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Abstract

Background

The impact of obesity on cardiovascular health of young children is still to be fully illustrated.
This study measured biomarkers for glycemic control, lipid metabolism, systemic inflamma-
tion, endothelial dysfunction, and hepatic cholestasis in schoolchildren. Its main purpose
was to determine whether metabolic derangements could be detected in young children
with excess fat.

Method

This cross-sectional study involved 967 children in the second, sixth, and tenth grades
(median age, 7.3, 11.3, and 15.4 years, respectively). Using the International Obesity Task
Force interpretation (IOTF) of body-mass-index (BMI), children were stratified as thin (<5th
centiles), normal (5th to <85™ centiles), overweight (85th to <95™ centiles), obese (95th to
<98"™ centiles), or extremely-obese (>98" centiles). Waist circumference was also mea-
sured. Several metabolic determinations were then used as surrogate biomarkers for car-
diovascular risks.

Results

Prevalence of BMI>85" centile among the second graders was 13.1%, sixth graders
42.2%, and tenth graders 33.8%. BMI>85" centile was associated with a tendency for
higher hemoglobin A;; (p>0.160) and higher blood glucose (p>0.197). For the second grad-
ers, BMI>85" centile was associated with higher high-sensitivity C-reactive protein (hs-
CRP, p<0.001), higher tumor necrosis factor-a (TNF-alpha, p<0.001), higher interleukin-6
(IL-6, p<0.001), higher soluble intercellular cytoadhesive molecule-1 (sICAM-1), higher tri-
glycerides (p<0.024), and lower high-density lipoprotein (HDL, p<0.001). Additionally, for
the sixth and tenth graders, BMI>85" centile was associated with higher gamma-glutamyl
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transferase (GGT, p<0.001). In the sixth graders, BMI>85" centile was insignificantly
changed with sICAM-1 or the soluble vascular cytoadhesive molecule-1 (sVCAM-1).

Conclusions

The studied children with excess fat had increased risks for developing systemic inflamma-
tion, dyslipidemia, endothelial dysfunction, cholestasis, and diabetes. These results suggest
that metabolic biomarkers should be included in the routine assessment of children with an
overweight problem.

Introduction

Obesity, diabetes, dyslipidemia, hypertension, and metabolic syndrome are well-known causes
of cardiovascular disease [1]. Children are especially vulnerable to these adverse events as they
are less likely to be engaged in vigorous health promoting, screening and monitoring pro-
grams. As described in detail previously [2], there is a steady rise in obesity (including extreme
obesity) among Emirati children 3 to 18 years of age. Each year an additional 2.36% of the
Emirati schoolchildren become obese and 0.28% become extremely obese. Therefore, mea-
sures designed for assessing and reversing childhood overweight are highly needed [2]. Fur-
thermore, monitoring biomarkers for systemic inflammation, endothelial dysfunction, and
hepatic cholestasis is necessary for proper assessment of the negative impact of access fat on
human health. This study is the first to address adverse metabolic events in Emirati schoolchil-
dren with overweight problems. Its main aim was to highlight the fact that cardiovascular risks
could be detected early in children with obesity.

Systemic inflammation is a critical adverse event in obesity. Excess fat causes sustained ele-
vations in common inflammatory biomarkers, such as hs-CRP (high-sensitivity C-reactive
protein), IL-6 (interleukin-6), and TNF-alpha (tumor necrosis factor-alpha). Inflammatory
molecules are major contributors to insulin resistance, endothelial dysfunction, and athero-
sclerosis seen in children with overweight problems [3-4]. Soluble ICAM-1 (intercellular
cytoadhesive molecule-1) and VCAM-1 (vascular cytoadhesive molecule-1) are monocyte-
promoting adherence molecules, which are expressed in response to cytokine-mediated
inflammation [5,6]. Similarly, adiponectin is an adipocyte-derived cytokine that improves
insulin sensitivity and ameliorates systemic inflammation [6-11].

This study investigated biomarkers for glycemic control (hemoglobin A, and random
blood glucose), lipid metabolism (adiponectin, triglycerides, total cholesterol, high-density
lipoprotein [HDL], and low-density lipoprotein [LDL]), systemic inflammation (high-sensitiv-
ity hs-CRP, TNF-alpha, and IL-6), endothelial dysfunction (SICAM-1 and sVCAM-1), and
hepatic cholestasis (gamma-glutamyl transferase [GGT]) in Emirati schoolchildren. Its mean
purpose was to determine whether these biomarkers could detect cardiovascular risks (espe-
cially subclinical inflammation, dyslipidemia, and pre-diabetes) in young children with excess
fat.

