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Abstract: Background/Objectives: Fructose consumption in children is increasing, as is the
prevalence of metabolic dysfunction-associated steatotic liver disease (MASLD). Despite
evidence linking added sugars to metabolic syndrome, fructose’s impact on liver disease
in youth remains unclear, especially in pediatrics. Our study aimed to evaluate the role
of fructose intake in metabolic and liver dysfunction in a cohort of pre-school children
and adolescents with obesity. Methods: We recruited 41 children and adolescents with
obesity (age range: 2.5-16 years, BMI SDS 2.6 + 0.5 kg/m?). Clinical and biochemical
parameters were assessed. Through ultrasound (US), MASLD, hepatorenal index (HRI),
subcutaneous adipose tissue (scAT), and visceral adipose tissue (VAT) were assessed.
Dietary intake was evaluated using the IDEFICS FFQ and a fructose-specific questionnaire.
Results: Pubertal subjects had more scAT and vAT, higher insulin resistance, and higher
liver fibrosis parameters than those prepubertal. MASLD was detected in 12 subjects,
associated with higher scAT and vAT. Pubertal subjects had lower weekly fructose intake
than prepubertal subjects (p < 0.02). However, they consumed less fructose from fruits
(p < 0.04) and more from other sugars (p < 0.04) than younger children. Patients with
MASLD reported higher fructose intake (p < 0.01), primarily from fruits (p < 0.003), likely
due to misreporting, alongside higher consumption of unhealthy food, mainly rich in
saturated fats. Conclusions: Fructose intake and unhealthy dietary habits were associated
with MASLD in pre-school and adolescents with obesity. Advice to pay attention to fructose
intake and foods rich in saturated fats is mandatory to decrease both obesity and MASLD.
Further high-powered studies in any pediatric age and different geographical areas are
needed to better evaluate the MASLD history.

Keywords: fructose; pediatrics; diet; MASLD; liver; obesity; adolescents

1. Introduction

In recent years, high consumption of fructose-rich beverages has been shown to be
directly related to the increased incidence of pediatric obesity and its comorbidities [1].
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Fructose is a sugar that is more palatable and less capable of inducing satiety; thus, it is
found in various processed foods. Free fructose intake is rare, as it is often added as a
sweetener in foods and drinks in the form of sucrose (table sugar) or high-fructose corn
syrup (HFCS) (55% fructose), commonly used in sugar-sweetened beverages (SSB) [2].
Fructose intake in children and adolescents often exceeds the objective of less than 5% of
energy intake from free sugars, i.e., sugars added by the manufacturer, cook, or consumer,
plus the sugars present in honey, syrup, or fruit juice.

While fructose intake from fruit is accompanied by a range of nutrients and functional
elements such as fiber and antioxidants, sucrose or added sugar in hyperpalatable foods
can cause metabolic disorders [3].

Since fructose is less able to promote satiety, it stimulates food consumption and
modifies the metabolism of lipids and carbohydrates, thus stimulating the synthesis and
accumulation of fat [4,5]. In addition, fructose enhances the action of hepatic pyruvate
kinase (L-type), accelerating all glycolysis processes and promoting de novo lipogenesis
(DNL) from fructose and glucose. Therefore, glucose and fructose promote the synthesis of
subcutaneous and visceral adipose tissues, respectively. Although a certain degree of DNL
in adipocytes may be useful to mitigate the high fatty acid deposition in the liver, DNL is
currently considered to be a biochemical process underlying some diseases [6].

A high-fructose diet and the widespread commercial use of HFCS are believed to be
linked to the increasing prevalence of metabolic syndrome (MetS) globally, which leads
to functional impairment of various tissues and organs, resulting in cardiovascular dis-
ease (CVD), type 2 diabetes (T2D), metabolic (dysfunction)-associated fatty liver disease
(MAFLD), hyperuricemia, gout, and chronic kidney disease (CKD) [7,8]. Numerous studies
have shown that high fructose consumption causes fat accumulation, systemic inflamma-
tion, oxidative stress, and insulin resistance in many tissues [8]. The dangerous effects of
this highly lipogenic sugar have also been observed in infants breastfed by mothers who
had ingested this sugar during pregnancy or breastfeeding, who presented metabolic alter-
ations that can last for life [9]. Conversely, replacing fructose with glucose in beverages for
4 weeks improved insulin sensitivity in adipose tissue in young subjects with MAFLD [10].

MASLD (metabolic dysfunction-associated steatotic liver disease) and MAFLD in
the pediatric age group represent an advanced categorization of non-alcoholic fatty liver
disease (NAFLD), highlighting the intricate relationship between hepatic steatosis and
metabolic dysfunction [11,12]. Central or abdominal obesity, a key diagnostic condition for
metabolic dysfunction, mainly results from inappropriate or unhealthy dietary habits.

Despite the growing evidence supporting the effects of added sugars on the develop-
ment of MetS and its related comorbidities, the association between fructose intake and
liver diseases remains to be clarified, especially in young people. Recently, we reviewed
the observational studies on fructose consumption and MASLD, and almost all the studies
confirmed an association between high fructose intake in the diet and a high weight score,
as well as an association with MASLD [12]. The studies on MASLD are few compared
with those on MetS that demonstrated the association of fructose intake, in particular, with
insulin resistance and dyslipidemia [13]. An increased fructose intake seems to have a
complex interplay with sedentary behaviors, high consumption of processed food, and
socioeconomic and environmental factors in children and adolescents with obesity [12].
However, most studies did not include pre-school children, who could respond differently
to metabolic alterations [12,13].

Therefore, this article aimed to investigate the roles of, first, fructose intake, indepen-
dently of dietary sources, and second, unhealthy dietary habits in metabolic dysfunction
and liver steatosis in a cohort of pre-school children and adolescents with obesity.
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2. Materials and Methods

This cross-sectional study was undertaken at the Unit of Pediatric Endocrinology
of University “A. Moro”, Bari, Italy. Anthropometric, biochemical, and instrumental
data of pre-school children (age 3-6 years) and adolescents (age 12-16 years) affected
by obesity (body mass index (BMI) for age and sex > 97th centile according to WHO
2007) [14], consecutively observed in the period from January 2023 to December 2023,
were collected. The BMI cut-off point of >2 SDS was used to define obesity and include
patients. Exclusion criteria were genetic causes of obesity and systemic, endocrine, and
liver diseases. Written informed consent was obtained from the children’s parents or their
legal guardians. All the procedures used were in accordance with the Helsinki Declaration
on Human Experimentation guidelines. The study was approved by the Ethics Committee
of Policlinico of Bari (protocol number 0002871/12/01/2023).

2.1. Measurements

All patients underwent a general clinical examination, and anthropometric measure-
ments were taken (height in cm, weight in kg). BMI was calculated as weight/height?
(kg/m?) and transformed into a standard deviation score (SDS) based on the Italian BMI
reference standards [15]. The pubertal stages were assessed according to the Tanner crite-
ria [16]. Both systolic (SBP) and diastolic blood pressure (DBP) were measured in all patients.
Waist circumference was also assessed. And, waist-to-height was calculated (WhR).

2.2. Biochemical Assessment

Blood glucose, insulin, glycated hemoglobin Alc (HbA1C), total cholesterol (TC), high-
(HDL) and low-density lipoprotein (LDL) cholesterol, triglycerides (TGs), leptin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase
(GGT), bilirubin, creatininemia, uric acid, IL1-3, and IL6 were measured after overnight
fasting in all subjects. TC, LDL, HDL, and TG values were considered in the normal range
if within the 5th and 95th percentiles [17]. An oral glucose tolerance test (OGTT; 1.75 g/kg)
was also performed, recording basal levels of blood glucose and insulin after 120 min.
Insulin resistance was measured by the homeostasis model assessment (HOMA) index,
calculated as insulin (uWU/mL) x blood glucose (mmol/L)/22.5 [18].

2.3. Hepatic Steatosis, HRI, and Definition of MASLD

All patients underwent liver ultrasound (US) to determine the presence of hepatic
steatosis. Currently, US is among the most widely utilized methods for screening hepatic
steatosis [19,20]. However, its sensitivity is reduced when fat infiltration levels fall below
30% [21]. The procedure was carried out by a single experienced and trained operator, who
was blinded to the patient’s clinical and laboratory data, using a Philips/ATL HDI 5000
scanner (AME, New York, NY, USA). Hepatic steatosis was categorized as follows [20]:
grade 1—mild (liver attenuation slightly less than that of the spleen); grade 2—moderate
(a more pronounced difference between the liver and spleen, with intrahepatic vessels
not seen or with slightly higher attenuation than that of the liver), and grade 3—severe
(markedly reduced liver attenuation with a sharp contrast between liver and intrahepatic
vessels) [22]. In addition, the hepatorenal index (HRI), a straightforward and dependable
ultrasonographic technique, was employed to detect steatosis. PACS software (Agfa IMPAX,
edition 6.6.x) was used to calculate variations in echogenicity among different regions of
interest (ROISs), assigning grayscale values [18]. An HRI < 1.36 indicates a higher likelihood
of the presence of a fatty liver compared to an HRI > 1.36 [23]. The US measurements of
intra-abdominal (‘visceral’) and subcutaneous fat were taken using a convex (C5-40R) probe
and linear array probe (L12-5) (AME, New York, NY, USA), respectively. US-determined
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subcutaneous fat was defined as the distance between the skin and the external face of the
recto abdominis muscle, and visceral fat was defined as the distance between the internal
face of the same muscle and the anterior wall of the aorta.

