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Association of abdominal subcutaneous fat 
thickness with hepatic steatosis, liver enzymes, 
and serum lipids in obese children
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ABSTRACT
Introduction. Childhood obesity can cause 
hyperlipidemia and hepatic steatosis at early 
age and chronic disease complications in adult 
life. We aimed to evaluate the relationship 
between abdominal subcutaneous fat thickness 
(ASFT) and hepatic steatosis, serum lipid and 
transaminase levels in obese children.
Population and methods. A retrospective 
study was conducted with children (aged 
4-18 years) who presented to outpatient clinic 
due to obesity. Associations between ASFT as 
assessed by ultrasonography (US) and hepatic 
steatosis, alanine transaminase (ALT), aspartate 
transaminase (AST) and serum lipid profile were 
evaluated.
Results. We identified 95 children, all of which 
were diagnosed as having hepatic steatosis; 
the most common type was grade 1 (73.6  %, 
n: 70), followed by grade 2 (21.1 %) and grade 3 
(5.3 %). The mean values of midline and flank 
ASFT were measured as 38.48  ±  11.53 mm 
and 20.91 ± 8.00 mm in grade 1; 41.23 ± 10.03 
and 19.84  ±  6.75 in grade  2 and 63.12  ±  12.08 
and 23.22  ±  5.92 in grade 3 hepatic steatosis, 
respectively. Midline and flank ASFT correlated 
positively with triglycerides in grade 3 steatosis, 
while midline ASFT correlated with body mass 
index, total cholesterol, low-density lipoprotein 
cholesterol, and AST (r: 0.9; p: 0.037; r: 0.648, 
p: 0.001; r: 0.387, p: 0.001; r: 0.406, p: 0.001, r: 0.463, 
p: 0.001; respectively) in grade 1 steatosis.
Conclusion. ASFT as assessed by US may be of 
predictive value for hyperlipidemia in grade 3 
and for hypercholesterolemia in grade 1 hepatic 
steatosis in obese children.
Keywords: subcutaneous fat abdominal, pediatric 
obesity, liver steatoses, lipid metabolism.
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GLOSSARY
ALT: Alanine aminotransferase.
ASFT: Abdominal subcutaneous fat 
thickness.
AST: Aspartate aminotransferase.
BMI: Body mass index.
CT: Computed tomography.
HDL-C: High-density lipoprotein 
cholesterol.
LDL-C: Low-density lipoprotein 
cholesterol.
MRI: Magnetic resonance imaging.
NAFLD: Nonalcoholic fatty liver 
disease.
TC: Total cholesterol.
TG: Triglyceride.
US: Ultrasonography.

INTRODUCTION
Pediatric obesity is a major health 

problem that is characterized by an 
excess of adiposity or body fat. It 
contributes to medical, physical, and 
emotional problems during childhood 
which may lead to high morbidity 
in adulthood.1 According to World 
Health Organization, the prevalence 
of obesity has increased over the past 
three decades with an annual increase 
of 0,5-1 %.2,3 Obesity is a multifactorial 
condition affected by both genetic and 
non-genetic factors.1,2 It is defined by 
the body mass index (BMI) which has 
a strong correlation with adiposity.4

Childhood obesity often continues 
into adulthood obesity, which is 
strongly linked to insulin resistance, 
diabetes mellitus type 2, hypertension, 
dyslipidemia, fatty liver, asthma, sleep 
apnea, and orthopedic problems.5-8 
Obesity can be associated with 
biochemical abnormalities that start 
in childhood. Serum lipid profile, 
especially triglyceride and total 
cholesterol (TC) levels and serum 
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Figure 1. Measurement of flank abdominal subcutaneous fat thickness from skin surface (between calipers)

alanine/aspartate aminotransferase (ALT/
AST) levels may be above the normal range in 
obese children.9,10 Childhood obesity can also be 
associated with hepatic steatosis, which is defined 
as the accumulation of fat in the liver, especially 
in the form of triglycerides. Although hepatic 
steatosis is generally self-limiting, it may progress 
to nonalcoholic fatty liver disease (NAFLD) and 
liver cirrhosis.11,12

