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Context and Objective: To examine whether pericardial and myocardial fat depots may contribute
to the association between diabetes and cardiovascular risk, including sex-related differences, and
the role of adiponectin, we evaluated data in patients with obesity and without diabetes [non-
diabetic (ND)] or with impaired glucose tolerance or type 2 diabetes and in lean ND controls.

Methods: Magnetic resonance imaging and spectroscopy were used to measure left ventricular
(LV) function and abdominal sc and visceral fat areas to estimate respective masses, pericardial fat
depots, and myocardial triglyceride content in 53 subjects (10 lean ND, 25 obese ND, six impaired-
glucose-tolerance, and 12 type 2 diabetic patients with macrovascular disease); gender effects and
adiponectin levels were evaluated in the available subset of subjects.

Results: Myocardial and pericardial fat increased progressively across study groups. They were lower
inobesewomenthanmen(P�0.002),butcardiac steatosis caughtup inhyperglycemicwomen(�81%
vs. ND, P � 0.01). Adiponectin was inversely related with both fat depots (P � 0.01) and LV mass (P �

0.003) and positively with LV function (P � 0.03). In multiple regression analysis, myocardial and peri-
cardial fat were independently related with plasma glucose levels, only pericardial fat mass was asso-
ciated with visceral adiposity and myocardial fat with cardiac output and work.

Conclusions: We conclude that glycemia, gender, adiponectin, and cardiac workload are associated
with, and hyperglycemia and male gender are independent positive predictors of, heart adiposity.
Once glucose tolerance becomes impaired, the evolution of cardiac steatosis is more pronounced
in women. (J Clin Endocrinol Metab 94: 4472–4482, 2009)

The accumulation of fat in nonadipose tissues and
around visceral organs, especially within and around

the heart, has been implicated in the relationship between
metabolic and cardiovascular disease (1–5). Nutritional
status (6, 7), obesity (8, 9), and reduced glucose tolerance
(10, 11) influence the accumulation of fat within the myo-
cardium, which is in turn related with left-ventricular
function (6–11).

Type 2 diabetes (Ty2D) is an important cause of car-
diovascular disease and heart failure, and so far, there are

only two studies in which myocardial triglyceride content
has been determined in diabetic as compared with nondi-
abetic (ND) patients (10, 11). In the report by McGavock
et al. (10), subjects with impaired glucose tolerance (IGT)
and diabetes were shown to have similar myocardial fat,
albeithigher than in leancontrols.All diabetic patients were
evaluated after 2 wk intensive insulin treatment, which
may have affected the results. In a study by Rijzewijk et al.
(11), higher myocardial triglyceride levels in Ty2D vs.
healthy subjects were confirmed. In the above studies, ma-
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crovascular complications were an exclusion criterion,
but the typical Ty2D patient has some cardiovascular in-
volvement. Gender effects were not explored, but women
have a more protective lipid profile and a lower prevalence
of cardiovascular disease (12).

Ty2D, obesity, and IGT are characterized by an array
of metabolic abnormalities, among which adipose tissue
distribution and circulating lipids, glucose, and adiponec-
tin levels may all be implicated in the pathogenesis of car-
diac steatosis. In particular, glucose tolerance is classified
through glycemic levels, and an independent relationship
between myocardial triglyceride levels and plasma glucose
has been reported in one (11) but not the other (10) study.
Adiponectin levels are typically reduced in insulin-resis-
tant patients (13), and they are predictors of diabetes and
liver steatosis (14). Adiponectin has been implicated in the
regulation of cardiac substrate handling and hypertrophy
and may therefore link heart function and metabolism
(15). Notably, patients with elevated glucose (16) or with
the metabolic syndrome have also higher pericardial fat
mass (5), and in our previous study, we have shown that
myocardial and pericardial fat were reciprocally related in
a small group of nondiabetic individuals (8). Thus, there
could be a cross-confounding effect of this association.
There are currently no studies in which these two adipose
depots have been measured together in larger sample sizes
or in patients with prediabetes and diabetes, and it is thus
difficult to postulate any independent relationships.

The purpose of the current study was to evaluate the
independent relationships between myocardial triglycer-
ide content or pericardial fat mass and metabolic abnor-
malities in patients with obesity, IGT, or complicated
Ty2D. We evaluated data so far collected at our labo-
ratory and additionally explored the effects of gender
and adiponectin in the available subsets. Magnetic res-
onance imaging and spectroscopy were used to quantify
pericardial fat mass and myocardial triglyceride con-
tent, respectively.

Subjects and Methods

Study subjects
We analyzed data collected from 53 subjects with preserved

left ventricular (LV) function, who were stratified according to
body mass index (BMI) and glucose tolerance. The latter was
proven by oral glucose testing (75 g, n � 32), normal fasting
glucose, and glycosylated hemoglobin (HbA1c) (n � 9, 4.3–5.8
mmol/liter and 5.1–6.0%, reference values 4.0–6.0 mmol/liter
and 4.2–6.0%, respectively) (8), or previous diagnosis of Ty2D
(n � 12) (17). ND subjects were divided into lean (n � 10) and
obese subgroups (n � 25); subjects with IGT (n � 6) or diabetes
(n � 12) (Ty2D) were BMI matched with the obese ND coun-
terpart. ND subjects had normal physical examination and rou-

tine blood testing, including blood cell counts, hematocrit, he-
moglobin, liver enzymes, and kidney function. Two subjects
were taking statins and one antihypertensive monotherapy. Pa-
tients with Ty2D were recruited from a previous study (17) and
readmitted to undergo magnetic resonance examinations. Du-
ration of diabetes was 7 � 2 yr, and HbA1c was less than 8.5%,
as achieved by combination or monotherapy. Diabetic patients
had stable ischemic coronary heart disease (17), no unstable an-
gina pectoris, main coronary stenosis of 61 � 8%, no history of
heart failure, and preserved overall LV function and motion, and
they were under stable medical therapy, including antihyperten-
sive and lipid-lowering medications. The studies were approved
by the Ethical Committee of Turku University Hospital, and all
subjects gave their informed consent before taking part in the
study.

