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Abstract

Background and Aims—Visceral fat (VF) is a source of pro-inflammatory adipokines
implicated in cardiac remodeling. We sought to determine the impact of visceral fat (VF) and
subcutaneous fat (SQ) depots on left ventricular (LV) structure, function, and geometry in the
Multi-Ethnic Study of Atherosclerosis (MESA).

Methods and Results—We performed a post-hoc analysis on 1,151 participants from MESA
with cardiac magnetic resonance quantification of LV mass and LV mass-to-volume ratio
(LVMV, an index of concentricity) and computed tomographic-derived SQ and VF area.
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Multivariable regression models to estimate association between height-indexed SQ and VF area
(per cm2/m) with height-indexed LV mass (per height2-7) and LVMV were constructed, adjusted
for clinical, biochemical, and demographic covariates. We found that both VVF and SQ area were
associated with height-indexed LV mass (p =0.36 and 0.12, P<0.0001, respectively), while only
VF area was associated with LVMV (p =0.28, P<0.0001). Individuals with above-median VF had
lower LV ejection fraction, greater indexed LV volumes and mass, and higher LVMV (all P <
0.001). In multivariable models adjusted for weight, VF (but not SQ) area was associated with LV
concentricity and LV mass index, across both sexes.

Conclusion—Visceral adiposity is independently associated with LV concentricity, a precursor
to heart failure. Further study into the role of VF in LV remodeling as a potential therapeutic
target is warranted.

Keywords
Obesity; Cardiac magnetic resonance imaging; Visceral Adiposity; Remodeling

INTRODUCTION

Obesity is associated with increased lifetime risk of heart failure (HF), even after adjustment
for hypertension, coronary artery disease and diabetes?, with a nearly 5% increase in HF risk
for every 1 kg/m? increase in body mass index (BMI). In both animal models and humans,
the obese state is characterized by increased right and left ventricular (LV) mass, concentric
LV remodeling, decreased systolic and diastolic performance, and increased myocardial
fibrosis—all pathogenic features predisposing to HF2 3, However, whether the degree of
obesity itself—or its associated inflammation and insulin resistance—produces myocardial
changes remains unclear. Indeed, using data from the Multi-Ethnic Study of Atherosclerosis
(MESA), our group has reported a BMI-independent association between impaired fasting
glucose and cardiac remodeling by cardiac magnetic resonance (CMR) imaging®, consistent
with other large, community based cohorts®. These results suggest that cardiometabolic
changes may be mediators of obesity-related cardiac remodeling and incident HF. In this
context, increased visceral adiposity has emerged as a depot for abnormal pro-inflammatory
signals that characterize obesity-related vascular dysfunction, LV hypertrophy, and HFS.
Recent results from one community-based study suggest that visceral adipose burden may
identify otherwise healthy individuals with greater LV hypertrophy and concentric
remodeling regardless of BMI’. These findings suggest a role for visceral adiposity in
reinforcing subclinical changes in myocardial structure more generally, and potentially in
promoting future heart failure.

To address a potential role for adiposity and its distribution in cardiac remodeling, we
investigated the association between both visceral and subcutaneous fat areas and indices of
structure and function in MESA participants. We hypothesized that visceral adiposity would
be associated with increased LV mass and a greater degree of concentric LV remodeling (as
defined by LV mass-to-volume ratio). Through the diversity within MESA, we were able to
further examine whether age, sex, race, and selected biomarkers of adiposity and ventricular
remodeling might modify this association. Ultimately, these results might provide a basis for
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adiposity distribution as a robust imaging biomarker for identifying those individuals at high
risk for cardiac remodeling and future heart failure.

MATERIALS AND METHODS

Participant population

The overall design of the MESA study has been described previously®. In brief, MESA
consists of 6,814 men and women of different ethnicities (white, African American, Chinese
American, and Hispanic) enrolled from six sites throughout the United States, all of whom
were free of cardiovascular disease (prior myocardial infarction, angina pectoris,
revascularization, HF, atrial fibrillation, stroke, or peripheral arterial disease) at the time of
study enrollment. Baseline demographics, medical history, medications, body mass index (in
kg/m?), resting systolic blood pressure, fasting blood glucose, and dysglycemia status were
assessed at the index MESA clinic visit.?

