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Abstract: The nutritional status of children is always a concern for medical professionals. Increasingly,
obesogenic factors have created a new global epidemic. Obesity is characterized by persistent
inflammation, which can have detrimental effects on the growth and development of children. Iron
and ferritin are both important factors to consider when evaluating these children due to their role
in the pathophysiology of chronic inflammation. Recently, ultrasonographic evaluation seems to
be an increasingly used method in pediatric clinical practice. In this study, we included 98 children
aged 6-14 years, 72 of whom were obese and 26 had normal weight. The data obtained indicated
that there was an association between low iron and increased ferritin levels, aspects of non-alcoholic
fatty liver visualized by ultrasonography, and the degree of fibrosis assessed elastographically.
Ultrasonography can help us identify liver damage, but the possibility of identifying an association
with other paraclinical investigations such as iron and ferritin levels can be cumulative. In this
way, the assessment can be more complex, as the child benefits from comprehensive evaluation and
management. The results drew attention to non-invasive, easy-to-perform, and low-cost methods of
assessing obese children in terms of iron metabolism and structural liver changes.
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1. Introduction

In recent years, there has been a dramatic increase in obesity among people of all ages.
The COVID-19 pandemic seems to have exacerbated this through the restrictions imposed
but also by the added psychological stress [1]. Recent studies are drawing increasing
attention to the risks to which the obese pediatric population is exposed, some of them
highly serious with major long-term costs [1-4].

The treatment of childhood obesity is primarily based on intervention through nutri-
tional therapy and lifestyle changes. These aspects are very often compromised by age.
Awareness of the gravity of the situation and the risks they are exposed to from childhood
is extremely important. Abdominal functional disorders as well as disorders of the gut
microbiome are often associated with obesity and are very expensive to investigate. In this
sense, simple, non-invasive, and low-cost methods must be identified in order to be able to
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observe the aggravating aspects occurring in the body in the context of obesity as early as
possible [1,2,5].

The most widely used method in many studies was the use of ultrasound to detect
hepatosteatosis. Ultrasound elastography has also been used in various studies to identify
fibrosis in the fatty liver in the pediatric population, but due to the lack of clear indications
and protocol, it is not broadly used [6-8].

Additionally, we sought to identify simple parameters with adjustable values that
could serve as a basis for drawing conclusions, leading us to also examine serum iron
and ferritin levels. Hepcidin is a peptide hormone involved in iron homeostasis through
a regulatory mechanism. Hepcidin is mainly synthesized in the liver but also in other
organs including adipose tissue. In this way, the resulting hepcidin links to ferroportin,
leading to blockage of cellular iron transport. This explains the increased level of hepcidin
identified in obesity. Another mechanism underlying low iron levels in obesity is chronic
inflammation; adipose tissue secretes multiple pro-inflammatory cytokines including tumor
necrosis factor (TNF)-o and interleukin-6 (IL-6). These contribute to the synthesis of liver
proteins including hepcidin [9,10].

Serum ferritin is a marker of iron stores in the body, but it is strongly influenced by
inflammatory conditions. There are multiple studies supporting the association between
increased ferritin levels and metabolic syndrome and non-alcoholic fatty liver disease
(NAFLD) [8,11]. However, we consider it necessary to evaluate and identify ferritin levels
in the context of obesity preceding the diagnosis of metabolic syndrome or NAFLD.

The pathophysiological mechanisms of obesity predispose children to chronic inflam-
mation [9-12] with decreasing serum iron and increasing serum ferritin [11].

Investigation of iron levels together with ferritin levels may help in identifying values
considered to be characteristic of obesity, such as low iron and high ferritin levels. To-
gether with these values, ultrasound evaluation can help in deciding the treatment and
management of obese pediatric patients. Iron sequestration at the cellular level as well as
increased ferritin as an inflammatory marker are important data on the patient’s health
status. Multidisciplinary evaluation of pediatric obesity is essential. Routine paraclinical
investigations may show liver damage such as hepatosteatosis or even fibrosis, which can
be observed by imaging [6,7,10,11].

Our study aimed to identify, using simple and low-cost methods, such as laboratory
findings and imaging techniques, the parameters that may indicate structural changes in the
liver of children with obesity. More specifically, we tried to identify if there are associations
between ultrasonographically assessed liver damage and serum iron and ferritin levels.

