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ABSTRACT

Objective: Epicardial adipose tissue thickness (EATT) is suggested to play
a role in the development of cardiovascular disease. In adolescents it is
correlated with BMI z-score, cardiovascular risk factors, and pro- and anti-
inflammatory markers. EATT of overweight/obese children was compared
with EATT of normal weight peers (cross-sectional design). We investigated
the association between EATT, cardiovascular risk factors and pro- and
anti-inflammatory markers and the effect of a one year, multidisciplinary,
treatment program on EATT in overweight/obese children (longitudinal
design).

Methods: EATT was measured by echocardiography (25 obese, 8 over-
weight and 15 normal weight children; median age 5.1 years). In the
overweight/obese children blood pressure, lipid profile, glucose, insulin,
high sensitive CRP, and adiponectin concentrations were measured. In
overweight/obese children participating in a multidisciplinary treatment
program, measurements were repeated after 4 and 12 months.

Results: EATT was significantly higher in the overweight (median
1.38mm) and obese (median 1.57mm) children compared to normal
weight children (median 0.87mm). Among obese children EATT was sig-
nificantly inversely associated with adiponectin (r = —0.485).
Conclusions: EATT is increased in overweight/obese children and is
inversely associated with adiponectin. Echocardiographic measurement
of EATT is easy and might serve as a simple tool for cardio-metabolic
risk stratification.
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Introduction

Obesity among children and adolescents is widely considered as an impor-
tant public health problem (Haslam and James 2005). Obese children are at
increased risk of becoming obese adults (Dietz 1994; Singh et al. 2008) and is
associated with increased cardiovascular mortality and morbidity (Mossberg
1989). Adipose tissue, especially visceral fat, has distinct metabolic charac-
teristics by producing and secreting inflammatory metabolites resulting in
low-grade systemic inflammation contributing to the development of meta-
bolic- and cardiovascular disease (Han et al. 2010; Cheng et al. 2010; Weiss
2011; Choi et al. 2013). Even in childhood obesity is associated with inflam-
mation, oxidative stress and endothelial dysfunction (Montero et al. 2012).

Since several years epicardial adipose tissue thickness (EATT) is subject of
increasing research. Epicardial adipose tissue (EAT) is located between the
visceral layer of the pericardium and the outer wall of the myocardium. No
structure besides a fascia separates the EAT from the myocardium and
coronary vessels (Sacks and Fain 2011; Echavarria-Pinto et al. 2013). It shares
the same microcirculation and innervation as the myocardium and can
therefore interact with the myocardium through vasocrine and paracrine
pathways (Echavarria-Pinto et al. 2013; Cabrera-Rego et al. 2014). Under
normal physiological conditions EAT has a role in producing energy, pro-
viding direct heating to the myocardium, and protecting the coronary
arteries (Iacobellis and Bianco 2011; Iacobellis 2015). An imbalance between
cardioprotective and harmful adipokines secreted by epicardial fat is strongly
linked to the development of coronary arteriosclerosis (Shimabukuro et al.
2013). Increased EATT is correlated to visceral adipose tissue, body mass
index (BMI), and coronary artery disease (CAD) in adults (Sacks and Fain
2011; Iacobellis and Bianco 2011; Echavarria-Pinto et al. 2013; Rabkin 2014).

Several studies in children and adolescents showed that EATT mea-
sured by echocardiography is correlated with BMI z-score and other
cardiovascular risk factors (Akyol et al. 2013; Schusterova et al. 2014).
In adolescents EATT was associated with pro- and anti-inflammatory
markers like leptin, adiponectin, and high sensitive C reactive protein
(hsCRP) (Ito et al. 2013; Ahrens et al. 2014). Others showed that EATT
was associated with carotid intima-media thickness, a surrogate marker of
early atherosclerosis, in children from the age of nine years (Akyol et al.
2013; Cabrera-Rego et al. 2014). It is unknown whether EATT is already
increased at younger age.

The first aim of our study was therefore to analyze whether EATT is
associated with obesity in young children, using a cross-sectional study of
normal weight and obese children. The second aim was to examine the cross-
sectional association between EATT, cardiovascular risk factors and pro- and
anti-inflammatory markers in obese children, and the third aim was to study
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if a one year, multidisciplinary, low intensity treatment program modifies
EATT in obese children. For this we measured EATT in a longitudinal study
of obese children participating in a treatment program.