Materials and methods

This study involved Emirati students attending 25 Alain governmental schools at grades 2 (ele-
mentary school), 6 (middle school) and 10 (high school); expected ages were 8, 12 and 16
years, respectively. The study was approved by Alain Medical District Human Research Ethics
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Committee (AAMD-HREC-2015-3236 15-112) and Abu Dhabi Education Council (ADEC).
Written study consent was obtained for each participant; consent was obtained from parents
or guardians for all the minors included in this study.

As described in detail previously [1], students were randomly recruited by a systematic sam-
pling design; even-numbered students on the ADEC school list were selected. A validated and age
appropriate study health questionnaire was distributed to about 2,000 selected students and the
response rate was 48.4%. All consented students (consent was obtained from parents or guardians
for all the minors included in this study) had anthropometric measurements (weight, height, and
waist circumference) and physical examination by a trained nurse. The weight and height were
measured by a digital scale stadiometer. Children were asked to stand straight with their heads,
backs, and buttocks vertically aligned to the height gauge; their heights were then taken and
rounded to the nearest 0.5 cm. Waist circumference was measured with upstretched tapes, mid-
point between the bottom of the rib cage and the tip of the iliac crest [1]. Gender-specific body-
mass index (BMI) growth charts (US Centers for Disease Control and Prevention, CDC) were
used to identify overweight (BMI >85th centile and <95th centile), obese (BMI >95th centile
and <99th percentile) and extremely obese (BMI >99th percentile) children [12]. BMI was also
determined according to the International Obesity Task Force (IOTF) and World Health Organi-
zation (WHO) criteria: Thin <5th centiles; normal 5th to <85 centiles; overweight 85th to
<95% centiles; obese 95th to <98™ centiles; and extremely-obese >98™" centiles [13]. A website
was developed to process BMI values according to the IOTF, WHO, and CDC cut-off criteria
[14]. As described in detail previously [2], Microsoft Active Server Pages (ASP) were used for data
processing and JavaScript was used for data entry checking. Microsoft SQL Server and relational
database management system were used for storing and retrieving data pertaining to the website.
The ASP program contained the algorithms, and the database contained the tables needed for cal-
culating BMI values and centiles for the three reference methods.

Random blood samples were collected and processed for glucose, hemoglobin A;. (HbA,.)
low density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides, total cholesterol,
interleukin-6 (IL-6), tumor necrosis factor-o (TNF-alpha), high-sensitivity C reactive protein
(hs-CRP), soluble intercellular cytoadhesive molecule-1 (SICAM-1), soluble vascular cytoadhe-
sive molecule-1 (sVCAM-1), adiponectin, and gamma-glutamyl transferase (GGT). Glucose,
HbA,., GGT and lipid profile were measured using an automated analyzer Integra 400 Plus
(Roche Diagnostics, Mannheim, Germany).

Enzyme linked immunosorbent assays from R&D Systems were used to measure adiponec-
tin (Acrp30 Quantikine, DRP300), IL-6 (Human IL-6 Quantikine HS, HS600B), TNF-alpha
(Human TNFoa Quantikine, DTA00C), sSICAM-1, and sVCAM-1 following the manufacturers’
protocols. Hs-CRP was measured using Synchron Clinical System (UniCel DxC-800) from
Beckman Coulter, Inc. (Fullerton, CA, USA).

The statistical analysis was performed using SPSS software version 21.0 (SPSS Inc., Chicago,
USA). Data are presented as median, mean, and standard deviation. Multiple groups were
compared using Kruskal-Wallis test, as measurements were either not normally distributed or
heteroscedastic (unequal variances). P<0.05 was considered significant. Effect size (Cohen’s d)
was calculated on SPSS using z-score of the tested variable followed by independent-samples t-
test (mean difference); effect sizes were classified as small (d = 0.2), medium (d = 0.5), or
large (d > 0.8). Raw data are submitted as S1 Dataset and S2 Dataset.

