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Recent data suggest that subclinical atherosclerosis is more related to visceral
adipose tissue distribution than to overall fat mass. Both perirenal fat and
epicardial fat are visceral fat depots surrounding the kidneys and the myocardium,
respectively, which can be easily assessed by ultrasound. Their clinical relevance
in children is largely unknown. This review describes studies relating perirenal and
epicardial fat to cardiovascular disease or carotid intima-media thickness (cIMT),
a well-established surrogate for subclinical atherosclerosis, and discusses this in
context with our own data from children. In adults, both perirenal and epicardial
fat are useful biological markers of visceral obesity. The former has been related
to hypertension in overweight subjects and with atherosclerosis in patients with
human immunodeficiency virus. The latter was associated with several metabolic
syndrome components and with calcification of the carotid artery. In healthy
prepubertal children, both epicardial and perirenal fat thickness, rather than total
body fat mass, were related to cIMT. Ultrasonography measures of perirenal and
epicardial fat are related to atherosclerosis in adults and may be convenient tools
for the assessment of cardiometabolic risk in children.
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Atherosclerosis is the most common cause of morbidity and mortality worldwide and can
remain silent for a long period of time before clinical manifestations of cardiovascular disease
(CVD) are evident.1) Carotid intima-media thickness (cIMT) is a well-established surrogate
of subclinical atherosclerosis.2) cIMT has been shown to be higher in children with traditional
CVD risk factors, such as obesity, hypertension, diabetes, and chronic kidney disease, in
comparison with healthy children.3) Effective prevention and treatment of CVD in adulthood
requires the improved identification of cardiovascular risk factors from childhood.4)
An excess of adipose tissue as seen in obesity, and especially its abnormal distribution among
visceral fat depots, to a large extent, is related to the development of metabolic disorders and
CVD.5) Visceral adipose tissue is considered to be a type of "ectopic fat" because this type of fat
depot, as opposed to subcutaneous adipose tissue, is not the usual location for lipid storage.6)
Some visceral fat reservoirs are more associated with increased risk for CVD than others. This
may be especially true for abdominal visceral fat and liver fat.6)
Among visceral adipose tissue deposits, those located around the kidneys are regarded as
metabolically active tissue that secretes pro-inflammatory cytokines, which in turn exert both
local and systemic effects on the vasculature.7,8) The association of perirenal fat thickness with
hypertension9) and atherosclerosis10) has been described in adult patients.
Epicardial fat is enclosed between the pericardium and the myocardium layers and is also
regarded as a metabolically active fat depot, secreting hormones, inflammatory cytokines,
and chemokines.11) Increased epicardial fat thickness has been described as a new risk factor
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for cardiometabolic diseases12) as it plays a plausible role in the
progression of atherosclerosis.13,14) Thus, the extent and severity
of CVD have been recently related to epicardial fat thickness.15)
Despite these observations and the fact that perirenal and
epicardial fat depots can be easily assessed by ultrasound
effortlessly, their clinical relevance in children is largely
unknown. The objective of this review is to describe published
studies in adults and adolescents and discuss them in the
context of our own data with children.

Ectopic fat and CVD
According to the adipose tissue expandability hypothesis, the
cause of metabolic health complications does not lie in total
body fat excess. Instead, excess ectopic fat (within viscera or
surrounding viscera), together with relatively less subcutaneous
adipose tissue to buffer a surplus of exogenous lipids, may cause
a state of lipotoxicity or chronic low-grade inflammation that
increases the risk for CVD.16)
Following the development of techniques for measuring
the different components of abdominal fat, 17) studies have
focused on the accumulation of fat in the abdominal region
and its relationship to cardiovascular risk. 18) These studies
have shown that abdominal visceral fat but not abdominal
subcutaneous fat was associated with an unfavorable metabolic
and cardiovascular profile, which includes all components of
the metabolic syndrome.19)

