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Background and aims: Childhood obesity is associated with increased risk of cardiovascular disease (CVD)
later in life. The aims of this study were to investigate the change of atherosclerosis risk factors in three
fat mass percentiles and to examine the association between fat mass and atherosclerosis risk factors
among a group of schoolchildren.
Methods: A total of 125 schoolchildren (64 boys) aged 10—15 years were distributed into three groups: (i)
the lower fat mass (LFM) group, for participants who reported fat mass <50th percentile; (ii) the middle
fat mass (MFM) group, for participants who reported fat mass >50th percentile and <75th percentile;
and (iii) the higher fat mass (HFM) group for participants who reported > 75th percentiles. Measure-
ments of carotid intima-media thickness (cIMT) using high-resolution B-mode ultrasound, lipemic
profile, blood pressure, serum proinflammatory cytokines and soluble adhesion molecules were
performed.
Results: Significant differences (p < 0.05) were shown between the three groups in total cholesterol (TC),
triglycerides (TG), LDL, interlukien-6 (IL-6), and interlukien-1 beta (IL-1f). Using multiple linear
regression analysis of fat mass as the dependent variable with the studied subclinical atherosclerosis risk,
fat mass was significantly (p < 0.05) associated with the variation expressed in systolic blood pressure
(B = 0.490), diastolic blood pressure ( = 0.470), TC (f = 0.399), TG ( = 0.306), HDL ( = —0.281), LDL
(B = 0.446), E-selectin ( = 0.314), and cIMT (B = 0.257).
Conclusion: Higher fat mass is associated with increased risk of atherosclerosis in schoolchildren.
Atherosclerosis risk factors including biomarkers of inflammation, endothelial dysfunction, a state of
dyslipidemia, increased cIMT, and high blood pressure were associated with fat mass. Studies evaluating
the appropriate fat mass cut-off points in children and adolescents are needed.

© 2020 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

Cardiovascular disease is the leading cause of death worldwide
[4], and is expected to become more critical public health burden,

The prevalence of childhood obesity, which is defined as excess
fat mass accumulation that presents health risk, has risen
dramatically. Today, childhood obesity is considered one of the
major global health concerns [1]. Reports showed that childhood
obesity is associated with developing serious cardiometabolic
health problems later in life, including but not limited to insulin
resistance, type 2 diabetes, different types of cancer, and cardio-
vascular disease (CVD) [2,3].
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since obesity is considered the most significant CVD risk factor [5],
and yet that the prevalence of obesity is increasing steadily in both
developed and developing countries [6] and has tripled over the
last decades. Atherosclerosis process starts at childhood as sub-
clinical atherosclerosis stage, which is an indicator for early
atherosclerotic burden [7] and progresses through life [8]. And if
atherosclerosis is recognized at the subclinical stage, the occur-
rence of atherosclerosis can be slowed or prevented [7].The
modifiable risk factors of atherosclerosis are observed in adults and
children alike [9], childhood obesity is one of the strongest risk
factors that is associated with developing CVD during adulthood
[10]. The measurement of carotid intima-media thickness (cIMT) of
the common carotid artery is a noninvasive and quick measure of
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Abbreviations

CVD cardiovascular disease

cIMT carotid intima-media thickness
IL-6 interleukin-6

TNF-a tumor necrosis factor-alpha

IL-1B interleukin-1beta

ICAM-1 intercellular adhesion molecule-1
VCAM-1 vascular cell adhesion molecule —1
BMI body mass index

WHO World Health Organization

WC waist circumference

HC hip circumference

SBP systolic blood pressure

DBP diastolic blood pressure

WHR waist-to-hip ratio

cv coefficient of variation

TC total cholesterol

HDL high density lipoprotein cholesterol
LDL low density lipoprotein cholesterol
TG triglycerides

ELISA enzyme-linked immunosorbent assay
BIA bioelectrical impedance

LFM lower fat mass

MFM middle fat mass

HFM higher fat mass

CHD coronary heart diseases

subclinical atherosclerosis. Increased cIMT has been associated
with a higher risk of atherosclerosis and other CVD [11], which has
been used to detect subclinical atherosclerosis in children and ad-
olescents [11], and has been associated with obesity [12].

