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Background and Purpose: Non-alcoholic fatty liver disease (NAFLD) has become a health concern 
in children and adolescents. Early detection and intervention are crucial to prevent its long-term 
complications. This study aimed to identify demographic, clinical, and laboratory characteristics of 
children with NAFLD referred to a hospital in Iran. 

Materials and Methods: This descriptive cross-sectional study was conducted on 66 children with 
NAFLD aged ≤18 years referred to Children’s Medical Center in Tehran, Iran during 2021-2022. 
The NAFLD diagnosis was via ultrasound or liver biopsy. Demographic and laboratory data were 
collected from an electronic health record system, and lifestyle information (physical activity (PA) 
and nutrition) was gathered using a standardized screening questionnaire. Statistical tests such 
as chi-square, Fisher’s exact, independent sample t-test, and ANOVA were performed in SPSS 
software, version 27. The significance level was set at 0.05.

Results: The majority of children were male (74%), with a mean age of 118.04±42.01 months and 
a mean BMI of 26.37 kg/m2 (75.93% overweight). A significant proportion of participants had 
a family history of fatty liver disease (57.4%). Children’s PA level was low; 50% engaged in less 
than 420 minutes of PA per week. Eating habits were also concerning; 68.5% eat fast food and 
sweets almost daily. Laboratory findings revealed elevated levels of alanine transaminase (ALT), 
triglycerides (TG), and total cholesterol (TC) (60.72±59.06 U/L, 65.35±142.54 mg/dL, 35±166.71 
mg/dL, respectively).

Conclusion: This study highlights the importance of considering family history and metabolic 
markers in NAFLD diagnosis and management. Most of the children with NAFLD referred to the 
study hospital were male with a family history of NAFLD and elevated liver enzymes and lipid levels.
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Introduction

epatic steatosis, as fatty liver disease, re-
fers to the accumulation of excess fat, es-
pecially triglycerides, within liver cells or 
hepatocytes [1]. Metabolic dysfunction-
associated fatty liver disease is a new term 

suggested in 2020 for non-alcoholic fatty liver disease 
(NAFLD) as a systemic metabolic dysfunction [2]. When 
hepatocytes with fat droplets become inflamed and 
damaged, healthy cells respond by replacing the tissue 
damaged by the accumulation of triglycerides with nor-
mal hepatic tissue to repair the damage [3]. If this dam-
aging process persists, the liver’s capacity to produce an 
adequate amount of healthy tissue will decrease, and 
fibrous tissue will take its place [4]. 

The NAFLD is becoming more widespread in children 
and adolescents worldwide, making it the most preva-
lent chronic liver disease in this age group, affecting 
3-20% of them [5, 6]. Individuals with NAFLD may have 
vague symptoms or be asymptomatic, complicating the 
diagnosis process [7]. The most reliable method for the 
diagnosis of NAFLD in adults is liver biopsy due to its 
ability to provide accurate information about the extent 
of liver damage and the presence of inflammation [8]. 
Because of its invasive nature and the possibility of side 
effects, it may be challenging to be performed on chil-
dren. Ultrasound is an alternate diagnostic tool for this 
purpose in children, offering a non-invasive way to as-
sess liver health and detect abnormalities [9].

The NAFLDs, especially non-alcoholic steatohepatitis 
and fibrosis, are associated not only with liver-related 
problems but also with an increased risk of cardiovascu-
lar diseases, type 2 diabetes, and mortality in adulthood 
[10, 11]. The presence of NAFLD in children is more chal-
lenging since there are currently no specific non-inva-
sive indicators available for the detection of liver inflam-
mation in clinical settings [12]. Due to its chronic nature, 
NAFLD can negatively affect children’s health beyond 
their physical aspects. Obese children with NAFLD ex-
perience a lower quality of life compared to obese chil-
dren without the NAFLD [13]. Children with NAFLD have 
more severe physical and psychological impairments in 
comparison with their healthy counterparts [13, 14]. 

