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Abstract

Introduction: Nonalcoholic fatty liver disease is characterized by fat infiltration greater than
5%, and in the pediatric population, it is associated with acquired or congenital metabolic
alterations, with a high prevalence in the Hispanic population. The aim of the present study
was to establish the correlation between the body mass index and the ultrasound grade of
hepatic steatosis in children and adolescents attending a health check-up.

Methods: The present observational, analytical, cross-sectional, retrospective study was car-
ried out with patients from 2 to 17 years of age with hepatic steatosis treated in the outpatient
area of the “Dr. Roberto Gilbert Elizalde” Children’s Hospital, Guayaquil, Ecuador, between
the years 2015 and 2019. Weight, height, body mass index, degree of steatosis and AST and
ALT levels were measured. A correlation analysis was established between steatosis as a de-
pendent variable.

Results: 77 cases with an average age of 11 years entered the study, and females represented
39% of the sample. There was no association between the ultrasound grade of hepatic stea-
tosis vs. age, gender, weight, height, or body mass index. In the analysis between transami-
nase levels in patients with mild to severe ultrasound grade, a significant rise in AST (P =
0.003) and a moderately significant rise in ALT (P = 0.0583) were observed.

Conclusions: This study demonstrated the absence of correlation of the ultrasound grade of
steatosis with the body mass index. Early detection of hepatic steatosis with the appropriate
tools should be a priority in the care of pediatric patients to avoid its progression to liver cir-
rhosis, for which the use of transaminases as a screening method is recommended for pa-
tients with risk factors.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is defined
as a form of chronic liver disease characterized by
fatty infiltration greater than 5% or steatosis that is not
attributed to alcohol consumption and not secondary
to genetic or metabolic diseases, infections, or the use
of steatogenic medication [1]. In the pediatric popula-
tion, NAFLD is associated with insulin resistance, cen-
tral or generalized obesity, dyslipidemia characterized
by hypertriglyceridemia, and a low level of high-den-
sity lipoprotein. The prevalence varies according to lo-
cal epidemiology [1] and is particularly high in Hispan-
ics [2]. In North American studies, the prevalence of
NAFLD ranges from 0.7% in children 2 to 4 years of age
(confirmed at autopsy) to 29% to 38% in obese children
(based on ALT elevation studies and an autopsy study)
[3]. In addition, the prevalence has increased by 2.7
times from the late 1980s to the 2007-2010 and at a
faster rate than childhood obesity [4].

Within its diagnostic approach, complementary
tests should be requested to carry out a general as-
sessment of a patient's metabolic status. One of the
main markers (although not specific for this pathology)
is an increase in aminotransferase (ALT), which serves
as a sign of liver involvement [1]. Other non-invasive
methods are abdominal ultrasound, abdominal to-
mography, and magnetic resonance imaging, which
vary in sensitivity and specificity for the detection of
steatosis.

The approach to a patient with NAFLD is multidisci-
plinary, and its treatment is comprehensive. It is nec-
essary to intervene in individual risk factors and make
changes in lifestyle (such as an adequate and bal-
anced diet in combination with moderate to high
physical activity). In some cases, the administration of
drug therapy is justified as part of the management to
prevent disease progression [5].

Pediatric nonalcoholic fatty liver disease is a world-
wide public health problem, and the incidence is not
entirely clear [1]. Some authors and organizations at-
tribute it to the difficulty that arises when making the
diagnosis. This question becomes vitally important
when observing its direct relationship with childhood
obesity [6], which is being an entity that affected ap-
proximately 41 million children under 5 years of age
globally by 2016 [7].

In available studies, the Hispanic population is pro-
jected as the one with the highest risk of presenting this
disease. The outcome and complications in the me-
dium and long term can be prevented with timely di-
agnosis and treatment, so it is imperative to know the
true impact of the disease on pediatric patient health.
Therefore, the present study established the present
research question: what is the correlation between the
body mass index and the ultrasound grade of hepatic
steatosis in children and adolescents attending a
health check-up consultation? Thus, we established an
observational study to answer this question.