Results

Nine hundred sixty-seven participants were enrolled in this study. Their characteristics
are summarized in Table 1. Cardiovascular risk factors were more prevalent in the fathers
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Table 1. Student characteristics (n = 967).

Grade 2
No. (%) 337 (34.9)
Age (y) 7.4+ 0.5(7.3)
Female 183 (54.3)
Male 154 (45.7)
Waist circumference (cm) 50.8 7.2 (49.0)
Waist-to-height ratio 0.40 + 0.05 (0.39)
Weight (kg) 24.8 +6.5 (23.0)
Height (cm) 126.1 + 4.5 (127.0)
BMI (kg/m?) 15.5 + 3.4 (14.6)
Overweight (No., %) 21 (6.3)
Obese (No., %) 12 (3.6)
Extremely-obese (No., %) 11 (3.3)
Grade 6
No. (%) 358 (37.0)
Age (y) 11.3 0.6 (11.3)
Female 200 (58.5)
Male 142 (41.5)
Waist circumference (cm) 64.2 +11.4 (62.0)
Waist-to-height ratio 0.44 + 0.07 (0.43)
Weight (kg) 44.5 + 14.0 (41.9)
Height (cm) 144.6 + 7.8 (145.0)
BMI (kg/m?) 21.0 £ 5.5 (20.1)
Overweight (No., %) 90 (25.1)
Obese (No., %) 35(9.8)
Extremely-obese (No., %) 26 (7.3)
Grade 10
No. (%) 272 (28.1)
Age (y) 15.6 £ 0.9 (15.4)
Female 150 (55.1)
Male 122 (44.9)

Waist circumference (cm)
Waist-to-height ratio

70.9 + 13.7 (67)
0.44 £ 0.08 (0.42)

Weight (kg) 62.5 +19.3 (57.0)
Height (cm) 161.5 + 9.0 (161.0)
BMI (kg/m?) 23.9 £ 6.6 (21.8)
Overweight (No., %) 42 (15.4)
Obese (No., %) 26 (9.6)
Extremely-obese (No., %) 24 (8.8)

Maternal variables, No. (%)
Hypertension 51 (5.3)
Dyslipidemia 54 (5.6)
Diabetes 58 (6.0)
Excess body fat 39 (4.0)

Paternal variables, No. (%)

Hypertension 134 (13.8)
Dyslipidemia 105 (10.9)
Diabetes 153 (15.8)
Excess body fat 89(9.2)
Consanguinity, No. (%) 346 (35.8)

Values are No. (%) or mean + SD (with the values in parentheses being median). Some students had missing data;
thus, the percentiles are based on available data. Overweight (BMI, 85th to <95th), obese (BMI, 95th to <98th), and

extremely-obese (BMI, >98th) are based on IOTF interpretation of BMI.

Chi-squared test was used to analyze whether any of the family variables correlate with excess body fat IOTF

classification of BMI as “thin or normal” versus “overweight, obese or extremely-obese”) in the studied children.

Pearson Chi-square (asymptotic significance, 2-sided) <0.05 was considered significant. Only father or mother with

diabetes (p<0.001) and father with excess body fat (p = 0.004) significantly correlated with children with excess body

fat.

https://doi.org/10.1371/journal.pone.0210316.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0210316  January 9, 2019

4/12


https://doi.org/10.1371/journal.pone.0210316.t001
https://doi.org/10.1371/journal.pone.0210316

®PLOS | one

Adverse events of childhood obesity

100
R Exremely obese
1 Obese
80
E Overweight
2 J
M
9 60
g
3
o=t J
K 40
I 1 Normal
=
]
20
Thin

Grade 2 Grade 6 Grade 10

Fig 1. BMI of the studies children per IOTF, WHO, and CDC classifications. The values of BMI were classified as
thin, normal, overweight, obese, or extremely obese according to IOTF (upper panel), WHO (middle panel), and CDC
(lower panel) criteria.

https://doi.org/10.1371/journal.pone.0210316.9001

than in the mothers. In this study culture, intratribal marriages were common (35.8%),
Table 1.

Using IOTF interpretation of BMI, the prevalence of BMI >85" centile among the second
graders was 13.1%, among the sixth graders was 42.2%, and among the tenth graders was
33.8% (Fig 1 and Table 1). Similar frequencies were also obtained using the CDC and WHO
criteria (Fig 1). The prevalence of BMI >85" centile was similar among boys and girls. Thus,
childhood obesity was common and progressed with time. Representative biomarkers (hs-
CRP, HDL, and GGT) in the studied children as functions of grade and IOTF-BMI (<85"
centile versus 285th centile) are shown in Fig 2.

