Medicine

IObservationaI studty B

The gap between overweight and obesity status in
children - (STROBE-compliant article)

Cristina Oana Marginean, MD, PhD?, Lorena Elena Melit, MD, PhD*", Adina Hutanu, MD, PhD®,
Dana Valentina Ghiga, MD, PhD®, Maria Oana Sasaran, MD, PhD?

Abstract N
Overweight might represent only the early stage of obesity or it might act as a trigger of self-awareness turning into an ideal chance for |
preventing further obesity development.

The aim of this study was to assess the differences between overweight and obese children in terms of anthropometric, low-grade
systemic inflammation, liver impairment and atherosclerotic risk.

We performed a study on 132 children aged between 5 and 18years, divided according to the BMI into 2 groups: group 1 to 76
obese children, and group 2 to 56 overweight children, assessing anthropometric, laboratory and elastography parameters.

We obtained significantly higher values of anthropometric parameters in obese children versus overweight ones. We found higher
levels of leukocytes, lymphocytes, AST, ALT, and E median (P=.0345, P=.0103, P<.0001, P=.0008 and P < .0001) in the obese
group as compared to the overweight one. BMI was positively correlated with neutrophils, NLR, ESR, glycemia, anthropometric
parameters, and E median (P=.0007/<.0001/.0018/.0044/<.0001/<.0001/<.0001/<.0001/<.0001/.0204); and negatively with
lymphocytes and HDL-cholesterol (r=—0.2747/—0.2181, P=.0116/.0120).

Our study underlined significant differences between overweight and obese children in terms of inflammatory status and liver
impairment suggesting that the risk is directly related to the increase in BMI.

Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, CBC = complete
cellular blood count, Chol = cholesterol, Cl = confidence interval, CRP = C -reactive protein, E = elasticity, ESR = erythrocyte
sedimentation rate, HDL-chol = high-density lipoprotein cholesterol, IL-6 = interleukin-6, LDL-chol = low-density lipoprotein
cholesterol, MUAC = medium upper arm circumference, NAFLD = non-alcoholic fatty liver disease, NASH = non-alcoholic steato-
hepatitis, NLR = neutrophils/lymphocytes ratio, PLR = platelets/lymphocytes ratio, SD = standard deviation, TG = triglycerides, TNF-
alpha = tumor necrosis factor alpha, TST = tricipital skin thickness.
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1. Introduction tripled since 1975 with more than 1.9 billion adults diagnosed
Overweight and obesity, 2 major current public health problems ~ with obesity, of which over 650 million suffering from
worldwide are defined as excessive or abnormal fat accumulation  overweight.!) The incidence of these 2 conditions increased
with negative impact on human’s wellbeing. According to the  considerably in pediatric patients affecting 40 million children
reports of the World Health Organization, obesity has almost ~ below Syears of age in 2018.1"! This report is truly alarming
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taking into account the fact that childhood obesity persists into
adulthood. It is a well-documented fact that obesity is a
preventable condition and overweight might play a dichotomous
role in the development of obesity. Thus, overweight might
represent only the early stage of obesity or it might act as a trigger
of self-awareness turning into an ideal chance for preventing
further obesity development. It is also true that obesity
development is determined by both genetic and environmental
or “obesogenic” factors,!?! which are interrelated and the latter
ones can be modified.

The burden of obesity is expressed by the wide-range of
complications affecting both the quality and life length, such as
cardiovascular, hepatic or metabolic ones.®! Part of these
complications were hypothesized to be a result of the well-
accepted low-grade inflammatory status associated to obesity,
which was also proved in pediatric patients.[*! The hypothesis
that adipose tissues serves as both the trigger and contributor to
systemic inflammation might be a reliable explanation for the
relationship between specific organ and systemic inflammation in
obesity through activation of immune cells and the inflammatory
processes expressed by immune cells within different specific
tissues.®! Thus, it seems that a malfunction in terms of immune
activity at the level of adipose tissue involving a transient
infiltration and binding of neutrophils to the adipocytes within
the abdominal fat.”! Multiple studies showed that otherwise
healthy patients with obesity express increased levels of different
leukocyte subclasses and elevated inflammatory biomarkers,
such as C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) proving the strong association between obesity and
subclinical systemic inflammation independently of the age.!**! It
was also proved that adipose tissue owns the capacity to secrete
different substances required for particular biological functions
among which leptin, adiponectin, resistin, interleukin-6 (IL-6)
and tumor necrosis factor alpha (TNF-alpha).[”! Moreover, pre-
adipocytes were also proved to contribute to an increased
cytokine production.!®! Therefore, the association between
obesity and low-grade systemic inflammation with further life-
threatening implications is an incontestable fact.

As a result of increasing obesity incidence, non-alcoholic fatty
liver disease (NAFLD) is currently considered the most frequent
chronic hepatic condition, its incidence reaching up to 15% in
developed countries.””! In case of children with overweight, its
prevalence varies between 2.6% to 9.6%, whereas in those with
obesity it rises up to 44%.!"°"121 NAFLD might have a benign
course, but it can also result in non-alcoholic steatohepatitis with
life-threatening complications such as liver fibrosis, cirrhosis,
malignant conditions or organ failure in case of long-term obesity
persistence.l'>! Thus, the assessment of liver inflammation
through laboratory parameters and elastography methods is
essential in children with overweight and obesity for a proper
management.

Atherosclerosis is a major cardiovascular risk factor whose
onset was established to occur during childhood in case of
children diagnosed with obesity."* Unfortunately, due to the
lack of awareness, it usually remains undiagnosed in young ages,
but it persists into adulthood.!'*'*! Atherosclerotic plaques are a
result of the association between increased levels of low-density
lipoprotein cholesterol (LDL-chol) and low levels of high-density
lipoprotein cholesterol (HDL-chol).!*®! Moreover, dyslipidemia,
defined as hypertriglyceridemia and low HDL-cholesterol levels
might led to metabolic complications in case of obese patients.!*”!
Lipid profile parameters, such as total cholesterol (Chol), HDL-
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cholesterol, LDL-cholesterol and triglycerides must be included
in the routine assessment of overweight and obese children in
order to establish an early diagnosis of atherosclerosis.

The aim of this study was to assess the differences between
overweight and obese children in terms of anthropometric
parameters, low-grade systemic inflammatory status, liver
impairment and atherosclerotic risk in order to highlight the
potential opportunity provided by overweight to prevent the
further development of obesity, and especially its long-term
associated complications.

