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Abstract: 1. The fatty liver disease (FLD) among children is increasingly being accepted as a
severe comorbidity, which is often linked with metabolic and endocrine pathologies. The aim of
the research was to characterize the clinical prognosis of a child group of patients with FLD and,
more precisely, to evaluate the correlations between the metabolic control, liver injury
biomarkers, and non-invasive fibrosis index.

The study was performed as a cross-sectional study involving 39 children with FLD. The data
obtained were demographic, comorbidity, primary diagnosis, and significant laboratory
parameters (platelets, ALT, AST, and HbAlc). Also established was the AST to Platelet Ratio
Index (APRI) as a non-invasive method for assessing hepatic fibrosis. In order to characterize
data statistically, the descriptive statistics and Pearson correlation coefficients were employed to
estimate the relationship among the clinical variables (age, BMI, laboratory values, and APRI
scores).

The comorbidity burden was also high (46.2 with diabetes being the most common and 41.0 with
hypertension being the next most common). The most common first disease diagnosis was
TIDM (53.8%). Lab data showed a median of 20 U/L of ALT and 21 U/L of AST, and AST has
a great outlier skewness (1011.7 U/L). Mean haemoglobin was 9.08 (£3.61), and mean APRI
was 0.32 (£0.45). Correlation analysis showed that there was a close correlation between ALT
and APRI (r = 0.86). On the contrary, both ALT and APRI had linear relationships with HbA lc.

Pediatric FLD in this group is mostly manifested in TIDM and major metabolic comorbidity.
Liver injury severity and predicted risk of fibrosis occurrences, which are vigorously correlated
with transaminase levels, do not seem to be closely associated with short-term glycemic
regulation, assessed by HbAlc. These results indicate that FLD in children has a multifactorial
etiology, and therefore, management should be more extensive than glycemic control, as it
should involve overall metabolic and hepatic monitoring.
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2. Introduction

Fatty liver disease is currently recognized as a growing problem in children and adolescents [1].
It is the most common cause of liver disease in childhood, and its increase coincides with the
increase in obesity [2]. It is defined by the presence of macro vesicular steatosis in more than 5%
of hepatocytes, in the absence of alcohol consumption, drugs, or other pathologies that can
produce fatty liver [3]. The severity of the disease varies from simple steatosis, or non-alcoholic
fatty liver disease (NAFLD), which is considered to have a good prognosis, to non-alcoholic
steatohepatitis (NASH), which can progress to cirrhosis [4]. It is estimated that about 5% of
normal-weight or overweight children and about 38% of those with obesity have NAFLD, and a
percentage of them will develop NASH. [5]

The risk factors include obesity, insulin resistance (IR), and hypertriglyceridemia. It was like a
silent disease, which is often suspected of some finding during the physical examination
(overweight, acanthosis nigricans, and hepatomegaly) or an alteration in the laboratory
(increased alanine aminotransferase (ALT) and/or aspartate aminotransferase (AST),
hypertriglyceridemia). In other instances, they provide diffuse abdominal pain that is the driving
force behind the consultation. [6, 7].

NAFLD is regarded as a multifactorial disorder that has a significant genetic factor. It is assumed
that the latter and environmental factors play their role in disease development and development
[8]. There are also significant changes in the expression levels of many genes related to
lipogenesis and inflammation, and certain polymorphisms of the regulatory casings of children
and adults with NAFLD that may be implicated. [9]

Clinical, laboratory, and ultrasound findings may be used to suspect the diagnosis, but staging
and classification can only be done through the use of a liver biopsy. Considering the
invasiveness of it and the potential problems in such miniature patients. [10].

Diet and routine exercise combined with some lifestyle modifications are the only recognized
therapies for this entity. The numerous reports suggest that this entity has become a significant
problem for public health. [11]

3. Patients & Methods

The study was a cross-sectional design because it aimed at assessing clinical outcomes and the
related metabolic profiles in children with fatty liver disease. The sample population included 39
pediatric patients with a diagnosis and managed in a tertiary pediatric hepatology clinic aged 8-
17 years old (mean 11.86 + 2.82 years old). The inclusion criteria included (1) age of participants
younger than 18 years at the time of diagnosis, (2) the confirmation of fatty liver with the help of
abdominal ultrasonography, and (3) at least one year of complete clinical and laboratory history .

