin resistance [28, 29].

When adjusted for clinical covariates, HOMA-IR, BMI, and WHR were all significantly

associated with PAI-1 levels. Furthermore, PAI-1 was associated with concentric LV

remodeling beyond that predicted by BMI, insulin resistance or central obesity. PAI-1 has

been implicated in cardiac remodeling [22], and recent observations in normal weight mice

with increased central obesity indicate that tissue-level insulin resistance, vascular

dysfunction, adipocyte expression of PAI-1 and TNFα coexist and are reversible with anti-

TNFα therapy [30], suggesting a link between inflammation, central obesity, and

cardiovascular dysfunction independent of obesity. Ultimately, cardiometabolic health may

be more completely described by integrating BMI with insulin resistance, fat distribution,

and inflammation, rather than by BMI alone.

Prior observations from MESA included reported associations between inflammation and

LV remodeling [14] or obesity, inflammation, and heart failure incidence [15, 31-33]. In a

study of 5,098 individuals with CMR data in MESA, Turkbey et al. reported an association

between BMI and LV mass-to-volume ratio, after adjustment for WHR and other clinical

risk markers [32]. Of note, individuals with diabetes were included in their population, and

models were not adjusted for measures of insulin resistance (e.g., fasting glucose, IFG, or

HOMA-IR). These results extend these prior investigations to an even more pre-clinical

population (without diabetes) to directly address the impact of insulin resistance and central

obesity on concentric remodeling, suggesting that both BMI and IFG may contribute to

subclinical dysfunction (e.g., strain) and concentric remodeling. Though our analysis was

limited to non-diabetic participants of MESA, to allow for a focus on an earlier

cardiometabolic phenotype, it should be pointed out that the effects of higher than median

WHR are still significant when the analysis includes MESA participants with diabetes. Our

results identify individuals with increased cardiometabolic risk as at risk for incident heart

failure and an important population to target for prevention. Indeed, elevations in LV mass

and concentric remodeling have been associated with adverse outcome in MESA [34].

Demonstrating that insulin resistance impacts LV remodeling before clinical heart failure

across BMI suggests that adoption of more intensive strategies (e.g., bariatric surgery [26])

or novel drug therapies (e.g., incretin modulation) in this high-risk group may improve

outcome. Ultimately, BMI may not the sole arbiter of cardiometabolic risk.

The results of this study must be viewed in light of its cross-sectional design. While

measuring inflammation, insulin resistance, and concentric LV remodeling at the same time

point renders difficult any suggestions of temporal sequence, the suggestion that insulin

resistance may influence hypertrophy and remodeling is biologically plausible [35].
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Although correlations of LV structure and functional parameters with inflammatory markers

and insulin resistance were modest, fully-adjusted regression models suggest a significant

association of metabolic dysfunction and LV remodeling. In addition, our adjustments for

age, gender, race, and other important markers of cardiometabolic risk improves the

robustness of any effects of these other confounding variables on the association between

insulin resistance and concentric LV remodeling. Furthermore, although formal glucose

tolerance testing is considered more prognostic than the parameters of cardiometabolic risk

used in this study (e.g., HOMA-IR, WHR, and IFG) [36], this is not routinely performed in

practice in all individuals, and associations we observed here were in agreement with a prior

report using IFG [35]. Finally, we recognize that WHR is not an ideal marker of visceral

adiposity, and more advanced measures (e.g., computed tomography) may be more specific.

However, given that WHR is associated with inflammation and remodeling independent of

BMI, it is likely that WHR more directly captures cardiometabolic disease relative to BMI.

In conclusion, we demonstrate an association among insulin resistance, central obesity, and

concentric LV remodeling across BMI in MESA, independent of traditional and metabolic

risk factors. These results provide evidence to support the emerging hypothesis that insulin

resistance and central obesity mediates concentric LV remodeling in otherwise healthy

individuals beyond that predicted by BMI. Efforts to target individuals at higher

cardiometabolic risk, integrating assessments of insulin resistance and waist-to-hip ratio in

addition to BMI, may prevent further LV remodeling and incident heart failure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Prevalence of impaired fasting glucose stratified by BMI and waist-to-hip ratio
Distribution of impaired and normal fasting glucose across obese (BMI ≥30 kg/m2) and non-

obese (BMI < 30 kg/m2) strata and quartiles of WHR or HOMA-IR.
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Figure 2. LV remodeling as a function of cardiometabolic risk and obesity
LV mass-to-volume ratio across quartiles of BMI, stratified by above- and below-median

HOMA-IR or WHR and the presence of impaired fasting glucose. Error bars represent 95%

confidence intervals of the mean. Comparisons across HOMA-IR, WHR, or IFG groups

made by Student's t-tests (with Bonferroni adjustment for multiple hypothesis testing). * P <

0.05; ** P < 0.01; *** P < 0.001, ns = not significant.
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Figure 3. PAI-1 as a function of cardiometabolic risk and obesity.
PAI-1 levels (log-transformed) across quartiles of BMI, stratified by median WHR or

HOMA-IR. Error bars represent 95% confidence intervals of the mean. Comparisons across

HOMA-IR and WHR groups made by Student's t-tests (with Bonferroni adjustment for

multiple hypothesis testing). * P < 0.05; ** P < 0.01; *** P < 0.001, ns = not significant.
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Table 3

Table of regression coefficients from a multivariate linear regression model for LV mass-to-volume ratio.

Covariate Model Parameters

β P value

Age 0.0424 <0.0001

Male gender 0.105 <0.0001

Hypertension 0.0623 <0.0001

Smoking

    Past 0.00822 0.25

    Current 0.0705 <0.0001

Triglyceride level 0.00455 0.21

High-density lipoprotein level −0.00505 0.21

Race
*

    Chinese −0.00730 0.50

    African-American 0.0724 <0.0001

    Hispanic 0.000888 0.92

BMI 0.00581 0.24

HOMA-IR 0.0198 <0.0001

BMI × HOMA-IR (interaction) 0.00119 0.77

whr 0.0258 <0.0001

BMI × WHR (interaction) 0.00956 0.008

Presence of IFG 0.0207 0.04

BMI × IFG (interaction) 0.0161 0.13

Model was constructed with body mass index, age, male gender, history of hypertension, triglycerides, HDL, race, BMI, HOMA-IR, WHR, IFG,
and interactions between insulin resistance and visceral adiposity with BMI as predictors. Continuous variables (age, triglycerides, HDL and BMI)
were centered and standardized for inclusion as predictors.

*
Caucasian race was the reference category. Abbreviations: BMI = body mass index; WHR = waist-to-hip ratio; HOMA-IR = homeostatic model

assessment of insulin resistance; IFG = impaired fasting glucose. The R2 for this multivariable model is 0.22.
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