2. Methods

2.1. Study sample selection

We performed a prospective, cross-sectional study of 132
children aged between 5 and 18years, admitted to a Pediatric
Tertiary Hospital in Romania, from April 2017 to January 2020.
Taking into account the inclusion criteria, our study sample was
divided according to the body mass index (BMI) into 2 groups:
group 1, comprising 76 children with obesity (BMI P >95 for
children with obesity), and group 2, the overweight group,
consisting of 56 children with BMI percentile (P > 85 and
<95).'819 Thys, the inclusion criteria comprised overweight/
obese children due to poor dietary habits, age between 5 and 18
years, with at least 1-year history of excessive weight, other-wise
healthy, with no previous attempts to lose weight and who
performed only routine physical activity during school and play
time. The exclusion criteria were: age below 5 years, monogenic
and secondary obesity, infectious pathologies, chronic diseases or
other conditions with inflammatory status, children with obesity-
related complications, incomplete data, and children whose
parents did not sign the informed consent form. Children were
either referred to our clinic for nutritional status assessment by
the general practitioner or endocrinology specialist, or they were
brought for a routine medical consult upon their parents’/
caregivers’ choice. All children were assessed on a one-day chart
system as they had no complications and did not require longer
hospitalization.

Initially, we performed a thorough anamnesis and clinical
exam to rule out those that did not fulfill our inclusion and
exclusion criteria. Afterwards, the laboratory parameters
assessed in all subjects included: complete cellular blood count
(CBC), ESR, liver inflammation (aspartate aminotransferase -
AST and alanine aminotransferase - ALT), Cholesterol (Chol),
HDL-chol, LDL-chol, triglycerides (TG), and glycemia. The
neutrophils/lymphocytes (NLR) and platelets/lymphocytes ratios
(PLR) were calculated from the CBC, by dividing the neutrophil
count and platelet count, respectively, to the lymphocyte 1.

2.1.1. Anthropometric parameters. All anthropometric meas-
urements were performed by a single trained person and included
the following: weight (kg), height (cm), abdominal perimeter (at
the mid-point between the lower rib margin and the upper iliac
spina), bitrochanteric perimeter (between the 2 trochanters of the
femur), medium upper arm circumference (MUAC, at the
midpoint between the shoulder and elbow tips with the use of
a tape measure calibrated in centimeters) and tricipital skin
thickness (TST, on the posterior face of the arm, using a thickness
caliper). Body weight was measured with a daily calibrated scale
with a+10gerror. A daily calibrated pedometer was used for the
assessment of height with a SD (0.1-cm error).
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2.1.2. Liver stiffness. The assessment of liver stiffness or liver
elasticity (E) was performed by 2D-SWE method, with a Logiq S8
General Electrics Device (General Electric Healthcare, Wauwa-
tosa, WI, USA), using a C1-6 convex probe. The software
generated a region of interest, which was positioned at
approximately 2cm under the Glisson’s capsule. In order to
provide correct measurements, the color map had to be over 50%
homogeneous. All children were examined after a fasting period
of approximately 6 hours, without sedation. The measurements
for each child lasted approximately 20 minutes, being performed
by a highly experienced physician with over 10 years experience
in pediatric ultrasound, and 4 years in elastography.

The informed consent was signed by all parents/caregivers on
behalf of their children prior to their inclusion in the study. Each
child was explained all the study steps according to the age-
related level of understanding, and we obtained their assent
before the inclusion in the study. The approval of the Ethics
Committee of the “G.E. Palade” University of Medicine,
Pharmacy, Sciences and Technology of Targu Mures was
granted for this study (No 329/November 17th, 2017), and
the study strictly complied to the Helsinki Declaration principles.

2.2. Statistical analysis

The statistical analysis comprised elements of descriptive
statistics such as mean, median and standard deviation, but also
inferential statistics ones. The Shapiro-Wilk test was used for the
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determination of analyzed data series distribution. The Student
¢ test (parametric test for unpaired data) and Mann—Whitney
(non-parametric test for unpaired data) were used for the
comparison of means and medians. The power of association
between variables was measured by the Pearson correlation test.
For multiple correlations we applied the Dunn’s multiple
comparisons test.

We chose a significance threshold of 0.05 for p value, and
we used the utilitarian Graph Pad Prism trial variant for the
statistical analysis.

3. Results

Our study pointed that children included in the obese group had a
significantly lower mean age (10.39 +3.379years) as compared
to the overweight ones (12.98 +3.090 years) (P <.0001), without
any difference between the gender (P=.0261) (Table 1).
Concerning the children’s area of residence, we found no
difference between the 2 groups in terms of rural or urban area
(P=.6536). Children with obesity were found to have similar
birth weight, 3.301+0.5347 kg, to the overweight ones, 3.351 +
1.299kg (P=.4122). The current weight was higher in the
obese group (60.59+22.93kg) in comparison to the overweight
1 (57.12+14.42kg), but without statistical significance (P=
.5965), while the height was significantly higher in the overweight
group (155.9+14.95cm) vs the obese 1 (146.3+19.17cm),
(P=.0021). Analyzing the weight of the parents, we observed

The descriptive analysis of the demographic and laboratory parameters in the obese group vs overweight group.

Parameters Obese group (n=76) Mean +SD (Median) Overweight group (n=56) Mean +SD (Median) P value
Age (years) 10.39+3.379 (11.00) 12.98+3.090 (13.00) *<.0001
Birth weight (kg) 3.301+0.5347 (3.30) 3.351+1.299 (3.225) * 4122
Current weight (kg) 60.59+22.93 (59.95) 57.12+14.42 (58.60) ¥ 5965
Height (cm) 146.3+19.17 (146.5) 155.9+14.95 (157.0) .0021

Leukocytes (10%/p.) 8244 +2932 (7470) 7292 +2046 (7320) * 0345
Neutrophils (10%/wl) 454542320 (3915) 3832+ 1561 (3690) 1033
Lymphocytes (10%/ul) 28801133 (2655) 2587 +£1091 (2365) *.0103
Platelets (10°/u) 331.6+87.63 (312.0) 308.7 +96.43 (291.5) * 0795
NLR 1.741+£0.975 (1.505) 1.641+0.824 (1.510) * 5871

PLR 0.126+0.0464 (0.12) 0.129+0.05237 (0.11) " 5116
ESR (mmHg) 13.32+8.999 (12.00) 11.52+8.025 (9.00) ¥ 2042
Cholesterol (mg/dl) 161.4+26.44 (159.1) 160.5+33.17 (155.4) .8657

HDL (mg/dl) 4416+10.91 (43.27) 46.70+12.80 (44.67) 2214

LDL (mg/di) 93.04 +25.05 (92.20) 93.10+24.86 (84.60) " 7735
TG (mgy/di) 105.3+55.57 (89.28) 111.5+127.1 (88.20) " 7161