Metabolic-associated steatotic liver disease (MASLD) in children and adolescents was
defined according to the Delphi consensus paper [24]. Specifically, MASLD requires the
presence of liver steatosis (in our case, defined through imaging) and at least one specific car-
diometabolic risk factor out of the following five: (1) overweight/obesity—i.e., BMI > 85th
percentile for age/sex (BMI Z-score > +1) or waist circumference > 95th percentile (val-
ues may vary by ethnicity or race); (2) prediabetes/diabetes, evidenced by fasting serum
glucose > 100 mg/dL or random serum glucose > 200 mg/dL or 2 h oral glucose toler-
ance test > 140 mg/dL or HbAlc > 5.7% or an established diagnosis of T2D or specific
treatment for T2D; (3) hypertension, indicated by blood pressure (BP) > 130/80 mmHg
for age > 13 years; for age < 13 years, BP > 95th percentile or >130/80 mmHg (whichever
is lower) or the use of antihypertensive treatment; (4) hypertriglyceridemia, defined as
triglyceride > 100 mg/dL for age < 10 years or triglyceride > 150 mg/dL for age > 10 years
or lipid-lowering treatment; (5) low cholesterol HDL, i.e., HDL < 40 mg/dL, or lipid-
lowering treatment.

2.4. Basal Metabolism, Dietary Habits, and Fructose Intake

The basal daily energy requirement for each child and adolescent was calculated
using Schofield formulas [25]. Dietary habits were evaluated by using the validated Food
Frequency Questionnaire from the IDEFICS study [26], 24 h dietary recall, and a structured
questionnaire focused on fructose intake, supported by the use of booklets and photos to
aid in portion size identification. The history was collected with the involvement of both the
children and adolescents and their caregivers. The analysis of the IDEFICS questionnaires
determined the total daily caloric intake.

The fructose analysis was conducted using the nutritional software Dietosystem®
(Version 18.00.00, DS Medica, Milan, Italy). This software enables the determination of the
composition of foods, relying on data from institutional databases (CREA, IEO, USDA)
and the nutritional information provided on commercial product labels. For a realistic
estimate of the quantity of fructose, the values of interest considered were fructose (wWhen
available), sucrose (when available), and simple carbohydrates, quantified for all foods
analyzed in the questionnaire. To ensure a more uniform analysis, given the variability in
the consumption of these foods, portion sizes were fully standardized (LARN) where gram
amounts were not specified in the questionnaire. Assessments were conducted based on
weekly consumption.

Fructose was individually extracted for the following foods: fruit, fruit juice, yogurt,
sugar, and honey. Fructose from sucrose was obtained by dividing the amount of sucrose
in half (one-half glucose, one-half fructose). Sucrose was extracted for the following foods:
chocolate (both milk and dark), butter cookies, lemon tea with sugar, fruit juice, ice cream,
fruit yogurt, sugar, honey, and jam. Simple carbohydrates include monosaccharides, disac-
charides, and oligosaccharides. The reported value for simple carbohydrates is an estimate
derived by partitioning the total carbohydrate content into three distinct components.

For sugar-sweetened beverages, individual assessments were conducted to estimate
the exact consumption, distinguishing fructose content where known and labeled, and sum-
ming fructose, sucrose, and simple carbohydrates based on database or label information.
Specifically, sugar-sweetened beverages include fruit juices, canned /bottled teas, sugary
sodas, sports drinks, and energy drinks. For the latter three categories, reference values
were taken from Coca-Cola (10.5 g of sugar per 100 mL), Gatorade (5.9 g of carbohydrates,
of which 3.9 g is sugars per 100 mL), and Red Bull (11 g of sugars per 100 mL).
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Since, through the IDEFICS questionnaires, we determined the total daily caloric
intake, this allowed for the calculation of the ratio between the daily fructose intake and
total caloric intake, providing an estimation of the percentage of daily energy derived from
fructose consumption.

2.5. Statistical Analysis

Continuous variables are expressed as means & SD, and categorical variables are
reported as numbers and percentages. Statistical significance was defined as p < 0.05.
We performed statistical comparisons of quantitative data with the nonparametric Mann-
Whitney—Wilcoxon test or the Kruskal-Wallis test due to the sample size. For statistical
comparisons of dichotomous data, we used the x2 test. Pearson’s correlation analysis was
also performed. All statistical tests were two-sided, with p values of <0.05 considered
significant. All statistical analyses were performed by using SPSS 27.0 (IBM SPSS Inc.,
Chicago, IL, USA).

3. Results

We recruited 41 subjects (12 males, 29 females) aged 9.7 &= 4.0 years (21 pre-school chil-
dren and 20 adolescents) affected by obesity (BMI SDS: 2.6 + 0.5 kg/m?; WhR: 0.63 + 0.12).
All pre-school children were prepubertal, and adolescents were pubertal (Tanner stages
3-4). Among them, 29 had normal liver characteristics (70.7%), 8 had mild MASLD (grade
1, MASLD1; 19.5%), and 4 had moderate MASLD (grade 2, MASLD2; 9.8%) without differ-
ences in age distribution. However, adolescents had higher BMI SDSs, insulin resistance,
elasto-kPa (3.3 £ 0.7 vs. 4.4 = 1.2, p < 0.01), and scAT and vAT than pre-school children, as
expected. Males had a prevalence of MASLD marginally higher than females (p = 0.08). On
the other hand, males were more obese and had a worse metabolic profile than females.
Clinical and biochemical characteristics are reported in Tables 1 and 2.

Table 1. Characteristics of the population at baseline.

Variables Pr;;icyl;ts)ol A;:lzo_l;:(sjc;;ts Total Population
M:2 M: 10 M: 12
Gender (M/F) F: 19 F: 10 F: 29
Age (yrs) 56+t14 134 + 1.6 *** 9.0 +4.0
Weight (Kg) 38.8 +10.5 85.7 £ 16.2 *** 61.7 £ 27.3
Height SDS 0.7£10 0.7+ 1.0 0.7+1.0
BMI (kg/mZ) 259+41 322 £54%* 289 £5.7
BMI-SDS 24 +0.6 29+04* 2.7+ 0.6
WC (cm) 80.2 £10.5 102.8 £ 11.5 *** 91.5£157
WhR 0.63 £0.16 0.63 £ 0.07 0.63 £0.12
SBP (mmHg) 101.5 +£13.6 1182 +12.6 ** 109.9 £ 15.5
DBP (mmHg) 64.7 £ 9.8 71.7 £10.7 * 68.2 +£10.7
Glucose T0’ (mg/dL) 823+£92 85.3 £ 6.8 83.8 £8.1
Glucose T120" (mg/dL) 106.5 £ 26.7 101.6 £ 244 104.1 £254
Insulin TO" (uU/mL) 16.2 £ 16.7 26.1 £19.9 ** 21.1 £18.8
Insulin T120" (LWU/mL) 83.5 + 80.6 142.8 + 161.8 * 114.7 £ 73.0
HbA1c (mmol/mol) 349+29 334+54 342+ 44
HOMA-Index 33+34 5.7 £ 4.8 *** 45+43
Total-c (mg/dL) 141.6 £24.2 138.8 £ 43.0 140.3 £ 34.2
HDL-c (mg/dL) 46.5 £8.5 403 £8.8* 43.5+9.1
LDL-c (mg/dL) 78.7 £21.7 89.1 £28.4 83.7 £ 254
TG (mg/dL) 849 +52.1 89.9 £ 529 87.3 £51.9
AST (U/L) 31.6 £19.3 251 +£9.6 28.4 £ 155
ALT (U/L) 492 +77.5 328 +£19.0* 412 £57.0
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Table 1. Cont.

Variables Pr;:icy};(s)ol A;lzo_llezc;rr;ts Total Population
GGT (U/L) 33.7 £ 457 240+ 14.8* 28.7 £33.5
Leptin (ng/mL) 144+74 20.8 £10.2 179 £ 9.5
IL-6 (pg/mL) 48+£38 14.8 +26.9 9.8 £19.6
IL-1B (pg/mL) 125+ 8.6 12.6 £9.9 126 £9.2
HRI 1.49 +£0.44 141 £0.25 1.46 £0.37
VAT (cm) 08+04 1.5+ 0.7 ** 1.1+0.6
scAT (cm) 20£07 32£09* 25+£09

Legend. Data are represented as mean + standard deviation. BMI: body mass index; BMI-SDS: body mass index—
standard deviation score; WC: waist circumference; WhR: waist-to-height ratio; SBP: systolic blood pressure;
DBP: diastolic blood pressure; HbAlc: glycated hemoglobin; HOMA-Index: homeostasis model assessment of
insulin resistance; Total-c: total cholesterol; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density
lipoprotein cholesterol; TG: triglyceride; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase;
GGT: gamma-glutamyl transferase; IL-6: Interleukin-6; IL-1f3: Interleukin-1beta. * p < 0.05; ** p < 0.01; *** p < 0.0001
(comparison between pre-school children and adolescents).