At Exams 2 and 3, a subgroup of 1,970 MESA participants underwent abdominal computed
tomography (CT) scans for aortic calcium that were analyzed for visceral and subcutaneous
fat area (at exam 2, 756/577 and at exam 3, 1,172/1,114; respectively). We investigated the
association between visceral and subcutaneous adipose tissue area by CT (at Exam 2/3) and
CMR indices of cardiac structure and function at Exam 1 (median interval 3.1 years, IQR
1.7-3.4 years). We excluded patients with cancer, renal disease, or cirrhosis at Exam 1; all
subjects were required to have complete CT data for adiposity (at Exams 2 or 3) and CMR
data at Exam 1. Our complete dataset (CT adiposity and CMR data) consisted of 1,151
MESA participants.

Fasting blood samples collected at the third MESA Exam were used to quantify additional
biomarkers of insulin resistance, systemic inflammation, and neurohormonal activation
(interleukin-6/IL-6, high-sensitivity C-reactive protein, leptin, adiponectin, insulin, and
tumor necrosis factor TNF-a) as previously described®-12, Plasma renin and aldosterone
were measured at the time of CT scan. Protocols were approved by the Institutional Review
Board at each participating institution. All MESA participants provided written informed
consent.

Measurement of visceral and subcutaneous fat area

Electron-beam computed tomographic (CT) scanners were utilized at Northwestern
University and University of California, Los Angeles (Imatron C-150), with the following
settings: collimation 3 mm, slice thickness 6 mm, reconstruction using 25 6-mm slices with
35-cm field of view and normal kernel. Multi-detector CT scanners were utilized at
Columbia University, Wake Forest University, and University of Minnesota field centers
(Sensation 64, GE Lightspeed; Siemens S4 VVolume Zoom; and Siemens Sensation 16). CT
imaging was interpreted blinded to clinical information.

Visceral adiposity was defined as the fat enclosed by the visceral cavity. Fat tissue was
defined as being between —190 and —30 Hounsfield units (HU). Within each area of interest
(subcutaneous and visceral), we assigned the density value assigned to each pixel using the
MIPAV 4.1.2 software (National Institutes of Health, Bethesda, MD) as fat or lean tissue,
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calculating the total visceral and abdominal fat area (in terms of centimeters?). Six
transverse cross section slices of data were analyzed (2 at L2-3, 2 at L3-4 and 2 at L4-5).
Visceral and subcutaneous fat area were calculated as the sum of visceral and subcutaneous
fat area over all available slices, and indexed to height (meters). Inter- and intra-rater
reliabilities for total abdominal, subcutaneous, and visceral cavity areas were 0.99 for all
measures. In cases where parts of the abdominal cavity were outside the field of view of the
CT, we used imputation methods (detailed in published work from MESAZ13) for
subcutaneous fat (in 226 patients, 19.6%) and visceral fat (in 3 patients, 0.3%).

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

CMR imaging was performed at 1.5 Tesla at the index examination as previously
described14-16, 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 256x160,
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. LV mass was indexed
to height?7 (in meters2-7). 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

Baseline clinical, demographic, biochemical and CMR indices were compared across above-
and below-median strata of visceral and subcutaneous adipose area using standard methods
(Wilcoxon rank-sum or Kruskal-Wallis tests for continuous covariates; chi-square test for
categorical covariates). We calculated Spearman correlation coefficients between height-
indexed LV mass or concentric LV remodeling (LV mass-to-volume ratio) and visceral or
subcutaneous adipose area and selected biomarkers of adiposity and HF. Multivariable
linear regression models for indexed LV mass and LV mass-to-volume ratio were
constructed, adjusted for age, sex, race, systolic and diastolic blood pressure, lipid lowering
medications, hypertension medications, diabetes, smoking, high-density lipoprotein,
triglycerides (log-transformed), total intentional exercise, weight, and family history of
myocardial infarction and excess alcohol intake (>2 drinks per day), all measured at Exam 1.
These covariate adjustments were chosen to be consistent with prior work within MESAL7,
In addition, to explore the effects of weight and BMI on these relationships, we constructed
models further adjusted for weight or BMI. We evaluated the presence of effect
modification by age, sex, and race on the association between visceral or subcutaneous
adipose area and indexed LV mass or LV mass-to-volume using interaction terms. Finally,
we constructed linear regression models considering non-imputed data only, excluding
imputed data for subcutaneous fat in models with subcutaneous fat, and excluding imputed
data for visceral fat in models with visceral fat. Where appropriate, covariates were log-
transformed to reduce skewness. Models were assessed for standard assumptions of linear
regression, as appropriate. SAS version 9.4 (SAS Institute, Cary, NC) or R version 3.1.1 (R
project) was used for all analysis, and a two-tailed p-value < 0.05 was considered
significant.
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Clinical and biochemical characteristics stratified by visceral and subcutaneous fat

