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Abstract
Storage of lipid in ectopic depots outside of abdominal visceral and subcutaneous stores, including
within the pericardium and liver, has been associated with obesity, insulin resistance, and
cardiovascular risk. We sought to determine whether anatomically distinct ectopic depots were
physiologically correlated and site-specific effects upon cardiovascular function could be
identified. Obese subjects (n = 28) with metabolic syndrome but without known atherosclerotic
disease and healthy controls (n = 18) underwent magnetic resonance imaging (MRI) and proton
MR spectroscopy (MRS) to quantify pericardial and periaortic lipid volumes, cardiac function,
aortic compliance, and intrahepatic lipid content. Fasting plasma lipoproteins, glucose, insulin,
and free-fatty acids were measured. Pericardial and intrahepatic (P < 0.01) and periaortic (P <
0.05) lipid volumes were increased in obese subjects vs. controls and were strongly and positively
correlated (P ≤ 0.01) but independent of BMI (P = NS) among obese subjects. Intrahepatic lipid
was associated with insulin resistance (P < 0.01) and triglycerides (P < 0.05), whereas pericardial
and periaortic lipid were not (P = NS). Periaortic and pericardial lipid positively correlated to free-
fatty acids (P ≤ 0.01) and negatively correlated to high-density lipoprotein (HDL) cholesterol (P <
0.05). Pericardial lipid negatively correlated to cardiac output (P = 0.03) and stroke volume (P =
0.01) but not to left ventricular ejection fraction (P = 0.46). None of the ectopic depots correlated
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to aortic compliance. In conclusion, ectopic storage of lipid in anatomically distinct depots
appeared tightly correlated but independent of body size. Site-specific functional abnormalities
were observed for pericardial but not periaortic lipid. These findings underscore the utility of MRI
to assess individual differences in ectopic lipid that are not predictable from BMI.

INTRODUCTION
The prevalence of obesity, defined as a BMI ≥30 kg/m2, is rising rapidly in the United
States. Recent estimates suggest that ~30.5% of the adult population meets this criterion (1).
Obesity is also frequently associated with the development of a systemic metabolic
derangement typified by insulin resistance and dyslipidemia, the coexistence of which with
obesity and hypertension is termed the metabolic syndrome (2). Given the preponderance of
atherosclerotic risk factors, it is not surprising that patients with metabolic syndrome are at
higher risk for the development of complications from vascular diseases (3).

Although adipose tissue volume in subcutaneous and visceral abdominal locations is
increased in obesity, recent data suggests that lipid is also stored in ectopic depots (i.e.,
outside of these recognized locations). These include deposits within organs such as the
liver, skeletal muscle, and heart, as well as within the pericardium (pericardial lipid) or
around blood vessels, such as the aorta (4). Although it is presently unclear how or whether
lipid storage in these depots is similarly regulated, the role these depots play in the
development of insulin resistance and metabolic syndrome is the subject of significant
ongoing scientific scrutiny (4).

In addition to a predisposition to vascular disease, there are also specific structural and
functional cardiac abnormalities that often occur in the setting of excessive weight, so
termed the cardiomyopathy of obesity. The mechanism(s) through which alterations in
cardiac structure and function occur are not well understood; however, recent evidence
suggests that the phenotype may be related, in part, to myocardial triglyceride accumulation
(5). Evidence is mounting that pericardial lipid, which surrounds the heart, may also play a
significant role in the development of both cardiac and vascular disease (6,7). As adipose
tissue is highly vascular, it has been hypothesized that mediators of lipid metabolism and
inflammation may be supplied by the pericardial adipose tissue surrounding the heart,
thereby directly affecting cardiac and coronary arterial function in a site-specific manner (8).
Indeed, recent data from population cohorts have suggested that pericardial lipid volume is
strongly associated with coronary atherosclerosis as measured by coronary calcification
(6,7).