Compared to second graders with IOTE-BMI <85" centile, those with IOTE-BMI >85™
centile had higher hs-CRP (p<0.001, Cohen’s d = 1.190), higher IL-6 (p<0.001, d = 1.096),
higher TNF-alpha (p<0.001, d = 1.100), higher sSICAM (p = 0.024, d = 0.592), higher LDL
(p=0.015, d = 0.781), and lower HDL (p<0.001, d = 0.750), Table 2.

Similarly, the sixth graders with BMI >85™ centile had higher hs-CRP (p<0.001, d = 1.769),
higher triglycerides (p<0.001, d = 0.240), higher LDL (p = 0.051, d = 0.215), higher IL-6
(p<0.001, d = 1.653), higher TNF-alpha (p = 0.001, d = 1.922), higher sSICAM (p = 0.031,

d = 33.880), higher GGT (p<0.001, d = 4.456), and lower HDL (p<0.001, d = 0.243), Table 2.
The tenth graders with BMI >85™ centile had higher hs-CRP (p<0.001, d = 1.530), higher tri-
glycerides (p = 0.001, d = 0.153), higher IL-6 (p<0.001, d = 1.097), higher TNF-alpha (p<0.001,
d = 1.243), higher GGT (p<0.001, d = 7.992), lower HDL (p<0.001, d = 0.253), and higher adi-
ponectin (p<0.040, d = 0.942). sSICAM and sVCAM-1 did not significantly change in this age
group (Table 2). Thus, these biomarkers detected significant metabolic derangements in young
children with overweight problems. It is worth noting that hemoglobin A;. and random blood
glucose were higher in children with BMI>85™ centile, but the differences did not reach the sta-
tistical significance (Table 2).

Positive correlations were observed only between the inflammatory biomarkers; hs-CRP
versus IL6 (R* = 0.875), hs-CRP versus TNF-alpha (R* = 0.888), and IL6 versus TNF-alpha
(R* = 0.933). hs-CRP did not correlate with HDL (R? = 0.047) or hemoglobin A;. (R* = 0.000).
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Fig 2. Dot plots of representative biomarkers (hs-CRP, HDL, and GGT) in the studied children as functions of
grade and IOTF-BMI (<85'" centile versus >85™ centile). Horizontal lines are mean. One student (grade 10, BMI
>85™ centile) with a GGT value of 188 U/L is not shown in the plot.

https://doi.org/10.1371/journal.pone.0210316.9002

Similarly, there were no significant correlations between HDL, adiponectin, SICAM-1,
sVCAM-1, and GGT (R*<0.1).

Table 3. summarizes the measurements of ‘waist circumference’ and ‘waist-to-height ratio’,
given as functions of IOTF-BMI and age. Both parameters significantly increased in children
with overweight, obesity, or extreme-obesity (p<0.001). Thus, both waist circumference and
waist-to-height ratio (abdominal or central obesity) should be used to measure the stage of
obesity.

Discussion

This study reports on the status of glycemic control, lipid metabolism, systemic inflammation,
endothelial dysfunction, and hepatic cholestasis in schoolchildren with excess fat. The results
show that significant metabolic derangements are evident in elementary school children with
overweight problems. Thus, excess fat negatively impacts the cardiovascular health of young
children and prompt interventions are necessary.

Waist-to-height ratio, waist circumference (measured at the midpoint between the bottom
of the rib cage and the tip of the iliac crest), and waist-to-hip ratio are simple indicators of car-
diovascular risk in persons with obesity. While BMI is the traditional measure of overweight
or obese, it is not a good indicator of health risk assessment.

Prevention of childhood obesity requires multidisciplinary efforts, which include regular
monitoring during all healthcare visits. Management of obesity necessitates prompt enrolment
in a structured program that endorses slow weight loss (good diet and regular exercise)
through a family-based behavioral treatment. Psychological problems should be well managed
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Table 2. Results of the measured biomarkers as functions of grade and IOTF classification of BMI.