Metabolic characterization
Metabolic characterization included 1) anthropometric mea-

surements (weight, height, and waist circumferences), 2) assess-
ment of systolic and diastolic blood pressure and heart rate, 3)
lipid profile [free fatty acids (FFA), triglycerides, total choles-
terol, low-density lipoprotein (LDL) cholesterol, and high-den-
sity lipoprotein (HDL) cholesterol], and 4) glucose profile (fast-
ing plasma glucose, HbA1c, and insulin levels). In addition,
adiponectin levels were available in 31 (19 ND and 12 Ty2D)
individuals but not in all because of the partially retrospective
nature of the study. Biochemical analyses were carried out as
previously described (8). Adiponectin levels were determined by
immunoassay using the LINCOplex kit (Luminex xMAP Tech-
nology) or the human adiponectin RIA kit (Linco Research, St.
Charles, MO).

Blood pressure was measured in the sitting position after 5
min of rest (Omron-5M automatic device), and the mean of two
measurements was recorded. The waist was determined by mea-
suring the waist circumference at the narrowest part of the torso.

Magnetic resonance imaging

LV function and dimensions
A Philips Gyroscan Intera 1.5 T Nova Dual MR scanner (Phil-

ips Medical Systems, Best, The Netherlands) was used. LV mass,
end-diastolic volume (EDV), end-systolic volume (ESV), and
ejection fraction (EF%) were measured from continuous short
axis slices by using the balanced turbo field echo sequence. Im-
aging parameters included repetition time (TR) of 3.8 msec, echo
time (TE) of 1.9 msec, and matrix of 256 � 256. Slice thickness
was 8 mm with no gap between slices. Thirteen to 16 slices were
required to cover the left and right ventricles completely from
apex to atrium. Image analysis was performed by using Philips
postprocessing software (ViewForum R4.1; Philips Medical Sys-
tems). Cine loops were reviewed to identify end-diastolic and
end-systolic frames. Pericardial and endocardial contours were
outlined manually. Papillary muscles were included in the LV
cavity volume to gain better reproducibility (18). EDV, ESV, and
EF% were obtained as described previously (18). Cardiac output
and stroke volume (SV) were computed from ESV, EDV, and
heart rate. Forward LV work and cardiac work was calculated as
the product of systolic blood pressure, SV, or cardiac output, and
heart rate and forward LV work per gram of tissue was calcu-
lated as forward LV work/LV mass. The cardiac index was cal-
culated as the ratio between cardiac output and body surface
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area. Concentric remodeling was estimated as ratio of LV mass
to LV diastolic volume (9). Peripheral vascular resistance was
calculated as the ratio of mean blood pressure (millimeters Hg)
to cardiac output (millimeters per minute).

Pericardial fat mass
The mediastinum was imaged using a body coil. Pericardial

fat was measured on an axial T1-weighted sequence with TR of
2.1 msec, TE of 0.8 msec, field of view of 44.8 � 44.8 cm, matrix
of 256 � 256, and slice thickness of 10 mm. Pericardial fat
measurements were obtained by using Philips postprocessing
software (ViewForum R4.1; Philips Medical Systems). Regions
of interest were manually drawn along the borders of fat sur-
rounding the heart from the apex to the pulmonary trunk, be-
tween the heart wall and the external border of the visible fat,
thus including both intra-pericardial (or epicardial) and extra-
pericardial (or paracardial) fat. All the analyses were evaluated
by an experienced radiologist who was blinded to the patients’
grouping and characteristics. Pericardial fat areas were multi-
plied by slice thickness and converted in grams by using fat den-
sity of 0.9196 g/ml (19).

Abdominal fat mass
A single T1-weighted image was obtained at the level of the

intervertebral disc L2–L3 to measure single-slice abdominal ad-
ipose tissue areas and extrapolate masses as previously described
(20), i.e. by multiplying the measured surface areas by the slice
thickness (10 mm) and adipose tissue density of 0.9196 g/ml (20),
and the mass of each individual compartment within the single
slice was calculated and used to calculate the contribution to
total abdominal tissue mass of each compartment, using the fol-
lowing formulas (20): sc fatmass (kilograms)�0.427�21� sc fat
mass at L2–L3, visceral (ip) fat mass (kilograms) � 0.181 � 16 �
ip fat mass at L2–L3, and retroperitoneal fat mass (kilograms) �
0.256 � 13 � retroperitoneal fat mass at L2–L3.