Although investigators have assessed the metabolic consequences of pericardial lipid
accumulation in obesity in terms of abnormalities of metabolic indexes and the development
of metabolic syndrome (9), relatively few have examined the association between cardiac
structure/function and pericardial lipid volume in a site-specific manner (10,11).
Furthermore, there have been no published reports evaluating vascular function with
perivascular lipid volume. Using the three-dimensional technique of cardiovascular
magnetic resonance imaging (MRI) and proton MR spectroscopy (MRS), we sought to
determine whether the volume of lipid stored in ectopic depots was correlated and how each
related to plasma indexes of insulin resistance and lipid levels. We hypothesized that site-
specific abnormalities of organ function, for example cardiac function and pericardial lipid
volume, would be observed.
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METHODS AND PROCEDURES
Subjects

Obese subjects with metabolic syndrome (n = 28, BMI = 36.7 ± 4.0 kg/m2) but no known
atherosclerotic vascular disease were recruited from the Nutrition and Weight Management
Center of Boston Medical Center following granting of informed consent as approved by the
institutional review board of Boston University Medical Center. Healthy controls (n = 18,
BMI = 22.9 ± 2.8 kg/m2) were recruited from the general population and followed similar
consent procedures. To qualify for inclusion, obese subjects must have, or be under medical
treatment for, at least three of the following criteria derived from the revised Adult
Treatment Panel III criteria for metabolic syndrome (12): (i) waist circumference ≥102 cm
or 40 inches for men and ≥88 cm or 35 inches for women; (ii) high-density lipoprotein
(HDL) ≤40 mg/dl for men and ≤50 mg/dl for women; (iii) triglyceride >150 mg/dl; (iv)
fasting glucose ≥100 mg/dl; (v) systolic blood pressure ≥130 mm Hg and/or a diastolic
blood pressure ≥85 mm Hg. Excluded subjects had a history of atherosclerotic vascular
disease including stroke, myocardial infarction, heart failure, prior medical or surgical
revascularization procedure, angina, or peripheral arterial disease. In addition, subjects with
diabetes complicated by neuropathy or taking insulin for >1 year were excluded. Finally,
given the limitations of the MRI scanner, subjects in excess of 300 pounds or with an
abdominal circumference >140 cm, claustrophobia, or non-MRI compatible metallic
implants were excluded.

Data acquisition
Subjects arrived at the test facility in a fasting state (no food or liquid other than water after
midnight on the prior night). Anthropometric data including height, weight, and waist
circumference, as well as blood pressure were measured. A blood sample was collected by
venipuncture and analyzed for metabolic indexes including: glucose, insulin, lipoproteins
including total cholesterol, HDL cholesterol, low-density lipoprotein cholesterol,
triglycerides, and free-fatty acids.

Subjects then underwent MRI using a Philips Intera 3.0 Tesla system (Philips Medical
Systems, Andover, MA). Data were acquired using a six-channel cardiac surface coil and
synchronized to the cardiac cycle by continuous electrocardiographic-monitoring. Scan time
for the entire session was ~45 min. Pericardial lipid volume was calculated from axial T1-
weighted black blood images acquired in 4-mm contiguous slices. Scan parameters were:
repetition time = 2 cardiac cycles, echo time = 13 ms, turbo factor = 13, number of
excitations = 2, sense factor 2.5, matrix 256 × 256 reconstructed to 512 × 512, and in-plane
resolution of 1.1 × 1.1 mm. Cardiac structural and functional data were collected using a
steady-state free precession cine sequence optimized to 3.0T. Data were collected from
contiguous 10-mm slices from the apex to the atrioventricular grooves of the heart without
space gap in sequential 8–10 s breath holds. Scan parameters were: repetition time = 3.0 ms,
echo time = 1.6 ms, number of excitations = 1, turbo factor = 14, sense factor 1.5, matrix
256, in-plane resolution = 2.5 × 2.8 mm, with 26–28 heart phases acquired per slice. Blood
flow information was collected by velocity encoded MRI at the level of the bifurcation of
the pulmonary artery from the ascending and descending aortic slices visible in this plane.
Scan parameters were: repetition time = 3.0 ms, echo time = 1.6 ms, number of excitations =
1, turbo factor = 3, sense factor 1.5, matrix 128 reconstructed to 256, inplane resolution =
2.5 × 2.8 mm, with 40 cardiac phases acquired per each scan. Blood pressure was measured
immediately before MRI scanning to permit calculation of aortic compliance from the
velocity encoded images.
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Intrahepatic lipid was determined by MRS using the point resolved spectroscopy technique.
Selected elements of the cardiac surface coil that overlay the liver were chosen for data
collection. A 9 cm3 voxel was localized within the right lobe of the liver and shimmed to
optimize field homogeneity. A total of 32 spectral acquisitions were then performed without
breath-holding using repetition time = 2,000 ms and echo time = 40 ms without water
suppression.