Electronic medical records contained the required demographic, anthropometric, and clinical
data were systematically read and abstracted with a standardized data abstraction form. The main
variables were age, sex, body mass index (BMI), parental ages, and elaborate profiles of
comorbidities. The main diagnoses were documented, the most common was Diabetes Mellitus
(TIDM) (53.8%). Laboratory parameters related to laboratory hepatic and metabolic functions
were obtained at the diagnosis time of diagnosis or at the time of the initial clinical assessment.
They were platelet count, alanine aminotransferase (ALT), aspartate aminotransferase (AST),
glycated hemoglobin (HbAlc), and uric acid. The AST to Platelet Ratio Index (AST-to-Platelet)
is a non-invasive liver fibrosis marker, which was determined by [(AST/upper limit of
normal)/Platelet count, 109/L] x 100].

All variables were subjected to descriptive statistics calculation. Mean and standard deviation
(SD), median (interquartile range, IQR), and range are used to provide continuous data. A
correlation matrix was developed to investigate associations between the most important clinical
and biochemical biomarkers. The correlation coefficients computed by Pearson were done on
normally distributed variables; otherwise, the rank correlation of Spearman was applied. The
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resulting heatmap and the table (Relationships section) describe the strength and direction of
associations existing between variables, such as age, platelets, ALT, AST, HbAlc, BMI, APRI,
and uric acid. The coefficients (r) above 0.5 were taken as strong, between 0.3 and 0.5 as
moderate, and below 0.3 as weak. The statistical analysis was carried out by the SPSS program
(version 24.0), and a p-value of less than 0.05 was considered to be statistically significant.

4. Results

The results emphasized the high interaction of the metabolic comorbidities, glycemic control,
and liver injury markers in the population, which presents the multifactorial nature of pediatric
fatty liver disease. The cohort, as indicated in Table 1, was comprised of pediatric patients, to
which a mean age was approximately at 11.9 years with a mean BMI of 22.8, which implies that
the population had a high degree of variance in adiposity. The distinguishing aspect was that a
large percentage (46.2-41.0) of the participants had metabolism comorbidities with diabetes (the
most prevalent) and hypertension (the second most common) as the most common being
followed by hyperlipidemia (20.5) and obesity (17.9). The fact that the proportion of patients
with no comorbidities (7.7) was low supported the notion that fatty liver among children is not
common in metabolic isolation. The father and mother ages which were 48.0 and 42.1 years,
respectively.

Table 1. Baseline and demographics outcomes of 39 patients who suffer from fatty liver disease
in this study.

Variables Frequency, [N or mean| Percentage, [% or SD]
Age
Age, years (Mean = SD) 11.86 2.82
Father age (Mean + SD) 48.0 8.36
Mother age, years (Mean + SD) 42.05 7.08
BMI
BMI, {kg/m2} (Mean =+ SD) 22.8 6.26
Uric Acid scoring
Uric Acid (mg/dL), (Mean + SD) 5.2 1.7
Comorbidities
Hypertension 16 41%
Diabetes 18 46.2%
Obesity 7 17.9%
Hyperlipidemia 8 20.5%
Hypothyroidism 2 5.1%
Arterial Insufficiency 4 10.3%
Wilson's Disease 1 2.6%
Bronchial Asthma 1 2.6%
Hyperthyroidism 1 2.6%
Insulin Resistance 1 2.6%
None 3 7.7%

According to the results of Table 2, the most common primary diagnosis was type 1 diabetes
mellitus (T1DM) (53.8%), which indicated that there was a highly significant correlation
between fatty liver development and the use of insulin therapy, glycemic fluctuation, or weight
increase. Obesity per se was 10.2% and different combinations were also possible, e.g., TIDM
and hypothyroidism or hyperlipidemia, which depicts the clinical heterogeneity. Other important
diseases, such as Wilson's disease and Mauriac syndrome, were also identified, which suggested
that fatty liver among this group might sometimes be the result of a specific etiology in need of
specific treatment.
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Table 2. Enroll the diagnostic features of 39 patients in this cross—sectional study.