Population and methods

Design research
This was an observational, analytical, cross-sectional,
retrospective recovery study.

Venue and study period

The study was carried out in the external consultation
area of the “Dr. Roberto Gilbert Elizalde” Children's
Hospital, entity of the Board of Charity of Guayaquil,
Ecuador, between the dates of January 1, 2015, and
December 31, 2019.

Sample size

The sample was a non-probabilistic, census-type
sample of all possible cases that attended the institu-
tion.

Participants

Patients from 2 to 17 years of age were included if
they attended a health check-up and had a diagnosis
with the following codes of the international classifica-
tion of diseases (ICD-10): Z00.1 Routine health check of
the child, Z00.2 Examination during the period of rapid
growth in infancy, and Z00.3 Examination of the devel-
opmental status of adolescents with obesity or over-
weight (E66.0 Obesity due to excess calories, E66.9
Simple obesity). Furthermore, at the discretion of the
treating physician, an abdominal ultrasound was re-
quested to estimate the presence and ultrasound
grade of hepatic steatosis. Cases were excluded if
there was a history of endocrine or metabolic diseases
such as diabetes mellitus, hypothyroidism, galactose-
mia, tyrosinemia, Wilson's disease, or hemochromato-
sis were excluded; viral infections such as hepatitis

Massuh M & Sanchez M. Rev. Ecuatoriana. Pediatr. 2021:22(2) Article 13 Page 2 of 6



Original Research DOI:10.52011/0112

Gastroenterology| Pediatrics

type A, B, C, or D; systemic diseases such as collagen
diseases; metabolic diseases such as defects in the
urea cycle; use of hepatotoxic mediation such as anti-
convulsants; or reported alcohol consumption.

Variables

Sociodemographic variables such as age, education,
sex, weight, height, and body mass index were rec-
orded. Serum values of AST and ALT were recorded
(Ul / L). Additionally, the patients underwent ultra-
sound for the diagnosis of hepatic steatosis.

Data sources and measurements

The statistics department was requested to list patients
seen by outpatient consultation with the ICD-10 men-
tioned during the proposed research period. Through
a manual review, the definitive list of cases was finally
determined. Information related to demography (age,
sex), anthropometry (weight, height), presence and
grading of hepatic steatosis by abdominal ultrasound,
and transaminases (AST and ALT) were recovered.

Avoidance of bias

The protocol for this investigation with all methodolog-
ical filters was approved. The information was always
taken by the same person (the main researcher), and
he data were curated and validated by the director of
the study. Supervision was carried out by the study di-
rector.

Statistical methods

Statistical analysis was performed with the statistical
package R v.3.6.3 (R Foundation for Statistical Compu-
ting; Vienna, Austria).

Descriptive statistics

The numerical variables are described as mean
(standard deviation) or median (interquartile range),
depending on their statistical distribution (Kol-
mogorov-Smirnov test). The descriptive variables are
described in frequencies (percentages).

Inferential statistics

The association between the ultrasound grade of he-
patic steatosis and the numerical variables was con-
trasted using ANOVA or the Kruskal-Wallis test (de-
pending on their statistical distribution). Qualitative
variables were compared using Pearson's chi-

squared test. The association between the BMI classi-
fication and the ultrasound grade of hepatic steatosis
was made using Kendall's correlation coefficient (tau),
both in the total sample and stratified according to
age group and sex. The diagnostic sufficiency of AST
and ALT was calculated for the presence of steatosis.

Ethical criteria

A commission of the Graduate System of the Graduate
School of Health Sciences of the Universidad Catdlica
Santiago de Guayaquil approved this investigation.

Results
77 cases entered the study with a mean age of 11 (9-
13) years, of which 1/77 (1.3%) were preschool age,
25/77 (32.5%) were school age, 17/77 (22.1%) were pre-
adolescents, and 34/77 (44.2%) were adolescents. Fe-
males represented 39% of the sample. Table 1 summa-
rizes the demographic and clinical characteristics of
the study population.