Body adipose tissue amount and distribution is 
closely associated with obesity, and attempts have 
been made to assess visceral and subcutaneous fat 
tissue, using ultrasonography (US), dual-energy 
X-ray absorptiometry, computed tomography 
(CT) and magnetic resonance imaging (MRI).13 
To investigate the association between body 
adiposity and obesity-related risk factors, 
various studies focused more on anthropometric 
measures and visceral adiposity. The ability of 
abdominal subcutaneous fat thickness (ASFT) as 
the sole parameter to reflect the degree of hepatic 
steatosis and hyperlipidemia has not been clearly 
established yet. US can be used both to diagnose 
hepatic steatosis and to measure ASFT.14-16 If ASFT 
can predict these obesity-related parameters in 
obese children, then sonographic assessment 
of ASFT may be added to the initial workup of 
obese children to identify high risk obese children 
since US is a non-invasive, easy-to-use, widely 
available, and safe imaging modality.13

In this study, we aimed to evaluate the 
association between ASFT and hepatic steatosis, 
serum lipid and transaminase levels in obese 
children.

POPULATION AND METHODS
This retrospective study was conducted 

with children who were presented to pediatric 
outpatient clinic due to obesity between May 2016 
and April 2018 in Haydarpasa Numune Training 
and Research Hospital. We defined a pediatric 
patient as obese if her/his BMI was ≥ 95th 
percentile.17 We excluded those obese children 
with chronic liver diseases, infectious liver 
diseases, hepatomegaly, congenital dyslipidemias 
or metabolic diseases. 

Data on children’s height and weight had 
been immediately assessed at admission. These 
data were then combined with the age and 
gender of the children to calculate the BMI using 
the mathematical formula of weight-for-height 
index. Serum lipid (TC, low-density lipoprotein-
cholesterol [LDL-C], high-density lipoprotein-
cholesterol [HDL-C], triglycerides [TG]) and 
transaminase levels were obtained in the fasting 
state by venipuncture within 7 days of outpatient 
admission.

Conventional US was performed by a single 
radiologist who had information about the clinical 
presentation of the patient but was unaware of 
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Figure 2. Measurement of midline abdominal subcutaneous fat thickness from skin surface (between calipers) 

laboratory findings. The procedure was powered 
via an Aplio 500 ultrasound system (Toshiba/
Canon, Japan) with linear and convex transducers 
(frequency bandwidth 18 and 3.5-6 MHz 
respectively) in a standardized manner: ASFT 
was measured with minimal pressure applied 
by the US probe during normal respiration 
when the child was in the supine position. The 
midline ASFT was measured in the transverse 
plane, one centimeter below the umbilicus level, 
and the flank ASFT was measured within the 
same transverse plane on both the right and left 
flanks, approximately at the level of each anterior 
superior iliac spine. The mean value of both sides 
was taken as flank ASFT. The subcutaneous fat 
thickness was defined as the distance between 
the skin surface and the outer margin of the 
abdominal muscle layer (Figure 1 & 2).

The hepatic steatosis score was assessed by 
conventional US as follows: slight and diffuse 
increase in fine parenchymal echoes with normal 
visualization of diaphragm and portal vein 
borders was defined as grade 1; moderate and 
diffuse increase in fine echoes with slightly 
impaired visualization of portal vein borders 
and diaphragm was defined as grade 2, and fine 
echoes with poor or no visualization of portal 
vein borders, diaphragm, and posterior portion 
of the right lobe was defined as grade 3 steatosis.18

Ethical considerations: The study protocol 
was approved by the Ethics Committee of Zeynep 
Kamil Maternity and Children’s Diseases Training 
and Research Hospital (approval no: 2018-84). The 
study was performed according to the principles 
laid out in the Declaration of Helsinki.