Obesity is a low-grade inflammatory state [13]. The patho-
physiological process that links obesity with atherosclerosis in-
volves chronic inflammatory markers induced by white adipose
tissue. Increased circuiting levels of leptin, interleukin-6 (IL-6),
tumor necrosis factor-alpha (TNF-a) and interleukin-1beta (IL-1p)
are associated with initiation, acceleration and progression of
atherosclerotic lesions [14]. Soluble adhesion molecules, such as
intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule —1 (VCAM-1), and E-selection are early molecular
markers of endothelial dysfunction and atherosclerosis [14,15].
Additionally, Reports demonstrated that soluble adhesion mole-
cules could play a more essential role in the initiation of the
atherosclerosis process than the traditional risk factors [15,16]. This
inflammatory state had been reported among children and ado-
lescents with obesity [12,17].

The majority of investigations have used anthropometric mea-
surements; mainly body mass index (BMI) to identify obesity and to
investigate the association between obesity and subclinical
atherosclerosis among children, such index is considered a measure
of excess body weight rather than body fatness, since it cannot
distinguish between fat mass, muscle mass, and skeletal mass,
resulting in major errors in body fat mass estimation [ 18]. Whereas
Few studies have investigated the role of body composition,
particularly fat mass [19], studies evaluating the association of fat
mass per se on subclinical state of atherosclerosis in healthy
schoolchildren is not thoroughly investigated, no data about which
was reported in Jordanian in schoolchildren as well as children of
the Middle East. Therefore, the objectives of this study were to
study the change of atherosclerosis risk factors in three fat mass
percentiles and to examine the association between fat mass and
atherosclerosis risk factors among a group of schoolchildren.

2. Materials and methods
2.1. Study population

The study recruitment was conducted in four public schools,
which enrolled pupils from the 5th to the 9th grades. Schools were
selected from a list of 20 public schools in four districts of Amman,
as provided by the Jordanian Ministry of Education. A total of 125
normal bodyweight and obese schoolchildren, aged 10—15 years
were selected to participate in the study. Data was collected from

64 boys (35 obese and 29 normal bodyweight), and 61 girls (30
obese and 31 normal bodyweight).

Inclusion criteria was for apparently healthy of normal body-
weight or obese schoolchildren according to the criteria of the
World Health Organization (WHO) BMI-z score adjusted for age
and gender [20]. Exclusion criteria were for schoolchildren who
reported chronic use of medications, having chronic diseases (e.g.
renal, cardiac or hepatic diseases) or schoolchildren with a history
of first-hand smoking. Parents of the participating children gave
written consent before inclusion and were provided with brief
guidance to explain the objective and the procedures of the study to
their children. Upon examination, verbal assent was obtained from
children after explaining the study objective and procedures.

The protocol of this study was approved by the Deanship of
Academic Research at the University of Jordan, The Jordanian
Ministry of Education and Abdul Hameed Shoman Foundation
Research Committee, Jordan.

2.2. Anthropometric measurements and blood pressure

Weight, height, waist circumference (WC), hip circumference
(HC), systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured using standard procedure [21]. BMI and
waist-to-hip ratio (WHR) were calculated [21].

2.3. Carotid intima-media thickness measurement

Intima-media thickness of the common carotid artery was
measured using B-mode ultrasound, linear probe at 7.5 MHz fre-
quency. Longitudinal ultrasonographic scan of the right common
carotid artery were taken 1 cm below the carotid bulb. Images were
taken at the lateral angle while participants were laying in supine
position, head turned 45—50°’ rotation of the neck to the contra-
lateral side. Mean cIMT values were taken for the far wall, after
participants were in the supine position for at least 5 min before
starting the examination [22]. Measurements were performed by a
single-blinded sonographer at the King Hussein Medical City, Jor-
dan. The intra-observer reliability analyzed with coefficient of
variation (CV) in 20 participants was 5.3% [23].