The ultrasound grade of hepatic steatosis in the an-
alyzed sample was normal in 29/77 (37.6%) cases, mild
in 14/77 (18.2%), moderate in 28/77 (36.4%), and severe

. Severe steatosis
. Moderate steatosis
. Mild steatosis

Normal ultrasound

21(388)  g(34.9)

Overvl'veight Oblesify
(n=54) (n=23)

Fig. 1 Association between body mass index vs. ultra-
sound grade of hepatic steatosis.
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in 5/77 (6.5 %). There was no association between the
ultrasound grade of hepatic steatosis vs. age, gender,
weight, height, or body mass index (Figure 1). Similarly,
in the subanalysis between transaminase levels in pa-
tients with mild to severe ultrasound grade, a signifi-
cant rise in AST (P <0.001) and ALT (P <0.001) was ob-
served. Table 2 illustrates the correlation between
body mass index and ultrasound grade of hepatic ste-
atosis with stratification according to age groups and
sex. Both in general and in each age group or gender,
there was no statistical association between both var-
iables (Figure 2).

Table 3 describes the diagnostic adequacy of
transaminases for the presence of ultrasound hepatic
steatosis (any grade). Both AST and ALT have a high
positive predictive value but a low negative predictive
value. In other words, an elevated AST/ALT value is
highly suggestive of following the patient with further
studies in order to confirm hepatic steatosis, whereas
it is not possible to rule out said pathology with an
AST/ALT value below the normal range.

Discussion
The present study looks at the relationship between the
body mass index and the ultrasound grade of hepatic

steatosis, specifically in overweight or obese patients.
It was possible to recover 77 cases that met the inclu-
sion criteria. Most were adolescent male patients,
which is comparable to the world statistics published
by the United States expert committee (NASPGHAN) in
2017 [1]. These data indicate that despite being differ-
ent populations with different cultures and diets, the
presence of some degree of steatosis is predominant
in this age and gender worldwide.

Recent population analyses relate obesity to the
presence of steatosis. For example, a study published
by Anderson et al. in 2015 [8] indicated that the preva-
lence of children with obesity and some degree of ste-
atosis is 34%. However, in the case of our patients, it
was not possible to find an association between the
presence of steatosis and body mass index or between
the degree of steatosis in the patients who presented
it with the body mass index. It is important to highlight
that the technique used for the detection of hepatic
steatosis was abdominal ultrasound. This technique is
not being indicated for the diagnosis or follow-up of
this pathology due to its low sensitivity and specificity
[1], but it is widely used in the study center and is cur-
rently used as an important part of the approach to
patients with suspected hepatic steatosis.

Table 1. Demographic and clinical characteristics of the study population.

Total Nomal Ultra- Mild steatosis Moderate ste- Severe steato-
(©=77) sound (r=14) atosis sis P
(n=29) (nm=29) (n=5)

Age (years) * 11(9 -13) 12 (9 - 14) 11 (11 - 13) 10 (9 - 12) 12 (9 -12) 0.45962

Preschool 1(1.3) 1(34) - - -

School 25 (32.5) 7(24.1) 3(21.4) 13 (44.8) 2 (40.0)

Pre-adolescent 17 (22.1) 5(17.2) 5(35.7) 7(24.) -

Adolescent 34 (44.2) 16 (55.2) 6 (42.9) 9 (31.0) 3(60.0)
Sex (Female), n (%) 30 (39.0) 11 (37.9) 3(21.4) 13 (44.8) 3(60.0) 0.3657°
Weight (kg), 59.0 (48.0 - 60.0 (51.0 - 63.0 (54.4 - 71.8) 58.0 (46.0 - 50.0 (47.0 - 0.31902
Height (m), * 1.46 (1.31 - 1.54) 150 (1.42 - 1.57) 147 (142 - 1.52) 1.38 (1.31 - 1.52) 1.37 (1.28 - 1.39) 0.14162
BMI (kg/m2), 27.4 (26.0 - 26.8(25.9 - 31.2) 28.6 (27.4 - 31.0) 27.4 (26.0 - 33.4) 27.2(27.1-28.7) 0.47182