AST (Ul) 27.34+23.80 (22.30) 19.49+5.883 (18.30) *<.0001
ALT (UD 26.92+43.35 (18.15) 15.56 +7.937 (14.65) *,0008
Glycemia (mg/dl) 87.34+10.04 (86.40) 85.18+8.108 (85.00) ¥ 2005
BMI (kg/m?) 27.10+4.750 (26.35) 23.23+2.542 (23.20) <.0001
BMI percentile 98.00 +2.528 (98.50) 89.05+3.159 (88.90) *<.00071
BMI Z score 2.209+0.4302 (2.20) 1.246+0.1737 (1.20) *<.0001
MUAC (cm) 29.56 +4.620 (29.00) 27.15+3.396 (27.00) .0008

TST (mm) 19.62+6.557 (18.91) 17.69+4.952 (16.50) " 0317
Abdominal perimeter (cm) 90.22+14.91 (89.00) 77.88+9.848 (79.00) <.0001
Bicoxal perimeter (cm) 90.30+15.09 (89.00) 84.48+10.51 (85.00) .0103

E Median 2D-SWE (kPa) 4.25+0.38 (4.24) 3.60+0.412 (3.705) *<.0001
Mother's weight (kg) 75.02+14.03 (74.00) 67.88+15.31 (66.00) *,0040
Father’s weight (kg) 92.74+15.57 (90.50) 85.87 +14.37 (82.00) *,0090

2D-SWE = 2D-Shear Wave Elastography, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, CRP = C reactive protein, E = elasticity, ESR = erythrocyte sedimentation
rate, HDL = high density lipoprotein, kPa = Kilo Pascal, LDL = low density lipoprotein, MUAC = medium upper arm circumference, n = number, NLR = neutrophils/lymphocytes rate, PLR = platelets/lymphocytes

rate, SD = standard deviation, TG = Triglycerides, TST = tricipital skin thickness.
Mann-Whitney test was used.
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that the weight of both parents was significantly higher in case
of children with obesity vs overweight ones (P=.0040, and
P=.0090, respectively).

In terms of anthropometric parameters, we noticed signifi-
cantly higher values of BMI percentile (P <.0001), BMI z score
(P<.0001), MUAC (P=.0008), TST (P=.0317), abdominal
perimeter (P <.0001) and bitrochanteric perimeter (P=.0103) in
children with obesity in comparison to those with overweight.
Regarding the assessed laboratory parameters, our findings
revealed significantly increased levels of leukocytes, lymphocytes,
AST and ALT in the obese group as compared to the overweight 1
(P=.0345, P=.0103, P<.0001, and P=.0008). Assessing the
liver stiffness, we noticed that children with obesity presented
significant higher values of E median by 2D-SWE (4.25+0.38
kPa) as compared to the overweight ones (3.60+0.412kPa)
(P<.0001).

The values of all parameters mentioned above are described in
Table 1.

We applied the Spearman correlation test in order to identify
the correlations between the variables included in the study and
BMI (Table 2). Thus, we noticed a significant positive correlation
(direct dependency) between BMI and neutrophils (r=0.2929,
P=.0007; 95% CI: [0.13-0.44]), NLR (r=0.3375, P<.0001;
95% CI: [0.18-0.48]), ESR (r=02733, P=.0018; 95% CI:
[0.10-0.43]), glycemia (r=0.2151, P=.0044; 95% CI: [0.08-
0.40]), BMI z score (r=0.4341, P <.0001; 95% CI: [0.28-0.56]),
MUAC (r=0.7737, P <.0001; 95% CI: [0.69; 0.83]), TST (r=
0.3739, P<.0001; 95% CI: [0.22-0.51]), abdominal perimeter
(r=0.8372, P<.0001; 95% CI: [0.78; 0.88]), bitrochanteric
perimeter (r=0.8144, P<.0001; 95% CI: [0.75-0.87]) and E
median (r=0.2017, P=.0204; 95% CI: [0.03; 0.36]). Converse-
ly, we found a significant negative correlation (reverse depen-
dency) for lymphocytes (r=-0.2747, P=.0116; 95% CI:
[-0.43; —0.11]), and HDL-chol (r=—0.2181, P=.0120; 95%
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CI: [-0.38-—0.05]). No significant correlations were found for
leukocyte and platelet counts, PLR, Chol, LDL cholesterol, TG,
AST and ALT (Table 2).

3.1. The impact of pubertal stages on the assessed
parameters

In terms of pubertal status (different in girls and boys as
following: for girls prepubertal 5 to 10years, pubertal 11 to 14
years and postpubertal 15 to 18 years, and for boys: prepubertal
5 to 11years, pubertal 12 to 16 years and postpubertal 17 to 18
years), we observed according to the Kruskal-Wallis test a
significant statistical difference for BMI (P <.0001) between the3
groups as following: 23.63 +3.79kg/m* for prepubertal status,
26.66 +4.59 kg/m? for pubertal status and 27.55 + 3.39 kg/m? for
postpubertal status. Applying the Dunn’s multiple comparisons
test, we observed a significant difference for BMI between
prepubertal and pubertal status (P<.01), as well as between
prepubertal and postpubertal status (P<.001), and between
prepubertal and postpubertal status (P <.01).

Taking into account these 3 main age groups, we assessed the
paraclinical, anthropometric and elastography parameters in
obese versus overweight children.

For the prepubertal group (58 children), we found significantly
higher values in obese group vs overweight groups for leukocytes
(P=.0391), neutrophils (P=.0153), NLR (P=.0089), BMI
(P<.0001), BMI z score (P<.0001), MUAC (P=.0153), TST
(P=.0134), abdominal perimeter (P=.0015), bitrochanteric
perimeter (P=.0317) and for E Median on 2D-SWE (P <.0001)
(Table 3).

In case of pubertal children (55 children), we observed
significantly higher values in obese group vs overweight groups
for the weight (P<.0001), AST (P=.0095), ALT (P=.0109),
BMI (P<.0001), BMI z score (P<.0001), MUAC (P <.0001),

The correlations between laboratory, anthropometric parameters and BMI in the 2 group.