Grade 2 (169 students consented to blood testing)

Thin Normal Overweight, P
(n=55) (n=288) obese, or
extremely-obese
(n=26)
Hemoglobin A;. (%), n = 165 51+0.4(5.1) 51+04(5.1) 53+0.3(5.3) 0.097
Random blood glucose (mmol/L), n = 169 50+ 1.1(4.9) 50+1.2(4.7) 53+1.0(5.2) 0.079
hs-CRP (mg/L), n = 169 0.9 + 1.9 (0.3) 1.0+ 1.8 (0.5) 4.0+4.0(3.3) <0.001
Total cholesterol (mmol/L), n = 169 4.1+0.7 (4.0) 4.1+0.6 (4.1) 43+0.7 (4.3) 0.243
Triglyceride (mmol/L), n = 169 0.8+0.3(0.7) 0.9+0.5(0.7) 1.0 £ 0.5 (0.9) 0.057
HDL (mmol/L), n = 169 14+0.4(1.4) 1.5+ 0.3 (1.5) 1.2+0.3(1.3) <0.001
LDL (mmol/L), n = 169 2.5+0.5(2.4) 2.5+0.6 (2.5) 3.0+0.8(2.8) 0.015
Interleukin 6 (pg/mL), n = 101 42+2.6(3.5) 3.0+ 1.6(2.3) 6.0+ 3.8(5.7) <0.001
TNF-alpha (pg/mL), n = 101 6.0 + 2.8 (5.0) 50+ 1.8(4.4) 8.4+4.1(7.8) <0.001
Adiponectin (pg/mL),n = 101 52+3.1(4.2) 6.3+3.9(5.5) 54+3.2(4.3) <0.177
sICAM-1 (ng/mL), n = 101 231 + 40 (232) 263 + 77 (254) 309 + 85 (299) 0.024
sVCAM-1 (ng/mL), n = 101 590 + 109 (608) 633 + 130 (603) 622 + 136 (609) 0.894
GGT (U/L), n = 101 19.5 £ 5.7 (21.0) 22.2 3.5 (22.0) 232+ 5.8 (22.5) 0.668
Grade 6 (225 students consented to blood testing)
Thin Normal Overweight Obese/ extremely- P
(n=22) (n=104) (n =60) obese
(n=39)
Hemoglobin A;. (%), n = 225 52+0.3(5.2) 53404 (5.4) 53+0.5(5.4) 52+0.3(5.3) 0.197
Random blood glucose (mmol/L), n = 225 4.8+0.7 (4.8) 4.9+0.6 (4.8) 5.1+0.8(4.9) 5.3+ 1.0 (5.0) 0.061
hs-CRP (mg/L), n = 225 0.4+0.6(0.2) 0.8+ 1.1(0.4) 22+23(1.4) 3.0+2.4(2.4) <0.001
Total cholesterol (mmol/L), n = 225 4.0+ 0.5 (4.0) 42+0.7(4.2) 42+0.7(4.1) 43+09 (4.1) 0.481
Triglyceride (mmol/L), n = 225 0.8+0.3(0.7) 0.9+ 0.4 (0.7) 1.0+ 0.4 (0.9) 1.2+0.6 (1.2) <0.001
HDL (mmol/L), n = 225 1.4+0.3(1.5) 1.5+ 0.4 (1.5) 1.3+0.3(1.2) 1.2+0.2(1.1) <0.001
LDL (mmol/L), n = 225 2.3+0.5(2.4) 2.5+0.6 (2.5) 2.7£06(2.7) 2.7 £0.8 (2.6) 0.051
Interleukin 6 (pg/mL), n = 105 - 3.0+ 1.3(2.6) 44+22(3.9) 58 +2.4(5.7) <0.001
TNF-alpha (pg/mL), n = 105 - 4.8+ 1.3(4.4) 6.4 +2.8(5.6) 8.0+3.1(7.9) 0.001
Adiponectin (ug/mL) n = 105 - 52+22(4.8) 4.7+22(4.2) 45+24(4.1) 0.457
sICAM-1 (ng/mL), n = 105 - 274 £ 77 (273) 293 + 101 (287) 342 + 88 (326) 0.031
sVCAM-1 (ng/mL), n = 105 - 616 + 97 (598) 631 + 125 (610) 647 £ 96 (659) 0.752
GGT (U/L), n =105 - 21.2+4.1(21.0) 24.7 £ 5.9 (23.0) 27.5+ 6.8 (25.5) <0.001
Grade 10 (170 students consented to blood testing)
Thin Normal Overweight Obese/ extremely- P
(n=20) (n=92) (n=25) obese
(n=33)
Hemoglobin A, (%), n = 170 50+0.5(5.2) 52+04(5.2) 53+04 (5.3) 53+0.6(5.2) 0.196
Random blood glucose (mmol/L), n = 170 53+1.8(4.7) 5.0+ 0.9 (4.8) 53+1.1(5.1) 5.6+2.1(5.1) 0.160
hs-CRP (mg/L), n = 170 1.0+2.4(0.2) 0.9+2.1(0.3) 1.2+ 1.6 (0.5) 3.5+3.5(2.7) <0.001
Total cholesterol (mmol/L), n = 170 43+1.6(3.7) 4.0+0.7 (3.8) 3.9+0.6(3.7) 44+1.3(4.3) 0.189
Triglyceride (mmol/L), n = 170 0.9+0.9(0.7) 1.6 + 7.8 (0.7) 1.1+ 0.6 (0.9) 1.5+ 1.7 (1.1) 0.001
HDL (mmol/L), n =170 1.5+ 0.5 (1.5) 1.5+ 0.4 (1.4) 1.3+ 0.3(1.3) 1.2+0.4(1.1) <0.001
LDL (mmol/L), n =170 2.6+1.3(2.3) 2.5+0.7 (2.5) 2.4+0.6(2.4) 2.8+0.8(2.9) 0.125
Interleukin 6 (pg/mL), n = 114 4.7 + 3.0 (4.5) 3.2+2.1(2.5) 33+1.8(2.4) 5.3 +2.4(5.0) <0.001
TNF-alpha (pg/mL), n = 114 6.7 +3.8(6.2) 51+22(4.4) 5.4+ 1.3(3.0) 7.4+2.5(6.9) <0.001
Adiponectin (pg/mL), n = 114 3.9+1.6(4.0) 42+ 1.8(4.0) 3.0+2.6(5.6) 35+2.0() 0.040
SICAM-1 (ng/mL), n = 114 215 + 89 (189) 223 +42 (221) 216 + 47 (210) 235 + 60 (220) 0.610
(Continued)
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Table 2. (Continued)