Subjects and methods

Participants were enrolled in a regional hospital (Gelderse Vallei Hospital,
Ede, the Netherlands) between March 2010 and January 2015. Children, aged
3 to 8 years, referred by their general practitioner or youth health care
physician because of overweight/obesity according to the World Obesity
Federation (WOF), were invited to participate in the one year outpatient
treatment program “AanTafel!”(Cole et al. 2000). Children with endocrine,
chromosomal or syndrome disorders were excluded from treatment.
“AanTafel” is developed by integrating evidence from science and practice
in a five step development process as reported earlier (van Hoek et al. 2016).
In sum, “AanTafel!” provides 22.5 contact hours of physical exercise, nutri-
tion education, and behavioural therapy. The program focuses on parents
and children, is tailored to age (3-8 years), includes individual- and group
sessions and a web-based learning module. The first 4 months aim to
increase awareness and to set goals for diet, eating behaviour, and physical
activity; the second part (8 months) aims to prevent relapses and to sustain
the acquired behaviour in the family setting. The Web-based learning mod-
ule provides information, short movie-clips and homework assignments,
which participants have to complete before the next session. The treatment
team decided to include this module to reduce the number of high-cost
individual sessions without reducing the amount of tailored feedback.

Healthy normal weight children were recruited at the outdoor clinic of
our hospital. Children diagnosed with an innocent heartmurmer (confirmed
by echographic investigation accomplished by a paediatric cardiologist),
having normal weight and no morbidity were eligible to participate in the
study.

Echocardiographic investigations were performed using GE Healthcare
Vivid S6 (General Electric Company, United Kingdom) by three experienced
and trained echo cardiographers. Epicardial fat was identified as the echo-
free space between the outer wall of the myocardium and the visceral layer of
the pericardium. EATT was measured in left decubitus position in the
parasternal long axis perpendicular to the aortic annulus, which was used
as the anatomical landmark, according to the method proposed by Iacobellis
et al (2003). All measurements were taken end-systolic when the EATT is
highest. The average value of three cardiac cycles was calculated. The coeffi-
cient of interobserver variation was 14.4% (EvH) and the coeflicient of
intraobserver variation was 19.5% (blinded measurements by LPK and
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EvH). Measurements were performed in anonymized images by one obser-
ver (EvH).

Height and weight was measured at baseline (t = 0), after the intensive
phase (t = 1) and at the end of treatment (t = 2). Trained staff measured
children’s weight without shoes, using an electronic, calibrated scale (Seca
761) and height without shoes using a stadiometer (Holtain limited,
Crymych, Cryfed, UK). Age and sex-specific BMI z-scores were calculated
(Talma et al. 2010). In overweight and obese children blood pressure was
measured after 5 minutes rest in supine position with an automated blood
pressure monitor (Welch Allyn VSM 300, Skaneateles Falls, NY, USA) at the
left arm. Repeated measurements were performed until the value was stable.
Blood samples were taken after overnight fasting. Blood samples were ana-
lyzed for total cholesterol, high-density lipoprotein (HDL) cholesterol, low-
density lipoprotein (LDL) cholesterol, triglycerides, glucose, and insulin. All
analyses were done using Dimension Vista 1500 automated analyzer
(Siemens, Erlangen, Germany) in plasma with enzymatic methods except
for fasting glucose, and insulin (Allain et al. 1974). LDL-cholesterol was
calculated with the Friedewald equation (Friedewald et al. 1972). Insulin
was measured in serum using immulite automated analyzer (Siemens,
Erlangen, Germany). As a measure of insulin resistance the HOMA IR was
used. HOMA-IR was calculated by the formula (glucose (mmol/L) * insulin
(mU/L))/22.5 (Matthews et al. 1985). Concentrations of hsCRP were mea-
sured in serum at the Laboratory of the Division of Human Nutrition,
Wageningen University by the V-PLEX Plus Human Biomarker 40-Plex
Kit (Meso Scale Diagnostics, Rockville, Maryland). Leptin and adiponectin
concentrations were measured at the Laboratory of Translational
Immunology of the University Medical Center Utrecht using a validated
multiplex immunoassay (Schipper et al. 2010). Written informed consent
was obtained from the parents/guardians of all participants.

The medical ethical committee of the Wageningen University (Medische
Ethische Toetsingscommissie van Wageningen University, METC-WU)
approved the study protocol (METC-WU 10/08, ABR-no. NL 32376.081.10).