BMI
Parameters r coefficient 95% Confidence interval P value
Leukocytes (10%/) 0.07877 —0.09406 to 0.2470 3711
Neutrophil (10%/) 0.2929 0.1270 to 0.4428 .0007
Lymphocytes (10%/l) —0.2747 —0.4268 to —0.1076 .0016
Platelets (10°/ul) —0.09480 —0.2627 to 0.07872 2833
NLR 0.3375 0.1754 10 0.4817 <.0001
PLR 0.08137 —0.09215 to 0.2501 3574
ESR (mmHg) 0.2733 0.1047 to 0.4267 .0018
Cholesterol (mg/dl) —0.1320 —0.2962 to 0.03981 1314
HDL cholesterol (mg/dl) —0.2181 —0.3750 to -0.04900 0120
LDL cholesterol (mg/dl) —0.1080 —0.2739 to 0.06410 2177
TG (mgy/dl) —0.02962 —0.1995 to 0.1420 .7360
AST (U/L) —0.002091 —0.1729 to 0.1689 .9810
ALT (U/L) 0.09007 —0.08211 to 0.2570 3044
Glycemia (mg/dl) 0.2462 0.07862 to 0.4003 .0044
BMI z score 0.4341 0.2843 to 0.5633 <.0001
MUAC (cm) 0.7737 0.6943 to 0.8345 <.0001
TST (mm) 0.3739 0.2162 to 0.5126 <.0001
Abdominal perimeter (cm) 0.8372 0.7772 to0 0.8820 <.0001
Bicoxal perimeter (cm) 0.8144 0.7472 to 0.8651 <.0001
E Median 2D-SWE (kPa) 0.2017 0.03185 to 0.3602 0204

2D-SWE = 2D-Shear Wave Elastography, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, E = elasticity, ESR = erythrocyte sedimentation rate, HDL = high density
lipoprotein, kPa = Kilo Pascal, LDL = low density lipoprotein, MUAC = medium upper arm circumference, n = number, NLR = neutrophils/lymphocytes rate, PLR = platelets/lymphocytes rate, TG = Triglycerides,

TST = tricipital skin thickness, Spearman correlation was used.
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The demographic analysis of the two groups according to the prepubertal period.

Prepubertal period (n=58) Parameters Obese group (n=45) Mean +SD (Median) Overweight group (n=13) Mean +SD (Median) P value
Age (years) 8.15+2.195 (9.00) 8.77+2.127 (9.00) ¥ 3605
Birth weight (kg) 3.367 +0.5599 (3.40) 3.299+0.5404 (3.25) .6987
Current weight (kg) 45,72 +13.71 (45.00) 38.60+10.52 (37.20) .0900
Height (cm) 134.41+£14.27 (136.0) 137.54+13.07 (137.0) 4817
Leukocytes (10%/p.) 8358 +3250.8 (7905) 7174.5+3079.2 (7079) * 0391
Neutrophils (10%/yl) 4368.41+2315.4 (3760) 3024.61+1387.8 (3130) " 0153
Lymphocytes (10%/wl) 3245.45+1306.4 (3005) 3260.77 +1781.5 (2800) ¥ 5555
Platelets (10%/) 341.54+85.458 (319.5) 324.46+83.415 (289.0) " 4699
NLR 1.499+0.892 (1.312) 1.004+0.497 (0.9375) * 0089
PLR 0.118+0.0459 (0.1133) 0.1112+0.0341 (0.1004) * 5491
ESR (mm Hg) 12.32+7.736 (10.50) 10.23+7.362 (8.00) ¥ 2537
Cholesterol (mg/dl) 165.43+28.94 (163.4) 166.00+30.401 (161.90) " 8085
HDL (mg/di) 46.126+10.531 (45.91) 48.71+11.102 (49.57) 4444
LDL (mg/d) 94.038+26.277 (94.15) 90.63+20.415 (83.790) " 5508
TG (mg/dl) 105.57 +57.117 (87.00) 88.71+28.373 (88.20) *7162
AST (Ul 26.02+9.285 (24.40) 23.76+5.919 (23.20) " 4336
ALT (U) 21.17£13.437 (17.90) 16.98+5.531 (15.60) * 5201
Glycemia (mg/dl) 85.35+9.706 (84.60) 81.75+4.456 (82.60) .0605
BMI (kg/m?) 24.67 +3.546 (24.40) 19.99+1.990 (19.50) <.0001
BMI z score 2.31+£0.4544 (2.20) 1.32+0.1878 (1.30) <.0001
MUAC (cm) 26.81+3.350 (27.50) 24.11+3.675 (23.00) 0153
TST (mm) 19.28+5.219 (18.72) 15.35+3.407 (14.76) .0134
Abdominal perimeter (cm) 82.84+10.946 (82.00) 71.69+9.169 (69.00) 0.0015
Bitrochanteric perimeter (cm) 82.09+11.615 (81.00) 74.46+8.343 (74.00) .0317
E Median 2D-SWE (kPa) 4.28+0.3825 (4.31) 3.72+0.2804 (3.77) <.0001
Mother's weight (kg) 73.72+12.119 (74.00) 72.00+13.650 (74.00) 6620
Father’s weight (kg) 96.82+16.274 (98.00) 88.31+17.642 (88.00) 1084

" Test Mann-Whitney.

2D-SWE = 2D-Shear Wave Elastography, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, E = elasticity, ESR = erythrocyte sedimentation rate, HDL = high density
lipoprotein, kPa = Kilo Pascal, LDL = low density lipoprotein, MUAC = medium upper arm circumference, n = number, NLR = neutrophils/lymphocytes rate, PLR = platelets/lymphocytes rate, TG = Triglycerides,

TST = tricipital skin thickness.

abdominal perimeter (P<.0001), bitrochanteric perimeter
(P<.0001) and for E Median 2D-SWE (P <.0001) (Table 4).

Assessing the postpubertal group (19 children), we noticed
significantly higher values in obese versus overweight group for
weight (P<.0012), BMI (P=.0059), BMI z score (P=.0002),
MUAC (P=.0032), abdominal perimeter (P=.0015), bitrochan-
teric perimeter (P=.0003) and for E Median 2D-SWE (P =.0084)
(Table 3).