sVCAM-1 (ng/mL), n = 114

578 + 184 (580) 540 % 118 (529) 561+ 105 (541) | 590 + 144 (555) 0.497

GGT (U/L),n=114

16.5+ 3.3 (17.0) 22.0 + 8.3 (21.0) 25.8+7.4(24.0) | 32.4+19.2(25.5) <0.001

Values are mean + SD; values in parentheses are median. The values of p are Kruskal Wallis test (asymptotic significance). Hs-CRP, high-sensitivity C reactive protein;

HDL, high-density lipoprotein; LDL, low-density lipoprotein; TNF-a, tumor necrosis factor-alpha; SICAM-1, soluble intercellular adhesion molecule-1; sVCAM-1,

soluble vascular cell adhesion molecule-1; GGT, gamma-glutamyl transferase.

Total cholesterol >5.18 mmol/L requires treatment. Triglyceride >1.5 mmol/L in patients 10-19 y are high. HDL is considered normal if >1.17 mmol/L and low if
<0.91 mmol/L. Normal LDL is <2.85 mmol/L.
Children were stratified as thin (<5th percentile), normal (5th to <85th), overweight (85th to <95th), obese (95th to <98th), or extremely-obese (>98th), using the

International Obesity Task Force (IOTF) interpretation of body-mass-index (BMI).

Analysis of the five IOTF groups of BMI (underweight, normal, overweight, obese, and extremely-obese) was performed on combined grades using Kruskal-Wallis test;

all the laboratory biomarkers were significantly different among the groups (p<0.038), except the VCAM-1 (p<0.742).

https://doi.org/10.1371/journal.pone.0210316.t002

before children begin a weight loss program. Five percent reduction in BMI can significantly
improve the biochemical derangement associated with obesity. Estimated caloric need for 4 to
6 year-old children is 80 to 90 kcal/kg/day and for 7 to 10 year-old children is 70 to 80 kcal/kg/
day (weight gain, 3-5 g/day). Very-low-calorie diets (e.g., 1,000 calories/day) can lead to nutri-
tional deficiencies and should be avoided.