burden

Association

Baseline clinical, demographic, and biochemical indices at Exam 1 (time of CMR) stratified
by median visceral fat (VF at Exam 2 or 3; 485.6 cm2/m, interquartile range 329.7-707.2
cm?2/m) are shown in Table 1. MESA participants with above-median VF were more likely
to be slightly older and male, with more prevalent dysglycemia (by diabetes status, fasting
glucose), lower high-density lipoprotein concentration, and more frequent hypertension.
Individuals with above-median VF area had a higher serum aldosterone, plasma renin
activity, high-sensitivity C-reactive protein (hsCRP) and IL-6, and fasting insulin, and a
lower adiponectin relative to below-median VF area (all P<0.01). Subcutaneous (SQ) fat
area and BMI were higher in individuals with greater VF. MESA participants with higher
SQ fat (around median 637.2 cm2/m; Supplementary Table 1) were more likely to be
female, with a higher BMI and visceral fat burden (by waist circumference and VF area),
though there were no differences in dysglycemia status. Similar to VF, above-median SQ fat
was associated with biomarkers of inflammation and insulin resistance (e.g., hsCRP, IL-6),
though serum aldosterone and adiponectin concentrations were similar relative to below-
median SQ fat.

of adiposity with indices of LV structure, function, and remodeling

CMR indices of LV structure, function, and remodeling stratified by SQ and VF area are
shown in Table 2. Individuals with above-median VVF had a slightly lower LV ejection
fraction, with greater indexed LV volumes and mass, and a higher LV mass-to-volume ratio
(all P <0.001). On the other hand, individuals with above-median SQ fat had a similar LV
ejection fraction as individuals with below-median SQ fat. In addition, while LV end-
diastolic volume and mass were increased with higher SQ fat, LV concentricity (by LV
mass-to-volume index) was similar regardless of SQ fat.

VF area was more closely correlated to indexed LV mass than SQ area (p =0.36 and 0.12,
both P<0.0001, respectively) and only VF area was significantly correlated with LV mass-
to-volume ratio (p=0.28, P<0.0001; Supplementary Table 2). In addition, greater VF fat was
correlated with poorer LV function (with LVEF: p=—0.10, P=0.0005), while SQ fat was
weakly associated with modestly higher LV function (p=0.06, P=0.04).

The relationship between VF and SQ fat and LV mass and LV concentricity by age, sex,
race, and obesity status is displayed in Figure 1. Despite heterogeneity in LV concentricity
and LV mass by sex (males higher), race (African American higher), obesity status (obese
higher), or age (older age higher), none of these demographic indices modified the
relationship between VF and LV mass or geometry: VF was consistently associated with
higher LV mass and concentricity regardless of age, obesity status, sex, and race. SQ fat was
generally not associated with increased LV mass or concentricity.
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Visceral fat is associated LV remodeling across age, sex, race, and BMI

In our model for LV mass-to-volume ratio, both visceral and subcutaneous fat were
predictors of LV concentricity (Table 3). When both VF and SQ were added to this model,
VF was associated with increased concentricity (3=0.016, P<0.0001) but SQ was not
associated with any change in concentricity (Table 3A). These associations were
directionally consistent with further adjustments by BMI or weight. When both VF and SQ
were included in models, VF and SQ areas appeared to have opposite associations with
concentricity. There was no evidence that age, sex, obesity status, or race modified the
observed association between VF or SQ area and LV mass-to-volume ratio.