Table 2. Characteristics of the population divided by gender.

Variables Males Females
Gender (M/F) N: 12 N: 29
Age (yrs) 124 £ 3.1 8.5+ 3.8*
Weight (Kg) 83.6 =223 52.6 £+ 23.9 **
Height SDS 0.8+1.1 0.7+1.0
BMI (kg/mZ) 327+ 6.0 27.5 £ 4.8**
BMI-SDS 29405 254+05*%
WC (cm) 107.5 & 10.5 84.6 - 12.2 ***
WhR 0.68 4 0.08 0.61 =0.13*
SBP (mmHg) 121.2 +11.3 105.0 & 14.5 **
DBP (mmHg) 725 +12.1 66.4 + 9.7
Glucose T0" (mg/dL) 879+5.3 82.1+85*
Glucose T120" (mg/dL) 106.7 +24.8 102.9 +25.9
Insulin TO" (WU/mL) 28.6 &+ 23.6 179 +£158*
Insulin T120" (LU /mL) 179.5+ 198.6 848 +73.1*
HOMA-Index 6.4+58 3.74+32*
Total-c (mg/dL) 135.8 + 23.1 142.1 + 38.1
HDL-c (mg/dL) 40.0 +10.5 449 +£82*
LDL-c (mg/dL) 82.1 +20.6 84.4 +275
TG (mg/dL) 88.2 +55.1 86.9 +51.5
AST (U/L) 30.8 +£14.0 275+ 16.3
ALT (U/L) 43.8 + 28.7 40.1 £ 65.6
GGT (U/L) 303+174 28.0 +38.9
Leptin (ng/mL) 21.5+13.2 164 +7.3
IL-6 (pg/mL) 11.5 +10.6 91+£225*
IL-1B (pg/mL) 8.6 75 143 +£94*
HRI 1.53 +£0.34 1.44 £+ 0.38
vAT (cm) 1.6 £05 09 +£05*
scAT (cm) 34408 224+ 0.8*

Legend. Data are represented as mean =+ standard deviation. BMI: body mass index; BMI-SDS: body mass
index—standard deviation score; WC: waist circumference; WhR: waist-to-height ratio; SBP: systolic blood
pressure; DBP: diastolic blood pressure; HbAlc: glycated hemoglobin; HOMA-Index: homeostasis model
assessment of insulin resistance; Total-c: total cholesterol; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-
density lipoprotein cholesterol; TG: triglyceride; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
GGT: gamma-glutamyl transferase; IL-6: Interleukin-6; IL-1f3: Interleukin-1beta. * p < 0.05; ** p < 0.01; *** p <0.0001
(comparison between males and females).
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3.1. MASLD and Clinical and Biochemical Characteristics

Subjects with MASLD1 had higher weight SDSs (p < 0.02), WhR (p < 0.002), total and
direct bilirubin (p < 0.004), and T-cholesterol (p < 0.02) and lower IL1b (p < 0.04) than subjects
without MASLD. Subjects with MASLD2 had higher WC (p < 0.05), WhR (p < 0.02), liver
enzymes (p < 0.001), HOMA-IR (p < 0.04), uric acid (p < 0.01), and triglycerides (p < 0.05)
and lower IL1b (p < 0.01) and HDL-cholesterol (p < 0.002) than subjects without MASLD.
Subjects with MASLD together had higher WhR (p < 0.001), liver enzymes (p < 0.04), total
and direct bilirubin (p < 0.01), HRI (p < 0.03), and scAT (p < 0.04) and lower IL1{3 (p < 0.008)
than subjects without MAFLD without differences in age distribution (Table 3).

Table 3. Characteristics of the population divided by MASLD grade.

Variables NO MASLD MASLD1 MASLD2 MASLD
Gender (M/F) N: 29 N: 8 N: 4 N: 12
Age (yrs) 102 £ 4.1 7.6 + 3.6 10.6 + 4.2 8.6 + 3.9
Weight (kg) 61.4 + 265 52.8 +21.9 81.6 & 389 62.4 + 303
Height (cm) 1434 +22.7 132.2 4 24.0 150.0 + 21.4 138.1 4+ 23.9
BMI (kg/m?) 282 +5.1 28.9 +42 34.7 + 10.0 30.8 + 6.8
BMI-SDS 2.6+ 0.6 2.8+0.6 30407 29406
WC (cm) 89.2 4 14.9 922 4 144 106.3 & 20.1 96.9 4+ 17.0
WhR 0.60 & 0.13 0.70 & 0.07 0.71 & 0.08 0.70 & 0.07
PAS (mmHg) 1104 £ 16.3 108.1 &+ 12.2 110.0 & 18.7 108.8 & 13.8
PAD (mmHg) 68.6 + 10.4 63.1 + 8.8 76.3 +13.8 67.5 + 12.0
Glucose T0’ (mg/dL) 842 +9.1 81.9 + 6.4 848 +22 82.8 + 5.4
Glucose T120’ (mg/dL) 105.5 4 25.5 101.9 + 30.8 99.0 + 15.1 100.9 + 25.8
Insulin TO’ (WU/mL) 20.7 4+ 20.5 168 £ 11.8 322 4+ 167 21.9 4 149
Insulin T120" (uU/mL) 127.2 & 154.0 90.8 + 68.8 81.6 & 283 87.7 +57.0
HOMA-Index 44447 35426 6.7+ 35 45432
Total-c (mg/dL) 135.5 & 36.5 158.0 + 22.4 139.5 4 30.6 151.8 + 25.7
HDL-C (mg/dL) 438 + 84 48.1+9.0 315+ 1.3 42.6 +10.9
LDL-C (mg/dL) 82.0 + 25.5 934 + 255 76.8 4+ 26.1 87.8 + 259
TG (mg/dL) 79.3 & 41.1 82.4 4 39.0 155.3 & 98.6 106.7 & 70.1
AST (U/L) 272 + 16.4 229+ 1.6 483+ 8.8 313+ 134
ALT (U/L) 39.0 + 65.6 28.6 + 8.3 82.5 + 13.8 46.6 + 28.3
GGT (U/L) 28.1 +38.2 229 +10.2 433+ 223 303 +17.8
Leptin (ng/mL) 162+ 7.3 214494 2424 19.0 2254 13.1
IL-6 (pg/mL) 11.0 £ 23.3 6.5+ 4.1 81457 71445
IL-1B (pg/mL) 14.6 + 8.9 93498 57456 8.1+85
HRI 1.4+ 04 1.6 + 0.4 1.6 +£03 1.6+ 0.4
vAT (cm) 11407 12407 12406 11406
scAT (cm) 24409 30+ 12 31411 3.0+ 1.1

Legend. Data are represented as mean + standard deviation. BMI: body mass index; BMI-SDS: body mass
index—standard deviation score; WC: waist circumference; WhR: waist-to-height ratio; SBP: systolic blood
pressure; DBP: diastolic blood pressure; HbAlc: glycated hemoglobin; HOMA-Index: Homeostasis model
assessment of insulin resistance; total-c: total cholesterol; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-
density lipoprotein cholesterol; TG: triglyceride; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
GGT: gamma-glutamyl transferase; IL-6: Interleukin-6; IL-1f3: Interleukin-1beta; HRI: hepatorenal index; scAT: sub-
cutaneous adipose tissue; vAT: visceral adipose tissue. Significance is reported in the main text. Table reported
raw data. Significances in the text were not modified by correction for BMISDS or age.

No differences in IL6, leptin, fasting and OGTT glucose, or insulin levels were observed
among groups.

3.2. MASLD and Fructose Intake

All the groups had similar caloric intake or excess caloric intake with respect to their
basal metabolism. Subjects with MASLD1 had a higher intake of fructose (165.6 4= 68.7 vs.
80.4 £+ 63.6 g, p < 0.004), mainly from fresh fruits (151.2 & 69.9 vs. 63.9 £ 62.2 g, p < 0.001).
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No differences between MASLD2 and subjects without MASLD were observed due to
the high dispersion of fructose intake among the four subjects with MASLD2. However,
all subjects with MASLD had a higher intake of fructose (141.4 £ 80.7 vs. 80.4 + 63.6 g,
p < 0.01), again mainly from fresh fruits (131.0 & 73.1 vs. 63.9 £ 62.2 g, p < 0.003). Fructose
intake from fruits remained higher in patients with MASLD than those without it when
related to their weight (2.7 £ 0.5vs. 1.4 £ 0.3 g/kg, p < 0.01).

