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Background: Information of the relationships between body mass parameters and the
severity of fatty liver is deficient in pediatric nonalcoholic fatty liver disease (NAFLD).

Methods: The relationships between body mass parameters (waist circumference [WC],
body mass index [BMI], and abdominal subcutaneous fat thickness [ASFT]) and the
severity of fatty liver were prospectively evaluated in pediatric patients who are overweight
or obese, suffering from NAFLD. Ultrasonography was performed to assess fatty liver and
its severity on a three-grade scale (low-grade fatty liver [LGFL], grade 1 or 2; high-grade
fatty liver [HGFL], grade 3).

Results: A total of 110 subjects (55 LGFL and 55 HGFL) aged 6.2—-17.9 years were
included. The WC, BMI, and ASFT values were significantly higher in the HGFL group
compared to those in the LGFL group (p = 0.00004, 0.01, and 0.04, respectively). WC
had the greatest power to predict HGFL under receiver-operating characteristic curve
analyses and was positively correlated with the severity of fatty liver in subjects aged
6-12-year old and 13-17-year old (p = 0.007, and 0.0039, respectively). ASFT showed
a positive correlation with the severity of fatty liver in subjects aged 13-17-year old
(o = 0.04).

Conclusions: WC, BMI, and ASFT are predictive of severe NAFLD among children who
are overweight and obese; particularly, WC has the most predictive accuracy. Among the
parameters, WC and ASFT are predictive in specific age groups.

Keywords: abdominal fat, body mass index, children, fatty liver, waist circumference

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease worldwide,
and its prevalence continues to increase with the growing epidemic of obesity (1). NAFLD can
manifest as simple steatosis without the evidence of cell injury, which can progress to nonalcoholic
steatohepatitis, cirrhosis (2) and eventually to hepatocellular carcinoma (3).
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Obesity is a major public health and a medical care problem.
The rates of obesity in children and adolescents are rapidly
increasing, and the WHO has classified obesity as a disease
(4). The amount of body fat itself is important; however, the
distribution of body fat, particularly abdominal obesity, is a
crucial risk factor for metabolic syndrome and cardiovascular
disease (5). Furthermore, the prevalence of NAFLD in
children is increasing; hence, determining their abdominal
fat content is crucial for evaluating obesity. Visceral fat plays an
essential role in the pathogenesis and progression of NAFLD
(6,7).

NAFLD is usually identified by abnormal liver tests, imaging
studies, and liver biopsy (8). Ultrasound (US) of the liver is the
most common technique for screening fatty liver in the general
population (9); it is a fast, readily available, and relatively reliable
method to diagnose fatty liver when Fibroscan is not available.
It is recommended to investigate NAFLD in clinical settings in
cases in which their changes are observed in patients through
US. Several biochemical markers such as aspartate transaminase
(AST), alanine transaminase (ALT), lipid profile, fasting blood
sugar, and fasting insulin level are associated with NAFLD (10,
11). In clinical settings, the measurement of aminotransferases,
blood lipids, and insulin resistance is often used to detect
NAFLD and metabolic syndrome (11). The AST and ALT
values are commonly used to assess the severity of NAFLD
(12, 13).

There is a lack of investigations in the comparison of body
mass index (BMI) and fat indices on the severity of fatty liver
in pediatric NAFLD. The aim of this study was to investigate
the demographic, body mass parameters, and liver function
parameters and to compare various body mass parameters in
predicting the severity of NAFLD among children who are
overweight and obese. We further categorized the patients into
two different age groups and tried to determine the most
predictive body mass parameter.

MATERIALS AND METHODS
Study Design

A 1-year prospective cross-sectional study on the correlations
between body mass parameters (waist circumference [WC], BMI,
abdominal subcutaneous fat thickness [ASFT]) and the severity
of NAFLD was conducted in children aged between 6 and 18
years. Pediatric patients who are overweight or obese, who visited
the Pediatric Gastroenterology Outpatient Department of Chang
Gung Memorial Hospital, and who were diagnosed with NAFLD
were enrolled. The severity of NAFLD was assessed by the
grading of fatty liver on US. The correlations among WC, BMI,
and ASFT values, the serum levels of AST and ALT, and the
severity of fatty liver were evaluated.