The occurrence of NAFLD is increasing due to changes 
in lifestyle, such as a rise in sedentary behaviors and the 
consumption of high-calorie foods, although it is also 
often not diagnosed or identified [15, 16]. Hence, it is 
essential to implement early detection strategies, spe-
cifically targeting children with a greater susceptibility 

to this disease [17]. Given the longer lifespan of children 
with NAFLD compared to those with fatal diseases, they 
are more likely to experience the challenges associated 
with this condition for a longer period [18]. Therefore, 
it is crucial to have efficient screening methods for chil-
dren who are at a higher risk of experiencing NAFLD. 
Screening for NAFLD is recommended as it enables the 
identification of the condition prior to the development 
of irreversible and advanced liver damage [17]. Gain-
ing knowledge about the characteristics and control 
of NAFLD in children might provide a way to intervene 
early and modify the course of the condition. There is 
a lack of studies on the basic findings of children with 
NAFLD. Early detection of this disease may halt its devel-
opment and alleviate its enduring adverse effects on the 
child’s well-being. Therefore, this study aims to identify 
the clinical indicators of NAFLD for children to manage 
its progression effectively and prevent complications. 

Materials and Methods

Study design and participants

This is a descriptive-analytical study with a cross-sec-
tional design conducted on children diagnosed with 
NAFLD referred to Children’s Medical Center in Tehran, 
Iran. All children with NAFLD at the Pediatric Gastro-
enterology and Hepatology Clinic of this hospital dur-
ing 2021-2022 were included in the study (n=66). The 
NAFLD was diagnosed using ultrasound reports from ex-
pert radiologists. Inclusion criteria were age at diagnosis 
≤18 years, diagnosis of NAFLD based on ultrasound or 
liver biopsy, elevation of alanine aminotransferase (ALT) 
level more than 1.5 times the upper limit of normal in 
obese or overweight children. Exclusion criteria were in-
sufficient imaging evidence of NAFLD, presence of viral 
hepatitis, autoimmune hepatitis, Wilson’s disease, met-
abolic diseases, or genetic disorders leading to hepatic 
steatosis (e.g. glycogen storage disease), and presence 
of fatty liver due to alcohol consumption or use of ste-
atogenic drugs.

Data collection

Demographic and laboratory data of patients were 
collected from the SABARA system (an electronic health 
record system used in Iran) using a checklist designed 
by the authors. The extracted data included patients’ 
demographic and laboratory data (age, gender, weight, 
body mass index [BMI], family history of fatty liver dis-
ease, fasting blood glucose level, serum ALT and aspar-
tate transaminase [AST] levels, serum triglyceride [TG] 
level, total cholesterol [TC] level, history of formula 
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feeding during infancy, history of breastfeeding during 
infancy), physicians’ prescriptions, and related factors. 
Information regarding patients’ lifestyles, including fre-
quency of physical activity (PA) per week, frequency 
of eating fast food per week, and frequency of eating 
sweet foods per week, was gathered using a standard 
nutritional screening questionnaire for adolescents de-
veloped by the Iranian Ministry of Health and Medical 
Education in 2016 [19]. Based on this questionnaire, the 
PA level was classified into three categories: Very little 
or no purposeful PA, <420 minutes per week, and ≥420 
minutes per week. Also, the frequency of eating fast 
foods and sweets was classified into three categories: 
Almost daily, weekly (once or twice per week), and rare-
ly/never (once or twice per month). Accordingly, the 
daily screen time was classified into three categories: >2 
hours per day, approximately 2 hours per day, and <2 
hours per day.

Statistical analysis

Qualitative data were reported using frequency, while 
quantitative data were reported using the Mean±SD (if 
they had a normal distribution) and median and inter-
quartile range (IQR) (if they had no normal distribution). 
If the data distribution was normal, to examine the dif-
ference between categorical variables, the chi-square 
test and ANOVA were used, followed by Fisher’s exact 
test, if necessary. To examine the difference between 
quantitative variables with binary qualitative variables, 
the independent sample t-test was used. In cases of ab-
normal data distribution, the equivalent non-parametric 
tests were used. All statistical analyses were performed 
in SPSS software, version 27. The significance level was 
set at 0.05.

Results

Participants’ demographic characteristics, weight and BMI 

In this study, 66 children with NAFLD participated. The 
majority of them were boys (74.0%, n=49). Their mean 
age was 118.04±42.01 months, ranged 8-196 months. 
The mean weight and BMI were 57.37±28.4 kg and 
26.37±7.41 kg/m2, respectively (Figure 1). Most of the 
children had a positive family history of fatty liver dis-
ease (57.4%, n=31 out of 54) and had a history of using 
infant formula before 6 months (24.1%, n=13 out of 54).

Participants’ PA, dietary habits, and screen time

Based on the nutritional screening tool, 19 children 
(35.19%) were classified in the first group (very little 
or no purposeful PA), 27 children (50%) in the second 
group (<420 minutes per week), and 8 children (14.81%) 
in the third group (≥420 minutes per week). Additionally, 
based on gender, 29.27% (n=12) of boys and 53.85% of 
girls (n=7) were in the first group; 53.66% of boys (n=22) 
and 38.46% of girls (n=5) were in the second group, and 
17.07% of boys (n=7) and 7.69% of girls (n=1) were in 
the third group (Figure 2).