2.4. Biochemical analysis

In a follow-up visit, blood samples were drawn after 10—12 h
overnight fasting, serum aliquots were stored at —20 °C until
analyzed. Lipid profile of total cholesterol (TC), high density lipo-
protein cholesterol (HDL), low density lipoprotein cholesterol (LDL)
and triglycerides (TG) were determined by a colorimetric direct

Please cite this article as: Al-Shorman A et al., The association between fat mass and subclinical atherosclerosis in healthy schoolchildren,
Clinical Nutrition ESPEN, https://doi.org/10.1016/j.clnesp.2020.03.014




A. Al-Shorman et al. / Clinical Nutrition ESPEN XXX (XXXX) XXX 3

method using the CHOD-PAP method (BIOLABO SAS, Maizy,
France), and the GPO method (BIOLABO SAS, Maizy, France). The
reproducibility of the intra- and inter-assay CV were <9% and <13%,
respectively, for all lipid profile measurements. Serum biomarkers
of IL-6, IL-1B, TNF-a, sVCAM-1, sICAM-1 and E-selectin were
measured by high-sensitivity sandwich enzyme-linked immuno-
sorbent assay (ELISA) kits (®RayBio, USA), using plate reader at
A = 450 nm. The reproducibility of the intra- and inter-assay CV
were <10% and <14%, respectively, for all ELISA measurements.

2.5. Body composition analysis

Body composition measurements were estimated using
bioelectrical impedance (BIA). Fat mass, fat mass percentage, fat
free mass, dry fat free mass, water volume and basal metabolic rate
were determined. Students were asked to fast overnight except for
water, refrain from exercise for at least 12 h before the test and to
urinate within 30 min before starting the examination. At the time
of the test, participants were placed in supine position, with legs
and arms abducted around 45°. Two sets of electrodes were
attached to the dorsal surface of the wrist and the dorsal surface of
the ankle on the right side of the body [23].

2.6. Study population categorization

In order to meet our objectives, and based on [24], which in-
dicates that the odds of having higher inflammatory markers at
levels of body fat >70th percentile, we used FM to categorize our
population into 3 groups as follows: (i) the lower fat mass (LFM)
group, for schoolchildren who reported fat mass <50th percentile
(<15 kg of fat mass); (ii) the middle fat mass (MFM) group, for
schoolchildren who reported fat mass >50th percentile and <75th
percentile (>15 kg of fat mass and <23 kg of fat mass); and (iii) the
higher fat mass (HFM) group for schoolchildren who
reported > 75th percentiles (>23 kg of fat mass).

2.7. Statistical analysis

Statistical analysis was performed using SPSS software (SPSS Inc.
Released 2008. SPSS Statistics for Windows, Version 17.0. Chicago:

SPSS Inc.). Data are expressed as mean + standard deviation. Mean
difference of continuous variables were examined using one-way
ANOVA. Correlation analysis was performed using partial
Spearman correlation analysis. Multiple linear regression analysis
was performed using FM as dependent variable, and cIMT, SBP, DBP,
TC, TG, LDL, HDL, IL-6, TNF-o, IL-1B, VCAM-1, ICAM-1 and E-selectin
as the independent variables. p-value less than or equal 0.05 was
considered statistically significant.

3. Results

Table 1 represents the clinical, anthropometrics, and body
composition characteristics of the study group divided by three fat
mass groups. Except for cIMT, there were significant differences
(p < 0.001) in all the studied variables between the LFM group,
MFM group and HFM group.

Table 2 shows that TC, TG, LDL, IL-6, and IL-1 8 were significantly
(p < 0.05) different between the three groups. Nonetheless, no
statistical difference (p > 0.05) was found in HDL, TNF-a, VCAM-1,
ICAM-1, and E-selectin.

Significant correlations were found between FM and SBP
(r = 0.490, p = 0.001); DBP (r = 0.479, p = 0.001); TC (r = 0.399,
p=0.009); TG's (r = 0.306, p = 0.002); HDL (r = —0.281, p = 0.018);
LDL (r = 0.446, p = 0.005); E-selectin (r = 0.314, p = 0.048); and
cIMT (r = 0.253, p = 0.036) among all the study population using
Spearman correlation analysis (Table 3).

Linear regression analysis revealed associations between mean
fat mass and SBP (f = 0.490, p = 0.001); DBP ( = 0.470, p = 0.001);
TC (B = 0.399, p = 0.001); TG's (f = 0.306, p = 0.009); HDL (B = —
0.281, p = 0.018); LDL (B = 0.446, p = 0.005); E-selectin (f = 0.314,
p = 0.045); and cIMT (B = 0.257, p = 0.036) among the study
population (Table 4).