Definitions of Overweight and Obesity

Using sex-specific BMI-for-age curves, overweight and obesity
were defined as one SD of the mean BMI and two SDs of age
and sex according to the WHO growth reference for school-aged
children and adolescents (14).

Diagnosis of NAFLD and Exclusion Criteria
The diagnosis of NAFLD was based on the practice guidelines
of the American Gastroenterological Association, the American
Association for the Study of Liver Diseases, and the American
College of Gastroenterology. These criteria are evidence of
hepatic steatosis on US; no significant alcohol consumption,
no other etiologies for hepatic steatosis, and no coexisting
causes of chronic liver diseases (15) were observed. Patients
who consumed alcohol and those with coexisting etiologies of
chronic liver diseases (chronic viral hepatitis, hemochromatosis,
infiltrative diseases, autoimmune liver diseases, metabolic
diseases, Wilson’s disease, hereditary diseases, and iatrogenic
causes) were excluded. As glycogenic hepatopathy could occur
in the patients with type 1 diabetes mellitus, causing elevation of
liver enzymes, we excluded those patients with diabetes mellitus
from the study to avoid the resulting bias.

Categorization and Evaluation

The subjects were categorized into a low-grade fatty liver (LGFL)
group (grade 1 or 2) and high-grade fatty liver (HGFL) group
(grade 3). The subjects were divided into those aged 6-12 and
13-17 years to compare the differences of various body mass
parameters in predicting HFGL between different age groups. We
did not recruit the younger aged children (<6 years old) due to
the BMI of a child reaching a natural nadir between 5 and 6 years
of age (16). The inclusion might result in bias when evaluating
the association between BMI and the severity of NAFLD and
might increase the risk of measurement errors caused by their
in-cooperation during US examination.

US Assessment of Fatty Liver

US was performed using the Acuson Antares instrument
(Siemens, Germany), equipped with a linear-array probe
(6.15 MHz) and a convex-array probe (4.44 MHz). The
US measurements were conducted by accredited pediatric
gastroenterologists blinded to the laboratory data of subjects.
The degree of fat accumulation in the liver was graded
according to the echogenicity of the liver parenchyma, to the
visibility of the vascular structure, and to the clarification
of the diaphragm (17). In grade 1 fatty infiltration, a
slightly increased hepatic echogenicity was noted with visible
intrahepatic vessel borders and diaphragm. Grade 2 fatty
infiltration was defined as a moderately increased hepatic
echogenicity with a slightly impaired visualization of the
intrahepatic vessels or diaphragm. Grade 3 was defined as a
markedly increased hepatic echogenicity with the obscuration of
intrahepatic vessel borders and diaphragm.

To minimize the diagnostic errors, we first examined the
echogenicity of the hepatic parenchyma, intrahepatic vessel
borders, and diaphragm. Then, liver echogenicity was compared
with renal and pancreatic echogenicity to confirm hepatic
hyperechogenicity. Finally, the details of the images were
carefully reviewed to confirm the grading of fatty liver severity.
Those participants lacking clear and detailed images were
excluded from the study.
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Measurement of Body Mass Parameters

and Liver Function
The height, WC, and weight of the subjects were measured to the
nearest 0.1, 0.1, and 0.1 kg, respectively.

Waist Circumference

WC was measured halfway between the lower rib and the
iliac crest when the subject was relaxed and exhaling normally
(18). WC was measured as follows: a tape measure was placed
immediately above the upper hip-bone parallel to the floor,
was snug to the body but not tight as to compress the skin,
and the subject exhaled and relaxed the abdomen during
the measurement.

Body Mass Index

Weight and height were measured with the subject wearing
light clothing and no shoes and were used to calculate
BMI (weight [kg]/height [m?]). The BMI-for-age z-score
was calculated using WHO Anthro software (WHO, Geneva,
Switzerland) (14).