The studied biomarkers detected significant metabolic derangements in children with over-
weight problems, which were evident in early childhood. Therefore, the excess fat in these
young children increased their risks for systemic inflammation, dyslipidemia, endothelial dys-
function, hepatic cholestasis, and dysglycemia. Thus, routine workup for childhood obesity

Table 3. Waist circumference and waist-to-height ratio as functions of IOTF-BMI and age.

Age Thin ‘ Normal | Overweight ‘ Obese ‘ Extremely-obese ‘ P
Waist Circumference (cm)
6y 47.2+3.6 (47.0) 50.3+3.9 (49.5) 54.2+3.7 (54.0) 62.8+3.3 (64.0) 64.0+12.7 (64.0) <0.001
7y 47.1+4.1 (47.0) 50.6%5.9 (50.0) 57.5+3.4 (57.0) 64.5+3.3 (65.5) 71.2+11.6 (72.5) <0.001
8y 41.5+2.1 (41.5) 48.6+4.8 (48.0) - - 71.7+8.7 (74.0) <0.001
10y 51.9+3.8 (51.5) 51.9+5.8 (58.0) 67.1+4.6 (66.0) 72.6%2.6 (73.0) 81.9+15.6 (80.0) <0.001
11y 52.7%5.3 (52.0) 58.4+4.8 (58.0) 69.8+7.6 (69.0) 78.7%9.0 (79.0) 82.3+14.9 (86.0) <0.001
l4y 60.3+8.1 (58.5) 64.316.3 (63.0) 69.224.8 (69.0) 87.327.1 (86.0) - <0.001
15y 61.1£8.5 (59.0) 63.5+5.8 (63.0) 74.3%7.4 (74.5) 85.526.8 (85.0) 95.9+8.8 (95.5) <0.001
16y 63.0+4.2 (64.5) 65.8+8.7 (63.0) 79.7+8.4 (80.5) 84.9+13.8 (84.0) 107.7+2.1 (107.0) <0.001
Waist-to-Height Ratio

6y 0.38+0.03 (0.38) 0.40+0.03 (0.39) 0.43+0.03 (0.43) 0.48+0.03 (0.49) 0.49+0.10 (0.49) <0.001
7y 0.40+0.03 (0.38) 0.40+0.05 (0.40) 0.45+0.03 (0.45) 0.49+0.03 (0.50) 0.54+0.07 (0.55) <0.001
8y 0.33+0.01 (0.33) 0.38+0.04 (0.37) - - 0.55+0.06 (0.56) <0.001
10y 0.37+0.03 (0.37) 0.41+0.03 (0.41) 0.47+0.04 (0.47) 0.50+0.03 (0.51) 0.56+0.10 (0.58) <0.001
11y 0.38+0.04 (0.37) 0.40+0.07 (0.40) 0.47+0.05 (0.46) 0.53+0.07 (0.53) 0.55+0.09 (0.57) <0.001
14y 0.38+0.04 (0.38) 0.40+0.03 (0.40) 0.44+0.04 (0.43) 0.54+0.05 (0.51) - <0.001
15y 0.38+0.05 (0.37) 0.39+0.03 (0.39) 0.4620.04 (0.46) 0.5220.03 (0.53) 0.57+0.04 (0.58) <0.001
16y 0.40+0.03 (0.38) 0.41+0.05 (0.40) 0.47+0.03 (0.48) 0.5220.07 (0.50) 0.650.02 (0.54) <0.001

Values are mean + SD; values in parentheses are median. The values of p are Kruskal Wallis test (asymptotic significance).

Children were stratified as thin (<5th percentile), normal (5th to <85th), overweight (85th to <95th), obese (95th to <98th), or extremely-obese (>98th), using the
International Obesity Task Force (IOTF) interpretation of body-mass-index (BMI).

https://doi.org/10.1371/journal.pone.0210316.t003
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should include screening for dyslipidemia, diabetes (including insulin resistance), subclinical
inflammation, fatty liver, hypertension, obstructive sleep apnea, metabolic syndrome, and
polycystic ovarian syndrome. In addition, genetic testing should be offered for children who
have extreme obesity [15]. We show here that the biochemical profile that uses hs-CRP, IL-6,
TNE-alpha, Hb A, adiponectin, SICAM-1, sVCAM-1, and GGT is helpful. The lack of corre-
lations between the inflammatory biomarkers and the biomarkers of dyslipidemia and hepatic
cholestasis (GGT) may suggest that these obesity-associated derangements are independent.
The development of obesity needs to be carefully monitored and promptly treated in children
and adolescents. The use of biomarkers may help the child and parents to appreciate the seri-
ousness of obesity and encourage them to enroll in a proper weight reduction program.