Statistical analysis

Analyses were performed by using IBM SPSS statistics for Windows version
22 (IBM Corp, Armork, NY). In case of > 25% of values of a variable below
the lower detection limit we excluded the variable from further analysis. This
was the case for leptin. In case of < 25% of values below the lower detection
limit we used 50% of this limit as imputed value in subsequent data analysis.
Baseline characteristics are presented as mean + standard deviation in case of
normal distribution, otherwise values are presented as median with inter-
quartile range (IQR). Because of non-normal distribution differences
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between groups were tested using the Mann-Whitney U test and Kruskal-
Wallis test depending on the number of groups. For categorical variables
a Chi-Square test was used. To test differences in variables over time the
Wilcoxon matched pairs signed rank sum test was used. Spearman’s rho was
calculated to assess correlations. Multivariate analysis was performed using
a multiple linear regression model with forced entry. Variables with p < 0.2 in
bivariate analyses were included in the multiple linear regression model. The
level of significance was set at p < 0.05.

Results

A total of 48 children (25 obese, 8 overweight and 15 normal weight) were
included in the study. The median age of all children (17 boys and 31 girls) was
5.1 years (IQR 4.3-6.9 years). Of the 33 overweight or obese children, 26 children
participated in the treatment program. Of these 26 children 20 children com-
pleted the treatment program; in 17 out of these 20 children complete echo views
were available at baseline and during follow-up (Figure 1). Patients who
dropped-out during treatment (n = 6) did not differ according to age and BMI
z-score, but had significantly higher systolic blood pressure and HOMA IR (data
not shown) than the patients who did not dropped out.

The obese, overweight and normal weight children were not significantly
different regarding height, but they differed regarding sex, age, weight, BMI, and
BMI z-score (Table 1). In obese children EATT was significantly higher than in
overweight children, respectively 1.57 versus 0.87 mm (p = 0.001 Table 1). In the
total study population EATT was significantly associated with BMI z-score
(Table 2). This remained after adjusting for age and sex. This multiple regression
analysis also showed that EATT was independently related to sex, with girls have
higher EATT than boys. The positive association of EATT with age was weak
when taking sex and BMI z-score into account.

Within the children with overweight or obesity, the association between
EATT cardiovascular and metabolic risk factors was investigated (Table 3).
An inverse association of EATT with adiponectin and HDL cholesterol was
observed. These associations were independent of sex and BMI z-score
(partial r = —0.50, p = 0.009 for adiponectin and r = —-0.41, p = 0.036 for
HDL-cholesterol)

Multidisciplinary treatment of the 17 obese children included in the treat-
ment program decreased BMI z-score by —0.4 (SD 0.57) and increased HDL
cholesterol (+ 0.16 mmol/L, SD 0.26). However, EATT did not change during
treatment (+ 0.09 mm, SD 0.17) and neither did adiponectin (Table 4).
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Crossectional design N=15 normal weight N= 33 eligible N=2 no informed consent of
overweight/obesity > both father and mother
EATT normal versus
overweight
Crossectional design N=31
overweight/obesity
EATT cardiovascular
risk factors
—_
Longitudinal design N= 26 started N=5 do not started N=2 no motivation
N=2 family matters (divorce)
EATT and treatment treatment program treatment program N=1 no time
N=1 no time
N=20 completed N=6 drop out N=2 family matters (family
treatment member passed away)
N=1 transport problems to
hospital
N=1 other medical problems
N=2 missing t=3,N=1 missing
N= 17 complete EATT t=2 due to changed
(all 3 measurements) appointment, no
echocardiography available

Figure 1. Flowchart participants.

Discussion

The present study showed that EATT in young obese children is
increased compared to EATT in normally weight children and is
independently associated with BMI z-score. Among overweight and
obese children EATT is negatively associated with adiponectin, also
when adjusted. EATT did not change during multidisciplinary treat-
ment, despite a reduction of BMI z-score.

As far as we know, this is the first study comparing EATT, measured by
echocardiography, in young normal weight children with EATT in young obese
children. The three most used imaging techniques to measure EATT are
echocardiography, magnetic resonance imaging (MRI) and computer tomo-
graphy (CT). An advantage of measuring EATT by transthoracic echography is
that it is non-invasive, fast, cheap, radiation free and relatively easy applicable in
young children. A limitation of measuring EATT by transthoracic echography
is the question of whether thickness measurements from a single location truly
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Table 1. Baseline characteristics of children aged 3-8 year with normal weight, over-
weight and obesity.