3.3. MASLD and Dietary Habits

Pre-school children ate more sides of raw vegetables (p < 0.02), fresh fruits (p = 0.05),
chocolate cream (p < 0.007), and sweet snacks or candies (p < 0.05) than adolescents.
Adolescents had lower weekly fructose intake than pre-school subjects (p < 0.02); however,
they consumed less fructose from fruits (p < 0.04) and more fructose from other sugars
(p < 0.04) than younger children.

Subjects with MASLD1 had a higher intake of fresh fruit (p < 0.003), and those with
MASLD2 had a higher intake of French fries (p < 0.01), fried meat and fish (p < 0.05), jam
(p < 0.05), ketchup (p < 0.04), white bread (p < 0.05), potato chips (p < 0.005), and candies
(p < 0.01) than those without MASLD. Subjects with MASLD together had a higher intake
of fresh fruits (p < 0.02), jam (p < 0.05), potato chips (p < 0.05), and candies (p < 0.04) and a
lower intake of homemade snacks (p < 0.05) than subjects without MASLD. When divided
according to age, both pre-schooled and adolescents with MASLD ate more fried fish
(p <0.02), and the latter also fried potatoes (p < 0.02), than those without MASLD.

3.4. Correlation Analysis Among Clinical Parameters, Fructose Intake, and Dietary Habits

Uric acid levels, an indirect marker of fructose intake, were associated with sucrose
intake (r: 0.343, p < 0.05), fructose intake from sucrose (r: 0.343, p < 0.05), fructose from SSBs
(r: 0.364, p < 0.03), the frequency of SSBs (r: 0.351, p < 0.04), and chocolate snack intake
(r: 0.352; p < 0.04), but not with fructose from fruits.

The intake of fried meat was positively associated with the BMI SDS (r: 0.368, p < 0.02),
triglycerides (r: 0.440, p < 0.001), and uric acid (r: 0.478, p < 0.005) and negatively correlated
with HDL-cholesterol (r: —0.337, p < 0.04). BMI SDS was positively associated with candies
(r: 0.311, p < 0.05), and HOMA-IR with fruit juice (r: 0.329, p < 0.04). French fries intake
was positively associated with uric acid (r: 0.474, p < 0.005). Fructose intake was not
associated with clinical and biochemical parameters, apart from MASLD and uric acid
(Supplemental Figures S1 and S2).

4. Discussion

Pediatric obesity is increasing and is characterized by many comorbidities first de-
scribed in adulthood. MASLD is also an emerging phenomenon in the pediatric age
group [12,27], underlining how its prevention is a health priority. Fructose intake and
unhealthy dietary habits have been identified as key factors in the development of
MASLD [8,12,28]. In a population of pre-school and adolescents with pediatric obesity,
we identified a high prevalence of MASLD. The US characteristics of MASLD are directly
associated with the burden of clinical and metabolic characteristics of obesity as well as
with worse dietary habits.

4.1. MASLD Prevalence Between Groups

First, we identified a prevalence of about 30% for MASLD, similar between pre-
school children and adolescents with obesity. In our cohort, the prevalence seems similar
and independent of age and, indeed, puberty, although insulin resistance is higher in
adolescents, as expected. A recent review by our group summarized pediatric studies on
MAFLD/MASLD that included a total of 1485 children and adolescents, mainly Caucasian,
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with overweight or obesity [12]. The reported prevalence in the retrieved papers and other
papers varied from 8% to 60% of pediatric subjects with overweight or obesity [29-33].
The differences are related to how MASLD/MAFLD was diagnosed, the criteria for the
recruitment of the populations, the country’s lifestyle habits, food insecurity, and the year
of publication. Adolescents were the most numerous cohorts in any studies, whereas pre-
school children were few and, when present, aged 5-6 years old [12,28,29,32-34]. Indeed,
data on MASLD in very young children with obesity are still limited, but it seems similar
in children and adolescents [29]. Furthermore, we observed a slightly higher, although
not significant, prevalence in males than in females. This finding is controversial since
some studies reported gender differences in pediatric subjects with obesity but not in the
general population [29,33]. Furthermore, the onset and progression of puberty with high
estradiol levels in males and changes in body composition seem to be associated with
the differences in prevalence between genders [35]. This could be due to several reasons,
including ethnicity, publication bias (absence of stratification for gender), and unreported
lifestyle habits (such as alcohol intake in adolescents). On the other hand, in our population,
males presented a worse metabolic profile than females, with a hypothetical effect on
MASLD prevalence. We did not observe metabolic differences between pre-school children
and adolescents with MASLD, and this point could be due to the criteria through which
MASLD is diagnosed [11]. However, visceral obesity and metabolic alterations, particularly
high uric acid and insulin resistance, increased progressively with the grade of MASLD.
These findings, in line with other recent reports, suggest that the excess adipose tissue and
the burden of comorbidities are drivers or epiphenomena of MASLD, independently of
age or puberty [12,29,36,37]. These results support the novel definition of the condition,
highlighting its metabolic etiology.

4.2. MASLD and Metabolic and Biochemical Parameters

Interestingly, liver enzymes were higher in subjects with MASLD. However, patients
who did not meet the diagnostic criteria for MASLD also had high liver enzymes, particularly
ALT levels. A recent report evaluates ALT levels in more than 120,000 children, reporting
high ALT levels in 7.2% and 16.8% of those with overweight and obesity, respectively. The
increased ALT levels were associated with a worse cardiometabolic profile [38]. Similar
results regarding correlations of ALT with components of MetS have been reported in several
other cohorts, although less numerous [39,40]. All the authors suggested that an increase in
ALT levels is associated not only with fatty liver disease but also with general metabolic
dysfunction. High ALT levels could entail a progressive deterioration in the parameters
included in MetS. Indeed, in our patients without MASLD, high liver enzymes could suggest
a preclinical stage of MASLD associated with an early subtle metabolic derangement.

Different from several reports [41], we failed to identify differences in circulating IL6
levels. This could be due to the fact that all the subjects presented comorbidities, insulin
resistance, and severe obesity, suggesting that chronic inflammation was present in all of
them. On the other hand, surprisingly, IL1f levels were indirectly associated with the
MASLD grade, independently of age. IL13 seems to be a marker for the advancement of
MAFLD [42]. IL1f3 is mostly related to the late stages of inflammation due to the recruitment
of macrophages and could activate Kupffer cells, exacerbating the inflammatory response
and causing liver injury and hepatic fibrosis. However, since IL1f3 is a crucial player in
initiating and maintaining tissue damage, it is possible that, in children and adolescents
with obesity, its levels are higher systemically, and when liver damage begins to progress,
IL1$3 is more present locally in the target tissues [42—44].
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4.3. MASLD and Fructose Intake

Lifestyle changes remain the cornerstone in the treatment of obesity. Improving
dietary habits is crucial for the long-term prevention of excess adipose tissue but also for
comorbidities [45,46]. Several papers have identified sugars, in addition to other unhealthy
foods, as critical players in the obesity epidemic. Chronic over-nutrition favors hepatic
steatosis and fibrosis in both childhood and adulthood. A long-term high-calorie diet
mostly rich in saturated fatty acids (SFAs) leads to increased hepatic gluconeogenesis,
insulin resistance, and hepatic lipid accumulation of almost 50% [47,48]. Furthermore,
recent evidence underlines a correlation between fructose intake and MASLD [12,48].
Several findings indicated a daily average of 132 kcal from HFCS for all Americans aged >
2 years, and the top 20% of consumers of calories reached 316 kcal [49]. Free sugar intake
in childhood is mostly accounted for by sweets (34%) and fruit juices (22%), but also SSBs,
particularly in adolescents, whereas data on young children are less precise [12,50].

In our population with obesity, we recorded the main unhealthy habits associated with
the nutrition transition to a Western diet. Regarding our primary outcome, we recorded
a higher intake of sugary foods in our subjects with obesity and MASLD, in line with
reports in adulthood [48]. We observed an association between MASLD, its US grade, and
fructose intake, as reported by the recent literature [12,32,35,36]. However, surprisingly,
we failed to observe a role for fructose or other sugars from SSBs, but we recorded an
association with fructose derived from fruits. Since most of our subjects reported more
than three servings of fruits daily, and some more than six servings, our findings could
be linked to an excess of these. The misreporting of fruits instead of fruit juice or SSBs
could not be excluded. Recently, the European IDEFICS/I. Family and the Amsterdam
Born Children and their Development Cohort Consortia showed negative associations
between sugar-sweetened foods and BMI starting from 11 years old and no associations in
children younger than 6 years. These results were unexpected and surprising, since sugars,
mainly in SSBs and processed foods, are well-established risk factors for obesity. The
authors justified these findings in relation to the fact that foods considered unhealthy may
be susceptible to misreporting due to socially desirable adequate behavior [51]. Moreover,
since we used the same food frequency questionnaire, we cannot exclude that the questions
are not precise enough to detect fructose from sources different from fruits. Furthermore,
we used a second semi-quantitative questionnaire to capture the amount of fructose in
the diet, but several foods do not report it on labels or in institutional databases. On the
other hand, too many servings of fruits (>4 portions) are known to exacerbate steatosis,
dyslipidemia, and glycemic control in adults with MASLD [52]. The suggested servings
of fruits and vegetables together are five a day, or 250-400 g per day in relation to age,
according to the WHO guidelines [53]. Avoiding surpassing recommended servings or
using fruits as a substitute for other foods in cases of overeating could be a partial health
solution, at least in the short term, since it is possible that the negative effect of fruits is not
related to the fructose inside but is an indirect marker of caloric overload. On the other
hand, we observed positive associations among uric acid levels, a well-known marker of
fructose/sucrose intake, and fructose intake from sucrose, fructose from SSBs, and the
frequency of weekly intake of SSBs and chocolate snacks, but not with fructose from fruits.
These findings support a misreporting bias from patients and/or caregivers and are likely
more due to fructose from processed food. Unfortunately, the questionnaires we used were
not designed and validated to classify the amount of unprocessed, minimally processed,
and ultra-processed foods to obtain more information on this point.
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4.4. MASLD, Metabolic Profile, and Other Unhealthy Dietary Habits

