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PALABRAS CLAVE

Enfermedad hepatica
esteatosica asociada
a disfuncion
metabolica;
Nutrientes;

Estado nutricional;
Ninos;

Adolescentes

Introduction and aims

Results: A total of 89 children and adolescents were evaluated; 50 (56%) were females and 21
(24%) presented with MASLD. The MASLD group had lower intake of protein (median [interquar-
tile range] 76.6¢g [57.7—87.7] vs. 85.8 [71.0—114.1], p=0.035), vitamin E (mean [standard
deviation] 6.0 [2.8] vs. 8.0 [6.2], p=0.040), zinc (7.9 [2.7] vs. 10.3 [4.9], p=0.031), and iron
(9.9 [2.5] vs. 12.2 [5.4], p=0.009), compared with the non-MASLD group. After confounding
variable adjustment, only the waist-to-height ratio was associated with MASLD.

Conclusion: The quantity and quality of foods may be related to MASLD, and abdominal obesity
should be prevented in childhood.

© 2025 Asociacion Mexicana de Gastroenterologia. Published by Masson Doyma México S.A. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Enfermedad hepatica esteatoésica asociada a disfuncion metabolica y caracteristicas
de la ingesta alimentaria en nifas, nifios y adolescentes: un estudio transversal

Resumen

Introduccion y objetivos: La enfermedad hepatica esteatosica asociada a disfuncion metabolica
(MASLD) es la causa mas comun de enfermedad hepatica cronica en nifios y adolescentes. El
desarrollo de MASLD esta asociado con los habitos alimentarios y las caracteristicas de la ingesta
dietética son un factor de riesgo relevante. Este estudio tuvo como objetivo analizar las carac-
teristicas de la ingesta dietética en nifias, nifios y adolescentes e investigar como varia la dieta
entre aquellos con y sin MASLD.

Métodos: Este fue un estudio transversal, que incluyé nifas, nifios y adolescentes de 8 a 18 afnos.
Los criterios para MASLD incluyeron esteatosis en la ecografia abdominal y cumplir con al menos
un criterio de sindrome metabolico. La obesidad se diagnosticé con base en el indice de masa
corporal adecuado para la edad. Los habitos alimentarios se evaluaron utilizando un registro
de alimentos de dos dias recopilado en diferentes dias representativos (martes y domingo),
centrandose en la ingesta dietética de energia, macronutrientes, acidos grasos poliinsaturados,
grasas trans, fibra dietética y antioxidantes.

Resultados: Se evaluaron ochenta y nueve ninas, nifos y adolescentes, 50 (56%) de sexo
femenino y 21 (24%) con MASLD. El grupo con la enfermedad presentd menor ingesta de protei-
nas [mediana (rango intercuartil) 76.6 g (57.7—87.7) vs. 85.8 (71.0—114.1), p=0.035], asi como
de vitamina E [media (desviacion estandar) 6.0 (2.8) vs. 8.0 (6.2), p=0.040], zinc [7.9 (2.7) vs.
10.3 (4.9), p=0.031] y hierro [9.9 (2.5) vs. 12.2 (5.4), p=0.009] en comparacion con el grupo
sin MASLD. Tras el ajuste por variables de confusion, solo el indice cintura-talla se asoci6 con
MASLD.

Conclusion: La cantidad y calidad de los alimentos pueden estar relacionadas con MASLD y la
obesidad abdominal debe combatirse desde la infancia.

© 2025 Asociacion Mexicana de Gastroenterologia. Publicado por Masson Doyma México S.A.
Este es un articulo Open Access bajo la CC BY-NC-ND licencia (http://creativecommons.org/
licencias/by-nc-nd/4.0/).