4. Discussion

Obesity among children and adolescent is associated with
manifestations of the cardiovascular system [25]. Obesity and
obesity etiopathiogenetic risk factors are major predictors for CVD.
Reports evaluating the role of obesity among healthy school-
children in developing atherosclerosis are scare. Hence, the current

Table 1

Clinical, anthropometrics, and body composition characteristics of study groups according to fat mass percentile.
Parameter LFM (n = 58) MFM (n = 38) HFM (n = 29) p-value
Boys, n (%) 27 (46.6%) 18 (47.4%) 19 (65.5%)
Age (years) 11.98 + 1.28 12.96 + 1.04 12.84 + 1.22 0.001
Weight (kg) 42.88 + 12.24 61.67 + 8.24 78.80 + 14.96 0.001
Height (m) 1.50 + 0.12 1.60 + 0.09 1.60 + 0.08 0.001
BMI (kg/m?) 18.60 + 3.07 24.02 + 2.47 30.44 + 3.88 0.001
WC (cm) 65.33 + 8.88 79.08 + 7.94 94.47 + 12.72 0.001
HC (cm) 81.23 £ 9.57 96.18 + 5.83 107.54 + 7.12 0.001
WHR 0.81 +0.10 0.82 + 0.08 0.88 + 0.10 0.01
SBP 111.19 + 13.24 121.88 +11.48 125.07 + 12.56 0.001
DBP 62.67 + 8.14 70.71 + 1431 7497 + 8.82 0.001
fat % 1843 +5.43 29.15 + 3.64 34.89 +3.77 0.001
FM (kg) 7.94 + 3.48 17.78 + 2.05 27.55 + 6.06 0.001
FFM % 78.02 + 13.61 69.81 + 5.72 63.25 + 843 0.001
FFM (kg) 34.07 + 10.41 43.74 +7.57 51.04 + 11.66 0.001
Dry FFM (kg) 8.54 + 2.95 10.77 + 1.91 12.89 + 2.86 0.001
water % 61.41 + 422 54.08 + 5.11 48.74 + 2.76 0.001
water (L) 2634 +7.23 32.90 + 5.59 38.51 +7.59 0.001
BMR (kcal/day) 1332.93 + 235.82 1616.67 + 193.01 1945.26 + 324.67 0.001
cIMT (mm) 0.41 +0.12 0.38 + 0.05 0.45 + 0.09 0.08

Data are means + SD or number (%).

LFM, lower fat mass group; MFM, middle fat mass group; HFM, higher fat mass group; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist-to-
hip ratio; WHR, waist-to-hip ratio; SPB, systolic blood pressure; DPB, diastolic blood pressure; FM, fat mass; FFM, fat-free mass; BMR, basal metabolic rate; cIMT, carotid

intima-media thickness.

P value is significant for values equal or less than 0.05, which represents the difference between the three groups.
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Table 2

Biochemical markers of the study population.
Biomarker LFM (n =58) MFM (n=38) HFM(n=29) p-value
TC (mg/dL) 133.39 + 3427 133.61 +41.38 176.96 + 17.25 0.001
TG (mg/dL) 115.07 + 3438 129.45 + 30.58 140.79 + 40.68 0.01
HDL (mg/dL) 52.87 + 1468 46.18 + 12.08 46.81 + 8.71 0.11
LDL (mg/dL) 7519 + 11.63  79.88 + 12.12 92.23 + 13.28  0.001
IL-6 (pg/ml) 1.58 + 0.57 2.10 +0.78 220 + 1.09 0.05
TNF-o. (pg/ml) 3.01 + 0.60 347 + 144 3.25 + 1.06 0.45
IL-1 B (pg/ml) 271 +1.73 257 +1.34 4.19 +2.53 0.05

VCAM-1 (ng/ml) 23850 + 46.58 234.79 + 69.48 259.71 + 78.80 0.55
ICAM-1 (ng/ml) 157.75 +31.96 168.95 + 3344 167.47 + 36.61 0.52
E-selectin (ng/ml) 25.19 + 8.97 3408 + 13.32 34.76 + 11.98  0.06

Data are means + SD.

p-value is significant for values equal or less than 0.05, which represents the dif-
ference between the three groups.

LFM, lower fat mass group; MFM, middle fat mass group; HFM, higher fat mass
group; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein
cholesterol; LDL, low-density lipoprotein cholesterol; IL-6, Interleukin 6; TNF-a,
Tumor necrosis factor —alpha; IL-1f, Interleukin-1 beta; VCAM-1, vascular cell
adhesion molecule —1; ICAM-1; intercellular adhesion molecule-1.

study aimed at investigating the attribution of fat mass in sub-
clinical atherosclerosis in a group of healthy schoolchildren.