As previously introduced, we observed several unhealthy habits in our population.
Although our cohort lives in the Mediterranean Sea area, Southern Italy children and
adolescents, similarly to those living in Northern Italy, more often have an average or poor
adherence to the Mediterranean diet [54-57]. Furthermore, the Italian Nutrition & Health
Survey reported that ultra-processed food consumption accounts for one-quarter of the
total energy in children and adolescents [58]. In detail, we observed that, apart from sugary
foods, the intake of fried foods, rich in saturated fats, is high in our subjects with obesity
and MASLD, again in line with reports in adulthood [48]. No main differences were shown
according to age, although adolescents with MASLD consumed more fried chips than
those who were younger, likely due to self-decision on what to eat out of the home with
their peers [59]. Interestingly, subjects with obesity without MASLD had a higher intake
of homemade snacks, suggesting that policies to reduce the daily amounts of processed
foods and industrial snacks are a cornerstone in the prevention of both obesity and its
comorbidities [46,60].

Furthermore, all these unhealthy habits were associated in our population with a
worse metabolic profile, as expected. Fried foods, particularly meat, were directly asso-
ciated with a higher BMI SDS and a worse lipid profile. Saturated fats and molecules
produced during frying, including trans fats, are factors well known to be causative for
atherosclerosis. On the other hand, they are also linked to an increased BMI in both chil-
dren and adults, as highlighted by the recent WHO guidelines [61,62]. Several studies
conducted in the pediatric age group demonstrated that reducing them improved BMI and
lipid profiles [63,64]. Furthermore, an increased meat intake has been associated with over-
weight and obesity in children, adolescents, and adults [65,66]. Moreover, we confirmed
the association between candy and fruit juice intake with insulin resistance [67,68].

We also observed an association with foods rich in saturated fats and uric acid. These
findings could have several explanations. First, saturated fats promote lipogenesis, and
adipose tissue is also able to produce uric acid [69]. Second, these dietary habits could hide
the coupled intake of foods rich in saturated fats and fructose. Since high fructose exacer-
bates the effects of a high-fat diet alone by several mechanisms, as recently demonstrated,
in particular, in animal models [13], these results deserve further attention.

4.5. Limitations

This study has several limitations. First, our population is limited. However, we
included many pre-school children and young children, in contrast to most other studies
focused on adolescents. Data on subgroups of patients with MASLD could be partly
inconsistent due to the sample size. However, this is a pilot study that also offers a
statistical basis for higher-powered studies, particularly in the population younger than 6
years. Second, we did not perform liver biopsies. On the other hand, we defined MASLD
with a well-defined radiological protocol. Third, the food frequency questionnaire seems
not to be precise enough to capture the total amount of fructose in the diet. However, we
used a semi-quantitative dedicated questionnaire and the IDEFICS questionnaire, which is
one of the most widely used questionnaires for dietary research in the pediatric age group.
These observations strengthen the importance of clarity in food labels and of having more
information on the composition of processed foods in databases and software used for
detecting dietary habits. Fourth, we did not have data on physical activity. Our adolescents
performed only physical activity at school, whereas no validated questionnaire on pre-
school children is available to have strong data to compare the subpopulations. Further
strategies to collect this information in young children are advisable for further studies.
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4.6. Perspectives

This study opens further research directions. First, studies including large sample
sizes, including any pediatric age and puberty stage, are needed to understand the history
of MASLD. New questionnaires focused on fructose intake and ultra-processed food
consumption for children and adolescents should be designed. Markers of fructose intake,
apart from uric acid levels, through omics signatures could help in clarifying the natural
history of MASLD in pediatric obesity and identifying new mechanisms or clusters of
patients at the highest risk. The inclusion of different geographical areas to detect the
impact of lifestyle habits in different environments is needed. Social and environmental
determinants and their role in the research on dietary habits are warranted.

5. Conclusions

In conclusion, MASLD was present in both pre-school children and adolescents with
obesity and related to unhealthy dietary habits. Advice to pay attention to foods rich in
fructose and saturated fats is mandatory to decrease both pediatric obesity and MASLD.
Educational programs with simple suggestions for children, parents, and caregivers at
schools should be encouraged.
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Abbreviations

The following abbreviations are used in this manuscript:

HFCS High-fructose corn syrup

SSB Sugar-sweetened beverages
Mets Metabolic syndrome

CVD Cardiovascular disease
T2D Type 2 diabetes

MAFLD  Metabolic (dysfunction)-associated fatty liver disease
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CKD Chronic kidney disease
MASLD  Metabolic dysfunction-associated steatotic liver disease
NAFLD Non-alcoholic fatty liver disease

BMI Body mass index

SDS Standard deviation score
SBP Systolic blood pressure
DBP Diastolic blood pressure

WhR Waist-to-height ratio
HbAlc  Glycated hemoglobin Alc

TC Total cholesterol

HDL High-density lipoprotein cholesterol
LDL Low-density lipoprotein cholesterol
TG Triglycerides

AST Aspartate aminotransferase

ALT Alanine aminotransferase

GGT Gamma-glutamyl transferase

1IL1-B Interleukin 1-3

IL6 Interleukin 6

OGTT Oral glucose tolerance test
HOMA  Homeostasis model assessment

Us Liver ultrasound
HRI Hepatorenal index
ROIs Regions of interest
SFAs Saturated fatty acids
References
1. Pereira, RM.; Botezelli, ].D.; da Cruz Rodrigues, K.C.; Mekary, R.A.; Cintra, D.E.; Pauli, ].R; da Silva, A.S.R.; Ropelle, E.R.; de

10.

11.

Moura, L.P. Fructose Consumption in the Development of Obesity and the Effects of Different Protocols of Physical Exercise on
the Hepatic Metabolism. Nutrients 2017, 9, 405. [CrossRef] [PubMed]

Herman, M.A.; Birnbaum, M.]. Molecular aspects of fructose metabolism and metabolic disease. Cell Metab. 2021, 33, 2329-2354.
[CrossRef]

Hall, K.D.; Ayuketah, A.; Brychta, R.; Cai, H.; Cassimatis, T.; Chen, K.Y.; Chung, S.T.; Costa, E.; Courville, A.; Darcey, V.; et al.
Ultra-Processed Diets Cause Excess Calorie Intake and Weight Gain: An Inpatient Randomized Controlled Trial of Ad Libitum
Food Intake. Cell Metab. 2020, 32, 690. [CrossRef] [PubMed]

Johnson, RJ.; Segal, M.S; Sautin, Y.; Nakagawa, T.; Feig, D.I.; Kang, D.; Gersch, M.S.; Benner, S.; Sadnchez-Lozada, L.G. Potential
role of sugar (fructose) in the epidemic of hypertension, obesity and the metabolic syndrome, diabetes, kidney disease, and
cardiovascular disease. Am. J. Clin. Nutr. 2007, 86, 899-906. [CrossRef] [PubMed]

Stanhope, K.L. Sugar consumption, metabolic disease and obesity: The state of the controversy. Crit. Rev. Clin. Lab. Sci. 2016, 53,
52-67. [CrossRef]

Santos, H.O.; Penha-Silva, N. Revisiting the concepts of de novo lipogenesis to understand the conversion of carbohydrates
into fats: Stop overvaluing and extrapolating the renowned phrase “fat burns in the flame of carbohydrate”. Nutrition 2025,
130, 112617. [CrossRef] [PubMed]

Zhang, D.M.; Jiao, R.Q.; Kong, L.D. High Dietary Fructose: Direct or Indirect Dangerous Factors Disturbing Tissue and Organ
Functions. Nutrients 2017, 9, 335. [CrossRef] [PubMed]

Zhang, L.; El-Shabrawi, M.; Baur, L.A.; Byrne, C.D.; Targher, G.; Kehar, M.; Porta, G.; Lee, W.S; Lefere, S.; Turan, S.; et al. An
international multidisciplinary consensus on pediatric metabolic dysfunction-associated fatty liver disease. Med 2024, 5, 797-815.
[CrossRef] [PubMed]