Insulin resistance and obesity are among the most impor-
tant risk factors for MASLD in children and adolescents.
Nevertheless, not all patients with obesity have MASLD,

Metabolic dysfunction-associated steatotic liver disease
(MASLD) is currently the main cause of chronic liver dis-
ease in children and adolescents, with estimated prevalence
rates of 9.6% and 38% among children and adolescents with
normal weight and obesity, respectively, depending on study
location, nutritional status, and diagnostic methods."? In
children and adolescents, symptoms may be absent or mild,
and so diagnosis is often incidental.” Nevertheless, MASLD
severity can progress, even in childhood, and persist into
adulthood. It appears to have a more severe phenotype than
in adults, with up to 15% of children with MASLD in stage 3.3

whereas patients without obesity may have this diagnosis,
and the quality of diet may be a factor in disease onset,
progression, and treatment.>* Some studies suggest that a
high intake of energy and saturated fat and a low intake of
fiber, antioxidant nutrients, and omega-3, combined with a
sedentary lifestyle, are key in the early onset of MASLD.*#
Therefore, the present study aimed to analyze the charac-
teristics of food consumption in children and adolescents
and investigate how diet varies between those with and
without MASLD.
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Materials and methods

Study design and population

A cross-sectional study was carried out to analyze the
characteristics of the food consumption of children and
adolescents and investigate how this diet varies between
those with and without MASLD, in accordance with the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guidelines. The study was
developed with patients treated at the General Pediatrics
Outpatient Clinic of the University Hospital of the Fed-
eral University of Bahia. Patients of both sexes between
8 and 18 years of age were included. Children under 8
years of age were not included, as liver diseases in that
age group are more strongly associated with hepatic syn-
dromes and are rarely associated with MASLD. The exclusion
criteria were classification as underweight based on the
age-appropriate body mass index (BMI); syndromic obe-
sity; pubertal abnormalities; drug use that interferes with
hepatic and glycemic metabolism, such as corticosteroids,
sulfa drugs, antipsychotics, or amphetamines; and antioxi-
dant supplementation. Patients with hypothyroidism, other
liver diseases (viral hepatitis A, B, and C, autoimmune
diseases, Wilson’s disease, and hemochromatosis), and sys-
temic and/or acute infectious processes in the last 10 days
were also excluded.

Clinical evaluation

Sociodemographic variables (age, sex, and family income),
lifestyle habits (participation in physical activity),® clinical
data, such as pubertal stage® and the presence of acantho-
sis nigricans,’” were collected via a structured questionnaire
administered by the research team and classified based on
the published literature.

MASLD diagnostic criteria

MASLD was diagnosed as the presence of hepatic steato-
sis on abdominal ultrasonography associated with at least
one metabolic syndrome criterion.® The metabolic syndrome
criteria associated with MASLD at the time of diagnosis
are BMI > 85th percentile for age/sex (BMI z score >
+1) OR waist circumference (WC) > 95th percentile OR
the equivalent adjusted for ethnicity; fasting serum glu-
cose > 5.6mmol/l (> 100mg/dl) OR serum glucose >
11.1mmol/l (> 200mg/dl) OR 2 -h post-load glucose levels
> 7.8 mmol (140mg/dl) OR HbA1c > 5.7% (39 mmol/l) OR
already diagnosed/treated type 2 diabetes OR treatment
for type 2 diabetes; blood pressure (BP) < 13 years, BP >
95th percentile OR > 130/80 mmHg (whichever was lower);
age > 13 years, 130/85mmHg OR specific antihyperten-
sive drug treatment; plasma triglyceride age < 10 years, >
1.15mmol/l (> 100mg/dl); age > 10 years, > 1.70 mmol/l
(> 150 mg/dl) OR lipid-lowering treatment; and plasma HDL-
cholesterol < 1.0mmol/l (< 40mg/dl) OR lipid-lowering
treatment. Abdominal ultrasonography was performed by a
single evaluator.

Anthropometric assessment

Anthropometric measurements were standardized and
statistically compared. Two evaluators performed the mea-
surements, and the average was employed; the maximum
accepted difference was 0.5cm. Weight was measured via
an LD 1050 digital scale®, and height was measured via an LD
1050 stadiometer®, with a scale at 0.1-cm intervals. Anthro-
pometric indicators were assessed on the basis of age- and
sex-appropriate BMI° via the WHO AnthroPlus, 2011 version
16. Patients were divided into 2 groups: normal weight-for-
age (—2 < z score < +1) and overweight (z score > +1).° WC,
measured as the minimum circumference between the iliac
crest and rib cage,'® was evaluated according to the crite-
ria suggested by Rinella et al.® Neck circumference (NC) was
measured at the midpoint of the neck and evaluated accord-
ing to Da Silva et al."" The waist-to-height ratio (WHR) was
considered normal when it was < 0.5."> The conicity index'?
ranged from 1.14 to 1.16 for children younger than 9 years
of age and from 1.06 to 1.12 for children older than 10 years
of age.