Statistical analysis: Statistical analysis was 
performed using NCSS (Number Cruncher 
Statistical System) 2007 (Kaysville, Utah, USA) 
software. The descriptive data were expressed 
as the numbers and percentage or the mean, 
standard deviation, median, range, and z-scores; 
where appropriate. Kruskal Wallis test and 
Mann Whitney U test for Bonferroni correction 
were used in the comparison of three and more 
groups that showed non-normal distribution. 
The Fisher Freeman Halton test was used to 
compare the categorical variables. Correlation 
between parametric variables was tested through 
Spearman correlation analysis. An overall type-1 
error level of 5 % was used to infer statistical 
significance.

RESULTS
We identified 95 obese children (boys 57.9 %); 

the mean age was 11.8 ± 3.9 years (range: 
4-18 years). The mean BMI was 28.0 with a mean 
z-score of -1.7 kg/m2 (Table 1).

We detected hepatic steatosis in all children, 
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Table 1. The demographic and clinical characteristics of the patients

Age (year)	 Min-Max (median)	 4-18 (11)
	 mean ± standart deviation	 11.8 ± 3.9
Gender, n (%)	 Female	 40 (42.1)
	 Male	 55 (57.9)
BMI (kg/m2)	 Mean	 28.02
	 Mean z-score	 -1.7
TG (mg/dl)	 Min-Max (median)	 35-292 (93)
	 mean ± standart deviation	 102.03 ± 44.43
TC (mg/dl)	 Min-Max (median)	 74-279 (166)
	 mean ± standart deviation	 166.41 ± 37.59
HDL-C (mg/dl)	 Min-Max (median)	 23-144 (45)
	 mean ± standart deviation	 47.78 ± 18.38
LDL-C (mg/dl)	 Min-Max (median)	 32-154 (105)
	 mean ± standart deviation	 101.31 ± 27.85
AST (IU/L)	 Min-Max (median)	 11-94 (22)
	 mean ± standart deviation	 24.72 ± 11.84
ALT (IU/L)	 Min-Max (median)	 9-109 (21)
	 mean ± standart deviation	 26.22 ± 17.13
Midline ASFT (cm)	 Min-Max (median)	 16-80 (40.60)
	 mean ± standart deviation	 40.36 ± 12.43
Flank ASFT (cm)	 Min-Max (median)	 7-44.4 (20.50)
	 mean ± standart deviation	 20.80 ± 7.63
Hepatic steatosis, n (%)	 Grade 1	 70 (73.7)
	 Grade 2	 20 (21.1)
	 Grade 3	 5 (5.3)

BMI: body mass index, TG: triglyceride, TC: total cholesterol, HDL-C: high density lipoprotein-cholesterol, 
LDL-C: low density lipoprotein-cholesterol, AST: aspartate aminotransferase, ALT: alanine aminotransferase, 
ASFT: abdominal subcutaneous fat thickness.

Table 2. Demographic and clinical characteristics of groups according to the grade of hepatic steatosis 

			   Hepatic steatosis		  Test value
		  Grade 1 (n = 70)	 Grade 2 (n = 20)	 Grade 3 (n = 5)	 p