Normal weight Overweight Obesity
(n=15) (n=28) (n =25)
Median [IQR] Median [IQR] Median [IQR] p-value

Male (n, %) 9 (60%) 2 (25%) 6 (24%) 0.056
Age (y) 43[4.2-53] 43 [4.2-4.8] 6.4 [4.9-7.3] 0.037
Height (cm) 109.6 111.4 126.7 0.011

[99.0-119.3] [107.7-118.0] [110.9-131.0]
Weight (kg) 17.1[15.1-23.2]  22.6 [21.4-26.8] 35.9[29.9-40.1] <0.001
BMI (kg/m?) 15.8 [14.8-16.4] 189[17.9-19.2] 23.2[21.8-25.4] <0.001
BMI z-score 0.24 2.24 [1.74-2.37] 3.76 [3.25-4.25] <0.001

[-0.77-0.92]
EATT (mm) 0.87 [0.53-1.00]  1.38 [0.68-1.93] 1.57 [1.20-2.27] 0.002
Total cholesterol (mmol/I) 4.00 [3.55-4.55]  4.10 [3.55-4.90] 0.802%
HDL cholesterol (mmol/I) 1.51 [1.16-1.94] 1.16 [0.97-1.29] 0.055%
LDL-cholesterol (mmol/I) 2.10[1.92-2.52] 2.51 [2.09-3.16] 0.254"
Triglycerides (mmol/I) 0.55 [0.45-0.95]  0.97 [0.64-1.30] 0.095*
CRP ((mg/l) 0.56 [0.30-2.78]  1.79 [0.56-2.81] 0.308"
Glucose (mmol/l) 49 [4.3-5.4] 5.1 [4.8-5.2] 0.595%
Insulin (mU/I) 2.0 [2.0-2.5] 3.5 [2.00-8.00] 0.075*
HOMA-IR 0.44[0.38-0.60]  0.75 [0.45-1.81] 0.043*
Adiponectin (mg/ml) 0.23 [0.12-0.29]° 0 [0-0.27] 0.326"
Systolic blood pressure (mmHg) 101 [94-112] 110 [102-118] 0.094*
Diastolic blood pressure (mmHg) 53 [50-63] 59 [55-65] 0.154"

“n=5.
* between overweight and obese children.

Table 2. Results of single and multiple regression analysis of EATT on age, sex and BMI
z-score in participating normal weight, overweight and obese children (n = 48).

Unadjusted Adjusted*
Regression coefficient 95% Cl Regression coefficient 95% Cl
Age (yr) 0.116 —0.043-0.274 0.066 —0.077-0.208
Sex (girls vs boys) 0.537 0.082-0.993 0.439 0.021-0.856
BMI z-score 0.202 0.090-0.314 0.172 0.059-0.285

*Based on a model with age, sex and BMI z-score independent variables.

reflect the total EATT burden, while MRI and CT create volumetric measure-
ments in addition to thickness measurements (Douglass et al. 2017).

In adults, epicardial fat can be routinely detected by non-contrast
CT performed for enabling risk assessment through coronary calcium
artery calcification (CAC). Several studies have demonstrated a strong
association between EAT and coronary plaque burden while others
describe an association of EAT with overall plaque burden (Greif et al.
2009; Ito et al. 2013). EAT seems to complement information derived
from the CAC scores to predict coronary events in adults. Wu et al.
showed that right ventricular free-wall EATT had a strong correlation
with EAT volume (r = 0.49) suggesting that right ventricular free-wall
EATT can indeed be used as a proxy for EAT volume (Wu et al.
2013).
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Table 3. Correlation between EATT and cardiovascular risk factors in
31 children age 3-8 yr with overweight (n = 6) or obesity (n = 25).

EATT
Spearman’s rho p-value

BMI z-score 0.04 0.82
Age 0,09 0,63
Systolic blood pressure (mmHg) 0.17 0.36
Diastolic blood pressure (mmHg) 0.26 0.16
HOMA IR? 0.17 0.38
Total cholesterol® 0.07 0.71
HDL cholesterol” -0.35 0.06
LDL cholesterol® 0.16 0.40
Triglycerides® 0.13 0.50
Adiponectin® —0.44 0.016
hsCRP¢ -0.19 0.36

BMI Body mass index; EATT epicardial adipose tissue thickness.

n = 29.