2. Materials and Methods
2.1. Study Design

We conducted a retrospective observational study in order to investigate the relation-
ship between hepatic structural changes and serum iron and ferritin in children with obesity,
by analyzing patients’ records. Firstly, we identified all children with obesity and normal
weight admitted to the hospital. The next step was to screen them using the inclusion and
exclusion criteria stated below. Data collected from patients’ records were age, gender,
environment, paraclinical test findings such as ultrasound and elastography findings, as
well as serum iron and ferritin levels. Serum iron and ferritin levels were assessed from a
“fasting” blood sample, by a routine (automated) analysis. All the included children had
ultrasonography and liver elastography results attached to their records.

2.2. Study Population

We included 98 children aged between 6 and 14 years, 72 (study group) with obesity
and 26 (control group) with normal weight. Children were selected and evaluated between
September 2021 and April 2022 in the Pediatric Department of Craiova County Emergency
Clinical Hospital. After evaluation, children were classified into two groups, the group
without hepatosteatosis changes identified by echography, the Normal Liver Structure
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(NLS) group, and the Modified Liver Structure (MLS) group composed of children with
fatty liver-specific changes identified ultrasonographically (Figure 1).

Control group—normal weight Study group—obesity
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Figure 1. The method of distribution of children according to the assessments performed. (Score A)

Diffuse increased liver echogenicity, periportal and diaphragmatic echogenicity is still appreciable.
(Score B) Diffuse increased liver echogenicity hiding periportal echogenicity but still appreciable
diaphragmatic echogenicity. (Score C) Diffuse increased liver echogenicity hiding periportal and
diaphragmatic echogenicity. (Score D) Normal liver echogenicity. Grade FO 0-6 kPa Grade F1 6-7 kPa
Grade F2 7-8 kPa. There were patients classified as obese group FO (without hepatic fibrosis) but who
showed MSL hepatic stuctural changes from an ultrasound point of view.

2.3. Inclusion Criteria

The inclusion criterion for this study was the presence of obesity (BMI > 95th per-
centile, in accordance with WHO criteria for gender and age) for the study group, and for
the control group, the inclusion criterion was normal weight (BMI < 5th percentile but
<85th percentile in accordance with WHO criteria for gender and age). An age between 6
and 14 years was an inclusion criterion for both study groups.

2.4. Exclusion Criteria

Exclusion criteria were applied for all children represented by the presence of autoim-
mune or inflammatory diseases, endocrine or hereditary conditions, and other chronic
conditions or liver disease. Children with malformations, infectious pathology in the last
3 months, immunocompromised children, or those who had been treated with antibiotics
or iron supplements in the last 3 months were also excluded.

2.5. Children Assessment

The identification of the non-eligible cases was based on the history of the child. Epi-
demiological data referring to age, gender, and environment were recorded. Investigation
of children included in the study was based primarily on the determination of obesity, i.e.,
BMI (height, weight, age, gender), liver ultrasound imaging with normal structure changes
and serum iron and ferritin levels. In this context, the group with normal weight or without
ultrasonographically visible liver structural changes constituted the control group.

2.6. Measurements

An anthropometric investigation was performed using standardized measurement
methods. Measurements were taken in the morning after awakening. For height, a thal-
liometer with 1 mm graduation was used, and for weight measurement, we used an
electronic scale (100 g graduation). Body mass index was calculated by dividing body
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weight (expressed in kilograms) by height squared (expressed in meters), taking into
account gender and age.

2.7. Laboratory Tests

A fasting venous blood sample (6 mL) was collected from each participant and ana-
lyzed for serum iron and serum ferritin. Iron deficiency was considered below reference
values as follows: <14 years: 29-137 pg/dL; boys: 14-19 years: 43-176 ug/dL; girls:
14-19 years 33-170 ug/dL; serum iron was measured by a colorimetric method. The
determination method for serum ferritin was immunochemical with electrochemilumi-
nescence detection (ECLIA) with the following reference values: 4-7 years: 4-67 ng/mlL;
7-13 years: male 14-124 ng/mL, female 7-84 ng/mlL; 13-18 years: male 14-152 ng/mL,
female 13-68 ng/mL 7-142 ng/mL. Both serum iron and ferritin indirectly evaluate the
inflammation existing in obesity.

2.8. Imagistic Result

Imaging data were obtained using ultrasound echography with age- and fat-adapted
scanning transducers. In order to quantify liver fat deposition, we classified children
as follows: score A, diffuse increased liver echogenicity, periportal and diaphragmatic
echogenicity are still appreciable; score B, diffuse increased liver echogenicity hiding peri-
portal echogenicity but diaphragmatic echogenicity is still appreciable; score C, diffuse
increased liver echogenicity hiding periportal and diaphragmatic echogenicity and score D
normal liver echogenicity. For the quantification of liver fibrosis, we performed elastogra-
phy for which an adapted sensor was also used, and by determining 10 valid measurements,
a mean value expressed in kiloPascals was indicated. This allowed us to quantify the degree
of fibrosis as follows: 0-6 kPa—grade FO; 6-7 kPa—grade F1; 7-8 kPa—grade F2.