For LV mass index, we found significant associations between VF (3=0.589 for every 100
cm2/m VF, P<0.0001) and SQ (=0.210 for every 100 cm%/m SQ, P=0.0008) in separate
models. When included together with full adjustments, only VF was associated with greater
LV mass (B=0.548 for every 100 cm2/m VF, P<0.0001). We further stratified our regression
analyses by sex, which are displayed in Table 3B. In general, the associations between VF
and LV mass was more prominent in women. After adjustments for BMI, we observed a
reversal of the relationship between VF and LV mass in general, which were not observed
after adjustment for weight.

Finally, in models adjusted for all covariates (except weight or BMI) excluding imputed data
for visceral fat, we found an association between VF and LV mass ($=0.363 for every 100
cm2/m SQ, P=0.0004) and LV mass-to-volume ratio ($=0.0163 for every 100 cm2/m SQ,
P<0.0001). In adjusted models excluding imputed data for subcutaneous fat, we found an
association between SQ and LV mass ($=0.407 for every 100 cm?/m SQ, P<0.0001) and LV
mass-to-volume ratio (=0.00873 for every 100 cm?/m SQ, P=0.0002).

DISCUSSION

In this multi-racial, multi-ethnic, community-based cross-sectional study nested within
MESA, we demonstrate that visceral adiposity is associated with indices of LV structure and
function. Individuals with higher visceral fat or subcutaneous fat area had greater LV mass
and volumes, and greater visceral fat burden (but not subcutaneous fat) was associated with
poorer LV ejection fraction. Importantly, visceral fat was associated with LV mass-to-
volume ratio (an index of concentric LV remodeling), incremental to clinical risk factors,
but not LV mass. Moreover, the association between visceral fat and concentric LV
remodeling was not modified by age, sex, race, or obesity status, suggesting a strong,
consistent relationship between VVF with concentric LV remodeling. Given the importance of
both LV hypertrophy and geometry in the pathogenesis of HF19, these findings implicate
visceral adiposity as an important, independent fat depot contributing to pathologic LV
remodeling.

Prior work in both MESA!® and the Framingham Heart Study® has demonstrated an
association between BMI and LV mass, concentricity, and incident HF independent of
hypertension, diabetes, age, race, and sex. These changes appear to be modifiable with
weight loss29-22, suggesting the plasticity of body composition effects on the heart. More
recent work has suggested the importance of visceral adiposity and consequent systemic
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inflammation in cardiovascular risk8, giving rise to a new paradigm that metabolic health
may explain the heterogeneity in cardiovascular risk seen in the obese. Indeed, in both
epidemiologic studies?® and small animal models of obesity, the presence and extent of
visceral adiposity is linked to a unique profile of pro-inflammatory cytokine release,
promoting cardiac and vascular dysfunction2425 L\ hypertrophy2%, arterial stiffness’,
abnormal LV strain28, and ultimately decreased cardiorespiratory fitness.2% Although
anthropometric markers of visceral fat (e.g., waist circumference and waist-to-hip ratio30)
have been associated with abnormal cardiac structure, few large studies have embarked on a
direct measurement of each central adiposity compartment (subcutaneous and visceral) and
its relationship to the heart.

In the largest study of adiposity distribution and cardiac remodeling to date, Neeland and
colleagues determined cross-sectional associations of adipose tissue distribution with cardiac
structure and function (both by MRI) in 2,710 participants of the Dallas Heart Study’. In this
important report, both SQ and VF were associated with LV mass and LV mass-to-volume
ratio, with a stronger association of VF (relative to SQ) with these outcomes ($=0.41, =0.13
for LV mass and =0.31 and $=0.06 for concentricity, VF vs. SQ respectively). Associations
were significant for both SQ and VF fat after full multivariable adjustment for age, sex,
Black race, hypertension, diabetes, and lean body mass (among other covariates). On the
other hand, Neeland and colleagues found “lower body fat” (gluteal adiposity) was
associated with decreased LV mass and more eccentric LV geometry; they propose LV
concentricity as a function of the balance between visceral/subcutaneous adiposity and lower
body fat—a favorable “metabolic sink” for inflammatory free fatty acids pathogenic in LV
hypertrophy and remodeling. Our findings extend these results to a large group of multi-
racial, multiethnic individuals across the United States, demonstrating that visceral (but not
subcutaneous) adiposity is associated with concentric LV remodeling independent of clinical
risk.