the renal fascia. Both, perirenal adipose tissue and kidney
cortex receive blood from the abdominal aorta. Perirenal fat
is mainly composed of white adipose tissue that exerts several
important physiologic functions including lipid storage and
the synthesis of pro-inflammatory adipokines.8) Perirenal fat of
diet-induced obese mice showed an increased number of proinflammatory macrophages that participated in the synthesis of
adipokines.27) Thus, this fat deposition can exert direct effects
on the kidney due to the local synthesis of adipokines.8) The
fact that perirenal fat and the kidney cortex are located nearby
and receive blood from the same blood vessels reinforces the
idea that the adipokines derived from the perirenal adipose
tissue can directly impair renal function. In addition, a negative
association between perirenal fat and kidney function has been
described in patients with diabetes28) and hypertension.29) A
recent study of obesity-related metabolic derangement in pigs
showed that perirenal adipose tissue exerts a harmful effect on
the endothelial function of the renal artery, which is mediated
by pro-inflammatory cytokines derived from such adipose
tissue to a certain extent.7)
Perirenal adipose tissue might also have a systemic effect
through the production of adipokines that can exert metabolic
and cardiovascular effects. In this regard, it should be noted that
in our cohort of apparently healthy children, perirenal fat was
the only fat deposition independently associated with serum
high-molecular-weight adiponectin in obese children.30)
3. Epicardial fat and risk factors for CVD

1. Abdominal fat and CVD

The relationship between various adiposity measurements
(body mass index [BMI], waist, and fat mass) and cIMT has
been reported in adults and adolescents.20,21) In adults from
the Framingham Heart Study, more specific measurements
of fat accumulation in the abdominal region were associated
with metabolic syndrome and inflammatory markers.19,22) A
pediatric study that assessed subcutaneous and intra-abdominal
fat thickness in children aged 5 years old found a significant
association between body fat mass (especially intra-abdominal
fat) and artery wall thickness and stiffness.23) In another study
in children and adolescents that assessed subcutaneous, intraabdominal, and preperitoneal fat, both homeostasis model
assessment for insulin resistance (HOMA-IR) and preperitoneal
fat were predictors of cIMT.24)
2. Perirenal fat and risk factors for CVD

Fewer studies have related perirenal fat to CVD. In adults,
higher perirenal fat was related to multiple risk factors
for metabolic disease, 25) including high blood pressure in
overweight subjects 9) and atherosclerosis in patients with
human immunodeficiency virus (HIV).10) Perirenal fat was also
considered to be a proxy for visceral obesity in adult subjects.26)
Perirenal fat is located between the kidney capsule and

A number of studies relate epicardial fat and risk for CVD
in adult subjects31-33) (reviewed in 15) and 34)). The International
Atherosclerosis Society and the International Chair on
Cardiometabolic Risk Working Group on Visceral Obesity have
recently reported a joint position statement that summarizes the
current evidence regarding ectopic adipose tissue deposition,
including epicardial adipose tissue, as a relevant emerging
cardiometabolic risk factor.35)
Epicardial adipose tissue is located below the visceral
pericardium layer adjacent to the heart surface and encloses the
epicardial coronary arteries. Epicardial fat is the genuine visceral
fat reservoir of the heart, receives blood from the branches of
the coronary arteries, and together with mesenteric and omental
fat are derived from the splanchnopleuric mesoderm.15)
The role of epicardial adipose tissue in CVDs has been
previously explained by its capacity to accumulate excess
lipids and to produce pro-inflammatory molecules and other
vasoactive substances that locally or systemically can impair
vascular endothelial function and promote the development
of atherosclerosis.11,36) Epicardial fat also secretes adiponectin
that can offer protection from vascular damage by any of the
following mechanisms: stimulation of endothelium vasodilation,
inhibition of inflammation, and blockage of growth factorstimulated vascular smooth muscle cell growth. In obese
subjects, epicardial fat is known to secrete less adiponectin and
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more tumor necrosis factor-alpha. As a consequence, epicardial
fat has an impaired anticontractile function in obesity.36) In
summary, in hypertrophy of epicardial fat, such as that seen in
obese subjects, an inability to store lipids, increased lipolysis,
and inflammation arise to contribute to its deleterious effects on
the vasculature.36)
Another aspect of epicardial fat is the higher mRNA
expression of uncoupling protein-1 in this tissue in comparison
to other adipose tissue reservoirs, leading some to speculate that
it may function as brown adipose tissue (BAT)36). BAT, unlike
white adipose tissue, is more resistant to a high-fat diet-induced
inflammation. However, epicardial fat is not a bona fide BAT, as
it does not contain characteristic multilocular cells. Although
it cannot be excluded, because these BAT-like characteristics of
epicardial fat are lost during hypertrophy of the fat depot.
In clinical studies, the thickness of epicardial adipose tissue
has been suggested to be a novel cardiometabolic risk factor,
as it shows a good correlation with visceral abdominal fat
(measured by magnetic resonance imaging) and is related to the
components of the metabolic syndrome.12,34) Furthermore, it is
associated with carotid calcification even after an adjustment
for visceral abdominal fat.31-33)