2.9. Statistical Analysis

Analysis of the clinical-epidemiological data was performed using the chi-square com-
parison test (x?) from SPSS10 (Statistical Package for Social Sciences), where a p-value < 0.05
was considered significant. This study also made assessments about the tendency of as-
sociation between different parameters, even if the relationships were without significant
p-values.

2.10. Ethical Principles

Our study respected the guidelines of the Declaration of Helsinki. Written informed
consent was obtained from legal representatives of all the children when they were in-
cluded in the study from the grant “Utility of antioxidants in the prevention, monitoring,
and treatment of non-alcoholic fatty liver disease in children with established PNPLA3
genotype”, from which all of the children included in this study were selected. Approval
of the Local Ethics Committee with registration No. 118/19.07.2021 was obtained.

3. Results

The clinico-epidemiological analysis of the study group included 98 children; 72 cases
(73.5%) of the children were classified as obese, and 26 cases (26.5%) had normal weight for
age and gender, representing the control group. In total, 48 cases (49%) fell into the age
category of 6-9 years, and 50 cases (51%) were aged 10-14 years. The majority were males
with urban provenance, with 58 cases (59.2%) and 51 cases (52%), respectively.

The classification of the children according to the parameters analyzed revealed that
obesity with BMI 27 + 3.8 was more common in the age category 10-14 years, male and
urban origin, compared to the control group, where BMI was 16.7 & 1.2 and children in
the age category 6-9 years and rural origin dominated. These aspects were not statistically
associated (Table 1).
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Table 1. The distribution of cases in relation to the analyzed parameters.
Parameters% (No. Cases) (%) Normal Weight Obesity p Value (x? Test)
6-9 years 14 (53.8%) 34 (47.2%)
Age p>0.05
10-14 years 12 (46.2%) 38 (52.8%)
Female 11 (42.3%) 29 (40.3%)
Gender Male 15 (57.7%) 43 (59.7%) p>0.05
Urban 10 (38.5%) 41 (56.9%)
Environment Rural 16 (61.5%) 31 (43.1%) p>005
BMI 16.7 = 1.2 27 £3.8
kPa 29+0.5 51+17
Ultrasound - FO 26 (100%) 42 (58.3%) )
Elastography  Fibrosis F1 0 13 (18.1%) p <000
B2 0 17 (23.6%)
Score A 0 8 (11.1%)
Ultrasound Score B 0 25 (34.7%)
Echography Score C 0 17 (23.6%) p <0.001
Score D 26 (100%) 22 (30.6%)
Serum iron ug/dL 63.8 +20.5 145+ 11.9
Deficit 3 (11.5%) 67 (93.1%) p<0.001
ng/mL 49.5 £ 29.5 187.2 £ 36.2
Serum ferritin Increased 2 (7.7%) 69 (95.8%) p<0.001

BMI: body mass index; kPa: kiloPascal.

Imaging investigation revealed that the control group with normal body weight did
not show any ultrasonographically detectable changes in the liver. All children had fibrosis
grade FO with mean 2.9 £+ 0.5 kPa, included in the D score, without hepatic steatosis
changes. In the group of children with obesity, the mean increased to 5.1 &= 1.7 kPa; most of
them had fibrosis grade FO, with statistical association in relation to obesity (Table 1).

In relation to the imaging investigation, the degrees of hepatosteatosis identified
demonstrate the heterogeneity of the group, including children with obesity but without
changes in hepatosteatosis (22 cases, 30.6%). From this point of view, the statistical analysis
also demonstrated the association between obesity and imaging results visualized in terms
of hepatic steatosis (Table 1).

The paraclinical investigation of iron and ferritin levels showed a dramatic decrease in
iron and a clear increase in ferritin in obese children compared to the control group, which
were also statistically associated. There were no cases with increased sideremia or cases
with decreased ferritin (Table 1).

Redistributing the children according to the structural changes identified in the liver,
we obtained the groups MLS for 50 cases (51.1%) and NLS for 48 cases (48.9%). We observed
that all the children in the control group with normal weight fitted into the NLS group, but
22 cases of obese children representing 22.4% also fitted into the NLS group.