Obesity during childhood and adolescents is associated with
adverse CVD risk factors, including elevated blood pressure, TC,
LDL, and TG as well as reduced HDL [12], and is correlated with
obesity and CVD in adulthood [26]. The findings of the current
study demonstrated that TC, TG and LDL serum levels were
significantly (p < 0.05) higher in HFM group than that in both LFM
and MFM groups. Furthermore, we demonstrated that fat mass was
significantly (p < 0.05) correlated with TC, TG, LDL, and HDL serum
levels. These findings are consistent with other reports, which
indicated that obesity in children can increase the risk of athero-
sclerosis among children and adolescents [27,28]. The Bogalusa
Heart Study demonstrated that high BMI at the ages of 5—17 years
was associated with abnormal concentrations of TG, LDL, HDL, and
insulin [29]. Llewellyn and colleagues [30] reported in their sys-
tematic review and meta-analysis of 37 studies that obesity during
childhood was associated with increased risk of CVD and type 2
diabetes mellitus in adulthood, which could be attributed, at least
in part, with abnormal lipid profile and fasting blood glucose levels
resulted from excess fat mass [8]. Furthermore, Stefan and his
colleagues showed that excess body fat, mainly central obesity
might be more related to CVD and type 2 diabetes in adulthood
[31]. As well as several other investigations that supported the
association between childhood and adolescence obesity and
abnormal lipid profile [13,15,32,33]. In addition, our findings
showed that as fat mass was increased, significant systolic and
diastolic blood pressure increased concurrently. In line with these
findings, most researches confirmed the association between
obesity and increased blood pressure [34,35]. Likewise, fat mass
was significantly (p < 0.05) correlated to SBP and DBP.

The findings of the current study are in agreement with various
reports that examined the association between obesity and in-
flammatory biomarkers, in which we reported that there was

significant (p < 0.05) elevation in IL-6 levels in MFM and HFM
groups as compared to that in LFM group. Moreover, IL-18 levels
were significantly (p < 0.05) increased in HFM group as compared
to that in MFM and LFM groups. Given that IL-1p has been shown to
be a key contributor to the pathogenesis of atherosclerosis [36][].
Notably, higher white adipose tissue increases the concentration of
the inflammatory cytokines [13], chemokines in turn promote the
migration of macrophages to the white adipose tissue [37]. Plasma
levels of pro-inflammatory factors such as TNF-q, IL-6 and IL-1
were all increased in obese children and adolescents; all of which
have been suggested as CVD risk factors [12,23,36,38]. Also,
inflammation is thought to play a central role in the pathogenesis of
atherosclerosis and consequently coronary heart diseases [14].
Obese children and adolescents have been shown to develop many
pro-inflammatory and pro-atherogenic changes associated with
vascular diseases [39]. Beauloye and colleagues [40] concluded that
the subclinical inflammatory state in obese children could lead to
early atherosclerosis. Studies on the relationship between the de-
gree of childhood obesity and surrogate markers of future cardio-
vascular disease revealed that inflammatory biomarkers such as IL-
6 levels increased with the degree of obesity. However, in a large-
sample study that was conducted on 2846 boys and girls, inflam-
matory levels, particularly C-reactive protein did not correlate
significantly with insulin resistance or with the metabolic syn-
drome; which are well-known cardiovascular risk factors, sug-
gesting an underlying inflammation may be an additional factor
contributing to adverse long-term cardiovascular outcomes [41]. It
has been reported that the enhancement of endothelial adhesion
molecules plays a pivotal role in the earliest phases of atheroscle-
rosis [42]. Also, concentrations of soluble adhesion molecules have
been found to be higher in obese children as compared to non-
obese [12,23]. Given that in Huang and colleagues study [43] the
endothelial injury and cIMT level were increased in obese children,
also it might be useful for identify for the degree of damage.
However, few studies have considered the type of obesity as a
contributing risk factor in atherosclerosis; children with abdominal
obesity are at increased risk for atherosclerosis, and WC could be
useful for measuring the risk of atherosclerosis in children
[19,23,44]. Therefore, the findings of the present study are in
agreement with previous reports that showed significant correla-
tions between fat mass and endothelial-leukocyte adhesion mole-
cule, and cIMT.