Studies in adolescents

We assessed a cohort of 702 Caucasian apparently healthy
prepubertal children (47% girls; mean age, 8 years) from
Northeastern Spain. 30) The study subjects were grouped
according to their obesity status into lean (BMI-standard
deviation score [SDS]<1, n=418), overweight (≤1 BMI-SDS
<2, n=142), and obese (BMI-SDS ≥2, n=142). The methods
for this study have already been reported.30) In brief, cIMT was
measured 1 cm away from the bifurcation of the right distal
common carotid artery by ultrasonography (Fig. 1A). For
perirenal fat, the ultrasound probe searched the point where
the kidney surface was parallel to the skin. The thickness from
the inner side of the abdominal musculature to the surface
of the kidney was measured (Fig. 1B). Favre et al. 8) showed
that the thickness of perirenal fat measured on the computed
tomography scan was highly correlated with total perirenal
fat volume. Therefore, perirenal fat thickness, rather than
total perirenal adipose tissue volume, was chosen in our study
because it was simple to measure using ultrasound.
Epicardial fat was measured in a sample of 239 children
(42% girls; mean age, 8 years). This sample was to some
extent enriched with obese subjects to increase the range
of epicardial fat values. Because of the smaller sample size,
subjects were categorized into 2 groups for further analyses,
rather than 3 groups, based on BMI: lean (BMI-SDS<2, n=150)
and obese (BMI-SDS≥2, n=89). Epicardial fat was measured

1. Perirenal fat and risk factors for CVD

To our knowledge, no studies have been published in
adolescents.
2. Epicardial fat and risk factors for CVD

Few studies have examined the associations of epicardial fat
with cardiometabolic risk factors in adolescents, and most have
sought associations in obese adolescents.
Kim et al. 37) reported independent associations between
epicardial fat and pulse wave velocity in 65 obese Korean
adolescents (15–17 years of age). Elshorbagy et al.38) reported
that epicardial fat was independently associated with cIMT
in subjects with obesity and metabolic syndrome in 60 obese
children and adolescents (8–16 years of age) from Saudi Arabia.
Similarly, Cabrera-Rego et al.39) and Akyol et al.40) described that
epicardial fat was independently associated with cIMT in 66
obese children (9–16 years of age) from Cuba and 138 obese
children (9–18 years of age) from Turkey, respectively.