Azevedo-Martins, A.K.; Santos, M.P.; Abayomi, ].; Ferreira, N.J.R.; Evangelista, F.S. The Impact of Excessive Fructose Intake on
Adipose Tissue and the Development of Childhood Obesity. Nutrients 2024, 16, 939. [CrossRef] [PubMed]

Ward, E.; Yang, N.; Muhlhausler, B.S.; Leghi, G.E.; Netting, M.].; Elmes, M.].; Langley-Evans, S.C. Acute changes to breast milk
composition following consumption of high-fat and high-sugar meals. Matern. Child. Nutr. 2021, 17, 13168. [CrossRef]

Faienza, M.E; Farella, I.; Khalil, M.; Portincasa, P. Converging Pathways between Metabolic Dysfunction-Associated Steatotic
Liver Disease (MASLD) and Diabetes in Children. Int. J. Mol. Sci. 2024, 25, 9924. [CrossRef] [PubMed]


https://doi.org/10.3390/nu9040405
https://www.ncbi.nlm.nih.gov/pubmed/28425939
https://doi.org/10.1016/j.cmet.2021.09.010
https://doi.org/10.1016/j.cmet.2020.08.014
https://www.ncbi.nlm.nih.gov/pubmed/33027677
https://doi.org/10.1093/ajcn/86.4.899
https://www.ncbi.nlm.nih.gov/pubmed/17921363
https://doi.org/10.3109/10408363.2015.1084990
https://doi.org/10.1016/j.nut.2024.112617
https://www.ncbi.nlm.nih.gov/pubmed/39566326
https://doi.org/10.3390/nu9040335
https://www.ncbi.nlm.nih.gov/pubmed/28353649
https://doi.org/10.1016/j.medj.2024.03.017
https://www.ncbi.nlm.nih.gov/pubmed/38677287
https://doi.org/10.3390/nu16070939
https://www.ncbi.nlm.nih.gov/pubmed/38612973
https://doi.org/10.1111/mcn.13168
https://doi.org/10.3390/ijms25189924
https://www.ncbi.nlm.nih.gov/pubmed/39337412

Nutrients 2025, 17, 631 14 of 16

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Faienza, M.F,; Cognetti, E.; Farella, I.; Antonioli, A.; Tini, S.; Antoniotti, V.; Prodam, F. Dietary fructose: From uric acid to a
metabolic switch in pediatric metabolic dysfunction-associated steatotic liver disease. Crit. Rev. Food Sci. Nutr. 2024, 19, 1-16.
[CrossRef] [PubMed]

Vargas-Vargas, M.A.; Gonzélez-Montoya, M.; Torres-Isidro, O.; Garcia-Berumen, C.I.; Ortiz-Avila, O.; Calderén-Cortés, E.;
Cortés-Rojo, C. Assessing the impact of concurrent high-fructose and high-saturated fat diets on pediatric metabolic syndrome: A
review. World |. Clin. Pediatr. 2024, 13, 91478. [CrossRef] [PubMed]

de Onis, M.; Onyango, A.W.; Borghi, E.; Siyam, A.; Nishida, C.; Siekmann, J. Development of a WHO growth reference for
school-aged children and adolescents. Bull. World Health Organ. 2007, 85, 660-667. [CrossRef]

Cacciari, E.; Milani, S.; Balsamo, A.; Dammacco, E; De Luca, F; Chiarelli, E; Pasquino, A.M.; Tonini, G.; Vanelli, M. Italian
cross-sectional growth charts for height, weight and BMI (6-20 y). Eur. J. Clin. Nutr. 2002, 56, 171-180. [CrossRef]

Tanner, ].M.; Whitehouse, R.H. Clinical longitudinal standards for height, weight, height velocity, weight velocity, and stages of
puberty. Arch. Dis. Child. 1976, 51, 170-179. [CrossRef] [PubMed]

National High Blood Pressure Education Program Working Group on Hypertension Control in Children and Adolescents. Update
on the 1987 Task Force Report on High Blood Pressure in Children and Adolescents: A working group report from the National
High Blood Pressure Education Program. Pediatrics 1996, 98, 649-658. [CrossRef]

Cutfield, W.S.; Jefferies, C.A.; Jackson, W.E.; Robinson, E.M.; Hofman, P.L. Evaluation of HOMA and QUICKI as measures of
insulin sensitivity in prepubertal children. Pediatr. Diabetes 2003, 4, 119-125. [CrossRef] [PubMed]

Palmentieri, B.; de Sio, I.; La Mura, V.; Masarone, M.; Vecchione, R.; Bruno, S.; Torella, R.; Persico, M. The role of bright liver echo
pattern on ultrasound B-mode examination in the diagnosis of liver steatosis. Dig. Liver Dis. 2006, 38, 485-489. [CrossRef]
Osawa, H.; Mori, Y. Sonographic diagnosis of fatty liver using a histogram technique that compares liver and renal cortical echo
amplitudes. J. Clin. Ultrasound. 1996, 24, 25-29. [CrossRef]

Saadeh, S.; Younossi, Z.M.; Remer, EM.; Gramlich, T.; Ong, ].P.; Hurley, M.; Mullen, K.D.; Cooper, ].N.; Sheridan, M.]. The utility
of radiological imaging in nonalcoholic fatty liver disease. Gastroenterology 2002, 123, 745-750. [CrossRef] [PubMed]

Johnson, S.I; Fort, D.; Shortt, K.J.; Therapondos, G.; Galliano, G.E.; Nguyen, T.; Bluth, E.I. Ultrasound Stratification of Hepatic
Steatosis Using Hepatorenal Index. Diagnostics 2021, 11, 1443. [CrossRef] [PubMed]

Marshall, R.H.; Eissa, M.; Bluth, E.I.; Gulotta, PM.; Davis, N.K. Hepatorenal index as an accurate, simple, and effective tool in
screening for steatosis. AJR Am. J. Roentgenol. 2012, 199, 997-1002. [CrossRef] [PubMed]

Rinella, M.E.; Lazarus, ].V,; Ratziu, V.; Francque, S.M.; Sanyal, A.].; Kanwal, F.; Romero, D.; Abdelmalek, M.E,; Anstee, Q.M.; Arab,
J.P; et al. A multi-society Delphi consensus statement on new fatty liver disease nomenclature. Ann. Hepatol. 2024, 29, 101133.
[CrossRef]

Schofield, W.N. Predicting basal metabolic rate; new standards and review of previous work. Hum. Nutr. Clin. Nutr. 1985, 39,
5-41.

Lanfer, A.; Hebestreit, A.; Ahrens, W.; Krogh, V.; Sieri, S.; Lissner, L.; Eiben, G.; Siani, A.; Huybrechts, I.; Loit, H.M.; et al. IDEFICS
Consortium. Reproducibility of food consumption frequencies derived from the Children’s Eating Habits Questionnaire used in
the IDEFICS study. Int. J. Obes. 2011, 35 (Suppl. S1), S61-S68. [CrossRef] [PubMed]

Eslam, M.; Alkhouri, N.; Vajro, P.; Baumann, U.; Weiss, R.; Socha, P.; Marcus, C.; Lee, W.S; Kelly, D.; Porta, G.; et al. Defining
paediatric metabolic (dysfunction)-associated fatty liver disease: An international expert consensus statement. Lancet Gastroenterol.
Hepatol. 2021, 6, 864-873. [CrossRef]

DiStefano, J.K.; Shaibi, G.Q. The relationship between excessive dietary fructose consumption and paediatric fatty liver disease.
Pediatr. Obes. 2021, 16, 12759. [CrossRef]

Anderson, E.L.; Howe, L.D.; Jones, H.E.; Higgins, ].P.; Lawlor, D.A.; Fraser, A. The Prevalence of Non-Alcoholic Fatty Liver
Disease in Children and Adolescents: A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, 0140908. [CrossRef]
Hamza, R.T.; Ahmed, A.Y.; Rezk, D.G.; Hamed, A I Dietary fructose intake in obese children and adolescents: Relation to
procollagen type III N-terminal peptide (P3NP) and non-alcoholic fatty liver disease. J. Pediatr. Endocrinol. Metab. 2016, 29,
1345-1352. [CrossRef]

Mosca, A.; Nobili, V.; De Vito, R.; Crudele, A.; Scorletti, E.; Villani, A.; Alisi, A.; Byrne, C.D. Serum uric acid concentrations and
fructose consumption are independently associated with NASH in children and adolescents. J. Hepatol. 2017, 66, 1031-1036.
[CrossRef] [PubMed]

Bonsembiante, L.; Targher, G.; Maffeis, C. Non-alcoholic fatty liver disease in obese children and adolescents: A role for nutrition?
Eur. J. Clin. Nutr. 2022, 76, 28-39. [CrossRef] [PubMed]

