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Introduction
Fatty liver is one of the chronic liver disorders that occurs 
if fat accumulates in more than 5% of the liver weight in 
hepatocytes.1,2 The number of patients with this disease is 
increasing due to various reasons, such as lifestyle changes, 
decreased physical activity, and poor eating habits.3,4,5 
Most people with fatty liver disease suffer from obesity, 
diabetes mellitus, hyperlipidemia, and hypertension.6 

Non-alcoholic fatty liver disease (NAFLD) is increasingly 
recognized in children and adolescents, paralleling the 
global rise in pediatric obesity. Its prevalence in children 
ranges from 5–15% in community-based cohorts to more 
than 40% in obese populations.7,8,9 Accurate and timely 
diagnosis is essential, since untreated pediatric fatty liver 
may progress to steatohepatitis, fibrosis, and, rarely, 
cirrhosis or hepatocellular carcinoma.10,11

Although liver biopsy remains the diagnostic gold 
standard, it is invasive and unsuitable for routine use in 
children.12,13 Ultrasonography, particularly Gray-Scale 
imaging, is therefore widely used as a first-line, non-
invasive tool. Gray-scale ultrasound provides qualitative 
information about hepatic echogenicity, which correlates 
with fat infiltration.14,15,16 

Color-Doppler ultrasound, though not designed 

to detect fat infiltration, can evaluate hepatic blood 
flow. Previous studies have examined Doppler indices 
in pediatric and adolescent patients with NAFLD to 
investigate possible hemodynamic alterations. For 
instance, Riahinezhad and colleagues assessed the Doppler 
perfusion index in adolescents with NAFLD and found 
no difference compared with healthy subjects, although 
some portal vein flow parameters were significantly lower 
in affected patients.7 These findings highlight ongoing 
interest in the potential vascular correlates of fatty liver, 
even if diagnostic utility remains limited.

The present study aimed to compare Gray-scale and 
color-Doppler ultrasonography in the diagnosis of fatty 
liver in overweight and obese children, and to evaluate 
their relationship with biochemical markers. To our 
knowledge, few studies have assessed these modalities 
together in a pediatric population, which underscores the 
exploratory nature and novelty of our research.
 
Materials and Methods
Patients 
In the present cross-sectional study, among children aged 
2-15 years referred to Tabriz Children Hospital during 
2019, 67 available children with obesity criteria [body mass 
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index (BMI) greater than 95th percentile] or overweight 
(BMI between 85th and 95th percentile) were included 
in the study after obtaining written consent from their 
parents. These children with the possibility of fatty liver 
underwent Gray-scale and color-Doppler sonography.

Imaging Analysis
Based on the Gray-scale ultrasound image, Fatty liver 
was graded 1-3 (0 = normal). Grade 1, as a mild type, was 
characterized by a sparse, diffuse increase in liver echoes, 
with normal visualization of intrahepatic vessels and the 
diaphragm. Grade 2, as a moderate type, was considered if 
a moderate and diffuse increase in the echoes with slightly 
impaired visualization of the diaphragm and intrahepatic 
vessels was detected. Grade 3, as a severe type, was 
represented by an intense increase in echoes with poor or 
non-visualization of the diaphragm, intrahepatic vessels, 
and posterior right lobe of the liver.17

Laboratory Examinations
Blood samples were taken from the patients and 
centrifuged at 3000 g for 10 minutes. The sera were 
separated and stored at -70 °C in a freezer until analysis. 
After sample collection, serum levels of biochemical 
markers, including cholesterol, triglyceride, total and 
direct bilirubin, alkaline phosphatase (ALP), aspartate 
aminotransferase (AST), and alanine aminotransferase 
(ALT), were evaluated by a biochemical autoanalyzer 
(Selectra 2, Vitalab, Netherlands).

Statistical analyses
The data were statistically analyzed by SPSS software 
(version 16.0; SPSS, Inc., Chicago, IL). Initially, the 
variables were statistically checked for normality by a 
one-sample Kolmogorov–Smirnov test. All variables 
except total and direct bilirubin had normal distributions 
and therefore were shown as mean ± standard deviation 
and compared by one-way ANOVA followed by Tukey’s 
post-hoc tests between sonographically normal (grade 
0), grade 1, and grade 2 fatty liver cases. Non-parametric 
variables, including sex, Gray-scale, and color-Doppler 
findings, were shown as percentages. Total and direct 
bilirubin were shown as median with interquartile range 
and compared by the Mann-Whitney U-test. A P value of 
less than 0.05 was considered statistically significant.

Results
In the present study, 67 children with obesity or 
overweight criteria were included.