Overweight 54 (70.1) 21(72.4) 8 (57.1) 20 (69.0) 5 (100.0)

Obesity 23 (29.9) 8(27.6) 6 (42.9) 9 (31.0) -
AST (UI/L), * 31 (19 - 61) 17 (12 - 24) 29 (24 - 45) 61 (37 -78) 87 (72 - 106) <0.0012

0-32 42 (54.5) 29 (100) 8(57.1) 5(17.2) -

=233 35 (45.5) - 6 (42.9) 24 (82.8) 5 (100)
ALT (UI/L), * 29 (17 - 35) 17(12 - 23) 27 (23 - 32) 34 (27 - 44) 39 (35 - 47) <0.001
0-33 43 (55.8) 29 (100) 8(57.0) 6 (20.7) -
>34 34 (44.2) - 6 (42.9) 23(79.3) 5 (100)

* The median and interquartile range are presented; a. Kruskal-Wallis test; b. Pearson's chi-square test. IQR: Interquartile range
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Table 2 Correlation between body mass index and ultrasound
grade of hepatic steatosis: stratification according to age groups
and sex.

n (%) tau (CI 95%) P
Total 77 (100.0) 0.023 (-0.121; 0.168) 0.76
Groups by age
School age 25 (32.5) 0.073(-0.213;0.359)  0.59
Pre-adolescent 17 (22.1) 0.139 (-0.243; 0.523) 0.40
Teen 34 (44.2) -0.026 (-0.252;0.198) 0.8!
Sex
Female 30 (39.0) 0.009 (-0.222;0.241) 0.94
Male 47 (61.0) 0.043 (-0.161;0.248)  0.65

tau: Kendall's tau correlation coefficient; Cl: confidence interval.

Table 3 Diagnostic sufficiency of transaminases for the presence
of ultrasound hepatic steatosis (any grade).
AST ALT

Sensitivity 35/48; 73% (58 - 85) 23/48; 39% (33 - 63)
Specificity 29/29;100% (88 - 100)  29/29; 100% (88 - 100)
PPV 35/35; 100% (90 - 100)  23/23; 100% (85 - 100)
NPV 29/42;69% (53 - 92) 29/54; 54% (40 - 67)
oM 64/77; 83% (72 - 91) 52/77; 68 (56 - 78)

AST: Aspartate aminotransferase; ALT: Alanine aminotransfer-
ase; PPV: positive predictive value; NPV: negative predictive
value. OM: Observed match.

Regarding the association between hepatic steato-
sis and transaminase levels, patients with ultrasound
evidence presented an increase in both aspartate
aminotransferase (AST) and alanine aminotransfer-
ase (ALT), with a higher level in patients with higher
hepatic commitment. Regarding ALT levels, the sensi-
tivity was 80% with a positive predictive value of 87%.
That is, if this parameter is altered, we can suspect he-
patic steatosis and start the approach according to
medical criteria. This finding is similar to that published
in clinical practice guidelines such as NASPGHAN in
2017 [1], in which transaminases, specifically ALT, are
indicated as a useful marker of liver compromise.

The limitations of the present study stem from the
collection of the study population since demographic
data, measurement of abdominal girth, and other di-
agnostic methods such as abdominal tomography or
magnetic resonance imaging were not available. Ide-
ally, future studies would be prospective, include all
patients seen in outpatient consultation, and request
for laboratory tests and images for the identification of
fatty liver. Moreover, it would be interesting to follow
up patients with pathological results to know the out-
come in both those with successful interventions
through lifestyle changes and/or support medication

and in those who did not achieve good control for spe-
cific reasons.

Conclusions

This study demonstrated the absence of correlation
between the ultrasound grade of steatosis and the
body mass index. Early detection of hepatic steatosis
with the appropriate tools should be a priority in the
care of pediatric patients to avoid its progression to
liver cirrhosis. To this end, the use of transaminases as
a screening method is recommended for patients with
risk factors.
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Abbreviations

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase. NAFLD:
Nonalcoholic fatty liver disease. NPV: negative predictive value. PPV: positive
predictive value.
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