Magnetic resonance proton spectroscopy:
myocardial triglyceride content

A SENSE flex-L-coil was used, as previously described (8).
After location of the heart, the left ventricle was imaged in two
distinct orientations to allow for highly accurate voxel place-
ment. The single voxel (10 � 15� 15 mm3) was placed on LV
short-axis images, and attention was paid to include only myo-
cardium. A proton point-resolved spectroscopy sequence (TR
3000 msec, TE 30 msec) was used to determine the molecular
contents of lipids and water. Cardiac triggering was combined
with breath hold to ensure stable location of the volume of in-
terest throughout the study. Spectra were collected during end
systole, corresponding to cardiac triggering delay times of ap-
proximately 300–350 msec, depending on heart rate. Spectra
were analyzed with the user-independent LCModel software
(21). An objective quality check of the analysis of each individual
spectrum (acquired during a single breath hold) was performed
before analysis of the summed spectra. The triglyceride and wa-
ter amplitudes were corrected for different T2 decay and molar
concentrations of 1H nuclei in triglyceride and water (22, 23).
Myocardial triglyceride content was defined as triglyceride in
relation to the total weight of myocardial tissue (24, 25).

Statistical analysis
Results are expressed as mean � SEM. ANOVA was used in

group comparisons. Simple and multiple regression analyses
were carried out according to standardized methods. Multiple
regression models were used to evaluate independent relation-
ships, examine cross-associations and interferences between
pericardial and myocardial fat (entered simultaneously in the
analysis), and discount for the confounding effect of age, BMI,
and gender.

Results

The characteristics of study subjects are shown in Tables
1 and 2. A progressive increment in plasma glucose and
insulin levels and in insulin resistance was observed be-
tween groups, reaching statistical significance in diabetic
patients; patients with diabetes were older. By selection,
BMI was similar between non-lean groups. Abdominal
visceral fat mass rose with disease severity. Conversely, sc
fat mass was lower in diabetic patients than in similarly
obese counterparts.

Glucose tolerance and gender
Myocardial fat content (available in 49 subjects) and

pericardial fat mass (available in 52 subjects) increased
progressively and significantly across study groups, as
stratified according to glucose tolerance (Fig. 1). The two
variables were correlated reciprocally and with the ab-
dominal visceral fat mass, and pericardial fat was also
inversely associated with sc fat mass (Fig. 2). Gender dif-
ferences were first compared in pooled groups (n � 26
males 17 females), excluding the lean group, which
counted only one woman. Women had the expected sc
distribution of abdominal fat and higher HDL cholesterol
levels (Table 3). Women had significantly lower myocar-
dial triglyceride content and pericardial fat mass per gram
of LV mass (Fig. 3A). In the transition from normoglyce-
mia to hyperglycemia (IGT�Ty2D) (Fig. 3B), the relative
growth in pericardial fat mass was more pronounced in
men (�124 vs. �40% in men and women, respectively),
whereas the increase in cardiac steatosis was more accen-
tuated in women (�81 vs. �20%), thus canceling the sex-
related difference in myocardial fat content in hypergly-
cemic subgroups. Adiponectin levels were more than twice
as high in women (Fig. 3A), showing a relationship with
glucose tolerance that was opposite to that of myocardial
fat content.

Associations with metabolic variables
In simple regression analysis, myocardial and peri-

cardial fat were positively correlated with waist (r �
0.32, P � 0.03, and r � 0.50, P � 0.0002, respectively),
fasting glycemia (Fig. 4), insulin (r � 0.37, P � 0.014,
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and r � 0.36, P � 0.011), systolic blood pressure (r �
0.32, P � 0.02, and r � 0.29, P � 0.04), and age (r �
0.31, P � 0.03, and r � 0.56, P � 0.0001), but not or
weakly with the BMI (P � 0.12 and 0.051), fatty acid

levels (P � 0.16 and 0.77), HDL cholesterol (P � 0.82
and 0.18), triglycerides (P � 0.73 and 0.70), and dia-
stolic blood pressure (P � 0.58 and 0.20). As a conse-
quence, homeostasis model assessment for insulin re-

TABLE 2. Hemodynamics and systolic LV function in the study population

Patients

Lean Obese IGT Ty2D
n (men/women) 10 (9/1) 25 (14/11) 6 (3/3) 12 (9/3)
SBP (mm Hg) 141 � 5 139 � 3 159 � 9 151 � 8
DBP (mm Hg) 86 � 3 90 � 2 100 � 4g 83 � 4
HR (bpm) 67 � 3 67 � 2 71 � 4 62 � 3
LV-EF% 59 � 2 66 � 1a,b 67 � 3a,b 60 � 3
BMI-adjusted EF% 66 � 3 53 � 1c 50 � 2c 47 � 3c,f

SV (ml) 101 � 5 118 � 5a 110 � 9 98 � 6
Cardiac output (liters) 6.5 � 0.3 7.5 � 0.3a 7.6 � 0.6 6.2 � 0.3
EDV (ml) 171 � 7 180 � 7 168 � 17 169 � 11
EDVi (ml/m2) 96 � 4 83 � 3d 81 � 8d 79 � 4d