Liver structural changes were not associated with the age of the children but were
statistically associated with obesity (MLS-BMI 27.7 £ 4.2 compared to NLS-BMI 20.7 + 4.7)
and with iron deficiency and hyperferritinemia. A percentage of 48.9 (50 cases) with iron
deficiency and hyperferritinemia was identified in the MLS children. Serum iron levels
were much lower in the MLS group compared to the NLS group, at 10.5 + 5.2 ug/dL
and 45.4 £ 27.6 ug/dL, respectively. In the same way, an increase in serum ferritin was
observed in MLS and NLS, with 201.7 £ 28 ng/mL and 97.6 £ 60.8 ng/mL, respectively
(Table 2).
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Table 2. The distribution of cases in relation to liver structural changes and the analyzed parameters.

Parameters% (No. Cases) (%) NLS MLS p Value
Age (years) 94 +£2 9.8 +22
6-9 years 23 (47.9%) 25 (50%) p >0.05
10-14 years 25 (52.1%) 25 (50%)
BMI 20.7 4.7 27.7 +4.2
Normal weight 26 (26.5%) 0 p <0.001
Obesity 22 (22.4%) 50 (51.1%)
ug/dL 454 4+ 27.6 105 +£5.2
Serum Fe — p <0.001
Deficit 22 (22.4%) 48 (48.9%)
ng/mL 97.6 &+ 60.8 201.7 + 28
Serum Ferritin p <0.001
Increased 22 (22.4%) 49 (50%)

NLS: Normal Liver Structure; MLS: Modified Liver Structure.

In the ultrasound imaging investigation, we found that low iron levels were predom-
inantly identified in children in the MLS group. Score A was found in 6.1% of the cases,
score B was found in 25.5% of cases, and score C was found in 17.3% of cases. Increased
ferritin levels were also identified in children classified by ultrasound scores with structural
changes of hepatosteatosis. The data showed statistical associations between liver structural
changes identified echographically and low iron and increased ferritin levels, respectively
(Table 3, Figure 2A-D).

Table 3. The distribution of cases in relation to the ultrasound assessment and iron and ferritin levels.

Ultrasound Echography
Parameters% (No. Cases) (%)
MSL NSL p Value
Total Score A Score B Score C Score D

Normal level 28 (28.6%) 2 (2.1%) 0 0 26 (26.5%)
Serum iron — p <0.001

Deficit 70 (71.4%) 6 (6.1%) 25 (25.5%) 17 (17.3%) 22 (22.5%)

?er‘.“.“ Normal level 27 (27.5%) 1 (1%) 0 0 26 (26.5%)
erritin p < 0.001

Increased 71 (72.4%) 7 (7.1%) 25 (25.5%) 17 (17.3%) 22 (22.5%)

NLS: Normal Liver Structure; MLS: Modified Liver Structure.

In terms of serum iron and ferritin levels and liver structural changes identified by
elastographic examination, statistical associations were found between iron deficiency and
increased serum ferritin values and the degree of elastographic changes. It was observed
that children with liver structural changes classified as F1 and F2 fibrosis grades were
identified only in the iron deficiency or increased ferritin level groups (Table 4, Figure 2).

Table 4. The distribution of cases in relation to the elastographic assessment and iron and ferritin levels.

Ultrasound Elastography

Parameters/% (No. Cases) (%) p Value
Total Fo F1 F2
Normal level 28 (28.6%) 28 (28.6%) 0 0
Serum iron — p <0.001
Deficit 70 (71.4%) 40 (40.8%) 13 (13.2%) 17 (17.3%)
Normal level 27 (27.5%) 27 (27.5%) 0 0
Serum ferritin p <0.001
Increased 71 (72.4%) 41 (41.8%) 13 (13.2%) 17 (17.3%)
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Figure 2. The distribution of cases according to iron deficiency and imaging evaluation (A,C) and
increased ferritin and imaging evaluation (B,D).

Iron deficiency and ferritin elevation were statistically associated with both echo-
graphic and elastographic imaging changes.

4. Discussion

Obesity is an increasingly used term in the medical world. Its escalation worldwide
has even turned it into an epidemic notion. Its recognition at younger and younger ages
highlights its repercussions on the body. Obese children and adolescents are potential
candidates for serious adult diseases such as cardiovascular disease or even cancer [8].

Recent studies in the area have focused more on research into non-alcoholic fatty liver
disease (NAFLD), which is the first stage of fat accumulation in the liver. Investigation
of NAFLD has brought numerous paraclinical methods of evaluation to the attention of
medical practice, but it requires a rather long follow-up time [13]. Early assessment of the
progression from NAFLD to steatohepatitis (NASH), cirrhosis, and even hepatocellular
carcinoma is extremely important, which is why we consider early evaluation of children
with common and accessible methods to be a necessity [8,14,15].