3.2. Correlations between BMI and laboratory,
anthropometric and elastography parameters depending
on the pubertal period

During the prepubertal period we observed a positive significant
correlation between BMI and neutrophils (r=0.3942, 95% CIL:
1488-0.5938, P=.0024), NLR (r=0.4011, 95% CI: 0.1569-
0.5991, P=.0020), ESR (r=0.3160, 95% CI: 0.0633-0.5327,
P=.0166), TG (r=0.3231, 95% CI: 0.0706-0.5366, P=.0134),
ALT (r=0.3736, 95% CI: 0.1275-0.5763, P=.0039), glycemia
(r=0.3146, 95% CI: 0.0612-0.5299, P=.0162), BMI z score
(r=0.4927, 95% CI: 0.2685-0.6662, P <.0001), MUAC (r=
0.7729, 95% CI: 0.6430-0.8596, P <.0001), TST (r=0.4456,
95% CI: 0.2116-0.6313, P=.0005), abdominal perimeter (r=
0.8586, 95% CI: 0.7713-0.9142, P<.0001), bitrochanteric
perimeter (r=0.8136, 95% CI: 0.7030-0.8857, P<.0001) and
a negative correlation with HDL (r=-0.2807, 95% CI:
—0.5026-—-0.0240, P=.0328) (Table 6). In children of pubertal
age, we noticed a positive significant correlation between BMI

and ESR (r=0.2900, 95% CI: 0.0185-0.5217, P=.0370), AST
(r=0.3248, 95% CI: 0.0651-0.5434, P=.0155), ALT (r=
0.2728, 95% CI: 0.0080-0.5018, P=.0439), BMI z score
(r=.9470, 95% CIL: 0.9105-0.9689, P<.0001), MUAC (r=
0.7248, 95% CI: 0.5688-0.8304, P <.0001), TST (r=0.3453,
95% CI: 0.0880-0.5594, P=.0094), abdominal perimeter (r=
0.8554, 95% CI: 0.7633-0.9134, P<.0001), bitrochanteric
perimeter (r=0.7641, 95% CI: 0.6256-0.8559, P<.0001), as
well as E median values (r=0.5053, 95% CI: 0.2771-0.6796,
P<.0001) (Table 6). In terms of postpubertal period, we
found a positive significant correlation between BMI and BMI z
score (r=0.9788, 95% CI: 0.9444-0.9920, P <.0001), MUAC
(r=0.6347, 95% CIL: 0.2384-0.8498, P=.0047), abdominal
perimeter (r=0.6689, 95% CI: 0.2936-0.8655, P=.0024),
bitrochanteric perimeter (r=0.7672, 95% CI: 0.4679-0.9087,
P=.0002) and E median 2D-SWE (r=0.4604, 95% CI: 0.0078-
0.7565, P=.0473). All these findings were summarized in
Table 6.

4. Discussions

The reports of the WHO showed during the last decades that
obesity and overweight present an increasing incidence in
children independently of the age and socioeconomical level.[!!
Moreover, it was proved that their prevalence tends to be higher
in smaller ages.! Our findings are alarming proving that the
obese children included in our study are significantly younger as
compared to the overweight ones.
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The demographic analysis of the two groups according to the pubertal period.

Pubertal period (n=55) Parameters Obese group (n=26) Mean +SD (Median) Overweight group (n=29) Mean +SD (Median) P value
Age (years) 13.15+1.405 (13.00) 13.14+1.356 (13.00) * 8856
Birth weight (kg) 3.27 +0.4896 (3.30) 3.53+1.73 (3.39) " 8994
Current weight (kg) 80.58 +15.457 (79.15) 60.13+10.265 (57.80) <.0001
Height (cm) 162.73+10.137 (160.5) 161.24+10.763 (159.0) 3716
Leukocytes (10%/) 8031.92+2714.5 (7010) 7190.34+1673.8 (7370) " 4431
Neutrophils (10%/pl) 4740 +2432.8 (4005) 3774.48+1495.3 (3490) 1190
Lymphocytes (10%/wl) 2357.31£446.98 (2415) 2402.76 £804.12 (2340) 5723
Platelets (10%/u) 321+95.746 (304.5) 321.34+105.80 (312.0) .9900
NLR 2.051+1.030 (1.700) 1.734+0.8635 (1.567) " 2347
PLR 0.141+0.0483 (0.1374) 0.1448+0.0612 (0.1218) *.7809
ESR (mm Hg) 15.43+10.77 (15.00) 11.86+8.365 (10.00) " 2685
Cholesterol (mg/dl) 157.62+20.76 (154.75) 163.41+£32.59 (155.50) 4309
HDL (mg/dl) 40.26 +9.427 (39.95) 45.62 +13.238 (43.65) .0932
LDL (mg/d) 93.48 +24.736 (96.035) 97.23+25.703 (91.360) 5844
TG (mg/dl) 112.12+£56.274 (96.60) 136.09 +171.49 (89.30) * 6920
AST (UI) 24.19+10.263 (20.615) 18.18+3.492 (17.74) *.0095
ALT (U 26.13+20.823 (20.75) 16.29+9.542 (14.60) “.0109
Glycemia (mg/dl) 90.46 +8.437 (87.70) 86.40+9.243 (87.30) *1695
BMI (kg/m?) 30.28+4.223 (30.10) 23.43+1.380 (23.10) <.0001
BMI z score 2.08+0.3702 (2.15) 1.24+0.1474 (1.20) *<.0001
MUAC (cm) 33.58+3.101 (33.00) 27.67 +2.857 (27.00) <.0001
TST (mm) 19.98+8.316 (20.43) 18.27 +5.658 (17.20) 3737
Abdominal perimeter (cm) 101+13.954 (99.00) 79.665+9.335 (81.00) <.0001
Bitrochanteric perimeter (cm) 100.65+10.748 (98.00) 86.34+9.567 (86.00) <.0001
E Median 2D-SWE (kPa) 4.18+0.3388 (4.18) 3.57+0.4520 (3.70) <.0001
Mother's weight (kg) 75.50+14.36 (71.50) 67.38+15.56 (64.00) .0502
Father's weight (kg) 87.92 +12.445 (87.00) 85.52+13.78 (82.00) " 2514

" Test Mann-Whitney.

2D-SWE = 2D-Shear Wave Elastography, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, E = elasticity, ESR = erythrocyte sedimentation rate, HDL = high density
lipoprotein, kPa = Kilo Pascal, LDL = low density lipoprotein, MUAC = medium upper arm circumference, n = number, NLR = neutrophils/lymphocytes rate, PLR = platelets/lymphocytes rate, TG = Triglycerides,

TST = tricipital skin thickness.