Notwithstanding of our results, the relationship between cIMT
and obesity have not always has been found. Tounian and col-
leagues [45] investigated the increase in arterial wall rigidity of
cIMT in 48 obese children as compared to controls, and concluded
that there were no significant differences in cIMT between both
groups [45]. Furthermore, Beauloye and colleagues [40] did not
report correlations between cIMT and the classical cardiovascular
risk factors such as positive familial history of type 2 diabetes or
precocious CVD, visceral obesity, or dyslipidemia. Also, adhesion
molecule levels were not associated with cIMT in obese children
and adolescents [40]. In a large group of normal children and young
adults, aged 10—25 years, Sass et al. [46] found that cIMT was not

Table 3

Spearman correlation analysis between fat mass and selected atherosclerosis markers.
Variable SBP DBP TC TG's HDL LDL IL-6 TNF-o IL-1B VCAM-1 ICAM-1 E-selectin cIMT
R 0.490 0.479 0.339 0.306 -0.281 0.446 0.154 0.145 0.262 0.111 0.171 0314 0.253
p-value 0.001 0.001 0.009 0.002 0.018 0.005 0.229 0.268 0.064 0.428 0.221 0.048 0.036

p-value is significant for values equal or less than 0.05.

SPB, systolic blood pressure; DPB, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein
cholesterol; IL-6, Interleukin 6; TNF-¢,, Tumor necrosis factor —alpha; IL-1, Interleukin-1 beta; VCAM-1, vascular cell adhesion molecule —1; ICAM-1; intercellular adhesion
molecule-1; cIMT, carotid intima-media thickness.
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Table 4
Linear regression analysis, with fat mass as the dependent variable with selected
atherosclerosis markers.

Standardized coefficients B T p-value
SBP 0.490 5.788 0.001
DBP 0.470 5.295 0.001
TC 0.399 2.7 0.009
TG"s 0.306 3.127 0.002
HDL —-0.281 —2.428 0.018
LDL 0.446 2.988 0.005
IL-6 0.154 1.216 0.299
TNF-a 0.145 1.118 0.268
IL-1B 0.262 1.897 0.064
VCAM-1 0.111 0.798 0.428
ICAM-1 0.171 1.24 0.221
E-selectin 0314 2.041 0.048
cIMT 0.253 2.14 0.036

p-value is significant for values equal or less than 0.05.

SPB, systolic blood pressure; DPB, diastolic blood pressure; TC, total cholesterol; TG,
triglyceride; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein
cholesterol; IL-6, Interleukin-6; TNF-z, Tumor necrosis factor —alpha; IL-18,
Interleukin-1 beta; VCAM-1, vascular cell adhesion molecule —1; ICAM-1; inter-
cellular adhesion molecule-1; cIMT, carotid intima-media thickness.

affected by age and sex until 18 years of age. After 18 year, cIMT had
increased sharply in men, leading to significantly greater cIMT in
men than in women. In line with this lack of correlation, Whincup
et al. [47] showed that inflammation levels made only a modest
contribution to the reduced arterial distensibility observed in obese
adolescents and that this weak contribution was almost completely
abolished after adjustment for adiposity.

This study has both strengths and limitations. Far to our
knowledge, this is the first study investigating atherosclerosis risk
factors in different fat mass percentile groups in children and ad-
olescents, and investigating the role of fat mass per se in low in-
come counties. The participants of this study were healthy, non-
smokers and do not consume any medication which might
strengthen the findings; furthermore, the study has investigated
higher number of variables compared to other studies. A few lim-
itations are worth mentioning: due to the cross-sectional nature of
the study, it is not possible for the conformation of the speculation
or making cause—effect relations. The study sample size may also
reduce the statistical power of our findings. There were no
commonly accepted cutoff point reference for fat mass among
schoolchildren from different ethnicity; hence, the interpretation of
the findings was not possible.

Conclusion

The results of the current study suggested that higher fat mass
in schoolchildren is associated with increased atherosclerosis risk,
by increasing its risk factors such higher blood pressure, a state of
dyslipidemia, increased pro-inflammatory biomarkers and endo-
thelial dysfunction. Therefore, more attention is required to
obesity of children in both epidemiological studies and in clinical
practices. This study highlighted the need for future studies
evaluating the appropriate fat mass cut-off points in children and
adolescents.
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