The global prevalence of obesity has increased significantly in the 5-19 age group, by
about eight times, in both females and males, according to a study by Lister et al. published
in May 2023 [16]. This is a worrying fact, especially as the same study highlights variations
in obesity prevalence depending on factors influencing the obesogenic environment, espe-
cially economic factors. From the data found in the literature, it appears that the male sex
seems to be more affected by obesity without being clear why, which is a fact also identified
in our study. We noticed that metabolic syndrome, which is the foundation of obesity,
is also more present in males according to a Systematic Literature Review published in
2023 [16-18]. Concerning the environment of origin, the urban environment favors obe-
sogenic factors by the increased availability of low-cost foods with increased kcal and
convenience [16].
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Echography, as a large-scale ultrasonographic method, helped us to clearly identify
the changes in hepatosteatosis that were statistically associated with obesity, which was
expected. With the help of this study, we observed that the control group but also one-
third of the study group had no changes in this area. However, there was a considerably
increased difference between the percentages of children with hepatosteatosis and those
with liver fibrosis. This, on the one hand, proved the heterogeneity of the group, and on
the other hand, it pointed to the idea of an evolutionary cascade of fat accumulation in the
liver. There is a multitude of studies that have demonstrated the usefulness of ultrasound
as a common screening method for the evaluation and monitoring of pediatric patients
with NAFLD, but it is considered inaccurate in the absence of experience [19-21].

An article published in 2023 by Mo¢nik M. et al., Ultrasound Elastography in Children,
clearly describes the usefulness of elastography in the evaluation of children [6]. Elastogra-
phy is a new, non-invasive, feasible technique for quantifying fibrotic changes in the liver of
children with obesity [7,22]. Our study shows that in the control group, we did not identify
liver fibrosis. In the group of obese children, most of them had no fibrotic changes in the
liver, but the percentages identified in the F1 and F2 stages should not be ignored, taking
into account the age of the patients. Regarding age, we consider this fact to be of major
importance, although the percentages were quite low. The statistical association proved to
be significant, and it was observed that obesity clearly predisposes to fibrotic changes in
the liver [6,7,22].

A systematic review published in 2023 by Pedro Ferro Berton et al. focuses attention
on the chronic inflammation induced by obesity, which leads to increased hepcidin levels
through IL-6 production [9]. Also, Alshwaiyat N.M. et al. explain details related to
low iron levels in obesity [10]. Low iron levels in obesity are, on the one hand, due
to iron sequestration in macrophages and, on the other hand, to decreased absorption
resulting from increased hepcidin. Furthermore, it is underlined that obese children should
not receive iron even though they have low levels. According to pathophysiological
mechanisms, weight loss improves serum iron levels as well [9,10,12,23], which is also
highlighted by our research.

In our study, we observed the same: serum iron levels were decreased in obese children
with a mean of 14.5 & 11.9 pug/dL compared to the control group 63.8 & 20.5 ug/dL, with a
statistical association.

Recently, serum ferritin levels have been studied in an attempt to demonstrate the pre-
dictability of hepatic structural changes based on increasing ferritin levels. A meta-analysis
performed in 2023 by Yan | et al. highlights this point [24]. The information that serum
ferritin levels are directly proportional to hepatic fat storage and associated inflammation,
independent of iron stores in the body, has been confirmed by other research [8,24,25]. The
data from our study are aligned with the information found in the literature [24]: serum
ferritin levels were considerably higher in obese children compared to normal-weight
children: 187.2 4= 36.2 ng/mL and 49.5 & 29.5 ng/mL respectively.

Based on these aspects identified in other research, specifically ultrasonography, either
echographic or elastographic, used as a method of evaluation of obese children and quantifi-
cation of serum iron and ferritin levels, we tried to observe other statistical associations. In
this direction, we noticed that hepatic structural changes (MLS) are not identified in all obese
children, highlighting the fact that not all obese pediatric patients have hepatosteatosis, much
less fibrosis. Following the same protocol, we identified low iron levels and increased ferritin
levels in MLS children compared to those with Normal Liver Structure (NLS).

Iron deposition in obese patients occurs in both hepatocytes and macrophages and is
often referred to as dysmetabolic iron overload syndrome. Iron is involved in the catalytic
reaction and formation of toxic hydroxyl radicals that can increase the progression of fibrosis
in the liver. Research is more concerned with the study of pediatric patients with NAFLD,
but obesity is a precondition that deserves to be investigated more thoroughly [8,24,26,27].
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In the majority of studies quantifying hepatosteatosis, methods such as MRI or even
liver biopsies have been used, which are costly or invasive methods [8,24,27]. Data obtained
in this study demonstrated statistical relations between liver structural changes identified
by both echographic and elastographic methods, low serum levels of iron, and increased
serum levels of ferritin.