ESV (ml) 70 � 4 63 � 4 58 � 9 71 � 9
ESVi (ml/m2) 39 � 2 29 � 2d 28 � 5d 33 � 4e

LV mass (g) 95 � 6 108 � 5 110 � 10 105 � 7
LV massi (g/m2) 53 � 3 50 � 2 53 � 5 49 � 3
LV forward work 951 � 57 1101 � 58 1219 � 116h 922 � 83
LV forward work/g 10 � 1 11 � 1 11 � 1h 9 � 1
Cardiac index 3.7 � 0.2h 3.4 � 0.2 3.6 � 0.2h 2.9 � 0.1
Peripheral vascular resistance 5.4 � 0.2 4.9 � 0.2h 5.4 � 0.5 5.8 � 0.4
Concentric remodeling 0.56 � 0.03 0.60 � 0.02 0.67 � 0.06a 0.63 � 0.03

The subscript i for ESV, EDV, and LV mass indicates normalization to body surface area.
a P � 0.05 and b P � 0.07 vs. lean and Ty2D patients; c P � 0.0001 vs. lean patients; d P � 0.03 vs. lean; e P � 0.13 vs. lean; f P � 0.03 vs. obese
patients; g P � 0.05 vs. other groups; h P � 0.05 vs. Ty2D.

TABLE 1. Metabolic characteristics of the study population

Patients

Lean Obese IGT Ty2D
n (men/women) 10 (9/1) 25 (14/11) 6 (3/3) 12 (9/3)

Age (yr) 46 � 6 48 � 2 47 � 5 63 � 2c

BMI (kg/m2) 22 � 1 31 � 1b 34 � 3b 32 � 1b

BMI range (kg/m2) 19–25 26–40 27–43 27–36
Fasting glucose (mmol/liter) 5.2 � 0.1 5.5 � 0.1 6.0 � 0.4 7.7 � 0.5d

Fasting insulin (pmol/liter) 36 � 6 39 � 4 59 � 8 90 � 13c

HbA1c (%) 5.5 � 0.1 5.6 � 0.1 5.8 � 0.2 7.1 � 0.2d

HbA1c range (%) 5.0–6.2 4.7–6.2 5.5–6.5 6.3–8.2
Fasting FFA (mmol/liter) 0.36 � 0.03 0.56 � 0.04a 0.57 � 0.10a 0.54 � 0.04a

Triglyceride (mmol/liter) 1.14 � 0.15 1.12 � 0.11 1.82 � 0.45f 1.38 � 0.22
Total cholesterol (mmol/liter) 4.6 � 0.2 4.8 � 0.2e 5.2 � 0.4e 4.1 � 0.2a

HDL cholesterol (mmol/liter) 1.5 � 0.1 1.4 � 0.1 1.2 � 0.1 1.4 � 0.1
LDL cholesterol (mmol/liter) 2.6 � 0.2 2.8 � 0.2e 3.3 � 0.5e 2.1 � 0.2
HOMA-IR index 1.4 � 0.3 1.6 � 0.2 2.5 � 0.3 5.4 � 1.0c

Waist (cm) 85 � 3 104 � 1b 106 � 4b 108 � 3b

Waist-to-hip ratio 0.89 � 0.02 0.94 � 0.01 0.94 � 0.02 0.99 � 0.03a

n (men/women) 4 (3/1) 19 (8/11) 6 (3/3) 12 (9/3)
Abdominal sc fat (kg) 1.9 � 0.3 5.3 � 0.4c 5.7 � 1.1c 3.7 � 0.4
Abdominal visceral fat (kg) 0.8 � 0.1 1.9 � 0.2a,f 2.4 � 0.2a 2.6 � 0.3a

Visceral-to-sc ratio 0.43 � 0.10 0.39 � 0.04 0.57 � 0.12 0.79 � 0.13f

HOMA-IR � (insulinemia � glycemia/22.5).
a P � 0.05; b P � 0.0001 vs. lean patients.
c P � 0.04; d P � 0.003 vs. all other groups.
e P � 0.04 vs. Ty2D.
f P � 0.05 vs. lean and obese patients.
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sistance (HOMA-IR) index was also a positive correlate
(r � 0.44, P � 0.003, and r � 0.41, P � 0.004). Adi-
ponectin levels were negatively associated with both
myocardial triglyceride content and pericardial fat mass
(Fig. 4).

In multiple regression analysis of myocardial or peri-
cardial fat (dependent) vs. the above significantly associ-
ated metabolic variables (waist, glycemia, insulin, systolic
blood pressure, and age), glycemia was the only significant
predictor of a fatty heart (P � 0.017), whereas glycemia
(P � 0.046), waist (P � 0.01), and age (P � 0.01) were still
associated with pericardial fat.

Associations with LV function
Myocardial fat content was significantly and positively

associated with cardiac output, EDV, LV-forward work,
cardiac work, and concentric remodeling (Table 4). Peri-
cardial fat mass was significantly related with BMI-nor-
malized EF% and concentric remodeling. By converse,
adiponectin levels were positively related with LV ejection

fraction and negatively related with LV remod-
eling and mass and with duration of cardio-
vascular disease.

Cross-influence
Once the reciprocal influence of myocar-

dial fat content and pericardial fat mass over
the main metabolic and LV-function associ-
ations was discounted (Table 5), both vari-
ables remained independently related to gly-
cemia. Only myocardial fat content showed
an independent relationship with cardiac
output and work, whereas pericardial fat
mass remained associated with abdominal

fat masses. Finally, in multivariate regression in the sub-
group of subjects with adiponectin determinations, the
evaluation of myocardial fat as dependent variable
against plasma glucose, gender, LV work, and adi-
ponectin showed persistent relationships between myo-
cardial fat and the first three independent variables (P �

0.008, 0.025, and 0.11, respectively) but not with
adiponectin.