Regarding the frequency of eating sweet foods, accord-
ing to the parents of children, 37 children (68.52%) were 
classified in the first group (almost daily), 7(12.96%) in 
the second group (weekly), and 10(18.52%) in the third 
group (rarely/never). Regarding the frequency of eating 
fast foods, 2 children (3.7%) were classified in the first 
group, 12(12.22%) in the second group, and 40(74.07%) 
in the third group. Overall, 37 children (68.52%) were 
classified in the first group, 7(12.96%) in the second 
group, and 10(18.52%) in the third group. Regarding the 

Figure 1. Categorization based on BMI groups among participants matched for age and gender
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daily screen time, according to the parents of children, 
35 children (64.81%) fell into the first group (>2 hours 
per day), 11 individuals (20.37%) into the second group 
(2 hours per day), and 8 individuals (14.81%) into the 
third group (<2 hours per day) (Figure 3).

Participants’ laboratory characteristics

AST and ALT Levels

The mean AST level for males was 37.28±15.71 U/L, 
and for females was 52.11±59.81 U/L. The median AST 
levels for males and females were 35 U/L and 34 U/L, 
respectively. The IQR for males and females was 22 and 
26, respectively. Overall, the mean AST level in children 

was 41.55±34.74 U/L, with a median of 34 U/L and an 
IQR of 24. The difference in the AST level between males 
and females was not statistically significant (P=0.43).

Males had a mean ALT level of 57.69±40.46 U/L, 
whereas females had a higher mean level (62.52±96.34 
U/L). The median ALT levels for males and females were 
49 U/L and 32 U/L, respectively. The IQR of ALT was 41 
in males and 48.50 in females. Overall, the mean ALT 
level was 59.06±60.72 U/L with a median of 45.5 U/L 
and an IQR of 44.5. The P for the difference in ALT levels 
between genders was 0.12, indicating no significant dif-
ference.
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AST/ALT ratio

The AST/ALT ratio had a mean of 0.81±0.36 for males 
and 1.08±0.4 for females. The medians were 0.74 for 
males and 0.45 for females, with IQRs of 0.356 and 
1.06, respectively. There was a significant difference in 
the AST/ALT ratio between males and females (P=0.01).

Participants with a family history of fatty liver disease 
had a mean AST/ALT ratio of 0.83±0.34, while those with 
no family history had a mean of 0.95±0.34. The medi-
ans were 0.78 for those with a family history and 0.43 
for those with no family history, and their correspond-
ing IQR were 0.28 and 0.92, respectively. The difference 
in the AST/ALT ratio based on the family history of fatty 
liver disease was not statistically significant (P=0.28).

The mean AST/ALT ratio for children with a history of 
formula feeding was 1.02±0.46, compared to 0.82±0.28 
for those with no history of formula feeding. The medi-
ans were 0.87 for those with a history of formula feed-
ing and 0.27 for those with no history of formula feed-
ing, and their IQR were 0.57 and 0.78, respectively. 

Overall, the AST/ALT ratio had a median of 0.39, an IQR 
of 0.78, and a mean of 0.89±0.45. The difference in the 

AST/ALT ratio based on the history of formula feeding 
was not statistically significant (P=0.37) (Table 1).

Biochemical markers

The fasting blood glucose level in children (n=48) 
showed a mean of 114.56±80.53 mg/dL, a median of 93 
mg/dL, and an IQR of 20 mg/dL. The TG level in children 
(n=51) had a mean of 142.54±65.35 mg/dL, a median of 
121 mg/dL, and an IQR of 80 mg/dL. The TC level in chil-
dren (n=52) had a mean of 166.71±35 mg/dL, a median 
of 168 mg/dL, and an IQR of 41.5 mg/dL. 