Variables Frequency, {n =39} Percentage, %

T1DM 21 53.85
Obesity 4 10.26
Hypothyroidism 3 7.69

GH Deficiency 2 5.13

T2DM Obesity 1 2.56
T1DM/Hyperlipidemia 1 2.56
Short stature/Suspected Turner 1 2.56
Severe Obesity/Mental subnormality 1 2.56
T1DM/Hypothyroidism 1 2.56
Short stature 1 2.56
Obesity/Hypothyroidism 1 2.56
Wilson disease 1 2.56
T1DM/Mauriac syndrome 1 2.56

(Table 3) showed important parameters at the laboratory level, where the mean at ALT (36.4
U/L) and AST (1011.7 U/L) are significantly different, with AST being very high with extreme
values (max 36,105 U/L), which will skew the mean. The median AST (21 U/L) is much lower,
and probably reflects the central tendency better, indicating that acute hepatic events or
confounding conditions (e.g., myopathy, hemolysis) occurred in a subgroup. The number of
platelets was normal (325.5 x10-3/ ml), which does not support the advanced cirrhosis in the
majority of the patients. The overall glycemic control is poor due to the mean HbAlc of 9.08%.
The mean of the APRI score (0.32) gives mild fibrosis, but the range (0.1-2.3) indicates
variability.

Table 3. Identifying laboratory outcomes of liver fatty patients.

Variables mean std min 50% max
Platelets 325.4872 72.64618 159 326 543
ALT 36.36875 64.08182 5 20 310

AST 1011.705 5929.773 8 21 36105
HbAlc 9.079211 3.612006 4.5 8.9 17.9
APRI 0.321622 0.445431 0.1 0.2 2.3

Our results noticed that HbAlc and ALT were linearly correlated (Figure 1), suggested that
HbAlc and ALT may not be directly related to each other in a simple linear manner, but rather
an increase in ALT may be a sign of liver damage, as is common in fatty liver diseases. (Figure
2) indicated a relationship between HbAlc and APRI, meaning that the risk of fibrosis, as
assessed by APRI, had no firm predictors by glycemic control in this study. Although it does not
directly point to fatty liver, a larger APRI might indicate continuous liver damage, which might
be related to fat buildup. This observation indicates that alternative study variables, like disease
duration, lipid profiles, or genetic predispositions, could be more important in the progression of
fibrosis.
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(Figure 3) Correlation of clinical variables showed a heatmap of interactions between clinical
variables. Both ALT and AST were confirmed as indices of hepatic inflammation as they have a
strong positive correlation (r = 0.88). Variations in the level of fibrosis markers ALT were
strongly positively correlated with APRI (r = 0.86), which supports the applicability of APRI as
a non-invasive fibrosis indicator associated with the elevation of transaminase in these results.
The correlation of HbAlc and BMI (r = -0.58) is quite interesting, and this could be due to the
fact that lean patients with TIDM were less able to control their glycemia than obese patients
with insulin resistance related to obesity. Correlations between age and all parameters in the lab
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revealed weak correlations, indicating that in this small age bracket, the severity of the disease is
not strongly related to age.

Figure 3. A performance of the correlation heat map among all clinical parameters.
5. Discussion

The cohort population characteristic showed that the average age was around 11.9 years, which
falls within the average age of development of the metabolic complications related to pediatric
obesity. The standard deviation of 6.3 showed a high degree of variability in adiposity, with the
mean BMI measuring 22.8 and the standard deviation of 6.3 showing that there was a high
variability in adiposity. Forty-one point zero and forty-six point two percent of the patients had
hypertension and diabetes, respectively, and 17.9 percent were classified under obesity as a
major illness. This triad reinforced the high syndromic correlation between pediatric fatty liver
disease and insulin resistance and is in line with the previous paradigm of NAFLD as the hepatic
expression of the metabolic syndrome. This association is further strengthened by the fact that
other conditions, such as hyperlipidemia (20.5), are present.