Biochemical assessment

Biochemical tests were performed after an 8-h fast. Ala-
nine aminotransferase (ALT), aspartate transaminase (AST),
and gamma glutamyl transpeptidase (GGT) were ana-
lyzed via the dry chemistry method. The reference values
were those for ALT, which was up to 22 U/l for girls
and up to 26 U/l for boys, following the North Ameri-
can Society for Pediatric Gastroenterology, Hepatology &
Nutrition (NASPGHAN) (2017'* recommendation. AST was
considered elevated when it was > 59 U/l, and GGT was
considered elevated when it was > 73 U/l, according
to laboratory-suggested standards because of the method
used. Fasting blood glucose was assessed according to
Rinella et al.,® and serum insulin levels were assessed
in accordance with the recommendations of the Brazil-
ian Diabetes Society.’® The homeostatic model assessment
of insulin resistance (HOMA-IR) was analyzed based on
the value for insulin resistance < 3.0 suggested by Yan
et al.” Total cholesterol and low density lipoprotein choles-
terol (LDL-C) were evaluated based on the normal values
of the Brazilian Society of Cardiology, 2019—2020."7 High
density lipoprotein cholesterol (HDL-C) and triglycerides
were evaluated based on the values suggested by Rinella
et al.?

Blood levels of vitamin C, E, and A and selenium,
zinc, and copper were measured and assessed against
normal laboratory ranges: 4.6-15.0mg/dl, 3-10.0mg/dl,
0.3—0.7mg/dl, 20.0-190.0 png/dl, 70.0-120.0 ng/dl, and
80.0-160.0 ng/dl, respectively.

Dietary assessment

To understand the population’s dietary intake, a 2-day
record was collected for each patient. The dietary records
included information, such as meals eaten, mealtimes,
preparation, types and quantities of food, and quantities
consumed. The dietary records were completed on Tuesday
and Sunday. Patients and their guardians received dietary
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Table 1 Demographic and anthropometric characteristics of children and adolescents, with and without MASLD, followed at

the Pediatric Outpatient Clinic, 2022.

Characteristics MASLD p value
Yes 21 (24.0%) No 68 (76.0%)
Age in years (SD) 11.7 (2.0) 11.7 (3.0) 0.924
Male sex, n (%) 11 (52.4%) 28 (41.2%) 0.366
Participation in physical activity, n (%) 9 (42.9%) 20 (29.4%) 0.2512
Presence of acanthosis nigricans, n (%) 12 (57.1%) 40 (58.8%) 0.891°
Pubertal stage, n (%)
Prepubescent 3 (14.3%) 17 (25.0%) 0.382°
Pubescent and Postpubescent 18 (85.7%) 51 (75.0%)
High body mass index for age, n (%) 20 (95.2%) 39 (57.4%) 0.0012
High neck circumference, n (%) 17 (81.0%) 26 (38.2%) 0.0012
High waist-to-height ratio, n (%) 17 (81.0%) 33 (48.5%) 0.009°
High waist circumference, n (%) 18 (85.7%) 45 (66.2%) 0.085%
High conicity index, n (%) 20 (95.2%) 67 (98.5%) 0.4182

MASLD: metabolic dysfunction-associated steatotic liver disease; SD: standard deviation.

@ Chi-square test.
b Fisher’s exact test.

record templates and instructions on completion via an
example provided by the team. The 2-day dietary records
were completed at home and checked upon their submis-
sion. The recording was carried out by the primary caretaker.
When needed, further support was provided through serving-
size photographs.