Data analysis
MRI data were analyzed for pericardial lipid volume, cardiac structure and function, and
vascular compliance. Pericardial lipid volume was calculated using an algorithm developed
by two authors (N.H. and H.J.) using the MatLab software development environment (The
MathWorks, Natick, MA). Images were first corrected for pixel intensity inhomogeneity and
normalized to the pixel intensity of lipid (13). Pericardial lipid volume was quantified via
segmentation using manual contour tracing on a slice by slice basis. The superior border of
the image processing volume was set at the bifurcation of the pulmonary artery, and the
inferior border was defined as the most caudal slice where cardiac muscle was identified.
The anterior and posterior boarders were defined by the chest wall and descending thoracic
aorta. Measurements were performed by two independent observers. A similar technique
was applied to measure periaortic lipid using identical slices as for the pericardial lipid
measurement to define regions of interest around the descending thoracic aorta. Intrareader
reliability for pericardial lipid volumes was excellent with intraclass correlation coefficient
values of 0.99. Bland and Altman plots displayed no difference in the reliability of
quantification for different lipid volume levels.

Cardiac structural and functional data including myocardial mass, left ventricular (LV) end-
diastolic volume, LV ejection fraction, LV stroke volume, and cardiac output were
calculated using a dedicated workstation (Philips ViewForum, Andover, MA). Analysis was
performed on the contiguous short axis slices by the Simpson’s technique. Flow information
from the aorta, including LV stroke volume and cardiac output, was also analyzed using the
Philips ViewForum workstation, QFlow package. Aortic compliance was calculated by
dividing the change in aortic volume in systole and diastole from an axial slice in which the
ascending and descending thoracic aorta was visible (taken at the bifurcation of the
pulmonary artery) by the systolic and diastolic blood pressure difference.

Pericardial lipid was normalized to left ventricular mass (in ml/g) to control for variation in
heart size, whereas periaortic lipid was normalized to aortic length (in ml/mm) to control for
variation in scan field of view.

MR spectra were exported and postprocessed using LCModel (S. Provencher) and fitting
was performed between −2 and 9 p.p.m. using the basis set supplied by the program.
Spectral resonance peaks corresponding to lipid were integrated and divided into the integral
of the peak area corresponding to water, yielding a percentage.

Blood samples were centrifuged and processed for analysis by the Clinical Laboratory of
Boston Medical Center. Insulin resistance was calculated using the homeostatic model
assessment (HOMA) calculated using the formula: HOMAIR = (fasting insulin (μU/ml) ×
fasting glucose (mg/dl))/405 (14).

Statistical analysis
Statistical analysis was performed using SPSS 11 (Systat Software, Chicago, IL) and SAS
9.1 (SAS Institute, Cary, NC). Associations between continuous variables were assessed
using Pearson’s correlation. Comparisons between groups were performed using the pooled
two-sample t-test for continuous characteristics and by Fisher’s exact test for categorical
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characteristics. The nonparametric Wilcoxon test was used to check whether the t-test results
were affected by the assumption of the data following a Gaussian (normal) distribution (no
differences in significance were observed). Specific comparison for HOMAIR was by the
nonparametric Mann–Whitney U test. Intrareader reliability for the pericardial and periaortic
lipid measures were determined by use of the intraclass correlation coefficient (15). The
method of Bland and Altman was used to graphically evaluate whether reliability differed by
level of lipid volume (16). Data are presented as mean ± s.d. Probability values of P < 0.05
were considered significant.