Lee, E.J.; Choi, M.; Ahn, S.B.; Yoo, ].J.; Kang, S.H.; Cho, Y,; Song, D.S.; Koh, H.; Jun, D.W.; Lee, H.W. Prevalence of nonalcoholic
fatty liver disease in pediatrics and adolescents: A systematic review and meta-analysis. World . Pediatr. 2024, 20, 569-580.
[CrossRef] [PubMed]

Alberti, G.; Gana, ].C.; Santos, J.L. Fructose; Omega 3 Fatty Acids; and Vitamin E: Involvement in Pediatric Non-Alcoholic Fatty
Liver Disease. Nutrients 2020, 12, 3531. [CrossRef] [PubMed]


https://doi.org/10.1080/10408398.2024.2392150
https://www.ncbi.nlm.nih.gov/pubmed/39157959
https://doi.org/10.5409/wjcp.v13.i2.91478
https://www.ncbi.nlm.nih.gov/pubmed/38947987
https://doi.org/10.2471/BLT.07.043497
https://doi.org/10.1038/sj.ejcn.1601314
https://doi.org/10.1136/adc.51.3.170
https://www.ncbi.nlm.nih.gov/pubmed/952550
https://doi.org/10.1542/peds.98.4.649
https://doi.org/10.1034/j.1399-5448.2003.t01-1-00022.x
https://www.ncbi.nlm.nih.gov/pubmed/14655269
https://doi.org/10.1016/j.dld.2006.03.021
https://doi.org/10.1002/(SICI)1097-0096(199601)24:1%3C25::AID-JCU4%3E3.0.CO;2-N
https://doi.org/10.1053/gast.2002.35354
https://www.ncbi.nlm.nih.gov/pubmed/12198701
https://doi.org/10.3390/diagnostics11081443
https://www.ncbi.nlm.nih.gov/pubmed/34441377
https://doi.org/10.2214/AJR.11.6677
https://www.ncbi.nlm.nih.gov/pubmed/23096171
https://doi.org/10.1016/j.aohep.2023.101133
https://doi.org/10.1038/ijo.2011.36
https://www.ncbi.nlm.nih.gov/pubmed/21483424
https://doi.org/10.1016/S2468-1253(21)00183-7
https://doi.org/10.1111/ijpo.12759
https://doi.org/10.1371/journal.pone.0140908
https://doi.org/10.1515/jpem-2016-0015
https://doi.org/10.1016/j.jhep.2016.12.025
https://www.ncbi.nlm.nih.gov/pubmed/28214020
https://doi.org/10.1038/s41430-021-00928-z
https://www.ncbi.nlm.nih.gov/pubmed/34006994
https://doi.org/10.1007/s12519-024-00814-1
https://www.ncbi.nlm.nih.gov/pubmed/38771552
https://doi.org/10.3390/nu12113531
https://www.ncbi.nlm.nih.gov/pubmed/33212947

Nutrients 2025, 17, 631 15 of 16

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Jin, B.; Wu, Z,; Wang, S.; Yu, Z,; Ullah, R,; Liang, X.; Wu, W,; Huang, K.; Ni, Y.; Wang, J.; et al. Gender differences in non-alcoholic
fatty liver disease in obese children and adolescents: A large cross-sectional study. Hepatol. Int. 2024, 18, 179-187. [CrossRef]
[PubMed]

Riekki, H.; Aitokari, L.; Kiveld, L.; Lahti, S.; Hiltunen, P.; Vuorela, N.; Huhtala, H.; Lakka, T.A.; Kurppa, K. Prevalence and
associated factors of metabolic-associated fatty liver disease in overweight Finnish children and adolescents. Front. Endocrinol.
2023, 14, 1090344. [CrossRef]

Miniello, V.L.; Faienza, M.E; Scicchitano, P.; Cortese, F.; Gesualdo, M.; Zito, A.; Basile, M.; Recchia, P.; Leogrande, D.; Viola,
D.; et al. Insulin resistance and endothelial function in children and adolescents. Int. J. Cardiol. 2014, 174, 343-347. [CrossRef]
[PubMed]

Hartman, C.; Rennert, H.S.; Rennert, G.; Elenberg, Y.; Zuckerman, E. Prevalence of elevated liver enzymes and comorbidities in
children and adolescents with overweight and obesity. Acta Paediatr. 2021, 110, 985-992. [CrossRef] [PubMed]

Valle-Martos, R.; Valle, M.; Martos, R.; Cafiete, R.; Jiménez-Reina, L.; Cafiete, M.D. Liver Enzymes Correlate With Metabolic
Syndrome, Inflammation, and Endothelial Dysfunction in Prepubertal Children With Obesity. Front. Pediatr. 2021, 9, 629346.
[CrossRef]

Wang, J.; Qu, H.Q.; Huang, K.; Wu, W.; Wang, C.; Liang, L.; Gong, C.; Xiong, F; Luo, F; Liu, G,; et al. High prevalence of elevated
serum liver enzymes in Chinese children suggests metabolic syndrome as a common risk factor. J. Paediatr. Child. Health. 2020, 56,
1590-1596. [CrossRef] [PubMed]

Ullah, A.; Singla, R.K.; Batool, Z.; Cao, D.; Shen, B. Pro- and anti-inflammatory cytokines are the game-changers in childhood
obesity-associated metabolic disorders (diabetes and non-alcoholic fatty liver diseases). Rev. Endocr. Metab. Disord. 2024, 25,
783-803. [CrossRef] [PubMed]

Rafaqat, S.; Gluscevic, S.; Mercantepe, F.; Rafaqat, S.; Klisic, A. Interleukins: Pathogenesis in Non-Alcoholic Fatty Liver Disease.
Metabolites 2024, 14, 153. [CrossRef] [PubMed]

Hadinia, A.; Doustimotlagh, A.H.; Goodarzi, H.R.; Arya, A.; Jafarinia, M. Circulating Levels of Pro-inflammatory Cytokines in
Patients with Nonalcoholic Fatty Liver Disease and Non-Alcoholic Steatohepatitis. Iran. J. Immunol. 2019, 16, 327-333.

Ilyas, T. The role of dietary patterns in the prevention and management of obesity. Turk. J. Med. Sci. 2003, 33, 611-617.

Hampl, S.E.; Hassink, S.G.; Skinner, A.C.; Armstrong, S.C.; Barlow, S.E.; Bolling, C.F; Avila Edwards, K.C.; Eneli, I.; Hamre, R,;
Joseph, M.M_; et al. Clinical Practice Guideline for the Evaluation and Treatment of Children and Adolescents With Obesity.
Pediatrics 2023, 151, 2022060640. [CrossRef] [PubMed]

Valerio, G.; Maffeis, C.; Saggese, G.; Ambruzzi, M.A.; Balsamo, A.; Bellone, S.; Bergamini, M.; Bernasconi, S.; Bona, G.; Calcaterra,
V.; et al. Diagnosis; treatment and prevention of pediatric obesity: Consensus position statement of the Italian Society for Pediatric
Endocrinology and Diabetology and the Italian Society of Pediatrics. Ital. |. Pediatr. 2018, 44, 88. [CrossRef] [PubMed]

Rosqvist, E.; Kullberg, J.; Stahlman, M.; Cedernaes, J.; Heurling, K.; Johansson, H.E.; Iggman, D.; Wilking, H.; Larsson, A.;
Eriksson, O.; et al. Overeating Saturated Fat Promotes Fatty Liver and Ceramides Compared With Polyunsaturated Fat: A
Randomized Trial. J. Clin. Endocrinol. Metab. 2019, 104, 6207-6219. [CrossRef]

Zeng, X.F,; Varady, K.A,; Wang, X.D.; Targher, G.; Byrne, C.D.; Tayyem, R.; Latella, G.; Bergheim, I.; Valenzuela, R.; George, J.; et al.
The role of dietary modification in the prevention and management of metabolic dysfunction-associated fatty liver disease: An
international multidisciplinary expert consensus. Metabolism 2024, 161, 156028. [CrossRef]

Bray, G.A.; Nielsen, S.J.; Popkin, B.M. Consumption of high-fructose corn syrup in beverages may play a role in the epidemic of
obesity. Am. J. Clin. Nutr. 2004, 79, 537-543. [CrossRef] [PubMed]

Stricker, S.; Rudloff, S.; Geier, A.; Steveling, A.; Roeb, E.; Zimmer, K.P. Fructose Consumption-Free Sugars and Their Health
Effects. Dtsch. Arztebl. Int. 2021, 118, 71-78. [CrossRef] [PubMed]

Schreuder, A.; Bornhorst, C.; Wolters, M.; Veidebaum, T.; Tornaritis, M.; Sina, E.; Russo, P.; Moreno, L.A.; Molnar, D.; Lissner, L.;
et al. Population trajectories and age-dependent associations of obesity risk factors with body mass index from childhood to
adolescence across European regions: A two-cohort study. Pediatr. Obes. 2024, 19, 13088. [CrossRef] [PubMed]

Alami, F.; Alizadeh, M.; Shateri, K. The effect of a fruit-rich diet on liver biomarkers; insulin resistance; and lipid profile in
patients with non-alcoholic fatty liver disease: A randomized clinical trial. Scand. |. Gastroenterol. 2022, 57, 1238-1249. [CrossRef]
[PubMed]

World Health Organization. Carbohydrate Intake for Adults and Children: WHO Guideline [Internet]. 2023. Available online:
https:/ /www.who.int/publications /i/item /9789240073593 (accessed on 16 October 2024).