Adipose tissue has been proved to be not only a source of
inflammation, but also a target of inflammatory processes.!!
Thus, adipose tissue owns both a synthesis function and a
secretion 1, being hypothesized that the secreted products act as
chemoattractants and activators of different immune cells, such
as monocytes or polymorphonuclear cells.**! It is well-accepted
now that the peripheral blood of otherwise healthy overweight or
obese individuals express a subclinical inflammatory status./! A
previous study of our team showed significantly higher levels of
leukocytes, platelets and lymphocytes in overweight/obese
children as compared to normal weight ones.!*! It was
documented that lymphocyte count reflect better the nutritional
body status and general stress, while the neutrophil one is rather
related to the systemic inflammation in obese patients.*!! In
addition, the degree of obesity seems to be better expressed by
neutrophil count.??! Except for the CBC parameters, childhood
overweight and obesity was also associated with higher levels of
certain adipokines, such as leptin, IL 6 and TNF alpha, which
further sustain the early-stage inflammatory status associated to
obesity in pediatric patients.*>! NLR was defined as an immune
response marker related to chronic inflammation associated to
different pathologies, such as cardiovascular, autoimmune or
infectious ones, but also complicated obesity.*"***31 Older
studies suggested that patients with uncomplicated obesity
represent a particular subgroup expressing an early stage of
systemic inflammation similar to the overweight ones.*®!
Contrariwise, our study found significant differences in terms
of leukocytes and lymphocytes between obese and overweight

children, with significantly higher levels in those with obesity.
Taking into account that white blood cells were proven to be
related with the development of metabolic syndrome,?”! our
study might suggest that this risk increases proportionally with
the accumulation of fat tissue. Moreover, a direct correlation was
underlined between the increase in BMI and leukocyte,
neutrophil, lymphocyte and platelet counts.*®! Our findings
sustain the previously mentioned ones since we also found a
positive correlation between BMI and neutrophils, NLR and
ESR. Thus, we may definitely confirm the strong relationship
between neutrophils and obesity degree. Moreover, we might
emphasize that systemic inflammation associated to excessive
weight gain is directly related to the amount of fat tissue and it
definitely worsens once the BMI overpasses the limit of
overweight. Taking into account the previous findings of our
team in terms of childhood obesity, early inflammatory status
related to pediatric obesity is an alarming proven risk factor for
both short- and long-term life-threatening complications and its
effective control is possible only in the context of increased
awareness. Contrariwise, we noticed a significant negative
correlation between BMI and lymphocytes suggesting indeed
that lymphocyte count might be a better indicator of nutritional
status and general stress rather than obesity severity. Despite the
lack of significant difference between overweight and obese
children in terms of NLR, we found a strong positive dependence
between this marker and the increase in BMI suggesting that
chronic inflammation is most-likely to be present in the context of
obesity and not overweight. This statement is further sustained by
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The demographic analysis of the two groups according to the postpubertal period.

Postpubertal period (n=19) Parameters Obese group (n=5) Mean +SD (Median) Overweight group (n=14) Mean +SD (Median) P value
Age (years) 16.2+0.8367 (16.00) 16.57 +0.7559 (17.00) ¥ 4523
Birth weight (kg) 2.87 +0.3564 (3.00) 3.03+0.4894 (3.035) 5055
Current weight (kg) 90.46+9.813 (91.00) 68.06+7.682 (64.95) *.0012
Height (cm) 167.2+10.941 (166.00) 162.07 +£9.825 (159.50) " 3542
Leukocytes (10%/p.) 8096 +1887.2 (7100) 7610.14+1664.8 (7335) ¥ 19999
Neutrophils (10%/yl) 5225+1848.8 (5445) 4701.43+1499.4 (4200) " 5052
Lymphocytes (10%/wl) 2257.5+519.5 (2450) 2344.28+349.39 (2350) ¥ 7209
Platelets (10%/) 291.75+35.132 (289.0) 268+80.109 (238.5) " 3391
NLR 2.379+0.807 (2.658) 2.041+0.6638 (1.952) * 4418
PLR 0.134 +0.0282 (0.1266) 0.1150+0.0339 (0.1033) *1922
ESR (mm Hg) 12.40+10.877 (12.00) 12.00+8.339 (10.50) * 8894
Cholesterol (mg/dl) 145.08 +£24.41 (142.30) 149.51 +36.55 (148.80) .8060
HDL (mg/dl) 46.77 +£17.438 (43.26) 47.09+13.982 (44.78) * 8230
LDL (mg/di) 81.754+13.366 (85.38) 86.84 +26.86 (78.75) " 9644
TG (mg/dl) 66.8+8.297 (65.40) 81.59+37.181 (72.75) 1836
AST (UI) 16.94+2.594 (17.30) 18.26+8.008 (15.25) " 8230
ALT (U) 15.54+4.117 (14.10) 12.72+5.504 (10.60) 1068
Glycemia (mg/dl) 88.92+17.243 (87.20) 85.84 +7.763 (85.70) 7196
BMI (kg/m?) 32.38+2.620 (31.50) 25.83+1.304 (25.60) .0059
BMI z score 1.98+0.2168 (1.90) 1.19+0.1979 (1.10) * 0002
ST (mm) 20.84+8.386 (17.21) 18.73£4.017 (17.04) " 7750

Abdominal perimeter (cm)
Bicoxal perimeter (cm)

E Median 2D-SWE (kPa)
Mother’s weight (kg)
Father's weight (kg)

100.6+11.415 (101.00)
110.4+10.114 (108.00)
4.288+0.5798 (4.46)
84.20 +25.67 (79.00)
81.00+12.450 (80.00)

80.08+9.725 (78.00) 0015
90.35+£7.685 (92.50) 0003
3.555+0.4331 (3.54) 0084
65.11 16,52 (60.00) " 0861
84.23+12.846 (82.00) 6366

" Test Mann-Whitney.

2D-SWE = 2D-Shear Wave Elastography, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, E = elasticity, ESR = erythrocyte sedimentation rate, HDL = high density
lipoprotein, kPa = Kilo Pascal, LDL = low density lipoprotein, MUAC = medium upper arm circumference, n = number, NLR = neutrophils/lymphocytes rate, PLR = platelets/lymphocytes rate, TG = Triglycerides,

TST = tricipital skin thickness.

the negative significant correlation between BMI and HDL
suggesting that in case of proper interventions once BMI
decreases, the children will no longer be exposed to this
cardiovascular risk factor and in exchange they might even be
protected due to a subsequent increase in HDL.

Anthropometric parameters are important indicators of fat
accumulation and they have been positively correlated with
weight even from the time of birth.*?*! Their importance in
assessing excessive weight gain was proved in different popula-
tion, among which pregnant women with excessive gestational
weight gain,'*”! but also children with obesity.*! Additionally,
waist circumference was shown to be positively correlated with
CBC parameters, among which leukocytes, lymphocytes,
neutrophils, platelets and medium platelet volume,*"! suggesting
a potential relationship between anthropometric parameters and
obesity associated inflammatory status. Similarly, our study
underlined significant differences between overweight and obese
children regarding all anthropometric parameters underlining a
positive correlation between these parameters and BMI.