Discussion

Evidence implicating the expansion of adipose depots
around the heart in the pathogenesis of heart disease is
rapidly accumulating (5). The introduction of magnetic
resonance spectroscopy in the quantification of cardio-
myocyte triglyceride content is recent (9, 26), and the char-
acterization of this phenomenon and of its causal mech-
anisms and consequences on cardiovascular risk is still in
its infancy. The current study supports some previous ev-

idence (8, 10, 11, 16) while extending the cur-
rent knowledge in several regards. First, we
had the opportunity to simultaneously evalu-
ate pericardial fat mass and myocardial tri-
glyceride content in the same individuals and
discount for reciprocal influences. Second,
we showed that hyperglycemia and hypoadi-
ponectinemia are strong correlates of pericardial
andmyocardial fataccumulation.Third, the two
fat depots followed a different sex-related distri-
bution pattern that was affected by the loss of
normal glucose tolerance. Fourth, both peri-
cardial and myocardial fat were related with
cardiac changes typical in obesity. Although
the current study suffers from its partially ret-
rospective nature, and not all relevant mea-
surements were available in all subjects, the
differences and relationships observed were
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FIG. 1. Myocardial triglyceride content (left) and pericardial fat mass (right) in the
study population, showing a progressive increase from lean to obese individuals and
an additional BMI-independent contribution of IGT and Ty2D.
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quite pronounced and in agreement with the available
knowledge.

This study confirms that IGT and Ty2D are associated
with a higher deposition of lipids within and around the
heart (10, 11, 27), which progresses in the transition
from simple obesity to IGT and to Ty2D, despite similar
BMI and fatty acid levels. This finding was reinforced by
a strong independent association between plasma glucose
levels and either myocardial or pericardial fat, whereas
the absence of relationships with diabetes duration may be
attributed to the typically uncertain estimate of disease
onset. In fact, prolonged hypoglycemic treatment in pa-
tients with Ty2D results in a reduction in cardiac steatosis
(28). Our diabetic subjects had been involved in a previous
trial in which five subjects had been (and two were still)
treated with rosiglitazone and seven had been in the pla-
cebo group (17). Cardiac fat was not different between
these subgroups (1.6 � 0.1 vs. 1.8 � 0.3%, P � 0.60).
Glitazones were shown to reduce cardiac fat content (28),
and they may have mitigated the severity of cardiac ste-
atosis in our patients. Similarly, lipid-lowering and anti-
hypertensive medications may have influenced the results,
because blood pressure and lipids may be modulators of
cardiac fat. Overall, we cannot exclude that the group
differences may have been even greater if no medication
had been allowed.

Among other features representative of the metabolic
syndrome, previous studies have related myocardial fat
and pericardial fat mass with visceral adiposity or waist
circumference (8, 10, 27, 29). We assessed visceral fat
areas and extrapolated the values to masses by a described
method (20) developed in an ethnically heterogeneous
group; although we cannot exclude different adherence of
the estimated values in the current subjects, the majority of
individuals (�60%) included in the validation study were
of the same ethnicity as the ones here, and the quality of
single-slice extrapolated volume data had to be balanced
over the study duration. The current study is the first to
determine these variables together in the same subjects,
which allows discounting for the reciprocal relationships.
Notably, we were not able to find any significant inde-
pendent correlation between either fat depot and circu-
lating triglycerides, blood pressure, or HDL levels; a weak
association was observed with the BMI, and only pericar-
dial fat mass was found to hold an independent relation-
ship with waist and visceral fat mass, once accounting for
BMI, age, and gender. In a large study by Rosito et al. (30),
independent relationships were observed between in-
trathoracic fat and age, BMI, waist, triglyceride, HDL,
and blood pressure. Beyond the differences in the selection
of the fat depot (i.e. lumping intra- and extra-pericardial
fat in this study), the discrepancy may be more apparent

TABLE 3. Main characteristics of the study population as stratified by gender

Men (n � 26) Women (n � 17) P value
Age (yr) 53 � 2 51 � 2 0.55
BMI (kg/m2) 30 � 1 34 � 1 0.0004
Fasting glucose (mmol/liter) 6.3 � 0.3 6.0 � 0.3 0.52
Fasting insulin (pmol/liter) 66 � 8 54 � 10 0.35
HbA1c (%) 6.0 � 0.2 6.0 � 0.2 0.93
Fasting FFA (mmol/liter) 0.48 � 0.04 0.67 � 0.04 0.0006
Triglycerides (mmol/liter) 1.26 � 0.15 1.34 � 0.17 0.75
HDL cholesterol (mmol/liter) 1.3 � 0.1 1.6 � 0.1 0.013
LDL cholesterol (mmol/liter) 2.5 � 0.2 2.9 � 0.2 0.20
HOMA-IR index 3.2 � 0.5 2.5 � 0.7 0.41
SBP (mm Hg) 147 � 5 142 � 5 0.51
DBP (mm Hg) 89 � 2 89 � 4 0.99
Waist (cm) 107 � 2 103 � 2 0.16
Waist-to-hip-ratio 0.99 � 0.01 0.89 � 0.01 <0.0001
Abdominal sc fat (kg) 3.9 � 0.3 5.9 � 0.4 0.0006
Abdominal visceral fat (kg) 2.5 � 0.2 1.8 � 0.2 0.017
LV-EF% 62 � 2 68 � 1 0.012
BMI-adjusted EF% 51 � 2 51 � 1 0.68
SV (ml) 116 � 5 104 � 6 0.11
ESV (ml) 73 � 5 50 � 4 0.0009
ESVi (ml/m2) 33 � 2 24 � 2 0.003
EDV (ml) 189 � 6 154 � 9 0.002
EDVi (ml/m2) 86 � 3 75 � 4 0.012
LV-mass (g) 120 � 4 88 � 4 <0.0001
LV massi (ml/m2) 54 � 2 43 � 2 <0.0001
LV forward work 1096 � 57 1012 � 73 0.36
LV forward work/g 9.2 � 0.4 11.5 � 0.6 0.0014