Children with obesity usually consume high calories from nutrient-poor and calorie-dense
foods and drinks. They usually have long screen-time and participate less in vigorous exercises.
Reversing these habits requires effective counseling and motivations at home and at school.
The impact of prescribing drugs that promote weight loss (e.g., orlistat) is still to be illustrated.
Bariatric surgery is considered only for adolescents with a sexual maturity rating of 4 to 5, and
BMI of 40 kg/m” or BMI of 35 kg/m? plus obesity-associated complications.

Obesity and its related disorders are associated with a reduction in the lifespan of about 12
years. In 2008, The Obesity Society recognized obesity as a “disease” [16]. In 2013, the Ameri-
can Medical Association recognized obesity as a chronic complex condition requiring inter-
vention [17]. The 2011 Expert Panel on Integrated Guidelines for Cardiovascular Health and
Risk Reduction in Children and Adolescents recommends lipid screening (nonfasting LDL or
fasting lipid panel) between 9 and 11 years and a second screening between 18 and 21 years
[18]. Other recommendations include breast-feeding, low intake of saturated fat beginning at
1 year of age, stopping exposure to tobacco, and regular physical activity. Nearly 1 in 3 children
screened for high cholesterol at 9 to 11 years have borderline or high levels, thereby increasing
their risk for cardiovascular disease. Statin is recommended for LDL >4.9 mmol/L, LDL >4.1
mmol/L with positive family history, or LDL >3.4 mmol/L with positive diabetes. Children
with total cholesterol >5.18 mmol/L, HDL <1.17 mmol/L, and LDL >3.37 mmol/L are at risk
of early coronary artery disease. More recently, the US Preventive Services Task Force state-
ment issued the following statement: “The current evidence is insufficient to assess the balance
of benefits and harms of screening for lipid disorders in children and adolescents younger
than 20 years. If the lipid screening is offered as a service by practitioners, patients (and fami-
lies) should understand the uncertainty about the balance of benefits and harms.” [19]

Obesity imposes a cluster of subclinical inflammation and endothelial dysfunction.
Reduced levels of adiponectin in obesity have been shown to promote inflammatory cytokine-
induced expression of cytoadhesive molecules [7]. These results are consistent with our find-
ings of excess fat is associated with decreased adiponectin. In one study, sSICAM-1 and
sVCAM-1 were measured in children (mean age, 15 y) with obesity [20]. Both adhesive mole-
cules were significantly higher in children with obesity compared to healthy children (SICAM-
1: 314 + 61 ng/mL versus. 265 + 55 ng/mL; sVCAM-1: 514 + 187 versus 408 + 76 ng/mL).
SICAM-1 was dependent on BMI and sVCAM-1 was dependent on total cholesterol [20]. The
authors concluded “endothelial activation appears in these children” [20]. This current study
supports the use of metabolic biomarkers in children with overweight problems. As previously
noted, programs that endorse regular exercise and diet modifications, especially in the geneti-
cally most susceptible children are highly warranted [21-24].

Significant childhood metabolic derangements are evident in the presence of overweight
problems. This finding is consistent with previous regional [1, 2] and international [25, 26]
studies, and support current understanding of the ‘childhood origin of adult diseases’. The
clinical use of biomarkers of systemic inflammation, dyslipidemia, dysglycemia, liver disease,
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endothelial dysfunction, and fat metabolism to monitor progress of the adverse events of
access body fat is highly encouraged.

In conclusion, in this study, cardiovascular risks were investigated in school children using
a set of biomarkers for systemic inflammation, glycemic control, dyslipidemia, endothelial
function, and hepatic cholestasis. Significant biomarkers of inflammation (hsCRP, IL-6, and
TNEF-alpha) and endothelial dysfunction (SICAM-1 and sVCAM-1) are present in young chil-
dren with obesity. Prospective studies are necessary to investigate the usefulness of these bio-
chemical markers for the proper clinical care of these patients.
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