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Abstract. While the abdominal adipose tissue has been identified as an important pathomarker for the cardiometabolic
syndrome in adults, the relationships between the cardiometabolic risk factors and abdominal adipose morphology or
physical performance levels have not been examined in children with obesity. Therefore, the specific aim of this study was to
investigate the relationships between risk factors (BMI and physical activity levels and abdominal fat layers including
subcutaneous, intra-abdominal preperitoneal and mesenteric fat thickness in children with obesity. 30 children with obesity
(mean±SD = 10.0±4.5 yrs; 9 girls; BMI > 20) underwent physical performance (curl-ups, sit and reach, push-ups, and a 400m run), ultrasound measurement of thickness of fat composition of the abdomen, blood pressure, oxygen consumption.
Pearson correlation analysis showed significant correlations, ranging from -0.523- 0.898 between the intra-abdominal adipose
tissue thickness, cardiometabolic risk factors (BMI, blood pressure, heart rate), and the curl-up physical performance test. In
conclusion, the present study provides a compelling evidence that the intra-abdominal adipose tissue morphological
characteristics were associated with BMI, physical performance, and most importantly cardiometabolic risk factors (blood
pressure and heart rate), which eventually contribute to the development of cardiometabolic syndrome in adulthood.
Keywords: Ultrasound, BMI, child obesity, cardiometabolic syndrome

1. Introduction
Obesity in childhood is a common, leading cause of chronic cardio-metabolic diseases in adults,
including diabetes, hypertension, and dyslipidemia [1,2]. Epidemical research statistics have revealed
that approximate 16-30 percent of children (over 9 million) between age of 6-19 years old are reported
to be overweight [1,2]. Moreover, over the past three decades the childhood obesity rate has more than
doubled for preschool children aged 2-5 years and adolescents aged 12-19 years, and tripled for
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children aged 6-11 years [1,3]. Child obesity is an important biomarker for cardio-metabolic syndrome
in adulthood including central obesity, diabetes, high blood pressure, prothrombotic state and
dyslipidemia [1,2,4]. Understanding metabolic and morphological courses in childhood obesity has
therefore crucial clinical ramifications for the effective prevention and management of cardiometabolic syndrome in adulthood.
Childhood obesity has been assessed by BMI, physical activity, and diagnostic imaging methods
including ultrasound (US), computed tomography (CT), and MRI. While BMI is easy and simple to
administer, but does not provide morphological changes associated with obesity. Diagnostic imaging
techniques have been used to provide precise quantitative information for measuring body fat
distribution, but the disadvantages are costly, time-consuming, and somewhat hazardous because of
ionizing radiation exposure for CT, and use limited to a research setting [5–7]. In contrast, a real-time
ultrasonography (US) is relatively inexpensive and portable and provides accurate morphological
estimation of body fat composition [5,7,8]. Recently, US imaging has been used to accurately
determine subcutaneous and intra-abdominal; preperitoneal and visceral fat thickness.
Visceral and mesenteric fat are a specific type of visceral adipose tissue which is drained by the
portal circulation, and has been associated with different metabolic patterns compared with other types
of adipose tissues such as subcutaneous and peritoneal fat [9–11]. The ultrasonic measurement of
thickness of mesenteric fat, which represents a more specific and accurate deposit of visceral fat,
showed a good correlation with cardiovascular risk factors in healthy persons [2,9,12,13]. However,
there is a dearth of evidence that examined the relationship between fat composition, BMI, blood
pressure, oxygen consumption level, and physical activity including curl-up, sit and reach, and pushup in children with obesity.
Therefore, the specific aim of this study is to investigate the relationships between risk factors
(BMI and physical activity levels) and abdominal fat layers including subcutaneous, intra-abdominal
preperitoneal and mesenteric fat thickness as measured on US scan in children with obesity. We
hypothesized that the relationships between the cardiometabolic risk factors (BMI, blood pressure) and
abdominal adipose morphology, as well as the cardiometabolic risk factors and physical performance
levels, would exist in children with obesity.
2. Materials and methods
2.1. Subjects
A convenience sample of 30 children (mean±SD = 10.0±4.5 yrs; 9 girls) with obesity were recruited
from multiple elementary schools as a part of FITKIDS program. All parents of the children candidate
provided informed consent form that was approved by Yonsei University. Inclusion criteria entailed:
(1) age ranging from 5-15 years old; (2) > 20 in the body mass index scale; (3) healthy. Exclusion
criteria included those children with congenital heart problems, diabetes, and any other medical
problems that could affect physical performance tests. The baseline of health and physical
performance was prescreened by a demographic and health screening questionnaire.
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Fig. 1. Ulttrasound measuurement of thick
kness of intra-abbdominal echog
genicity and fatt composition oof the abdomen in children
with obesiity.