The subscript i for ESV, EDV, and LV mass indicates normalization to body surface area. Fully significant relationships (P � 0.05) are highlighted in
bold. DBP, Diastolic blood pressure; SBP, systolic blood pressure.
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than real, suggesting that the relationships within meta-
bolic variables outweigh the weaker association with peri-
cardial fat, requiring very large population sizes to achieve
significance. The relationship of pericardial fat mass being
positive with visceral fat mass and negative with sc fat

mass supports a defect in superficial fat adipogenesis as a
cause of compensatory fat accumulation at ectopic sites, in
accord with the most recent theories (31, 32).

One main finding in this study concerns the specific
distribution of fat within and around the heart in women
and men. Similar to intraabdominal adipose tissue, peri-
cardial fat mass was augmented in men, being 50% larger
in men than in women, consistent with previous observa-
tions (30, 33). The sex-related difference was amplified in
hyperglycemic individuals, in whom an abrupt 124% rise
over values in ND subjects was found in men in the face of
a 40% increase in women. Myocardial fat content was
also higher in obese men than age-matched women. How-
ever, a more pronounced increase was noted in women
than men between the normoglycemic and hyperglycemic
groups. It followed that in IGT-Ty2D subjects, sex-re-
lated differences in myocardial triglyceride content
were canceled, which makes it tempting to speculate
that a reduced amount of fat within and around the
heart may contribute to the lower cardiovascular risk of
ND women (12), whereas the increase reported in this
study in hyperglycemic women may be involved in the
recognized loss of cardiovascular protection once dia-
betes ensues (34).

The study provided the opportunity to evaluate the
relationship between adiponectin levels and fat depo-
sition in and around the heart in a subset of subjects.
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FIG. 3. A, Gender-related differences in pericardial fat mass (total, top left, or LV mass adjusted, top right) and myocardial triglyceride content
(bottom left) in a subset of study subjects, also showing that the reduction in cardiac fat is accompanied by a more than 2-fold difference in
plasma adiponectin levels (bottom right). A and B do not include the lean group of the study because this group was composed of nine men and
only one woman. B, Gender-related differences in age-matched subgroups stratified by glucose tolerance, showing that hyperglycemic groups
(IGT�Ty2D) are associated with a rapid progression of pericardial fat accumulation, especially in men (top, n � 14 vs. 12 for men, 11 vs. 5 for
women) and of cardiac steatosis, especially in women (bottom left, n � 12 vs. 12 for men, 11 vs. 6 for women), the latter being mirrored by a
proportional decline in adiponectin levels (bottom right, n � 6 vs. 11 for men, 5 vs. 4 for women).

FIG. 4. Relationship between plasma glucose (left panels) and serum
adiponectin levels (right panels) and myocardial triglyceride content
(top panels) or pericardial fat mass (bottom panels), showing positive
associations with plasma glucose and inverse nonlinear correlations
with adiponectin. Open squares, Lean subjects; circles, obese subjects;
triangles, IGT patients; closed squares, Ty2D patients. The top left
panel includes eight lean, 23 obese, six IGT, and 12 Ty2D subjects;
bottom left 10 lean, 25 obese, five IGT, and 12 Ty2D; top right three
lean, nine obese, three IGT, and 12 Ty2D; and bottom right five lean,
11 obese, three IGT, and 12 Ty2D.
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Although not all measurements were done at the same
time of this study, our results are consistent with the lit-
erature in showing the expected decline in adiponectin
levels across study groups. We observed a significant in-
verse relationship between adiponectin and heart adipos-
ity, which became steeper at lower adiponectin levels. This
is in accord with findings in the offspring cohort of the
Framingham Heart Study, in whom pericardial fat was
negatively correlated with adiponectin (35). The tightness
of this relationship was even more striking once viewed in
sex-stratified subgroups, in which circulating adiponectin
levelswere50%higher inwomen, inwhommyocardial fat
content was 50% lower than in men. Furthermore, in the
transition from normoglycemic to hyperglycemic groups,
adiponectin was reduced in women in inverse association
with the mounting cardiac steatosis, and similar to the
latter, the sex-related difference in adiponectin levels was
canceled in hyperglycemic groups. The relationship be-
tween myocardial fat content and adiponectin lost signif-
icance once accounting for gender, plasma glucose, and
LV work, likely because it was overridden by its tight
dependence on gender and due to the limited sample size
in multiple regression analysis. Adiponectin exerts bene-
ficial effects on the heart by regulating energy metabolism

(36) and cardiac mass and function (15, 37) and protecting
against vascular disease (38). Our data confirmed that
higher adiponectin levels were related to lower LV mass
and remodeling and higher EF%, and hormone levels de-
clined in association with the duration of cardiovascular
disease in Ty2D patients.