Archero, E; Ricotti, R.; Solito, A.; Carrera, D.; Civello, F,; Di Bella, R.; Bellone, S.; Prodam, F. Adherence to the Mediterranean Diet
among School Children and Adolescents Living in Northern Italy and Unhealthy Food Behaviors Associated to Overweight.
Nutrients 2018, 10, 1322. [CrossRef] [PubMed]

Bonaccorsi, G.; Furlan, F.; Scocuzza, M.; Lorini, C. Adherence to Mediterranean Diet among Students from Primary and Middle
School in the Province of Taranto; 2016-2018. Int. |. Environ. Res. Public Health 2020, 17, 5437. [CrossRef]


https://doi.org/10.1007/s12072-023-10596-9
https://www.ncbi.nlm.nih.gov/pubmed/37861942
https://doi.org/10.3389/fendo.2023.1090344
https://doi.org/10.1016/j.ijcard.2014.04.115
https://www.ncbi.nlm.nih.gov/pubmed/24794964
https://doi.org/10.1111/apa.15469
https://www.ncbi.nlm.nih.gov/pubmed/32649794
https://doi.org/10.3389/fped.2021.629346
https://doi.org/10.1111/jpc.15038
https://www.ncbi.nlm.nih.gov/pubmed/32767607
https://doi.org/10.1007/s11154-024-09884-y
https://www.ncbi.nlm.nih.gov/pubmed/38709387
https://doi.org/10.3390/metabo14030153
https://www.ncbi.nlm.nih.gov/pubmed/38535313
https://doi.org/10.1542/peds.2022-060640
https://www.ncbi.nlm.nih.gov/pubmed/36622115
https://doi.org/10.1186/s13052-018-0525-6
https://www.ncbi.nlm.nih.gov/pubmed/30064525
https://doi.org/10.1210/jc.2019-00160
https://doi.org/10.1016/j.metabol.2024.156028
https://doi.org/10.1093/ajcn/79.4.537
https://www.ncbi.nlm.nih.gov/pubmed/15051594
https://doi.org/10.3238/arztebl.m2021.0010
https://www.ncbi.nlm.nih.gov/pubmed/33785129
https://doi.org/10.1111/ijpo.13088
https://www.ncbi.nlm.nih.gov/pubmed/38146220
https://doi.org/10.1080/00365521.2022.2071109
https://www.ncbi.nlm.nih.gov/pubmed/35710164
https://www.who.int/publications/i/item/9789240073593
https://doi.org/10.3390/nu10091322
https://www.ncbi.nlm.nih.gov/pubmed/30231531
https://doi.org/10.3390/ijerph17155437

Nutrients 2025, 17, 631 16 of 16

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

De Santi, M.; Callari, F,; Brandi, G.; Toscano, R.V.; Scarlata, L.; Amagliani, G.; Schiavano, G.F. Mediterranean diet adherence and
weight status among Sicilian Middle school adolescents. Int. J. Food Sci. Nutr. 2020, 71, 1010-1018. [CrossRef]

Grassi, T.; Bagordo, F.; Panico, A.; De Giorgi, M.; Idolo, A.; Serio, F.; Tumolo, M.R.; De Donno, A. Adherence to Mediterranean
diet of children living in small Southern Italian villages. Int. |. Food Sci. Nutr. 2020, 71, 490-499. [CrossRef] [PubMed]

Ruggiero, E.; Esposito, S.; Costanzo, S.; Di Castelnuovo, A.; Cerletti, C.; Donati, M.B.; de Gaetano, G.; Iacoviello, L.; Bonaccio, M.;
INHES Study Investigators. Ultra-processed food consumption and its correlates among Italian children; adolescents and adults
from the Italian Nutrition & Health Survey (INHES) cohort study. Public Health Nutr. 2021, 24, 6258-6271.

Daly, A.N.; O’Sullivan, E.J.; Kearney, ].M. Considerations for health and food choice in adolescents. Proc. Nutr. Soc. 2022, 81,
75-86. [CrossRef] [PubMed]

American Academy of Pediatrics. Pediatric Clinical Practice Guidelines & Policies, 21st ed.; American Academy of Pediatrics: Itasca,
1L, USA, 2021.

World Health Organization. Saturated Fatty Acid and Trans-Fatty Acid Intake for Adults and Children: WHO Guideline. 2018.
Available online: https://www.who.int/publications/i/item /9789240073630 (accessed on 18 October 2024).

World Health Organization. Total Fat Intake for the Prevention of Unhealthy Weight Gain in Adults and Children: WHO
Guideline. 2023. Available online: https://www.who.int/publications/i/item /9789240073654 (accessed on 21 October 2024).
Mihas, C.; Mariolis, A.; Manios, Y.; Naska, A.; Arapaki, A.; Mariolis-Sapsakos, T.; Tountas, Y. Evaluation of a nutrition intervention
in adolescents of an urban area in Greece: Short- and long-term effects of the VYRONAS study. Public Health Nutr. 2010, 13,
712-719. [CrossRef]

Van Horn, L.; Obarzanek, E.; Barton, B.A.; Stevens, V.J.; Kwiterovich, P.O., Jr.; Lasser, N.L.; Robson, A.M.; Franklin, EA., Jr.;
Lauer, RM.; Kimm, S.Y,; et al. A summary of results of the Dietary Intervention Study in Children (DISC): Lessons learned. Prog.
Cardiovasc. Nurs. 2003, 18, 28-41. [PubMed]

Jakobsen, D.D.; Brader, L.; Bruun, .M. Association between Food; Beverages and Overweight/Obesity in Children and
Adolescents-A Systematic Review and Meta-Analysis of Observational Studies. Nutrients 2023, 15, 764. [CrossRef]

Grosso, G.; Micek, A.; Godos, J.; Pajak, A.; Sciacca, S.; Galvano, E; Boffetta, P. Health risk factors associated with meat; fruit and
vegetable consumption in cohort studies: A comprehensive meta-analysis. PLoS ONE 2017, 12, 0183787. [CrossRef] [PubMed]
Semnani-Azad, Z.; Khan, T.A.; Blanco Mejia, S.; de Souza, R.J.; Leiter, L.A.; Kendall, C.W.C.; Hanley, A.].; Sievenpiper, J.L.
Association of Major Food Sources of Fructose-Containing Sugars With Incident Metabolic Syndrome: A Systematic Review and
Meta-analysis. JAMA Netw. Open 2020, 3, 209993. [CrossRef] [PubMed]

Rupérez, A.IL; Mesana, M.1.; Moreno, L.A. Dietary sugars; metabolic effects and child health. Curr. Opin. Clin. Nutr. Metab. Care
2019, 22, 206-216. [CrossRef] [PubMed]

Keles, U.; Ow, ].R.; Kuentzel, K.B.; Zhao, L.N.; Kaldis, P. Liver-derived metabolites as signaling molecules in fatty liver disease.
Cell Mol. Life Sci. 2022, 80, 4. [CrossRef]

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/10.1080/09637486.2020.1751089
https://doi.org/10.1080/09637486.2019.1679725
https://www.ncbi.nlm.nih.gov/pubmed/31631719
https://doi.org/10.1017/S0029665121003827
https://www.ncbi.nlm.nih.gov/pubmed/35039094
https://www.who.int/publications/i/item/9789240073630
https://www.who.int/publications/i/item/9789240073654
https://doi.org/10.1017/S1368980009991625
https://www.ncbi.nlm.nih.gov/pubmed/12624570
https://doi.org/10.3390/nu15030764
https://doi.org/10.1371/journal.pone.0183787
https://www.ncbi.nlm.nih.gov/pubmed/28850610
https://doi.org/10.1001/jamanetworkopen.2020.9993
https://www.ncbi.nlm.nih.gov/pubmed/32644139
https://doi.org/10.1097/MCO.0000000000000553
https://www.ncbi.nlm.nih.gov/pubmed/30946053
https://doi.org/10.1007/s00018-022-04658-8

	Introduction 
	Materials and Methods 
	Measurements 
	Biochemical Assessment 
	Hepatic Steatosis, HRI, and Definition of MASLD 
	Basal Metabolism, Dietary Habits, and Fructose Intake 
	Statistical Analysis 

	Results 
	MASLD and Clinical and Biochemical Characteristics 
	MASLD and Fructose Intake 
	MASLD and Dietary Habits 
	Correlation Analysis Among Clinical Parameters, Fructose Intake, and Dietary Habits 

	Discussion 
	MASLD Prevalence Between Groups 
	MASLD and Metabolic and Biochemical Parameters 
	MASLD and Fructose Intake 
	MASLD, Metabolic Profile, and Other Unhealthy Dietary Habits 
	Limitations 
	Perspectives 

	Conclusions 
	References