Abdominal Subcutaneous Fat Thickness

The measurement of the ASFT was based on the US
measurement procedure by Sogabe et al. (19). The measurement
of ASFT was modified to measure only the thickness of the
fat tissue instead of the measurement as the distance from the
skin to the linea alba (Figure 1). ASFT was determined by US
using a linear probe, with the subject being perpendicular to
the body surface in a supine position, and vertical scanning
was performed along the abdominal median from the xyphoid
process to the umbilicus. To avoid fat compression errors,
the US probe was placed above a given site with minimal
pressure. The measurement procedure was performed by an
experienced pediatric gastroenterologist (Dr. Hsun-Chin Chao),
the measurements were repeated three times, and the mean of the
three values was calculated.

Liver Chemistry

Venous blood samples were collected from each subject. To
evaluate liver chemistry, AST and ALT levels were measured
using enzymatic methods (ADVIA 1650, Siemens, Tarrytown,
NY, USA).

T~

-
L ]
= =

skin to the linea alba.

FIGURE 1 | The figure illustrates the ASFT (arrows) with US. ASFT is measured using a linear probe, with the subject being perpendicular to the body surface in a
supine position, and vertical scanning. The measurement of ASFT is only the thickness of the fat tissue instead of the traditional measurement as the distance from the
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Statistical Analysis

Data entry and processing were conducted using Statistical
Package for the Social Sciences (SPSS) v. 20 software
(Armonk, NY, USA). Descriptive and inferential data analyses
were performed using chi-squared tests and Students t-
tests. In addition, Students ¢-test was used to compare
the means of continuous variables between independent
samples. Categorical data were analyzed using the chi-
squared test. Linear regression analyses were conducted to

evaluate the association between liver function and body
mass parameters with the severity of fatty liver. Receiver-
operating characteristic (ROC) curve analyses were conducted
to assess the predictive power of body mass parameters for
HGFL. An area under the curve (AUC) <0.5 suggests no
discrimination; 0.7-0.8 is considered to be acceptable, 0.8—
0.9 is considered to be excellent, and > 0.9 is considered
to be outstanding (20). The level of statistical significance
was set at p < 0.05. Continuous variables are expressed

Total 120 overweight or
obese children diagnosed
with fatty liver on US

Y

Excluded 10 children
I
2. Autoimmune hepatitis (n = 1)

oW

Viral hepatitis (n = 3)

Type 1 diabetes mellitus (n = 2)
Systemic lupus erythematosus (n = 2)
Hypothyroidism (n = 2)

Y

110 overweight or obese
children with diagnosed
NAFLD enrolled in the study

A 4
Grade 1 Grade 2
fatty liver fatty liver
(n=13) (n=42)

FIGURE 2 | Flow chart shows patient inclusion, exclusion criteria, and classification. A total of 120 met the inclusion criteria; 10 were excluded for assorted medical
conditions, with 110 patients finally being included in the study. The study patients are divided into three groups according to the grading of fatty liver on US.

Grade 3
fatty liver
(n =55)
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as means + SDs, and categorical variables are expressed
as percentages.

Ethical Approval

This study protocol was in compliance with the Declaration
of Helsinki and was approved by the ethics committee of
Chang Gung Memorial Hospital (IRB No: 201800385B0). All
the caregivers/guardian of the participants and those who were
aged 13-17 years provided their written informed consent to
participate in this study. Those participants who were aged 7-12
years signed the assent form.

RESULTS

Patients and Subgroups

Figure 2 displays the algorithm of patient inclusion and
classification. In total, 120 pediatric patients who visited
the Pediatric Gastroenterology Outpatient Department were
identified to be overweight (or obesity) with fatty liver between
May 2016 and April 2017. Of these 120 children, 10 were
excluded. The excluded cases included viral hepatitis (N = 3),
autoimmune hepatitis (N = I), type 1 diabetes mellitus (N = 2),
systemic lupus erythematosus (N = 2), and hypothyroidism (N
= 2). Finally, a total of 110 patients (82 men and 28 women)
who were diagnosed with NAFLD were enrolled in the study.
Their mean age was 12.9 £ 2.7 years (range 6.2-17.9 years).
Among these 110 patients, 55 (50%) were categorized into the
LGFL group [13 had grade 1 fatty liver (11.8%) and 42 had
grade 2 (38.2%)] and 55 (50%) had grade 3 fatty liver who were
categorized into the HGFL group.