Both pericardial fat mass and myocardial triglyceride
content were related to obesity-induced cardiac adjust-
ments, such as cardiac remodeling and mass, consistent
with previous findings (39). Pericardial fat mass was also
associated with peripheral vascular resistance and lower
EF% and cardiac output once corrected for BMI or surface
area, respectively. This may suggest a mechanical effect of
adipose tissue surrounding the left ventricle. Because sev-
eral definitions have been proposed for different adipose
depots within the thorax, and some reports (39) have been
focused on fat layers around the heart, it is important to
keep in mind that the definition of pericardial fat adopted
in the current study refers to all of the fat surrounding the
heart. Our interest in the overall rather than a small part
of such fat mass is given by its magnitude, reaching the
highest values in diabetic patients, representing a notice-
able mechanical LV burden. The additional concept of
fatty acids and cytokines penetrating the heart from the

TABLE 4. Univariate regression analysis

Myo-fat (g) Peric-fat (g)
Adiponectin

(mg/liter)

r value P value r value P value r value P value
All study subjects

Systolic blood pressure �0.36 0.012 �0.29 0.04 0.74
Diastolic blood pressure 0.27 0.20 0.60
EF% 0.90 0.63 �0.39 0.03
EF%/BMI �0.25 0.079 �0.34 0.015 �0.49 0.005
SV �0.28, 0.059 0.89 0.89
Cardiac output �0.33 0.02 0.36 0.63
EDV �0.30 0.04 0.78 �0.28 0.14
EDVi 0.66 0.24 0.85
ESV 0.21 0.58 �0.39 0.03
ESVi 0.77 0.78 �0.26 0.16
LV forward work �0.42 0.003 0.83 0.70
LV forward work/g 0.98 0.14 �0.60 0.0003
Cardiac work �0.41 0.03 0.97 0.71
Peripheral vascular resistance 0.38 �0.27 0.055 0.71
Cardiac index 0.22 �0.25 0.079 0.54
Concentric remodeling �0.36 0.01 �0.30 0.03 �0.43 0.02
LV end-diastolic mass �0.48 0.0006 �0.23 0.10 �0.52 0.003
LV massi �0.31 0.03 0.49 �0.37 0.04

Diabetic group (n � 12)
Wall motion score index 0.77 0.74 0.88
Duration of diabetes 0.68 0.60 0.81
Duration of CVD �0.43 0.17 0.76 �0.59 0.04
Main stenosis (%) 0.54 0.21 0.45
Ischemic score 0.38 �0.52 0.09 0.84
Wall stress score 0.45 �0.51 0.09 �0.49 0.10

The subscript i for ESV, EDV, and LV mass indicates normalization to body surface area. For P � 0.20, both the correlation coefficient (r) and P
values are shown; for P � 0.20, only P values are given; fully significant relationships (P � 0.05) are highlighted in bold. CVD, Cardiovascular
disease; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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most adjacent intra-pericardial fat was not explored di-
rectly or indirectly in this study.

Myocardial fat content was independently associated
with cardiac work and output, indicating that higher
workload activates triglyceride storage, similar to skeletal
muscles of athletes, in whom higher intramyocellular trig-
lycerides may serve as a rapid energy reservoir for exercise
engagement (40). These useful depots may turn detrimen-
tal once their accumulation is accelerated by substrate ex-
cess, especially as substrate utilization may become defec-
tive due to insulin resistance and Ty2D (41). The acute
increase in cardiac fat content has been associated with the
onset of diastolic dysfunction (42), whereas chronic ste-
atosis may lead to more permanent metabolic toxicity,
mitochondrial dysfunction, and LV inefficiency, as ob-
served in fatty hearts of patients with diabetes and heart
failure (43). We cannot establish the separate influence of
Ty2D and cardiovascular disease in our subjects. Several
studies suggest that the inner layer of fat surrounding the
heart and coronaries is related with the severity of coro-
nary calcification, cardiovascular disease, and heart fail-
ure (30, 44, 45).

We conclude that hyperglycemia, hypoadiponectine-
mia, male gender, and cardiac workload are associated
with, and hyperglycemia and male gender are independent

positive predictors of, heart adiposity. As for other car-
diovascular risk factors, the evolution of cardiac steatosis
is more pronounced in women once glucose tolerance be-
comes impaired.

Acknowledgments

Address all correspondence and requests for reprints to: Patricia
Iozzo, MD, Ph.D., Institute of Clinical Physiology, National Re-
search Council (CNR), Via Moruzzi 1, 56124 Pisa, Italy. E-mail:
patricia.iozzo@ifc.cnr.it.

The study was conducted within the Centre of Excellence in
Molecular Imaging in Cardiovascular and Metabolic Research,
supported by the Academy of Finland, University of Turku,
Turku University Hospital, and Abo Academy. Financial sup-
port was obtained from the Finnish Diabetes Foundation (to
P.I.), EFSD/Eli-Lilly (fellowship to P.I.), Finnish Heart Founda-
tion (to P.N.), the Hospital District of Southwest Finland, and
from the project “Hepatic and Adipose Tissue and Functions in
the Metabolic Syndrome” (HEPADIP, see http://www.hepadi-
p.org/), which is supported by the European Commission as an
Integrated Project under the 6th Framework Program (contract
LSHMCT-2005-018734).