Age (year)	 Min-Max (median)	 4-18 (10)	 8-18 (12)	 13-16 (14)	 χ2: 6.833
	 mean ± standart deviation	 11.19 ± 3.99	 13.05 ± 3.2	 14.6 ± 1.34	 a0.033*
Gender, n (%) 	 Female	 35 (87.5)	 3 (7.5)	 2 (5.0)	 χ2: 8.165
	 Male	 35 (63.6)	 17 (30.9)	 3 (5.5)	 b0.013*
BMI (kg/m2)	 Mean	 26.7	 30.9	 34.8	 χ2: 14.487
	 mean z-score	 -0.2	 0.5	 1.2	 a0.001**
TG (mg/dl)	 Min-Max (median)	 35-292 (89.5)	 43-208 (110)	 83-142 (102)	 χ2: 3.529
	 mean ± standart deviation	 97.44 ± 43.65	 115.45 ± 49.08	 112.6 ± 26.03	 a0.171
TC (mg/dl)	 Min-Max (median)	 74-279 (168)	 100-219 (166)	 122-201 (157)	 χ2: 0.753
	 mean ± standart deviation	 167.46 ± 38.84	 164.75 ± 36.35	 158.4 ± 28.11	 a0.686
HDL-C (mg/dl)	 Min-Max (median)	 23-144 (47)	 25-56 (39.5)	 30-48 (40)	 χ2: 11.745
	 mean ± standart deviation	 50.79 ± 20.12	 39.25 ± 8.17	 39.8 ± 6.5	 a0.003**
LDL-C (mg/dl)	 Min-Max (median)	 32-154 (106.5)	 60-145 (103.5)	 66-131 (98)	 χ2: 0.312
	 mean ± standart deviation	 101.39 ± 29.38	 102.2 ± 24.12	 96.6 ± 23.37	 a0.856
AST (IU/L)	 Min-Max (median)	 11-49 (20)	 20-75 (27)	 17-94 (29)	 χ2: 18.875
	 mean ± standart deviation	 21.76 ± 6.95	 31.75 ± 13.18	 38 ± 31.89	 a0.001**
ALT (IU/L)	 Min-Max (median)	 9-55 (18)	 19-109 (37)	 18-70 (37)	 χ2: 35.707
	 mean ± standart deviation	 19.86 ± 8.94	 45.1 ± 22.43	 39.8 ± 20.07	 a0.001**

a Kruskal Wallis Test. b FisherFreeman. * p < 0.05. ** p < 0.01.
BMI: body mass index, TG: triglyceride, TC: total cholesterol, HDL-C: high density lipoprotein-cholesterol, 
LDL-C: low density lipoprotein-cholesterol, AST: aspartate aminotransferase, ALT: alanine aminotransferase.
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where the most common type was grade 1 (73.6 %, 
n: 70), followed by grade 2 (21.1 %, n: 20) and 
grade 3 (5.3 %, n: 5). The mean age of the patients 
with grade 2 steatosis was significantly higher 
than those with grade 1 (p: 0.041). Grade 1 and 
2 steatosis were more common among males 
compared to females (p: 0.027 and p: 0.018, 
respectively). Patients with grade 2 steatosis had 
significantly higher BMI than that in those with 
grade 1 steatosis (p: 0.001). The mean AST and 
ALT levels were lower in patients with grade 1 
steatosis compared to those in grade 2 steatosis 
(p: 0.0035 and p < 0.0001). While TC and TG levels 
did not differ in terms of steatosis grades, patients 
with grade 1 steatosis had higher mean HDL 
levels than that in those with grade 2 (p: 0.0003) 
and grade 3 (p: 0.0141).

We found higher midline ASFT in patients 
with grade 3 steatosis than that in those with 
grade 1 (p: 0.0086) or grade 2 steatosis (p: 0.0114). 
The flank ASFT was similar across the different 
grades of hepatic steatosis (Table 3).

There was also a positive correlation between 
BMI and midline ASFT in patients with grade 
1 (r: 0.648, p: 0.001) and grade 2 steatosis 
(r: 0.558, p: 0.011). Among transaminases, AST 
correlated both with midline and flank ASFT in 
grade 1 (r: 0.463, p: 0.001 and r: 0.431, p: 0.001; 
respectively) and with flank ASFT in grade 3 
hepatic steatosis (r: 0.900, p: 0.037). There was 
also a positive correlation between midline ASFT 
and LDL-C and TC levels in patients with grade 1 
steatosis (r: 0.406, p: 0.001 and r: = 0.387, p: 0.001; 
respectively). In patients with grade 3 steatosis, 