2.2. Phys
ysical perform
mance test
A stanndardized phhysical fitnesss assessmennt was used to examine physical perrformance an
nd fitness
level of obese childreen. The test included currl-ups, sit and
d reach, push
h-ups, and a 400-m run teest [3,14].
2.3. Ultrrasonic meassurement of body
b
fat comp
mposition
A reaal-time ultrassound measu
urement (SoonoAce X4) was used to measure the thickneess of fat
composiition of the abdomen forr all childrenn in experim
ment, with a 5-9 MHz ccurvilinear trransducer
(Medison Ltd, Seoull, Korea). Eaach child wass comfortablly positioned
d in a relaxedd hook-lying
g position
[3,7] witth one or tw
wo pillows un
nder the kneees to eliminaate excessivee lumbar lord
rdosis. Ultrassound gel
(AQUAS
SONIC® 1000) was then
n applied too the transdu
ucer head. An
A exploratoory US imag
ging with
emphasis in the regioon of the interest (ROI) ssuch as paraa-umbilical area was perfformed to ideentify the
mesenterric leaves (F
Figure 1). Th
he transducerr head was th
hen maneuveered to acquiire the cleareest image
of the m
mesenteric leeaves. The mesenteric
m
faat (MF) leav
ves was anattomically deefined a series of the
adipose tissue with highly reflecting peritonneal surfaces differentiated from eaach other by specular
echoes [[5,15]. Prepeeritoneal fat (PF) thickneess (Figure 1) was meassured by orieenting the trransducer
longituddinally whereeas the subcu
utaneous fatt (SF) thickn
ness (Figure 1) was meaasured by orrienting it
transverssely, which was perpen
ndicular to thhe ROI of the
t para-umbilical skin located betw
ween the
xiphoid process andd umbilicus [5,13,15]. O
Once the shaarpest imagees of the meesenteric leaves were
visualizeed on the moonitor, the three maximall thickest meesenteric leav
ves were deteermined by vertically
v
drawing the mark linne with a caliiper and storeed for the further statisticcal analysis.
2.4. Stattistics
Standaard statisticaal analysis was
w made fo
for data, inclluding comp
putations of means and standard
deviationns, and Pearrson correlattion. The SP
PSS version
n 12.0 for Windows
W
wass used to co
ompute a
statisticaal significancce at P < 0.05
5.
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Table 1
Clinical characteristics and measurement of abdominal adipose tissues
Characteristics
Number
Age
Gender (male/female)
Height(cm)
Wright(kg)

Mean±SD
30
10.71±1.58
12/8
141.68±9.82
50.85±10.72

400m run(sec)

180.04±43.17

HR (before)
HR (after)
O2 (before)

94.61±14.06
149.75±25.10
98.86±0.93

O2 (after)

98.21±1.23

BP (before) (Systolic/diastolic)
BP (after) (Systolic/diastolic)

117.43±11.28 / 72.04±7.46
150.36±15.03 / 74.21±14.79

BMI(kg/m2)

24.89±2.26

Curl-Ups(EA)
Sit and Reach(cm)

18.71±10.36
4.98±7.77

Push-Ups(EA)

10.82±7.56

Mesenteric fat(MF)
Preperitoneal fat(PF)
Subcutaneous fat(SF)

0.52±0.19
0.75±0.30
2.07±0367

3. Results
3.1. Anthropometrical and demographic data
Table 1 presents the anthropometrical and clinical characteristics of the children. The mean BMI
was 24.89±2.26, suggesting a mild to moderate obesity (Figure 1).
3.2. Intra-abdominal adipose tissue thickness data
Table 2 represents a comparison of the intra-abdominal adipose tissue thickness data in the MF, PF,
and SF. Pearson or Intraclass correlation coefficient (ICC) analysis showed significant correlations, r
= 0.48 between MF and PF, and r = 0.76 between MF and SF, respectively.
3.3. Reliability data
Table 2 represents correlation coefficient data of various obesity index, intra-abdominal adipose
tissue thickness, and cardiometabolic risk factors, which ranged from -0.523 - 0.898.
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Table 2
Correlation coefficients of various obesity indexes with cardiovascular risk factors
MF