Studies in children
To our knowledge, except for our own study reporting that
perirenal adipose tissue was the main abdominal adipose tissue
reservoir related to cIMT in apparently healthy prepubertal
children, no other studies have been published.30) Our results
are summarized herein and data regarding epicardial fat are also
presented.
222
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Fig. 1. (A) Echocardiographic carotid intima-media thickness. Diastolic images
were obtained using a linear 12-MHz transducer at the level of the distal
common carotid artery, 1 cm away from its bifurcation. The intima-media
thickness in the image is indicated between the 2 cursors and marked using the
number 1. (B) Echocardiographic perirenal fat thickness. Children were placed in
the supine position and the probe was moved to find the position at which the
surface of the kidney was almost parallel to the skin. Longitudinal scans were
then performed using a linear 12-MHz transducer. The thickness from the inner
side of the abdominal musculature to the surface of the kidney was measured.
The perirenal fat thickness in the image is indicated between the 2 cursors and
marked using the number 3. (C) Echocardiographic epicardial fat thickness.
Children were placed in the left lateral decubitus position. Measurements of the
fat thickness adjacent to the free wall of the right ventricle were taken from the
parasternal long-axis views using a linear 12-MHz transducer. Epicardial adipose
tissue appears as an echo-free space between the pericardium and myocardium
indicated by the 2 cursors and marked using the number 1.
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Table 1. Multivariate linear models of carotid IMT as a dependent variable in apparently healthy prepubertal children from Northeastern
Spain in whom epicardial fat was measured (n=239) and subgroups in relation to BMI (lean and obese)
All children (n=239)
Lean (BMI-SDS <2) (n=150)
Obese (BMI-SDS ≥2) (n=89)
Variable
Beta
Sig.
Beta
Sig.
Beta
Sig.
Epicardial fat (cm)
0.223
0.001
0.187
0.029
0.279
0.009
Perirenal fat (cm)
0.290
<0.0001
0.347
<0.0001
0.240
0.023
Total R2
19.1
20.6
16.2
Nonpredictive variables: age, sex, fat mass, waist, homeostasis model assessment insulin resistance, and serum lipids.
IMT, intima-media thickness; BMI, body mass index; SDS, standard deviation score.
Lean (BMI-SDS<1)
OW (≤1BMI-SDS<2)
Obese (BMI-SDS≥2

In the subjects selected for epicardial fat measurement
(n=239), higher values of epicardial fat were related to a
poorer metabolic profile, displaying positive associations with
anthropometric and cardiovascular parameters (weight, BMI,
fat mass, waist, SBP, HOMA-IR, triacylglycerol; not shown) and
with ultrasonographic assessments of perirenal fat and cIMT.
Results were similar in lean and obese children.
In linear regression analyses, both epicardial fat and perirenal
fat, but not fat mass or waist, were independent predictors of
cIMT in all the studied subjects, as well as in lean and obese
children (Table 1).
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Fig. 2. Scatter plot of perirenal fat and the cIMT of children according to BMI
categories. White dots and a dotted line depict lean children (BMI-SDS<1), gray
dots and a dashed line depict overweight (OW) children (≤1 BMI-SDS <2), and
black dots and a solid line depict obese children (BMI-SDS ≥2). cIMT, carotid
intima-media thickness; BMI, body mass index; SDS, standard deviation score.

by ultrasonography using a transthoracic linear 12-MHz
transducer (Esaote MyLabTM25, Firenze, Italy).41) Children
were placed in the left lateral decubitus position. Measurements
of the fat thickness adjacent to the free wall of the right ventricle
were taken from the parasternal long-axis views. Epicardial
adipose tissue is assessed as an echo-free space between the
pericardium and myocardium (Fig. 1C).41)
1. Perirenal fat and risk factors for CVD

In all the studied subjects (n=702), perirenal fat was related
to various metabolic and cardiovascular risk factors (higher
height, weight, BMI, waist, fat mass, systolic blood pressure [SBP],
triacylglycerol, intra-abdominal preperitoneal, subcutaneous,
and cIMT, and lower high-density lipoprotein cholesterol).30)
Associations with cIMT were similar in lean, overweight, and
obese children (Fig. 2).
In linear regression analyses adjusted for potential confoun
ding, perirenal fat was an independent predictor of cIMT in all
children. In overweight and obese children, perirenal fat was the
only abdominal fat depot related to cIMT.30)

Conclusion
In adults, both perirenal and epicardial fat have been valida
ted as surrogate markers of visceral obesity. The former has
been related to hypertension in overweight subjects and with
atherosclerosis in patients with HIV. The latter was related
to several components of the metabolic syndrome and with
carotid calcification.
In apparently healthy prepubertal children, cIMT was related
to epicardial and perirenal fat thickness, rather than to body
adiposity. These observations were found in both lean and obese
children, which give further support for the independence of
cIMT from general measurements of body adiposity.
Measurements of perirenal and epicardial fat by ultrasono
graphy, rather than general measurements of body adiposity,
may be convenient tools for the assessment of cardiometabolic
risk in children.
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