Disclosure Summary: The authors have no conflict of interest
to disclose in relation to this work.

TABLE 5. Multiple regression analysis on the interaction of myocardial vs. pericardial fat

Dependent variable

Independent variables

Myocardial fat (g) Pericardial fat (g) Age (yr) BMI (kg/m2) Sex (male/female)
Fasting glucose (�0.30) 0.05 (�0.46) 0.02 NS NS NS
Fasting insulin NS NS NS NS NS
Triglyceride NS NS NS NS NS
Fatty acids (�0.23) 0.09 NS NS (�0.49) 0.004 NS
HOMA-IR index NS NS NS NS NS
Waist NS NS NS (�1.02) <0.0001 (�0.55) <0.0001
sc fat mass NS (�0.39) 0.02 NS (�0.66) <0.0001 NS
Visceral fat mass NS (�0.59) 0.002 (�0.25) 0.07 (�0.46) <0.004 NS
SBP NS NS NS NS NS
DBP NS NS NS NS NS
RPP (�0.36) 0.05 NS NS NS NS
LV EF% NS NS NS NS NS
CO (�0.32) 0.02 NS (�0.63) <0.001 (�0.49) 0.003 NS
ESV NS NS NS NS (�0.57) 0.01
ESVi NS NS NS NS NS
EDV NS NS (�0.44) 0.008 NS (�0.55) 0.007
EDVi NS Ns (�0.34) 0.04 NS NS
LV mass NS NS (�0.40) 0.003 (�0.46) 0.003 (�0.69) <0.0001
LV massi NS NS (�0.34) 0.03 NS (�0.44) 0.02
LV forward work (�0.38) 0.01 NS (�0.57) 0.0005 (�0.35) 0.047 NS
Cardiac work (�0.35) 0.01 NS (�0.58) 0.0001 (�0.52) 0.002 NS
Cardiac index (�0.35) 0.02 NS (�0.63) 0.0002 NS NS
Remodeling NS NS NS NS NS

The independent relationships of total LV myocardial triglyceride content and pericardial fat mass with each of the dependent variables listed in
the left column are evaluated (standardized regression coefficients are inside and P values outside the parentheses) while accounting for the
confounding influence of BMI, age, and gender. Myocardial and pericardial fat were entered simultaneously to discount for their reciprocal
influence. The subscript i for ESV, EDV, and LV mass indicates normalization to body surface area. RPP � systolic blood pressure � heart rate. Fully
significant relationships (P � 0.05) are highlighted in bold. CO, Cardiac output; DBP, diastolic blood pressure; NS, not significant; SBP, systolic
blood pressure.
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Ferrannini E, Knuuti J, Nuutila P, Parkkola R, Iozzo P 2006 Myo-
cardial triglyceride content and epicardial fat mass in human obesity:
relationship to left ventricular function and serum free fatty acid
levels. J Clin Endocrinol Metab 91:4689–4695

9. Szczepaniak LS, Dobbins RL, Metzger GJ, Sartoni-D’Ambrosia G,
Arbique D, Vongpatanasin W, Unger R, Victor RG 2003 Myocar-
dial triglycerides and systolic function in humans: in vivo evaluation
by localized proton spectroscopy and cardiac imaging. Magn Reson
Med 49:417–423

10. McGavock JM, Lingvay I, Zib I, Tillery T, Salas N, Unger R, Levine
BD, Raskin P, Victor RG, Szczepaniak LS 2007 Cardiac steatosis in
diabetes mellitus: a 1H-magnetic resonance spectroscopy study. Cir-
culation 116:1170–1175

11. Rijzewijk LJ, van der Meer RW, Smit JW, Diamant M, Bax JJ,
Hammer S, Romijn JA, de Roos A, Lamb HJ 2008 Myocardial
steatosis is an independent predictor of diastolic dysfunction in type
2 diabetes mellitus. J Am Coll Cardiol 52:1793–1799

12. Kannel WB, McGee DL 1979 Diabetes and glucose tolerance as risk
factors for cardiovascular disease: the Framingham Study. Diabetes
Care 2:120–126

13. Abbasi F, Chu JW, Lamendola C, McLaughlin T, Hayden J, Reaven
GM, Reaven PD 2004 Discrimination between obesity and insulin
resistance in the relationship with adiponectin. Diabetes 53:585–
590

14. Bajaj M, Suraamornkul S, Piper P, Hardies LJ, Glass L, Cersosimo
E, Pratipanawatr T, Miyazaki Y, DeFronzo RA 2004 Decreased
plasma adiponectin concentrations are closely related to hepatic fat
content and hepatic insulin resistance in pioglitazone-treated type 2
diabetic patients. J Clin Endocrinol Metab 89:200–206

15. Dyck JR 2007 The ischemic heart: starving to stimulate the adi-
ponectin-AMPK signaling axis. Circulation 116:2779–2781

16. Iacobellis G, Barbaro G, Gerstein HC 2008 Relationship of epicar-
dial fat thickness and fasting glucose. Int J Cardiol 128:424–426
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