It is important to note that the children classified with F1 and F2 fibrosis are children
who only have iron deficiency or hyperferritinemia. The identified aspects contribute to
maintaining the hypothesis that changes in iron and ferritin homeostasis definitely appear
at the time of fibrosis. According to the pathophysiological mechanisms, the onset of serum
changes already occurs in the phase of obesity without hepatic structural changes. This idea
is confirmed by the data provided in this study; thus, both echographic and elastographic
statistical associations were identified [28-31].

Our study has some limitations. The study design was cross-sectional and, therefore,
we could not identify a clear causal relationship between serum markers and liver structural
changes. Also, we could not obtain social data that may influence the incidence of liver
structural changes. Last but not least, the liver structural changes were not confirmed
histologically or by MRI. In order to support our point of view, we considered it necessary
to look at the problem through two ultrasonographic methods. At the same time, the
heterogeneity of the group can be a plus point.

5. Conclusions

At a routine examination in the doctor’s consulting room, obese pediatric patients
with low iron levels identified in routine tests should receive more attention. Low serum
iron levels and increased serum ferritin levels may be markers in the evaluation of obese
children in association with echographic and elastographic evaluation. These levels do
not necessarily mean iron deficiency anemia and may raise the suspicion of progressive
hepatosteatosis. Thus, in search of easy methods to identify potential candidates for
NAFLD or NASH, we can try serum ferritin determination paired with non-invasive
imaging methods in evaluation and monitoring. These methods are limited mainly by the
experience of the examiner, but, considering their cost, time, and non-invasive nature, they
may represent an alternative investigation.
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Abbreviations

COVID-19 Coronavirus disease 2019

TNF-o Tumor necrosis factor

IL-6 Interleukin-6

NAFLD Non-alcoholic fatty liver disease
NLS Normal Liver Structure

MLS Modified Liver Structure

BMI Body mass index

WHO World Health Organization
NASH Non-Alcoholic Steatohepatitis
MRI Magnetic Resonance Imaging

References

1.  Jebeile, H.; Kelly, A.S.; O'Malley, G.; Baur, L.A. Obesity in children and adolescents: Epidemiology, causes, assessment, and
management. Lancet Diabetes Endocrinol. 2022, 10, 351-365. [CrossRef]

2. Koziol-Kozakowska, A.; Janu$, D.; Stepniewska, A.; Szczudlik, E.; Stochel-Gaudyn, A.; Wéjcik, M. Beyond the Metabolic
Syndrome: Non-Obvious Complications of Obesity in Children. Children 2023, 10, 1905. [CrossRef]

3. Horesh, A,; Tsur, AM.; Bardugo, A.; Twig, G. Adolescent and childhood obesity and excess morbidity and mortality in young
adulthood—A systematic review. Curr. Obes. Rep. 2021, 10, 301-310. [CrossRef]

4. Mihuta, M.S.; Paul, C.; Borlea, A.; Roi, C.M.; Velea-Barta, O.-A.; Mozos, L; Stoian, D. Unveiling the Silent Danger of Childhood
Obesity: Non-Invasive Biomarkers Such as Carotid Intima-Media Thickness, Arterial Stiffness Surrogate Markers, and Blood
Pressure Are Useful in Detecting Early Vascular Alterations in Obese Children. Biomedicines 2023, 11, 1841. [CrossRef]

5. Becheanu, C.A.; Smadeanu, R.E.; Tincu, L.F. Effect of a Symbiotic Mixture on Fecal Microbiota in Pediatric Patients Suffering of
Functional Abdominal Pain Disorders. Processes 2021, 9, 2157. [CrossRef]

6.  Mo¢nik, M.; Mar¢un Varda, N. Ultrasound Elastography in Children. Children 2023, 10, 1296. [CrossRef]

7. Mentzel, H],; Glutig, K.; Grager, S.; Kriiger, P.C.; Waginger, M. Ultrasound elastography in children—Nice to have for scientific
studies or arrived in clinical routine? Mol. Cell. Pediatr. 2022, 9, 11. [CrossRef]

8.  Morwald, K.; Aigner, E.; Bergsten, P.; Brunner, S.M.; Forslund, A.; Kullberg, J.; Ahlstrom, H.; Manell, H.; Roomp, K.; Schiitz,
S.; et al. Serum Ferritin Correlates with Liver Fat in Male Adolescents with Obesity. Front. Endocrinol. 2020, 11, 340. [CrossRef]

9.  Berton, PF,; Gambero, A. Hepcidin and inflammation associated with iron deficiency in childhood obesity—A systematic review.
J. Pediatr. 2023, 100, 124-131. [CrossRef]