PF

SF

MF
PF

1
.477**

1

SF

.755***

.525**

1

BMI

.763***

.421*

.787***

BMI

Weight

Height

CurlUps

PushUps

Sit and
Reach

1

Weight

.752***

.523**

.802***

.817***

1

Height

.528**

.533**

.613***

.518**

.898***

1

Curl-Ups

-.467*

-.083

-.368*

-.484**

-.275

-.001

1

Push-Ups
-.026
-.122
-.132
-.104
-.033
.124
.470*
Sit
and
-.433*
-.380*
-.476*
-.505**
-.527**
-.450*
.091
Reach
Systolic
.540**
.191
.502**
.587**
.446*
.198
-.289
Pressure
Diastolic
.464*
.546**
.573**
.489**
.437*
.318
-.181
Pressure
Heart
-.145
-.420*
-.242
-.122
-.339
-.454*
-.047
Rate
Note: MF represents Mesenteric fat, PF represents Preperitoneal fat, SF represents Subcutaneous fat.
*P <0.05; **P<0.01; *** P<0.001

1
.135

1

-.223

-.285

-.271

-.523**

-.015

-.096

4. Discussion
The present study is the first clinical evidence highlighting the relationship between the various
obesity index, intra-abdominal adipose tissue thickness, and cardiometabolic risk factors in children
with obesity. As anticipated, significant correlations between the BMI, intra-abdominal adipose tissue
thickness, cardiometabolic risk factors (blood pressure and heart rate), and physical performance level
were found. Most important, the ultrasound measurement of the intra-abdominal adipose tissue
provides an important diagnostic information about the pathomarkers associated with cardiometabolic
risk factors in children with obesity, which can be used for accurate evaluation and effective
intervention of predisposed children with the cardiometabolic syndrome. Because in the current
literature there was no previous data available in children with obesity, it was practically difficult to
compare our present results.
Correlation analysis showed a strong relationship existed between BMI and the intra-abdominal
adipose tissue thickness, particularly in the SF (0.79) and MF (0.76), indicating that abdominal fat
metabolism is closely linked with abdominal morphology [5,11,13,16–18]. This finding was consistent
with other study showing a positive correlation between visceral fat and BMI in adults [13,16–18].
Recently growing evidence suggests that abdominal fat metabolism is an important biomarker of
insulin resistance Type I diabetes [11,12,17,18]. In adults, MF is believed to be sensitive to the
catecholamine’s effect, leading to increased FFA and insulin resistance by decreasing peripheral
glucose uptake [12,13,16–18]. A moderate relationship was observed between all abdominal adipose
tissues (PF, MF, SF) BMI and diastolic blood pressure whereas PF and MF were correlated with BP.
This finding supports the fact that the visceral adipocytes, which are the progenies of the abdominal
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fat deposits play a role in releasing cytokines and vascoactive peptides (i.e., interleukin-6, angiotensin
II), which can increase risk of cardiometabolic symdrome [4,5,17,18]. A strong relationship was found
between BMI or MF and physical performance (i.e., curl-up), indicating that relative lack of
abdominal muscle strength associated with muscle size is inversely associated with MF or BMI. This
data corroborates previous finding showing that abdominal physical performance level is crucial for
mesenteric fat deposit.
In smmary, these results suggest that the intra-abdominal adipose tissue morphological
characteristics were associated with BMI, physical performance, and most importantly,
cardiometabolic risk factors (blood pressure and heart rate), which eventually contribute to the
development of cardiometabolic syndrome in adulthood. The childhood obesity is closely linked with
other cardio-metabolic risk factors including hypertension, type 2 diabetes, and adiponectin adulthood
[1,2,18]. However, the present study did not examine this relationship. Nevertheless, the present study
has important clinical implications that child hood obesity is strongly linked with the intra-abdominal
adipose tissue, physical performance, and most importantly cardio-metabolic risk factors (blood
pressure and heart rate), which can be used to predict and/or to take preventive measures against
diabetes or other cardio-metabolic syndromes in adulthood. Future longitudinal studies should
investigate the cardio-metabolic risk factors including hypertension and diabetes in adulthood in order
to test a possible hypothesis for the pathogenesis for the cardio-metabolic syndrome. Moreover, the
ultrasound imaging measurement is an appropriate diagnostic tool to precisely ascertain the underlying
pathogensis of the cardiometabolic syndrome in children with obesity.
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