The most common primary diagnosis was Type 1 Diabetes Mellitus (TIDM) (53.8%), which
should be interpreted with special attention. Although insulin resistance is also not traditionally
associated with T1DM, malglycemic regulation may facilitate hepatic steatosis by processes of
overabundant glucose and lipid substrate supply to the liver [12]. Close associations of TIDM
with other diseases, such as hyperlipidemia and Mauriac syndrome, in a few patients identify
severe, poorly controlled diabetes as an important risk factor of fatty liver among this subgroup
of individuals. Such diagnoses as Wilson disease (2.6) are a stern lesson on the significance of
the secondary hepatic steatosis being a manifestation of genetic and metabolic disorders.

The average ALT value was slightly high at 36.37 U/L, but the range of the standard deviation
(64.08) and the upper limit (310 U/L) indicates the presence of a subgroup with a severe effect
on hepatocytes. The AST data, with a mean of 1011.7 U/L grossly distorted by extreme values
(max 36,105 U/L), was more impressive because it was indicative of patients with acute hepatitis
or other severe complications, as opposed to the normal progression of NAFLD. The average
HbA1c of 9.08 percent justified poor glycemic management in a big percentage of the sample.

The positive relationship between ALT and AST (r=0.88) was anticipated, and it proved
concomitant injury of the hepatocytes. More to the point, the correlation between ALT and the
APRI score was extremely positive (=0.86), implying that the extent of transaminase-induced
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increase in this pediatric sample is strongly dependent on the risk of fibrosis, which is also in line
with previous adult literature indicating that permanent increase of ALT is tightly connected with
the histological development. The aspect of the negative correlation between HbAlc and BMI
(r=-0.58) is interesting and possibly the result of the preponderance of TIDM patients (who are
lean) in the high HbAlc stratum, which obscures the normal correlation between HbAlc and
BMI in T2DM and obesity [13]. Nevertheless, the prevalence of TIDM in this group is high,
which broadens the clinical image of the at-risk pediatric patients [14]. The ALT-APRI
correlation provided evidence to support the use of serial ALT measurements as a crude proxy of
the risk of fibrosis, which is studied in pediatrics in France. [15]

The accumulation of fat in the hepatocytes in the absence of a considerable amount of alcohol
intake was the primary foundation of pediatric patients with fatty liver disease. The disease,
NAFLD, arises, according to the research constructed by the USA [16], when there is an excess
of liver fat (approximately 5% or more). Some studies had mentioned that fatty liver disease
pathogenesis depends on obesity in children, and new studies [17, 18] indicated that in a third of
overweight children, hepatic steatosis could be observed.

The presence of parameters that determined liver conditions in NAFLD children, such as ALT
and AST, was crucial. Fatty liver was also often observed to be associated with high levels of
ALT in children and is a pointer of hepatocellular injury. Chinese studies found out that ALT is a
sensitive inflammatory liver marker [19], although not specific due to its multiparous status
characteristic and comorbidities [20, 21]. It was proposed in research by Germany [22] that high
ALT under obese conditions can be a useful clinical indicator of children who need to be given
additional assessment of NAFLD.

6. Conclusion

The cardiometabolic risk factor clusters are extreme in the cohort; almost half of the patients
have diabetes, and over 40 percent have hypertension, which directly implicates the syndrome of
insulin resistance and its consequences as the main pathophysiology of the disease. The median
measures of ALT and AST reflect mild injury; however, the large extreme maximum measures
and significant positive correlation between ALT and the APRI fibrosis score (1=0.86)
demonstrate that there is a small group of patients with active and progressive liver disease who
risk developing hepatic fibrosis. The most important thing is that the correlation of HbAlc with
liver damage indicators (ALT, APRI) is important, and it can be assumed that, in the aspect of
this group of children, the development of liver diseases may be facilitated by other factors that
are not directly related to the degree of glucose level. The risk of liver diseases, including
NAFLD, can be suggested by the combination of high levels of HbAlc, ALT, and a high APRI
score. All these findings point to the fact that childhood fatty liver disease is a severe
comorbidity, which reflects profound underlying metabolic dysregulation and has its unique risk
of perpetual hepatic consequences. The specified outcomes, in its turn, would require a paradigm
shift in the pediatric practice, which would imply the active and frequent screening of liver
functionality and the risk of fibrosis in all children with diabetes, overweight, or dyslipidemia
without considering their symptoms to give a chance to intervene and impact the final clinical
outcomes.
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