The study participants consisted of 33 (49.25%) boys 
and 34 (50.75%) girls, with a mean age of 7.94 ± 3.49. The 
calculated BMI of the children was 21.29 ± 3.35 (kg/m2). 
Demographic characteristics and sonography results of 
the studied children are depicted in Table 1. 

According to Gray-scale imaging, of 67 studied 
children, fatty liver was diagnosed in 28 (41.79%) patients, 
in which 20 cases (29.85%) had grade 1, and 8 cases 
(11.94%) suffered from grade 2 fatty liver. No children 

with grade 3 fatty liver were found among the studied 
children, and the remaining 39 individuals (58.21%) 
had sonographically normal livers. No abnormality was 
found in any of the subjects by color-Doppler imaging. 
Therefore, the agreement between color-Doppler and 
Gray-scale ultrasound findings could not be statistically 
evaluated. The comparison of serum biochemical 
parameters between the groups is shown in Table 2. As 
shown in the table, serum levels of ALT and AST in grade 
1 (67.65 ± 29.59, 76.60 ± 29.93; U/L; respectively) and 
grade 2 (83.87 ± 17.88, 96.25 ± 19.23; U/L; respectively) 
fatty liver patients were significantly (P < 0.01) higher 
than those (30.36 ± 12.51, 31.59 ± 12.56; U/L; respectively) 
in sonographically normal liver individuals. 

Serum levels of cholesterol and triglyceride in grade 
1 (157.30 ± 38.50, 169.00 ± 38.65; mg/dL; respectively) 
and grade 2 (181.25 ± 33.67, 188.75 ± 45.49; mg/dL; 
respectively) fatty liver patients were significantly 
(P < 0.01) higher than those (106.92 ± 41.17, 95.85 ± 41.01; 
mg/dL; respectively) in sonographically normal liver 
individuals. The differences in these parameters were 
not significant (P > 0.05) between the grade 1 and grade 
2 groups. No other significant differences were found in 
the evaluated biochemical markers between the groups 
(P > 0.05).

Discussion
In this cross-sectional pediatric cohort, Gray-scale 
ultrasound detected fatty liver in 41.79% of children, while 
color-Doppler revealed no abnormalities. Children with 
sonographically diagnosed fatty liver had significantly 
higher ALT, AST, cholesterol, and triglyceride levels 
compared with those with normal liver ultrasound, 
although these markers did not distinguish between grade 
1 and grade 2 disease.

Pediatric fatty liver disease is the most prominent 
cause of chronic liver disease in children. 18 Although the 
gold standard for fatty liver diagnosis is liver biopsy, it 
may not be suitable for all patients due to its high cost 
and invasiveness.19 Thus, ultrasonography remains the 
most widely used first-line modality.20 Prior studies, 

Table 1. Demographic characteristics and sonography results of the children

Parameters

Age (year) 7.94 ± 3.49

Sex (F/M) 34/33

BMI (Kg/m2) 21.29 ± 3.35

Gray-scale US 

Grade 0 (Normal) (n/%) 39 (58.21)

Grade 1 Fatty liver (n/%) 20 (29.85)

Grade 2 Fatty liver (n/%) 8 (11.94)

Grade 3 Fatty liver (n/%) 0 (0)

Color-Doppler 

Normal (n/%) 67 (100)

Liver abnormality (n/%) 0 (0)

BMI, body mass index; F, female; M, male; US, ultrasound
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such as those by Lewis et al. and Hamaguchi et al., have 
demonstrated ultrasound’s high diagnostic accuracy 
compared with biopsy and CT, supporting its clinical 
utility.5,21 These findings confirm that Gray-scale 
ultrasound remains effective for non-invasive diagnosis 
in children.

In the present study, based on Gray-scale ultrasound 
results, of 67 studied children, fatty liver was diagnosed 
in 28 (41.79%) patients, of which 20 cases (29.85%) had 
grade 1, and 8 cases (11.94%) suffered from grade 2 
fatty liver. The remaining 39 individuals (58.21%) had 
sonographically normal liver. However, no abnormality 
was found in any of the patients on color Doppler imaging. 
Therefore, the agreement between color-Doppler and 
Gray-scale ultrasound findings could not be statistically 
evaluated. The inclusion of color-Doppler in our study was 
exploratory. Although Doppler ultrasound is primarily a 
vascular tool, prior research suggested that hemodynamic 
changes may accompany NAFLD. Riahinezhad and others 
evaluated Doppler perfusion index in adolescents and 
found no diagnostic difference compared with controls, 
though portal vein flow parameters were reduced in 
affected patients.7 Other Doppler-based studies in adults 
and children have reported altered hepatic or portal vein 
flow in NAFLD, but their results have been inconsistent. 
Our findings align with these observations and indicate 
that color-Doppler does not provide additional diagnostic 
value in routine pediatric fatty liver assessment.