Table 3. Evaluation of midline and flank ASFT according to grade of hepatic steatosis

			   Steatosis		  Test value 
		  Grade 1 (n = 70)	 Grade 2 (n = 20)	 Grade 3 (n = 5)	 p

Midline ASFT (mm)	 Min-Max (median)	 16-61 (38.5)	 25-57 (42.5)	 46.6-80 (64)	 χ2: 11.762
	 mean ± standart deviation	 38.48 ± 11.53	 41.23 ± 10.03	 63.12 ± 12.08	 a0.003**
Flank ASFT (mm)	 Min-Max (median)	 7-44.4 (20.5)	 11-37.4 (18.95)	 17-33 (22)	 χ2: 1.449
	 mean ± standart deviation	 20.91 ± 8.00	 19.84 ± 6.75	 23.22 ± 5.92	 a0.485

a Kruskal Wallis Test. ** p <0.01.
ASFT: abdominal subcutaneous fat thickness.

Table 4. Associations of midline and flank ASFT with BMI, TG, TC, HDL-C, LDL-C, AST, and ALT according to grade of 
hepatic steatosis 

			   Midline ASFT			   Flank ASFT
			   Hepatic steatosis			   Hepatic steatosis
		  Grade 1	 Grade 2	 Grade 3	 Grade 1	 Grade 2	 Grade 3

BMI	 r	 0.648	 0.558	 0.000	 0.233	 0.149	 0.300
	 p	 0.001**	 0.011*	 1.000	 0.052	 0.531	 0.624
TG	 r	 0.009	 0.148	 0.900	 0.154	 0.048	 0.900
	 p	 0.938	 0.534	 0.037*	 0.202	 0.840	 0.037*
TC	 r	 0.387	 0.041	 0.700	 0.089	 0.080	 0.800
	 p	 0.001**	 0.862	 0.188	 0.464	 0.738	 0.104
HDL-C	 r	 0.216	 0.412	 0.200	 0.198	 0.067	 0.300
	 p	 0.072	 0.071	 0.747	 0.101	 0.780	 0.624
LDL-C	 r	 0.406	 0.375	 1.000	 0.099	 0.025	 0.700
	 p	 0.001**	 0.104	 0.001**	 0.415	 0.917	 0.188
AST	 r	 0.463	 0.133	 0.500	 0.431	 0.126	 0.900
	 p	 0.001**	 0.575	 0.391	 0.001**	 0.598	 0.037*
ALT	 r	 0.080	 0.232	 0.700	 0.039	 0.047	 0.800
	 p	 0.513	 0.325	 0.188	 0.750	 0.845	 0.104

r: Spearman’s correlation coefficient. * p < 0.05. ** p < 0.01.
ASFT: abdominal subcutaneous fat thickness, BMI: body mass index, TG: triglyceride, TC: total cholesterol,  
HDL-C: high density lipoprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol, AST: aspartate aminotransferase,  
ALT: alanine aminotransferase.



Association of abdominal subcutaneous fat thickness with hepatic steatosis, liver enzymes, and serum lipids in obese children  /  119

a positive correlation existed between midline 
ASFT and TG (r: 0.900, p: 0.037) and LDL-C 
(r: 1.000, p: 0.001) levels). The flank ASFT was 
also positively correlated with TG level in grade 3 
steatosis patients (r: 0.900, p: 0.037; Table 4).

DISCUSSION
Childhood obesity is a potential risk factor 

of several cardiovascular diseases including 
hypertension, dyslipidemia, diabetes, or sleep 
apnea in adulthood. Therefore, it is important 
to identify any obesity-related condition in 
chi ldhood that  may progress  or  lead to 
cardiometabolic complications in later life.1,2,19,20 

This study provides important information 
regarding associations between ASFT and several 
biomarkers of such obesity-related conditions, 
which may be used to predict the risk of 
complications in obese children. Accordingly, 
our findings showed ASFT to potentially have 
a predictive value for dyslipidemia in obese 
pediatric patients, especially pronounced in those 
with grade I hepatic steatosis.