The dietary assessment was made utilizing the Dietbox®
dietary assessment platform. The intake of energy, carbo-
hydrates, proteins, total lipids, polyunsaturated fatty acids
(PUFAs), dietary fiber, and micronutrients was evaluated
using the 2002/2005 dietary reference intakes.'® Trans fat
intake was determined utilizing the parameters proposed by
the World Health Organization in 2023."

Statistical analysis

The sample consisted of all children and adolescents treated
at the aforementioned outpatient clinic. The Statistical
Package for the Social Science® version 18.0 program was
used for the data analysis. Categorical variables were
expressed as absolute and relative frequencies, and quan-
titative variables were expressed as means and standard
deviations or medians and interquartile ranges. The parti-
cipants were divided into 2 groups: with MASLD and without
MASLD. The following statistical tests were used to compare
groups: t tests and Mann-Whitney U tests for indepen-
dent samples, to compare the quantitative variables, and
chi-square tests and Fisher’s exact tests, to compare the
categorical variables. Statistical significance was set at a
p<0.05.

To assess the confounding variables, logistic regression
was performed, considering variables with a p value < 0.05
in the bivariate analysis, which did not have collinear-
ity and presented biological plausibility with MASLD: LDL
cholesterol, categorized elevated WHR (yes or no), ade-
quate zinc intake (yes or no) and daily protein intake

(g/day).

Ethical considerations

The recommendations of the Declaration of Helsinki,
amended by the 64th Annual Assembly of the World Medi-
cal Association in 2013, were followed. This study was
approved by the Research Ethics Committee of the UFBA
School of Nutrition (process number: 1.471.817). Patients
and their parents or guardians signed an informed consent
form. After the data were collected, all patients had access
to outpatient nutrition services. The authors declare that all
precautions were taken, preserving patient anonymity.

Results

All the children and adolescents treated at the outpatient
clinic were invited to participate in the study and there were
no refusals or withdrawals, resulting in a total of 89 chil-
dren and adolescents between 8 and 18 years of age, 50
(56.0%) of whom were females. Of the 89 patients, 21 were
diagnosed with MASLD. All had steatosis on abdominal ultra-
sonography, 20 (95.2%) were overweight or obese, and one
(4.8%) had low HDL-C. No patient presented with glycemic
changes, diabetes mellitus, changes in blood pressure, or
systemic arterial hypertension.

For the comparisons, the participants were divided into
2 groups: those with MASLD and those without MASLD.
Sociodemographic characteristics were similar between the
2 groups, and there were significant differences in the
anthropometric indicators, including BMI, NC, and WHR
(Table 1).

In the MASLD group, the frequencies of high total choles-
terol and LDL-C levels were greater. However, when all types
of dyslipidemias were analyzed together, there were no dif-
ferences between groups. The groups differed in terms of
ALT adequacy and did not differ with regard to micronutri-
ents or vitamins (Table 2).

The consumption of trans fat was also evaluated accord-
ing to adequacy, with a maximum consumption parameter
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Table 2 Serum levels of liver enzymes, lipid indicators, glucose control, and micronutrients by MASLD status in children and
adolescents followed at the Pediatric Outpatient Clinic, 2022.

Characteristics MASLD p value
Yes 21 (24.0%) No 68 (76.0%)
Elevated ALT 20 (95.2%) 6 (8.8%) <0.0012
Elevated AST 1 (4.8%) 2 (2.9%) 0.559°
Elevated GGT 1 (4.8%) 0 (0.0%) 0.236°
High total cholesterol 11 (52.4%) 17 (25.0%) 0.018°
High LDL- cholesterol 9 (42.9%) 14 (20.6%) 0.042°
Low HDL- cholesterol 12 (57.1%) 23 (33.8%) 0.056°
Elevated triglycerides 14 (66.7%) 33 (48.5%) 0.146°
Dyslipidemia 16 (76.2%) 48 (70.6%) 0.618°
High fasting glucose 1 (4.8%) 3 (4.4%) 1.000*
Elevated HOMA-IR 10 (47.6%) 24 (35.5%) 0.310°
Low copper 2 (9.5%) 1 (1.5%) 0.1372
Low zinc 0 (0.0%) 1 (1.5%) 1.000?
Low selenium 3 (14.3%) 6 (8.8%) 0.435%
Low vitamin A 3 (14.3%) 6 (8.8%) 0.435°
Low vitamin C 15 (71.4%) 47 (69.1%) 0.840°
Low vitamin E 3 (14.3%) 9 (13.2%) 1.000°