RESULTS
Subject characteristics

Clinical and metabolic features of the obese subjects and controls are summarized in Table
1. As intended, obese subjects had increased BMI (P < 0.01), waist circumference (P <
0.01), systolic blood pressure (P < 0.01), and diastolic blood pressure (P < 0.01) compared
to controls. There were no differences between obese and control subjects in plasma lipid
levels including total cholesterol (P = 0.45) and low-density lipoprotein (P = 0.94);
however, obese subjects demonstrated lower HDL (P < 0.01) and increased fasting
triglycerides (P < 0.01); and there was a trend toward increased free-fatty acids (P = 0.07).
Among obese subjects, 23% were taking oral hypoglycemic agents (all metformin), 26%
were taking lipid-lowering agents (of those 75% were statins), and 50% were taking
antihypertensive medications. Only one obese subject and none of the control subjects were
taking oral contraceptives. As predicted, obese subjects had greater insulin resistance as
determined by HOMAIR vs. controls (P < 0.01).

Quantification and metabolic correlation of ectopic lipid depots in obese subjects
Figure 1 illustrates representative MR images that demonstrate the wide variation observed
in ectopic fat volume, in this example pericardial lipid, among obese subjects. The subject
with BMI of 43 kg/m2 had a significantly smaller volume of pericardial fat than the subject
with a BMI of 34 kg/m2, as revealed in the segment illustrated. The mean volume of lipid
stored in the three ectopic depots measured, as well as their normalized values, can be found
in Table 2. There was increased pericardial lipid volume among obese subjects as compared
to controls (P < 0.01), and this relationship was maintained when normalized to heart size
(in ml/g of myocardial mass, P < 0.01). There were no statistically significant differences
observed in absolute periaortic lipid volume (in ml), however, after normalization to aortic
length there was a significant difference (P = 0.03). Obese subjects had greater intrahepatic
lipid (P < 0.01), as predicted. Correlation coefficients comparing ectopic depot volumes and
metabolic parameters for the obese subject group are illustrated in Table 3. Ectopic lipid
depots were strongly and positively correlated (pericardial vs. periaortic (P ≤ 0.01),
pericardial vs. intrahepatic (P ≤ 0.01)) (Figure 2). Pericardial and periaortic lipid also
negatively correlated with HDL cholesterol and positively correlated to free-fatty acids.
Intrahepatic lipid was strongly correlated to HOMAIR and triglyceride levels. However,
none of the ectopic depots correlated with BMI.

Ectopic lipid and site-specific effects upon cardiovascular function
Cardiac structural and functional parameters as determined by MRI are shown in Table 4.
Cardiac output was greater in obese subjects compared to controls (P < 0.01), but this
difference did not persist when cardiac output was indexed to body surface area (cardiac
index in l/min/m2, P = 0.10). LV mass, both corrected and uncorrected to body surface area,
and LV end-diastolic volume were similar between the two groups, whereas LV end-
diastolic volume indexed to body surface area was lower in the obese subjects (P = 0.01).
LV ejection fraction was higher in obese subjects vs. controls (P < 0.01) but still within the
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range of normal, whereas LV stroke volume was similar between the two groups (P = 0.16).
Ascending and descending aortic compliance was decreased in obese subjects as compared
to controls (P < 0.01).

In site-specific functional analysis, pericardial lipid (in ml/g) inversely correlated to cardiac
output (P = 0.01) and stroke volume (P = 0.01), but did not correlate with ejection fraction
(P = 0.46) among obese subjects (Figure 3). Conversely, periaortic lipid did not correlate to
descending aortic compliance (P = 0.40) or mean arterial blood pressure (P = 0.88).
Periaortic lipid did correlate to left ventricular stroke volume (P = 0.03). Finally,
intrahepatic lipid did not correlate to aortic compliance (P = 0.11) or stroke volume (P =
0.18), but did correlate to mean arterial blood pressure (P = 0.05). Among control subjects,
no correlation was identified between the various ectopic lipid depots, nor was a significant
association identified between pericardial lipid and cardiac output or stroke volume as was
detected among the obese subjects.