In childhood, hepatic steatosis is among the 
most common chronic hepatic diseases, and like 
in adults, it is a hallmark of NAFLD.21,22 Childhood 
obesity is associated with an increased risk of 
NAFLD, reaching a prevalence of up to 38 % in 
adolesents.21 NAFLD includes hepatic steatosis, 
ranging from mild steatosis to steatohepatitis, 
and in rare cases, to cirrhosis with a tendency to 
progress.23,24 In our study, we found that the mean 
age for grade 3 hepatic steatosis was 14 years, 
whereas the mean age for grade 1 steatosis 
was 10 years. These findings suggest that early 
diagnosis and treatment of hepatic steatosis 
may be essential due to its tendency to progress. 
It has been reported that hepatic steatosis is 
more common in males with a male to female 
ratio of 2:1.24 We also found in our study that 
the number of male patients with grade 1 and 2 
steatosis were higher than female patients, and 
the male gender carried higher risk for hepatic 
steatosis than the female patients. While obesity 
is known to attenuate gender differences in 
visceral steatosis, it was reported that pubertal 
and postpubertal boys were more likely to have 
increased abdominal fat tissue.25 Considering 
the mean age of our population, our findings 
seem to be consistent with the literature, though 
need to be clarified further with well-designed 
studies. It is also known that 20 % to 80 % of 
obese children with hepatic steatosis may have 
hypertriglyceridemia, high LDL-C and elevated 

transaminase levels.23,24

Apart from commonly used anthropometric 
measurements like skinfold thickness by caliper, 
US, CT, and MRI are imaging techniques that 
can be used to diagnose hepatic steatosis.13,18,26-28 
Among these ,  US is  a  widely  avai lable , 
inexpensive, and radiation-free modality.26 It has 
been demostrated that liver US may also be used 
for quantifying steatosis in pediatric patients, 
and sonographic assessment of steatosis strongly 
correlates with the grade of steatosis on liver 
biopsy.28,29 The disadvantage of US is that if the 
liver contains less than 30 % fat, the sensitivity 
decreases.5,13 Although there are some reports 
for hepatic imaging modalities such as CT or 
MRI to diagnose steatosis, they are generally 
considered not feasible to be used for children 
because of their inherent cost, the potential need 
for sedation, relatively limited availability, and 
the inherent radiation with CT.5,30 In our study, 
we used US to assess the liver parenchyma for 
steatosis, and found that all our patients had 
some degree of hepatic steatosis, albeit near three 
quarters with grade 1.

Increased body adipocity seen in obesity 
has been linked to metabolic derangements, 
and there have been attempts to estimate the 
amount of body fat, using various anthropometric 
parameters. Other studies focused on any 
association between the amount of visceral and 
subcutaneous fat tissue with hepatic steatosis 
and dyslipidemia.31-35 Increased visceral fat has 
been consistently reported to be associated 
with both metabolic dysregulation and elevated 
liver enzymes.32,33 Yamaguci et al., found strong 
correlation between visceral adipose tissue and 
serum lipid profile and transaminases in obese 
children.33 Bibiloni et al. showed that body mass 
index and abdominal obesity were associated 
with the prevalence of at least one abnormal 
lipid level, and low HDL-C level was the most 
common dyslipidaemia among their patients.34 
According to Bijari et al., there was a relationship 
between central obesity and adverse changes in 
lipid profiles, and they recommended screening 
children for central obesity for prevention 
of cardiovascular disease.35 Asayama et al. 
investigated the relationship between visceral fat 
thickness or the ratio of visceral to subcutaneous 
fat and various anthropometric parameters and 
reported that visceral adipose tissue correlated 
best with serum lipid values constituting a 
metabolic risk in children.32 All of these studies 
focused on the assessment of central and visceral 
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obesity, which necessitates the use of cross-
sectional imaging such as CT or MRI.