Data are expressed as n (%).
ALT: alanine aminotransferase; AST: aspartate transaminase; GGT: gamma glutamyl transpeptidase; LDL-cholesterol: low-density lipopro-
tein cholesterol; HDL-cholesterol: high-density lipoprotein cholesterol; HOMA-IR: homeostatic model assessment of insulin resistance;
MASLD: metabolic dysfunction-associated steatotic liver disease.

@ Fisher’s exact test.

b Chi-square test.

Table 3 Comparison of the average daily intake of macronutrients and micronutrients in children and adolescents, with and
without MASLD, followed at the Pediatric Outpatient Clinic, 2022.

Nutrients MASLD p value
Yes 21 (24%) No 68 (76.0%)
Energy (kcal) 1,940.0 (413.6) 1,779.9 (406.5) 0.100
Carbohydrates (g) 294.8 (88.7) 323.1 (106.6) 0.274
Protein (g) 76.7 (57.7—-87.7) 85.8 (71.0—114.1) 0.035
Lipids (g) 58.7 (26.5) 72.3 (24.9) 0.034
PUFAs (g) 7.9 (4.4) 9.4 (4.9) 0.236
Trans fats (%)? 20 (95.2) 61 (89.7) 0.675
Dietary fiber (g) 13.5 (11.3—17.1) 14.9 (11.8—20.3) 0.138
Vitamin A (j.g) 318.7 (261.6—626.1) 395.1 (227.3—-725.8) 0.240
Vitamin C (mg) 160.1 (80.5—1169.7) 125.0 (70.2—757.7) 0.629
Vitamin E (mg) 6.0 (2.8) 8.0 (6.2) 0.040
Magnesium (mg) 190.4 (47.3) 236.5 (113.9) 0.075
Zinc (mg) 7.9 (2.7) 10.3 (4.9) 0.031
Selenium (w/g) 78.1 (26.9) 90.0 (40.1) 0.207
Calcium (mg) 552.1 (229.1) 625.1 (258.2) 0.248
Iron (mg) 9.9 (2.5) 12.2 (5.4) 0.009
Potassium (g) 2.0 (0.7) 2.4 (1.6) 0.290
Sodium (g) 1.8 (0.8) 2.2 (1.1) 0.057

Data are expressed as mean (standard deviation) or mean (interquartile range).
MASLD: metabolic dysfunction-associated steatotic liver disease; PUFAs:
polyunsaturated fatty acids.

@ Data are expressed as a percentage of total fat intake.
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Table 4 Logistic regression analysis for clinical, anthropometric, and food intake variables of patients with MASLD, followed
at the Pediatric Outpatient Clinic, 2022.
Variables 95% Cl

OR LL UL
High waist-to-height ratio 4.467 1.29 15.38
LDL-cholesterol 0.996 0.98 1.01
Adequacy of zinc intake 2.488 0.69 8.92
Protein intake 1.011 0.98 1.03

LDL: low density lipoprotein; Cl: confidence interval; LL: lower limit; MASLD: metabolic dysfunction-associated steatotic liver disease;

OR: odds ratio; UL: upper limit.

of 1% of total energy intake,' and consumption was higher
than that recommended in both groups (95.2% in the group
with MASLD and 89.7% in the group without the disease, p =
0.675 (Table 3).

After adjusting for confounding variables (categorized as
elevated WHR [yes or no], LDL-C, adequate zinc intake [yes
or no] and daily protein intake [g/day]), MASLD was found
to be associated only with WHR (Table 4).

Discussion and conclusion

The results of the present study revealed that children and
adolescents with MASLD had higher BMIs for age, NC, and
waist-to-height ratios, compared with those without MASLD.
Our results also showed that MASLD patients consumed lower
amounts of protein, vitamin E, zinc, and iron.