10. Alshwaiyat, N.M.; Ahmad, A.; Wan Hassan, W.; Al-Jamal, H.A. Association between obesity and iron deficiency (Review). Exp.
Ther. Med. 2021, 22, 1268. [CrossRef]

11.  Zhang, ].; Cao, J.; Xu, H,; Dong, G.; Huang, K.; Wu, W.; Ye, ].; Fu, J. Ferritin as a key risk factor for nonalcoholic fatty liver disease
in children with obesity. J. Clin. Lab. Anal. 2020, 35, €23602. [CrossRef] [PubMed]

12.  Sanad, M.; Osman, M.; Gharib, A. Obesity modulate serum hepcidin and treatment outcome of iron deficiency anemia in children:
A case control study. Ital. ]. Pediatr. 2011, 37, 34. [CrossRef]

13.  Peng, L.; Wu, S.; Zhou, N.; Zhu, S; Liu, Q.; Li, X. Clinical characteristics and risk factors of nonalcoholic fatty liver disease in
children with obesity. BMC Pediatr. 2021, 21, 122. [CrossRef]

14. Kolodziejezyk, A.A.; Zheng, D.; Shibolet, O.; Elinav, E. The Role of the Microbiome in NAFLD and NASH. EMBO Mol. Med. 2019,
11, €9302. [CrossRef] [PubMed]

15. Barchetta, I.; Cimini, F.A.; Cavallo, M.G. Vitamin D and Metabolic Dysfunction-Associated Fatty Liver Disease (MAFLD): An
Update. Nutrients 2020, 12, 3302. [CrossRef]

16. Lister, N.B.; Baur, L.A,; Felix, ].F; Hill, A.J.; Marcus, C.; Reinehr, T.; Summerbell, C.; Wabitsch, M. Child and adolescent obesity.
Nat. Rev. Dis. Primers 2023, 9, 24. [CrossRef] [PubMed]

17.  Orsini, F; D’Ambrosio, F.; Scardigno, A.; Ricciardi, R.; Calabro, G.E. Epidemiological Impact of Metabolic Syndrome in Overweight
and Obese European Children and Adolescents: A Systematic Literature Review. Nutrients 2023, 15, 3895. [CrossRef]

18. Lourengo, L.P; Viola, P.C.A.E; Franceschini, S.D.C.C.; Rosa, C.O.B.; Ribeiro, S.A.V. Metabolic syndrome and risk factors in
children: A risk score proposal. Eur. J. Clin. Nutr. 2023, 77, 278-282. [CrossRef]

19. Papachristodoulou, A.; Kavvadas, D.; Karamitsos, A.; Papamitsou, T.; Chatzidimitriou, M.; Sioga, A. Diagnosis and Staging of
Pediatric Non-Alcoholic Fatty Liver Disease: Is Classical Ultrasound the Answer? Pediatr. Rep. 2021, 13, 312-321. [CrossRef]

20. D’Hondt, A; Rubesova, E.; Xie, H.; Shamdasani, V.; Barth, R.A. Liver fat quantification by ultrasound in children: A prospective
study. AJR Am. ]. Roentgenol. 2021, 217, 996-1006. [CrossRef]

21. Chuang, Y.H.; Hsieh, C.S.; Lai, M.W.; Chen, C.C.; Chao, H.C.; Yeh, H.Y.; Lai, H.; Tsui, P.H. Detection of pediatric hepatic steatosis
through ultrasound backscattering analysis. Eur. Radiol. 2021, 5, 3216-3225. [CrossRef] [PubMed]

22.  Ferraioli, G.; Calcaterra, V.; Lissandrin, R.; Guazzotti, M.; Maiocchi, L.; Tinelli, C.; De Silvestri, A.; Regalbuto, C.; Pelizzo, G.;

Larizza, D.; et al. Noninvasive assessment of liver steatosis in children: The clinical value of controlled attenuation parameter.
BMC Gastroenterol. 2017, 17, 61. [CrossRef] [PubMed]