DISCUSSION
Ectopic lipid accumulation, within and around solid organs but outside of normally
recognized abdominal visceral and subcutaneous depots, has emerged as a widely
recognized feature of obesity and insulin resistant states. The vast majority of published
studies have focused on a single-ectopic depot as it relates to metabolic risk factors or
disease. For example, the quantity of pericardial lipid volume is rapidly developing as an
important indicator that can stratify vascular and metabolic risk. In asymptomatic
individuals without metabolic syndrome, pericardial lipid associates with fasting glucose
levels and predicts the development of metabolic syndrome(9,17), as well as associates with
coronary atherosclerosis (6,7,18-20). In addition, reduction in pericardial lipid volume
correlates to improvement in insulin resistance in obese individuals (11). We sought to
determine whether the volume of lipid stored in different ectopic depots was correlated
among obese subjects with metabolic syndrome, and whether these depots had a site-specific
correlation with organ function. In this study, using MRI and MRS, we identified a strong
correlation between the three ectopic depots studied (pericardial, periaortic, and
intrahepatic), and further show that among obese subjects, as the volume of pericardial
adipose increases, cardiac function decreases through a mechanism that does not appear to
relate to global systolic function. We did not detect a similar site-specific correlation of
periaortic lipid upon aortic compliance or blood pressure. Finally, we observed variable
associations between ectopic lipid depots and plasma lipids and HOMAIR, suggesting a
nonuniform mechanism of lipid storage.

Pericardial lipid volume can be measured with various imaging modalities including
echocardiography (21), computed tomography (7,22), and MRI (23). Periaortic adipose
tissue is more difficult to quantify and has not been widely reported, with the exception of a
recent publication using computed tomography (24). Computed tomography and MRI have
advantages over echocardiography as they are three-dimensional volumetric techniques thus
offering higher reproducibility as compared to measuring linear pericardial lipid thickness,
which can be arbitrary thus introducing uncertainty. For this study, we used MRI because it
affords high spatial- and temporal-resolution data sets without the penalties of high-ionizing
radiation dose that comparably informative computed tomography protocols would require.
For pericardial lipid volume quantification, we used manual contour tracing segmentation,
which is widely accepted as the accurate gold standard for image-based volumetric
assessment of continuous and well delineated tissue distributions such as pericardial adipose
and solid structures such as the heart walls. MRS has emerged as the definitive noninvasive
method by which hepatic lipid can be quantified (25).
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Previous studies have demonstrated an association between pericardial lipid volume and
cardiac function, but their conclusions were limited by sample size (n = 4 obese subjects in
Kankaanpää et al. (10)), or a nonvolumetric technique (echocardiography in Iacobellis et al.
(11) and Malavazos et al. (26)). Our study is the largest to date that demonstrates an
association between pericardial lipid and LV functional and structural parameters using the
more precise MRI pericardial lipid volume quantification technique. Although the
association between pericardial adipose (7) and visceral and subcutaneous adipose has been
described, to the authors’ knowledge, this the first study that identifies a correlation between
anatomically distinct ectopic lipid depots. The precision offered by MRI may permit more
subtle associations to be determined, and it may also afford greater sensitivity to changes
with intervention, such as weight loss, as has been reported echocardiographically (11,27).

In this study, we assessed the significance of pericardial lipid that was normalized to heart
size rather than unadjusted pericardial lipid volume. We chose to do so as we wanted to
eliminate heart size as a confounding factor that might contribute to lipid volume. In this
way, we could compare across body size groups for relationships between pericardial lipid
and metabolic and cardiac functional parameters. We did not observe a relationship between
pericardial lipid volume and BMI, as was reported previously (17) using population-based
datasets with a large dispersion of BMI, possibly because our BMI range was by design
skewed toward the obese.