There is interest in studying MASLD in children and ado-
lescents because of the worldwide increase in childhood
obesity. The frequency of MASLD can be 10-20 times higher
in patients with obesity.?’ However, central obesity has been
shown to be more relevant for MASLD than total body fat.?
In this study, we found that MASLD was more common in
patients with a high BMI, WHR, and NC and that the pres-
ence of increased total and central body fat was associated
with disease.

Some studies have investigated the association between
central adiposity and MASLD, and the explanation for this
association seems to be related to the fact that visceral
adipocytes store and mobilize triglycerides more quickly
than adipocytes in other regions, which increases the sup-
ply of free fatty acids. In the portal system, this stimulates
gluconeogenesis and inhibits hepatic insulin clearance, ini-
tiating MASLD development.?'-??

With the emergence of MASLD in increasingly younger
individuals, dietary intake is another aspect that has
recently been shown to be relevant in understanding the
development of this disease. Studies have demonstrated
that a diet high in calories, simple carbohydrates, and
saturated and trans fats, and low in PUFAs, fiber, and antiox-
idants could be a possible factor triggering disease.*??

Previous studies have shown that increased protein and
low carbohydrate intake reduce fat deposition and plasma
cholesterol levels, supporting the prevention of hepatic
steatosis.® In our study, participants with MASLD, on aver-
age, had lower protein intake.

Another risk factor associated with MASLD is the intake
of poor-quality lipids. Imbalances in the quality and quan-

tity of lipid intake can trigger disease because a high intake
of saturated and trans fats promotes liver damage.?> How-
ever, adequate PUFA intake can prevent the onset of disease
by increasing the oxidation of fatty acids and decreasing
insulin resistance.?* Total dietary lipid intake was lower in
the MASLD group. This result can be better evaluated when
considering the lower intake of PUFAs and higher intake
of trans fat in the MASLD group, which corroborates pre-
vious findings and highlights the need for a better-quality
diet.

Micronutrients, such as vitamins A, C, and E and the
magnesium, copper, zinc and selenium minerals, play nonen-
zymatic antioxidant roles and can help prevent oxidative
stress and lipid peroxidation, which are factors that con-
tribute to the development and progression of MASLD.2%0
The MASLD group tended to have a lower intake of vitamins
and minerals linked to oxidative stress prevention. Zinc can
be an efficient antagonist of free radical formation; zinc
supplementation for 6 months in a previous study was asso-
ciated with a decrease in malondialdehyde plasma levels.*
Vitamin E has anti-inflammatory and antioxidant properties
and stimulates the activity of antioxidant enzymes, includ-
ing glutathione peroxidase.?

Iron is another nutrient that has been studied in relation
to MASLD. That association was not observed in the present
study. However, individuals with MASLD tended to have a
lower daily intake of iron. There is interest in that nutrient
because iron deficiency can be associated with inflamma-
tion and low mitochondrial function, conditions present in
MASLD.?

High sodium and low potassium intake are linked to
metabolic syndrome, and consequently, are risk factors
for MASLD, considering the hepatic expression of the
syndrome.? In the present study, there was no difference
in the intake of those nutrients between the 2 groups.
However, sodium intake exceeded the recommended level,
and potassium intake did not meet the recommended level
in either group, indicating a risk factor for MASLD. Those
results may be due to the high consumption of processed
foods, which were not quantitatively evaluated in this study
but were observed in the dietary records.

Study limitations include the absence of a processed food
intake analysis and the lack of options for investigating the
intake of some of the nutrients in the dietary assessment
program used. Study strengths include the focus on chil-
dren and adolescents and the inclusion of individuals with
or without overweight or obesity.



+Model

Revista de Gastroenterologia de México Xxx (XXXX) XXX—XXX

Given the significant and gradual increase in obesity and
MASLD worldwide, and because young people are exposed
to the disease for longer periods when not diagnosed early,
we believe that these results reinforce the need to improve
nutritional intake in children and adolescents, to prevent
obesity and the accumulation of fat in the central region of
the body.
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