Due to the association of fatty liver with hyperlipidemia 
and also the possibility of liver damage, the evaluation of 
some related serum biomarkers such as lipid profile and 
liver enzymes can also be helpful in the prediction and 
diagnosis of fatty liver.22,23 In a study by Angelico and 
colleagues 24, hypertriglyceridemia was the main feature of 
patients with fatty liver. Serum levels of ALT and AST were 
also significantly higher than in healthy individuals. Ni and 
others 25 found that 41.2% and 14.7% of patients with fatty 
liver had hypertriglyceridemia and hypercholesterolemia, 
respectively. Also, serum ALT and AST in the patients 
were significantly higher than in the healthy controls. In 
the present study, serum levels of cholesterol, triglyceride, 
ALT, and AST in grade 1 and grade 2 fatty liver patients 

were significantly (P < 0.01) higher than those in the 
individuals with sonographically normal liver. However, 
these parameters were not significantly different between 
grade 1 and grade 2 groups. The enzymes ALT and AST 
are commonly considered as “liver tests” which increase 
during liver damage, however, they are not liver-specific, 
being found in liver, muscle, red blood cells, and other 
tissues.26 The results of the present study also indicated 
that although ALT and AST elevation could be caused 
by lipid accumulation and subsequent liver damage, they 
might be not sensitive enough to differentiate grade 1 and 
grade 2 fatty liver. 

This study contributes to the limited pediatric NAFLD 
literature by combining imaging and biochemical 
approaches. Nevertheless, several limitations should be 
acknowledged: the absence of liver biopsy confirmation, 
which is the diagnostic gold standard but ethically 
challenging in children; the relatively small sample size; 
and the cross-sectional design, which limits conclusions 
about disease progression. Future studies with larger 
cohorts should incorporate histology or non-invasive 
alternatives such as elastography, MRI-proton density 
fat fraction (MRI-PDFF), or controlled attenuation 
parameter (CAP) to validate and extend these findings.

Conclusion 
Gray-scale ultrasound remains a reliable non-invasive tool 
for diagnosing pediatric fatty liver, whereas color-Doppler 
adds no diagnostic benefit. Our results, consistent with 
prior Doppler studies, suggest that vascular assessment 
should not be routinely employed for diagnosis. Instead, 
future diagnostic strategies in children with suspected 
NAFLD should focus on combining gray-scale ultrasound 
with advanced imaging and biochemical markers to 
improve accuracy and staging.
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Table 2. The comparison of the parameters between the Grade 0 (Normal), Grade 1, and Grade 2 groups.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; BMI, body mass index; Ch, Cholesterol; D. Bil, direct Bilirubin; T. 
Bil, total bilirubin; TG, triglyceride.

Parameters Grade 0 Grade 1 Grade 2 P value

Age (year) 8.10 ± 3.49 7.25 ± 3.65 8.87 ± 3.18 0.653a, 0.838b, 0.513c 

BMI (kg/m2) 21.46 ± 3.36 20.40 ± 3.43 22.72 ± 2.73 0.480a, 0.593b, 0.0.224c 

ALT (U/L) 30.36 ± 12.51 67.65 ± 29.59 83.87 ± 17.88  < 0.01a*, < 0.01b*, 0.128c 

AST (U/L) 31.59 ± 12.56 76.60 ± 29.93 96.25 ± 19.23  < 0.01a*, < 0.01b*, 0.056c

ALP (U/L) 675.38 ± 213.47 803.10 ± 144.88 838.62 ± 248.69 0.060a, 0.098b, 0.906c 

T. Bil (mg/dL) 1 (0.7 – 1.1) 1 (0.72 – 1) 1 (0.57 – 1.17) 0.935a, 0.751b, 0.695c 

D. Bil (mg/dL) 0.2 (0.2 – 0.2) 0.2 (0.2 – 0.2) 0.2 (0.12 – 0.27) 0.879a, 0.895b, 0.839c 

Ch (mg/dL) 106.92 ± 41.17 157.30 ± 38.50 181.25 ± 33.67  < 0.01a*, < 0.01b*, 0.324c

TG (mg/dL) 95.85 ± 41.01 169.00 ± 38.65 188.75 ± 45.49  < 0.01a*, < 0.01b*, 0.484c

aThe comparison between Grade 1 and Grade 0; bThe comparison between Grade 2 and Grade 0; cThe comparison between Grade 1 and Grade 2 groups. 
*Statistically significant (P < 0.05).
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