Relative to the Dallas Heart Study, our population was older and multi-racial with a lower
frequency of obesity (only 21% obese, BMI 30+ kg/m2). The LV concentricity observed in
MESA was lower than that reported by Neeland et al., suggesting that the relationships
observed in the Dallas Heart Study may hold in an even less advanced state of cardiac
remodeling. In a related analysis performed in the Strong Heart Study using
echocardiography to quantify left ventricular structure and bioimpedance to measure
differential adipose depots, de Simone and colleagues3132 demonstrated that while BMI was
not independently associated with indexed LV mass in either sex, adipose mass and waist-
to-hip ratio accounted for significant variability of indexed LV mass in women but not in
men. Our findings are coherent with those of de Simone and colleagues in that we observed
an association between VF area and LV mass index primarily in women (Table 3).

One important issue is the BMI- or weight-independent association of fat distributions with
LV structure. We observed a similar association between VF and LV mass index in weight-
adjusted and unadjusted models. However, when adjustments were performed by BMI, we
observed VF did not significantly predict LV mass in women (and was negatively associated
in men), but SQ fat was associated with lower LV mass index in both sexes. While we
recognize that the similar indexing of LV mass index in our study (indexed to 1/height7)
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and BMI (also proportional to 1/height?) may well account for some of the instability in
regression coefficients in these regressions, these findings may also suggest that after
accounting for “generalized” adiposity with BMI, distinct adipose tissue compartments (e.g.,
SQ vs. VF) may impact ventricular remodeling differently. Indeed, as noted in previous
work, the neurohormonal profile of VF is more deleterious than SQ fat (a potentially more
“inert” store of adipose tissue mass). These results call for additional work utilizing direct
measures of total lean body mass and CT determined visceral and subcutaneous fat to
dissect these associations. In addition, studies with serial measures of SQ and VF depots
with weight change are necessary to evaluate these suppositions prospectively.

The results of this study must be viewed in light of its design. One important aspect of this
study to mention is the frequency of imputed data. A total 226 individuals had imputed data
for subcutaneous adiposity; only 3 patients had imputed visceral fat measures. As expected,
the 226 individuals who had imputed subcutaneous data had a higher overall BMI, weight,
and waist circumference, likely due to size or field of view constraints in the CT scanner
(Supplemental Table 3). There was a higher visceral fat content in those individuals with
imputation, which is consistent with their higher generalized adiposity (higher BMI).
Therefore, systematic exclusion of these individuals (with higher visceral adiposity) would
have introduced severe biases in our findings. Nevertheless, we still observed similar
associations after exclusion of these subjects with either visceral or subcutaneous imputation
in respective models (Supplemental Table 4). These findings highlight the importance of
field of view and size constraints to imaging individuals on the obesity spectrum. Adiposity
CT assessment was not performed at the same MESA examination as CMR, thereby
introducing the possibility that adiposity and cardiac structure had changed during this
interval. We attempted to minimize the influence of these changes by utilizing covariate data
from Exam 1 (at the time of the MRI), such that interval changes in medical therapy or
cardiovascular events during the course of MESA follow-up would not influence our results.
In addition, we did not acquire DEXA measurements of lean body mass, as in previous
work?, though our work utilized BMI, a clinically used measure of adiposity. Future work is
necessary within MESA and other longitudinal cohorts with careful cardiometabolic
phenotyping to determine associations between cardiovascular outcomes, LV remodeling,
and adipose tissue distribution.

CONCLUSION

In a large, multi-ethnic, multi-racial sample of American adults free of cardiovascular
disease, we demonstrated that visceral adiposity is associated with concentric LV
remodeling. The absence of effect modification by age, race, sex, or obesity status
underscores the importance of determination of fat distribution in our highest risk patients.
Future work using imaging assessments of adipose tissue distribution to determine and
modify risk by targeting visceral adiposity (and its attendant inflammation) for HF
prevention is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Indexed left ventricular mass and left ventricular mass-to-volume ratio, stratified by above

and below median visceral or subcutaneous fat area, by age (A), sex (B), race (C), or obesity
status (D; obese > 30 kg/m?2). The error bars represent 95% confidence interval around the
mean, and P values represent comparison of above- and below-median VF or SQ fat area
value
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Baseline clinical, demographic, and biochemical characteristics, stratified by above- and below-median

visceral fat area.