The mechanisms by which pericardial lipid may affect cardiac function are unclear.
Although some studies have suggested that pericardial lipid is merely a marker for visceral
abdominal lipid stores, one might presume that a unifying feature of these two lipid depots
could be a covariance observed in systemic metabolic parameters including insulin
resistance and/or lipids. Although we did observe a strong correlation between the quantity
of ectopic lipid around the heart and the descending thoracic aorta, we did not observe a
relationship between these depots and insulin resistance. This finding may suggest that local
rather than systemic factors could be responsible for the observed site-specific correlation
with cardiac function. One possibility is that pericardial lipid itself exerts a restrictive
pressure on myocardial expansion in diastole, and thereby slightly reduces cardiac diastolic
filling, and thus affects cardiac output. Another possibility is that pericardial lipid elaborates
signaling molecules that affect cardiac function via direct venous drainage, and in this way
affects diastolic function (5,8,28). Future work utilizing sensitive measures of myocardial
lipid accumulation by proton MRS, as well as concurrent measurement of pericardial lipid
volume in subjects before and after weight loss, might better address this question. We are
presently repeating these measurements following 1 year of weight loss to identify
differences in pericardial lipid volume, cardiac function, and measures of lipid metabolism
and insulin resistance.

A limitation of this study which uses MRI for the measurement of ectopic lipid is body size.
We were unable to image subjects in excess of 300 lb or 140 cm of waist circumference due
to the weight limit of the motorized table and size of the magnet bore. For this reason, our
data were undoubtedly skewed toward shorter stature (to still permit increased BMI) and
female gender, perhaps limiting its generalizability. We did not assess more precise
measures of regional cardiac dysfunction, as reported by Sironi et al. (29), or diastolic
function. The clinical heterogeneity of our obese sample, particularly in terms of glucose
control as evidenced by the large s.d. in HOMAIR and intrahepatic lipid, may have biased
our determination of significant associations. In addition, a sizeable proportion of our obese
subjects were taking lipid lowering and/or hypoglycemic agents, thereby introducing
heterogeneity into the characterization of insulin resistance and lipid levels i++n this group,
as well as likely affecting ectopic lipid accumulation. Due to the small sample size of 28
subjects, we were unable to control for these potential effects. Finally, we observed similar
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LV mass between obese subjects and controls which was slightly unexpected but perhaps
owing to the small sample size.

In this study of obese subjects with metabolic syndrome, we demonstrated that the amount
of lipid stored in ectopic depots is directly correlated and that pericardial lipid in particular
appeared correlated to cardiac function in a site-specific manner that appeared independent
of insulin resistance and BMI. These findings suggest differing mechanisms and
significance of ectopic lipid storage among obese vs. lean persons, as significant variation
was observed despite a rather uniform BMI classification.
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Figure 1.
Differing pericardial lipid volume among obese subjects. Axial T1-weighted MR images
obtained at the level of the heart from two subjects with differing BMI are illustrated. Both
show a pronounced subcutaneous adipose layer (arrows). The smaller depots that are the
focus of this study (pericardial lipid and periaortic lipid) are identified by their prominent
bright signals. In the two examples shown, (a) illustrates a subject with a greater BMI but
less pericardial lipid compared to the subject in b, as assessed by the area in this slice as well
as the total volume of pericardial lipid. These images suggest that pericardial lipid is not
correlated with BMI in obese subjects. MR, magnetic resonance.
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Figure 2.
Correlation between ecotopic lipid depots. Scatter plots of ectopic lipid volumes are
presented showing strong correlations between (a) pericardial vs. periaortic and (b)
pericardial vs. intrahepatic lipid depots for obese subjects.
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Figure 3.
Site-specific effect of pericardial lipid and cardiac function. A scatter plot of pericardial
lipid normalized to left ventricular mass (in ml/g) is presented vs. cardiac output for obese
subjects. Cardiac output values presented are all within the normal range.
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Table 1
Clinical and metabolic features of subjects and controls