Liver steatosis or fibrosis due to excessive weight gain is a well-
defined condition since non-alcoholic fatty liver disease (NAFLD)
is the most common chronic hepatopathy nowadays.['”! Despite
the fact that it was shown to be associated to both overweight and
obesity in children, it may be present in almost 50% of children
with obesity.™ In terms of laboratory parameters, the most
constant finding that suggest liver inflammation due to obesity
consists in increased levels of liver transaminases.!*! Nevertheless,
these levels were found to fluctuate over time and they may be
even normal in children with obesity and NAFLD or non-

alcoholic  steato-hepatitis (NASH)"®?! suggesting that their
assessment alone is not enough for clearly establishing the
presence of liver inflammation and/or steatosis in patients with
this nutritional status disorder.*3! Moreover, the study of Cho
et al underlined that only ALT might be considered a reliable
parameter of liver fibrosis assessment since it was significantly
correlated with liver stiffness values measured on transient
elastography.[** Despite this fact, liver transaminases along with
total direct bilirubin, fasting glucose, insulin, and lipid profile
parameters remain extremely useful in patients with metabolic
syndrome phenotype for diagnosing fatty liver disease.*?! The
association between increased levels of TG and low HDL-chol
values results in insulin resistance,'*! suggesting a clear
association between obesity, dyslipidemia, liver fibrosis and
metabolic syndrome. Similarly, our study revealed significantly
higher levels of both liver transaminases, AST and ALT in
children with obesity as compared to those with overweight.
Moreover, we noticed a significant positive correlation between
BMI and fasting blood glucose implying that the risk of
developing insulin resistance and diabetes mellitus is directly
related to the degree of obesity. As for lipid profile parameters, we
found a negative correlation between BMI and HDL-chol levels
indicating that atherosclerotic process might indeed occur during
childhood in case of obese children sustaining the findings of
Williams et al."*! Taking into account that both increased levels
of LDL-chol and low levels of HDL-chol contribute to the
formation of atherosclerotic plaques,''® our findings might
hypothesize that the decrease of HDL-chol could be an early
indicator of this process during childhood. Nevertheless,
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Correlation between BMI and paraclinical and anthropometric parameters.
BMI
Prepubertal period (n=58) Parameters r coefficient 95% Confidence interval P value
Leukocytes (10%/p) 0.0914 —0.1734 10 0.3438 4989
Neutrophil (10%/wl) 0.3942 0.1488 10 0.5938 .0024
Lymphocytes (10%/ul) —0.2329 —0.4653 to 0.0295 .0812
Platelets (10%/p) —0.1153 —0.3650 to 0.1498 .3930
NLR 0.4011 0.1569 to 0.5991 .0020
PLR —0.0032 —0.2636 to0 0.2576 9812
ESR (mm Hg) 0.3160 0.0633 to 0.5327 .0166
Cholesterol (mg/dl) —0.0165 —0.2736 t0 0.2429 9024
HDL cholesterol (mg/dl) —0.2807 —0.5026 to -0.0240 .0328
LDL cholesterol (mg/dl) —0.0838 —0.3349 10 0.1784 5316
TG (mg/dl) 0.3231 0.0706 to 0.5366 0134
AST (UL 0.0426 —0.2181 10 0.2977 .7507
ALT (UN) 0.3736 0.1275 10 0.5763 .0039
Glycemia (mg/dl) 0.3146 0.0612 to 0.5299 0162
BMI z score 0.4927 0.2685 to 0.6662 <.0001
MUAC (cm) 0.7729 0.6430 to 0.8596 <.0001
TST (mm) 0.4456 0.2116 t0 0.6313 .0005
Abdominal perimeter (cm) 0.8586 0.7713 t0 0.9142 <.0001
Bitrochanteric perimeter (cm) 0.8136 0.7030 to 0.8857 <.0001
E Median 2D-SWE (kPa) 0.1654 —0.0971 to0 0.4064 2147
BMI
Pubertal period (n=55) Parameters r coefficient 95% Confidence interval P value
Leukocytes (10%/) 0.1232 —0.1469 to 0.3763 3701
Neutrophil (10%/) 0.1798 —0.0899 to 0.4249 1891
Lymphocytes (10%/ul) —0.0739 —0.3327 t0 0.1953 5920
Platelets (10%/u) —0.0063 —0.2712 10 0.2595 .9638
NLR 0.1370 —0.1332 to0 0.3883 3184
PLR —0.0094 —0.2741 10 0.2555 .9458
ESR (mmHg) 0.2900 0.01853 to 0.5217 .0370
Cholesterol (mg/dl) —0.1351 —0.3866 to 0.1351 .3253
HDL cholesterol (mg/dl) —0.1747 —0.4206 to 0.0951 2021
LDL cholesterol (mg/dl) —0.1191 —0.3727 10 0.1510 .3863
TG (mgy/dl) —0.1712 —0.4176 to 0.0987 2114
AST (UL 0.3248 0.0651 to 0.5434 0155
ALT (UML) 0.2728 0.0080 to 0.5018 .0439
Glycemia (mg/dl) 0.1703 —0.0995 to 0.4168 2138
BMI z score 0.9470 0.9105 to 0.9689 <.0001
MUAC (cm) 0.7248 0.5688 to 0.8304 <.0001
TST (mm) 0.3453 0.0880 to 0.5594 .0094
Abdominal perimeter (cm) 0.8554 0.7633 to 0.9134 <.0001
Bitrochanteric perimeter (cm) 0.7641 0.6256 to 0.8559 <.0001
E Median 2D-SWE (kPa) 0.5053 0.2771 10 0.6796 <.0001
BMI

Postpubertal period (n=19) Parameters r coefficient 95% Confidence interval P value
Leukocytes (10%) 0.3275 —0.1490 to 0.6805 711
Neutrophil (10%/ul) 0.3007 —0.1934 to0 0.6732 2253
Lymphocytes (10%/l) 0.0074 —0.4612 to 0.4727 9768
Platelets (10%/ul) 0.1736 —0.3193 to 0.5925 4910
NLR 0.2554 —0.2403 to 0.6454 .3065
PLR 0.1604 —0.3314 to 0.5836 5249
ESR (mmHg) 0.0714 —0.3957 to 0.5092 7713
Cholesterol (mg/dl) —0.0956 —0.5270 to 0.3750 6971
HDL cholesterol (mg/dl) —0.1047 —0.5336 to 0.3671 6698
LDL cholesterol (mg/dl) —0.1282 —0.5505 to 0.3462 .6009
TG (mg/dl) —0.1403 —0.5590 to 0.3354 .5666
AST (UL —0.0942 —0.5260 to 0.3762 7014
ALT (U 0.1625 —0.3151 t0 0.5744 5063
Glycemia (mg/dl) —0.0061 —0.4591 to 0.4495 .9803

(continued)
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(continued).