Table 1

Variable (at Exam 1, unless otherwise noted) Low Visceral Fat High Visceral Fat P
(N=575) (N=576)

Age (years) 59 (52-68) 62 (54-69) 0.001
Male Gender 210 (37%) 364 (63%) <0.0001
Race <0.0001

Caucasian 209 (36%) 231 (40%)

Chinese American 122 (21%) 75 (13%)

African American 150 (26%) 77 (13%)

Hispanic 94 (16%) 193 (34%)
Smoking Status 0.12

Never Smoker 331 (58%) 300 (52%)

Former Smoker 174 (30%) 206 (36%)

Current Smoker 69 (12%) 70 (12%)
Metabolic Syndrome 81 (14%) 250 (44%) <0.0001
Glycemic Control <0.0001

Normal Fasting Glucose 499 (87%) 394 (69%)

Impaired Fasting Glucose 49 (9%) 98 (17%)

Untreated diabetes 6 (1%) 25 (4%)

Treated diabetes 20 (3%) 57 (10%)
Total Cholesterol (mg/dl) 192 (173-217) 193 (172-215) 0.49
High Density Lipoprotein (mg/dl) 54 (45-66) 44 (39-52) <0.0001
Triglycerides (mg/dl) 93 (66-129) 137 (94-187) <0.0001
Low Density Lipoprotein (mg/dl) 115 (96-137) 117 (101-135) 0.19
Body mass index (kg/m?) 24.7 (22.6-26.8) 28.4 (26.2-31.0) <0.0001
Systolic blood pressure (mmHg) 118 (108-136) 127 (113-143) <0.0001
Diastolic blood pressure (mmHg) 71 (64-77) 75 (68-81) <0.0001
Waist Circumference (cm) 87.7 (81.0-94.5) 100 (94-107) <0.0001
Weight (pounds) 148.3 (130.8-166.5) 178 (158-197) <0.0001
Fasting glucose, Exam 1 (mg/dl) 86 (81-93) 92 (86-101) <0.0001
Urine Albumin-Creatinine Ratio 4.7 (3.1-8.1) 6.0 (3.6-11.2) <0.0001
Coronary Artery Calcium Score 0 (0-22.4) 6.8 (0-91) <0.0001
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Variable (at Exam 1, unless otherwise noted) Low Visceral Fat High Visceral Fat P
(N=575) (N=576)

Height-indexed visceral fat area (cm2/m) 329.7 [242.6-412.6] 707.2 [579.0-859.5] <0.0001
Height-indexed subcutaneous fat area (cm2/m) 561.2 [394.4-791.0] 695.1 [507.8-920.8] <0.0001
Serum biomarkers (at Exam 3)
Adiponectin (ng/ml)” 21479.5 [14274.3-31646.9]  15182.9 [10569.2-20815.6]  <0.0001
Aldosterone (pg/mi)* 127.2 [88.7-181.0] 139.0 [100.2-188.0] 0.003
Plasma renin (ng/ml)* 0.47 [0.24-0.91] 0.65 [0.33-1.38] <0.0001
High-sensitivity CRP (mg/l)* 11[0.6-2.3] 1.6 [0.8-3.5] <0.0001
Interleukin-6 (pg/ml)* 1.4[1.0-2.1] 2.0[1.4-3.0] <0.0001
Insulin (pg/mi)* 168.0 [122.7-230.3] 259.4 [193.5-382.0] <0.0001
Leptin (pg/ml)* 8887.2 [3362.3-21432.2]  13192.6 [6443.9-28681.1]  <0.0001
Tumor necrosis factor-a (pg/ml)” 42[32-57] 48[3.7-6.4] <0.0001

Page 18

Abbreviations: CT, computed tomography; CRP = C-reactive protein. Values represent median (interquartile range) or number (percentage).

*
Missing observations for adiponectin (2/0), aldosterone (23/17), plasma renin (54/32), CRP (22/5), insulin (3/0), leptin (8/0), TNF-a (5/2) for

(low/high) visceral fat subgroups.
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