Subjects
(n = 28)

Controls
(n = 18) P

Age (years) 44 ± 10 37 ± 13 0.04

Female (%) 92.9 77.8 0.14

BMI (kg/m2) 36.7 ± 4.0 22.9 ± 2.8 <0.01

Body surface area (m2) 2.06 ± 0.21 1.72 ± 0.12 <0.01

Waist circumference (cm) 109 ± 11 76 ± 8 <0.01

Systolic blood pressure (mm Hg) 132 ± 11 110 ± 12 <0.01

Diastolic blood pressure (mm Hg) 84 ± 7 71 ± 8 <0.01

Total cholesterol (mg/dl) 174 ± 32 182 ± 33 0.45

Free-fatty acids (mmol/l) 0.53 ± 0.21 0.40 ± 0.22 0.07

Fasting glucose (mg/dl) 103 ± 29 89 ± 6 0.05

High-density lipoprotein (mg/dl) 48 ± 12 66 ± 15 <0.01

Low-density lipoprotein (mg/dl) 103 ± 29 102 ± 26 0.94

Triglycerides (mg/dl) 116 ± 60 66 ± 28 <0.01

HOMAIR 3.7 ± 3.6 0.8 ± 0.6 <0.01

HOMAIR, homeostasis model assessment of insulin resistance.
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Table 2
Ectopic lipid depot volumes among obese and control subjects

Subjects
(n = 28)

Controls
(n = 18)

P

Pericardial lipid volume (ml) 161 ± 88 85 ± 66 <0.01

Pericardial lipid volume/left
ventricular wall mass (ml/g)

2.0 ± 1.1 1.1 ± 0.7 <0.01

Periaortic lipid volume (ml) 12.1 ± 6.7 9.4 ± 5.2 0.14

Periaortic lipid volume/aortic
length (ml/mm)

0.12 ± 0.07 0.08 ± 0.05 0.03

Intrahepatic lipid (%) 9.5 ± 10.5 1.0 ± 1.0 <0.01a

a
Satterthwaite (unequal variance) t-test employed because of large discrepancy in variance between subjects and controls.
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Table 3
Correlation coefficients between ectopic lipid depots and metabolic parameters

Pericardial Periaortic Intrahepatic

Pericardial – 0.57** 0.55**

Periaortic 0.57** – 0.23

Intrahepatic 0.63** 0.23 –

BMI −0.34 −0.19 −0.29

Fasting glucose 0.21 0.18 0.41

Free-fatty acids 0.55** 0.52** 0.20

Triglyceride 0.36 0.24 0.46*

HDL cholesterol −0.42** −0.37* −0.12

HOMAIR 0.01 0.08 0.72**

HDL, high-density lipoprotein; HOMAIR, homeostasis model assessment of insulin resistance.

*
P value significant at <0.05.

**
P value significant at ≤0.01.
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Table 4
Cardiac MRI determined structural and functional parameters

Subjects
(n = 28)

Controls
(n = 18)

P

Left ventricular mass (g) 88 ± 25 81 ± 24 0.38

Left ventricular mass/
body surface area (g/m2)

42 ± 9 47 ± 12 0.13

Left ventricular end-diastolic
volume (ml)

138 ± 38 135 ± 30 0.81

Left ventricular end-diastolic
volume/body surface area (ml/m2)

66 ± 14 78 ± 15 0.01

Left ventricular ejection fraction (%) 67 ± 6 61 ± 6 <0.01

Left ventricular stroke volume (ml) 91 ± 23 82 ± 17 0.16

Cardiac output (l/min) 6.3 ± 1.3 4.8 ± 1.0 <0.01

Ascending aortic compliance
(ml/mm Hg)

1.9 ± 0.8 2.8 ± 1.3 0.01

Descending aortic compliance
(ml/mm Hg)

1.0 ± 0.5 1.5 ± 0.6 0.01

MRI, magnetic resonance imaging.
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