Discussion

NAFLD encompasses a spectrum of liver abnormali-
ties whose prevalence is increasing [20]. The spectrum 
of this disease includes steatosis (fatty infiltration of 
the liver), steatohepatitis (inflammation and damage 
to liver cells), followed by liver fibrosis and, ultimately, 
cirrhosis [21]. The pathogenesis of NAFLD in children 
is multifactorial, involving a combination of genetic, 
environmental, and lifestyle factors [22]. Although the 
underlying pathophysiological mechanism of pediatric 
NAFLD is not fully understood, it is strongly associated 
with obesity and insulin resistance, as well as genetic 
predisposition [23]. In children, the NAFLD is usually 

Table 1. Laboratory characteristics of participants based on gender, family history of fatty liver disease, and history of formula feeding

PIQRMedianMean±SDGroupsVariables

0.43
223537.28±5.71Male

SexAST 263452.11±9.81Female

243441.55±4.74Total

0.12
414957.69±0.46Male

SexALT 48.53262.52±96.34Female

44.545.559.06±0.72Total

0.01
0.350.740.81±0.36Male

Sex

AST/ALT ratio

0.451.061.08±0.4Female

0.28
0.280.780.83±0.34Positive Family history of fatty 

liver disease

0.430.920.95±0.34Negative

0.37
0.570.871.02±0.46Positive History of formula 

feeding

0.270.780.82±0.28Negative

0.450.780.89±0.39Total

SD: Standard deviation.
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associated with risk factors such as poor eating habits 
(especially high intake of sweets and fast foods), a sed-
entary lifestyle, and other metabolic factors [22, 23]. 
From a genetic perspective, new polymorphisms, such 
as PNPLA3, TM6SF2, MBOAT7, and GCKR, have also 
been identified and are used to predict the develop-
ment and severity of NAFLD in both adults and children, 
where their interaction with environmental factors have 
been reported [24]. Changes in lifestyle patterns over 
the past few decades have resulted in increased obesity 
rates in the general population, including children and 
adolescents [25]. A systematic review reported a NAFLD 
prevalence of 27.88% in the pediatric population of Iran 
[26], which is considerable.

This study examined the indicators of NAFLD in chil-
dren, including demographic and laboratory charac-
teristics, screen time, PA level, and dietary habits. The 
results revealed higher levels in laboratory data, includ-
ing ALT, TG, and TC in these patients, compared to their 
normal ranges for children. Also, girls had a significantly 
higher AST/ALT ratio than boys. 

In this study, 74% of the children with NAFLD were 
male and 26% were female. Other studies with larger 
sample sizes have also supported our findings, indi-
cating that boys, regardless of age and Tanner stage, 
have a higher prevalence of NAFLD compared to girls 
[27]. Consistent with our results, a systematic review 
and meta-analysis of 15 case-control studies involving 
1,595 children (824 in the patient group and 771 in the 
healthy group) found that the BMI and waist circumfer-
ence in the NAFLD group were significantly higher than 
in the control group [28]. 

The relationship between the history of formula feed-
ing and NAFLD in childhood is a relatively new research 
topic. Some studies suggest that formula feeding, par-
ticularly due to its association with rapid weight gain, 
may be linked to an increased risk of NAFLD in children. 
Conversely, breastfeeding is associated with a reduced 
risk of NAFLD, likely due to its potential protective ef-
fects on metabolic health [29]. The association be-
tween NAFLD in children and the consumption of un-
healthy foods is a significant concern in modern society, 
considering the rise in pediatric obesity and unhealthy 
dietary patterns [30]. Unhealthy foods contribute to 
the development and progression of NAFLD in children 
through various mechanisms such as high calorie intake, 
excessive consumption of sweets, eating foods high in 
fat and cholesterol, eating processed foods, and eating 
foods low in essential nutrients [31].

NAFLD is often asymptomatic, making it challenging to 
be diagnosed [6]. Due to the subtle nature of this dis-
ease, laboratory tests can provide valuable information 
for identifying patients at risk for NAFLD. It is the most 
common cause of abnormal liver function in children [32]. 
Currently, the ALT level is recommended as a biomarker 
of NAFLD [32]. The ALT level measurement is non-inva-
sive and has acceptable sensitivity [32]. In our study, the 
mean values of lipid profile in children were in the abnor-
mal range, which can be a potential risk factor, and the 
children with high lipid profiles referred to the clinics for 
further treatment should be suspected of NAFLD. 

This study had some limitations. With a cross-sectional 
design, it is not possible to assess causality. Additionally, 
the unavailability and incompleteness of information in 
some patient records led to a reduced sample size. Anoth-
er limitation was the lack of cooperation from some par-
ents in providing data related to their children’s lifestyles.

Conclusion

Most of the children with NAFLD referred to the study 
clinic in Tehran were male. More than half of them had a 
family history of NAFLD. In these children, the elevation 
of ALT level was greater than that of the AST level, both 
exceeding the upper limit of normal. Also, the TG and TC 
levels in children with NAFLD were higher than normal, 
but their fasting blood glucose level was normal.
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