Pn = 30.

‘n = 25.

Table 4. Longitudinal data of obese young children participating in AanTafel! (n = 17).
t=0to t=4mto t=0to

t=0, t=4m, t=12m, t=4m t=12m t=12m
mean (sd) mean (sd) mean (sd) p-value p-value p-value

BMI z-score 3.43(091) 3.16(0.81) 3.01(0.76) 0.019 0.28 0.006

EATT (mm) 1.47 (0.75) 1.24 (0.49) 1.56 (0.64) 0.21 0.06 0.62

Systolic blood 91(9,4) 92 (7,1)? 92 (7,5) 0.38 0.23 0.78
mmHg

Diastolic blood 46 (6,7)) 41,5 (9,7)° 45 (6,3) 0.66 0.005 0.015
mmHg

HOMA IR? 0.83 (0.67)* 0.68 (0.52)* 0.94 (0.45)° 0.41 0.16 0.57

Total cholesterol 4.04 (0.69)* 3.99 (0.84)* 4.13 (0.90)° 0.69 0.42 0.39
(mmol/1)?

HDL cholesterol 1.24 (0.22)7 1.28 (0.27)* 1.42(0.31)° 0.61 0.025 0.026
(mmol/1)?

LDL cholesterol 243 (0.57)* 2.41(0.81)* 2.41(0.72)° 0.82 0.54 0.65
(mmol/1)?

Triglycerides 0.81 (0.30)* 0.66 (0.19) 0.69 (0.27)% 0.08 0.33 0.19
(mmol/1)?

Adiponectin (mg/  0.17 (0.14)  0.17 (0.14)  0.16 (0.14) 0.35 0.38 0.73
ml)

n=16.
bn=17.

# median and inter quartile range.

Epidemiological studies demonstrate the association of EAT with
cardiovascular disease. In asymptomatic patients EAT is independently
related to major adverse cardiac events. The association of increased
EAT volume with cardiovascular disease remains significant even after
adjustment for body mass index, and traditional cardiovascular risk
factors in the adult population (Cheng et al. 2010; Mahabadi et al.
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2013). Current evidence indeed supports the hypothesis that in obese
persons EAT may become an adverse lipotoxic and proinflammatory
organ that contributes to the in the development of coronary athero-
sclerosis (Echavarria-Pinto et al. 2013).

Increased carotid intima-media thickness (CIMT) and increased EAT
has been found in children and adolescents with obesity (Slyper 2004;
Cabrera-Rego et al. 2014). In our study we did not measure CIMT due
to the young age of our children. CIMT is a marker to assess preclinical
atherosclerosis and is associated with future cardiovascular events (van
den Oord et al. 2013). Increased CIMT is inversely related to adipokine
levels and HDL-cholesterol (Gilardini et al. 2011; Stroescu et al. 2017).
Goeller et al. recently showed that EAT volume was inversely related to
adipokines, HDL-cholesterol and angiotensin in adults (Goeller et al.
2018). In our study adiponectin was measured in overweight and obese
children. An inverse relation with EATT was found, showing that also
in young children EAT may contribute to cardio- metabolic risk.

We did not find a change of EATT during effective treatment based
on the change of BMI z-score in young overweight or obese children.
In adults, weight loss following dietary intervention was significantly
associated with reductions in EATT of 0.8 to 4.0 mm (Rabkin and
Campbell 2015). A possible explanation could be that EATT in young
children is relatively thin, even in obese children as shown in our
study. In combination with the small sample size, changes in EATT
due to a decrease in BMI z-score are probably outside the limits of
detection in our study. Another reason could be that the inter-observer
and intra-observer variability were considerable, again possibly due to
the thin EATT.

Conclusion

Our study showed that even in young obese children EATT was increased
compared to normal weight children, and as EATT was inversely related to
adiponectin levels and HDL-cholesterol this contributes to an unfavorable
cardiovascular risk profile. Despite some limitations, transthoracic echocar-
diographic measurement is an easy tool to measure EAT in young children.
It is non-invasive, fast, cheap, radiation free and relatively easy applicable
and might serve as a simple tool for cardio-metabolic risk stratification in
children and adolescents.
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