However ,  there  a re  f ew s tudies  tha t 
investigated the link between subcutaneous fat 
amount and metabolic risk factors.36,37 Mager et al., 
showed in their study that the trunk subcutaneous 
fat taken as the sum of subcutaneous fat from 
abdominal, suprailiac and subscapular regions 
predicts abnormal liver biochemistry and 
dyslipdemia.37 Lee et al., used ASFT as the sole 
parameter to reflect the subcutaneous fat amount, 
and showed positive correlation of ASFT with 
BMI and hepatic steatosis.31 Our results also 
showed that midline ASFT elevated by 64.8 % in 
grade 1 steatosis and 55.8 % in grade 2 steatosis 
per 1 kg/m2 increment in BMI, suggesting that an 
increase in BMI leads to fat deposition not only 
in the liver but also in the subcutaneous tissues. 
We also found a positive correlation between 
ASFT and BMI. Lee et al., found a correlation 
between ASFT and TC, LDL and ALT levels.31 
Similarly, our results showed that elevation 
in TG and LDL levels in patients with grade 3 
steatosis were associated with increased midline 
ASFT measurement. In addition, in our study, 
rising TG and AST levels were associated with 
increased flank ASFT measurements in grade 
3 steatosis. We also demonstrated that ALT 
values of patients with grade 1 steatosis were 
significantly lower than those with grade 2 and 
grade 3 steatosis. These results suggest that 
increases in ASFT were associated with higher 
lipid metabolic derangement, higher grades of 
steatosis, and higher levels of AST. As such, 
sonographic measurement of ASFT may be added 
to the routine workup of obese children. In this 
way, children with a higher risk of dyslipidemia 
and hepatic compromise may be identified and 
treated earlier, thereby preventing obesity-related 
complications that may arise in later years. Once 
life-style modifications and appropriate diet are 
implemented, ASFT may also be used as an easy-
applicable method to monitor children during this 
period as obesity-related risk parameters revert to 
normal ranges.

This study has some limitations. First, 
assessment of liver steatosis by US is operator-
dependent, subjective, and thus qualitative. In 
addition, if steatosis involves less than around 
30 % of liver parenchyma, the sensitivity and 
specificity become diminished.13,30 Hence, it 
may be less reproducible, and does not provide 
quantitative data about steatosis, although a 
large-scale study by Schlecht et al., reported 

high reproducibi l i ty  and val idi ty  of  US 
in measuring subcutaneous skin thickness, 
especially in non-obese children.15 Therefore, 
quantitative assessment of hepatic steatosis by 
MRI techniques in future studies may shed more 
light on this issue, and help confirm our results in 
a more reliable way. Secondly, our study lacked 
pathological verification of hepatic steatosis by 
liver biopsy as this would increase the reliability 
of our results by also clarifying other potential 
reasons included in the differential diagnosis.13 
Next, we did not collect data about ethnicity or 
waist circumference of the patients, which should 
be considered in assessing the results. Another 
limitation was that the number of patients with 
grade 3 steatosis was small compared to patients 
in other groups, which highly decreases the 
certainties of interpretation of findings related to 
this subgroup. Therefore, we believe that further 
studies with larger number of grade 3 hepatic 
steatosis patients are needed to achieve more 
reliable conclusions.

CONCLUSIONS
In conclusion, both the midline and flank 

ASFT were positively correlated with triglycerides 
in obese children with grade 3 hepatic steatosis, 
whereas in grade I steatosis, the midline ASFT 
was positively correlated with BMI, TC, LDL-C, 
and AST. Nevertheless, these associations need 
to be confirmed in future large-scaled studies, 
possibly with modalities such as MRI, which can 
assess hepatic steatosis quantitatively. n
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