BMI
Postpubertal period (n=19) Parameters r coefficient 95% Confidence interval P value
BMI z score 0.9788 0.9444 10 0.9920 <.0001
MUAC (cm) 0.6347 0.2384 10 0.8498 .0047
TST (mm) 0.3365 —0.1548 to 0.6944 1722
Abdominal perimeter (cm) 0.6689 0.2936 to0 0.8655 .0024
Bitrochanteric perimeter (cm) 0.7672 0.4679 to 0.9087 .0002
E Median 2D-SWE (kPa) 0.4604 0.0078 t0 0.7565 0473

2D-SWE = 2D-Shear Wave Elastography, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, E =elasticity, ESR = erythrocyte sedimentation rate, HDL = high density
lipoprotein, kPa = Kilo Pascal, LDL = low density lipoprotein, MUAC = medium upper arm circumference, n = number, NLR = neutrophils/lymphocytes rate, PLR = platelets/lymphocytes rate, TG = Triglycerides,

TST = tricipital skin thickness.

according to the pubertal periods, our findings revealed a
significant positive association between BMI and both AST and
ALT during the pubertal period, and only between BMI and ALT
during both prepubertal and pubertal periods, suggesting that
these periods play an important role in the occurrence of obesity
associated complications, such as liver inflammation or steatosis.
In terms of lipid profile parameters and glycemia, our study
revealed a significant positive correlation between BMI and
glycemia, as well as TG only in children of prepubertal age.
Moreover, according to the same age division, the significant
negative correlation between BMI and HDL-chol was found also
during the prepubertal period suggesting that obesity associated
risks might have an earlier onset than expected.

Despite their clear utility in assessing hepatic function,
laboratory parameters are not enough for providing an accurate
quantification of liver fibrosis, and they should be correlated with
elastography parameters for a better assessment of fibrosis
degree.!®*! Elastography is an essential non-invasive method in
assessing the evolution and prognosis of chronic liver conditions
in children.*®" Nevertheless, concerns were raised regarding
certain limitation of 2D-SWE method in terms of discrimination
between low-grade fibrosis and normal liver tissue.*”! Moreover,
it was also hypothesized that liver inflammation, necrosis, fatty
infiltration or edema might represent possible confounders for
liver stiffness measurements.*® Thus, studies performed on adult
patients underlined that liver inflammation results in higher
stiffness values than those expected as a consequence of fibrosis
alone.’”*% A recent study performed on pediatric patients that
aimed the same aspect concluded that liver stiffness values on
transient elastography should be cautiously interpreted as an
indicator of hepatic fibrosis in the setting of increased ALT.!®!
On the contrary, the present study proved a significant positive
correlation between BMI and elastography parameters assessed
by 2D-SWE, underlining significant higher values of liver stiffness
in children with obesity in comparison to those with overweight.
Furthermore, this correlation persisted even after the age division
of our sample during all 3 periods: prepubertal, pubertal and
postpubertal, while the same positive significant correlation
between BMI and ALT was noticed only during the prepubertal
and pubertal ones.

Another fact worth mentioning is that multiple studies revealed
important changes in liver function and morphology depending
on maturation status alone underlining that liver tissue suffers
important modifications in time such as increase in liver volume,
asymmetric or an increase in connective tissue formation
resulting in higher stiffness and viscosity properties.*1*3! The
present study revealed higher values of E median in obese

children as compared with overweight ones independently of the
group age according to the pubertal status. Moreover, we found a
positive significant correlation between BMI and elastography
parameters independently of the pubertal period underlining that
most-likely the changes in elastography parameters are due to
excessive weight and not related to the child’s age under
pathological circumstances. Based on the above-mentioned
findings, we feel entitled to underline the strong relationship
between excessive fat accumulation and liver impairment even in
children. Moreover, since both ALT and elastography param-
eters depend in a direct manner on BMI, overweight could be
considered once more a real balance between self-awareness as a
subsequent trigger for implementing weight-loss strategies, and
the next stage of obesity. Thus, our findings might ruin the myth
of overweight defined only as a stage for imminent obesity
development.

This study has some limitations that are worth mentioning
among which the relatively small sample size; the fact that we did
not assess children below the age of §years taking into account
the lack of compliance in small children that could have impaired
the elastography assessment resulting in false measurements; the
lack of liver biopsy for a more accurate diagnosis of liver fibrosis,
but its indications are very limited in children due to the potential
risks related to its invasiveness, presenting no indication in
children with uncomplicated obesity, and also the fact that we
were not able to assess precisely the dietary habits and diet quality
in order to achieve a better perspective regarding their impact on
the assessed parameters. Nevertheless, our study has multiple
strengths: the complex assessment of overweight and obese
children in terms of inflammatory status, liver impairment, lipid
profile implying the assessment of multiple anthropometric,
laboratory and elastography parameters; the pediatric age of the
subjects; and the random selection of the children included in the
study. Moreover, our findings were used for defining a national
diagnostic protocol for obese children in order to achieve a better
assessment of these patients regarding both short- and long-term
complications, representing also a solid basis for proper and
efficacious interventions meant to decrease the alarming
incidence of this pathology in pediatric patients.

To the best of our knowledge, this is the first study that aimed
to assess the differences between obese and overweight children
indicating that overweight is an intermediary stage between
normal weight and obesity, representing indeed an ideal
opportunity for the prevention of further obesity development
and its related complication since bad prognosis indicators like
inflammatory and lipid profile markers, as well as liver
impairment are strongly related to the increase in BMI.
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5. Conclusions

Our study found significant differences in terms of inflammatory
status markers expressed by significantly higher levels of
leukocytes and lymphocytes in children with obesity in
comparison to the overweight ones, and significant positive
correlation between BMI and neutrophils, ESR and NLR.
Moreover, liver steatosis due to obesity was proved by
significantly higher values of liver transaminases, AST and
ALT, and liver stiffness in the obese group, as well as a positive
correlation between BMI and elastography parameters. Regard-
ing lipid profile, we noticed a significant negative correlation
between HDL-chol and BMI. All these findings underline that
bad prognosis indicators are directly related to the increase in
BMI emphasizing the real gap between overweight and obesity
status in children. Nevertheless, further studies on bigger cohorts
are required in order to benefit from a more complex approach of
the differences between overweight and obesity in children.
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