https://doi.org/10.1016/S2213-8587(22)00047-X
https://doi.org/10.3390/children10121905
https://doi.org/10.1007/s13679-021-00439-9
https://doi.org/10.3390/biomedicines11071841
https://doi.org/10.3390/pr9122157
https://doi.org/10.3390/children10081296
https://doi.org/10.1186/s40348-022-00143-1
https://doi.org/10.3389/fendo.2020.00340
https://doi.org/10.1016/j.jped.2023.06.002
https://doi.org/10.3892/etm.2021.10703
https://doi.org/10.1002/jcla.23602
https://www.ncbi.nlm.nih.gov/pubmed/33249617
https://doi.org/10.1186/1824-7288-37-34
https://doi.org/10.1186/s12887-021-02595-2
https://doi.org/10.15252/emmm.201809302
https://www.ncbi.nlm.nih.gov/pubmed/30591521
https://doi.org/10.3390/nu12113302
https://doi.org/10.1038/s41572-023-00435-4
https://www.ncbi.nlm.nih.gov/pubmed/37202378
https://doi.org/10.3390/nu15183895
https://doi.org/10.1038/s41430-022-01217-z
https://doi.org/10.3390/pediatric13020039
https://doi.org/10.2214/AJR.20.24874
https://doi.org/10.1007/s00330-020-07391-7
https://www.ncbi.nlm.nih.gov/pubmed/33123795
https://doi.org/10.1186/s12876-017-0617-6
https://www.ncbi.nlm.nih.gov/pubmed/28472948

Life 2024, 14, 484 11 0f 11

23.

24.

25.

26.
27.

28.

29.

30.

31.

Pasini, E.; Corsetti, G.; Romano, C.; Aquilani, R.; Scarabelli, T.; Chen-Scarabelli, C.; Dioguardi, E.S. Management of Anaemia of
Chronic Disease: Beyond Iron-Only Supplementation. Nutrients 2021, 13, 237. [CrossRef] [PubMed]

Yan, J.; Guan, T.; Guo, M,; Liu, J. Serum Ferritin and Non-alcoholic Fatty Liver Disease: A Meta-analysis and Systematic Review.
Turk. J. Gastroenterol. 2023, 34, 952-960. [CrossRef] [PubMed]

Du, S.X,; Lu, L.L.; Geng, N.; Victor, D.W.; Chen, L.Z.; Wang, C.; Yue, H.Y,; Xin, Y.N.; Xuan, S.Y.; Jin, W.W. Association of serum
ferritin with non-alcoholic fatty liver disease: A meta-analysis. Lipids Health Dis. 2017, 16, 228. [CrossRef] [PubMed]

Aigner, E.; Feldman, A.; Datz, C. Obesity as an Emerging Risk Factor for Iron Deficiency. Nutrients 2014, 6, 3587-3600.

Amato, A.; Santoro, N.; Calabro, P.; Grandone, A.; Swinkels, D.W.; Perrone, L.; del Giudice, E.M. Effect of body mass index
reduction on serum hepcidin levels and iron status in obese children. Int. J. Obes. 2005, 34, 1772-1774.

Huang, Y.-F; Tok, T.-S.; Lu, C.-L.; Ko, H.-C.; Chen, M.-Y.; Chen, S5.C.-C. Relationship between being overweight and iron deficiency
in adolescents. Pediatr. Neonatol. 2015, 56, 386-392. [CrossRef] [PubMed]

Shattnawi, K.K.; Alomari, M.A.; Al-Sheyab, N.; Salameh, A.B. The relationship between plasma ferritin levels and body mass
index among adolescents. Sci. Rep. 2018, 8, 15307. [CrossRef] [PubMed]

Di Martino, M.; Koryukova, K.; Bezzi, M.; Catalano, C. Imaging Features of Non-Alcoholic Fatty Liver Disease in Children and
Adolescents. Children 2017, 4, 73. [CrossRef]

Villani, R.; Lupo, P,; Sangineto, M.; Romano, A.D.; Serviddio, G. Liver Ultrasound Elastography in Non-Alcoholic Fatty Liver
Disease: A State-of-the-Art Summary. Diagnostics 2023, 13, 1236. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/nu13010237
https://www.ncbi.nlm.nih.gov/pubmed/33467658
https://doi.org/10.5152/tjg.2023.22453
https://www.ncbi.nlm.nih.gov/pubmed/37674440
https://doi.org/10.1186/s12944-017-0613-4
https://www.ncbi.nlm.nih.gov/pubmed/29197393
https://doi.org/10.1016/j.pedneo.2015.02.003
https://www.ncbi.nlm.nih.gov/pubmed/25987352
https://doi.org/10.1038/s41598-018-33534-4
https://www.ncbi.nlm.nih.gov/pubmed/30333502
https://doi.org/10.3390/children4080073
https://doi.org/10.3390/diagnostics13071236
https://www.ncbi.nlm.nih.gov/pubmed/37046454

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population 
	Inclusion Criteria 
	Exclusion Criteria 
	Children Assessment 
	Measurements 
	Laboratory Tests 
	Imagistic Result 
	Statistical Analysis 
	Ethical Principles 

	Results 
	Discussion 
	Conclusions 
	References