Demographics and Clinical Characteristics
Table 1 demonstrates the demographic data, overweight status,
body mass parameters, and liver function of the patients. The
mean WC and BMI of the patients were 94.21 + 9.15cm
and 29.53 + 3.88, respectively. A total of 23 patients (21%)
were overweight and 87 (79%) were obese. The ASFT of the
patients was 1.0-5.4 cm (mean, 3.38 & 0.65 cm), and their mean
AST and ALT levels were 47.84 £ 20.23 and 71.49 £ 41.01
U/L, respectively.

Table 2 shows the clinical characteristics of patients in the
LGFL and HGFL groups. Men predominated in both the LGFL
group (39 patients, 71%) and HGFL group (43 patients, 78%).
There were no significant differences in age (p = 0.561),
proportion of men (p = 0.511), or BMI-for-age z-score (p = 0.21)
between the LGFL and HGFL groups. The AST, ALT, WC, BMI,
and ASFT values were significantly higher in the HGFL group
than in the LGFL group (p = 0.026, 0.0043, 0.00004, 0.01, and
0.04, respectively; Table 2).

Figure 3 shows the linear regression analysis of the
relationship between WC, BMI, ASFT, AST, and ALT values and
the severity of fatty liver; significant correlation of values with
the severity of fatty liver was found (p <0.0001, 0.0054, 0.0213,
0.0227, and 0.025, respectively).

TABLE 1 | Demographics and clinical characteristics of enrolled patients.

Parameters Values
Number 110
Age (years, mean + SD) 129+27
Men (%) 82 (74.5%)
Overweight 23 (21 %)
Obese 87 (79%)
Body mass parameters
WC (cm, mean =+ SD) 94.21 £9.15
BMI (mean + SD) 29.53 + 3.88
BMI-for-age z-score (mean + SD) 2.86 4+ 1.00
ASFT (cm, mean =+ SD) 3.38 +£ 0.65
Liver function
AST (U/L, mean + SD) 47.84 £ 20.23
ALT (U/L, mean =+ SD) 71.49 £ 41.01

SD, standard deviation; WC, waist circumference; BMI, body mass index; ASFT,
abdominal subcutaneous fat thickness.

TABLE 2 | Differences of clinical characteristics between the LGFL and HGFL

groups.
Variables/ LGFL HGFL Student’s-t (95% P
groups Cl)2/Chi-square®
Number 55 55
Mean of age 128 +2.7 18127 —1.321,-0.72062 0.561
(years)
Men (number, 39 (71%) 43 (78%) 0.431P 0.511
%)
Body mass parameters
WG (cm) 89.65 +£7.21 98.77 £9.37 —13.35, —4.909%  0.00004*
BMI 28.33+4.7 30.73+5.2 —4.292, —0.5212 0.01*
BMI-for-age 2.67 £0.90 3.05+ 1.08 —0.9947, —0.22422 0.21
Z-score
ASFT 320+063 3.54+065 —0.6636, —0.01497%  0.04*
Liver function
AST (U/L) 41.25 £ 16.69 54.42 £+ 23.01 —24.74, —1.586° 0.026*
ALT (UL 56.84 + 32.32 86.15 £ 46.87  —49.26, —9.3552 0.0043*

4Data of continuous variables were expressed as the mean + SD and were analyzed by
Student’s t-test; the mean values were significantly different between variables (p < 0.05%).
bDescriptive data were analyzed by Chi-squared test; the number (percentage) was
significantly different between variables (p < 0.05%).

WC, waist circumference; LGFL, low-grade fatty liver; HGFL, high-grade fatty liver; BMI,
body mass index; ASFT, abdominal subcutaneous fat thickness, Cl, confidence interval.

Demographics and Clinical Characteristics
Among Different Age Groups

There were 52 patients in the 6-12-year group and 58 patients
in the 13-17-year-old group. The mean ages of patients in the
6- to 12-year LGFL group, in the 13-17-year LGFL group, in
the 6-12-year HGFL group, and in the 13-17-year HGFL group
were 10.2 + 1.4, 16 + 1.3, 9.8 £ 1.6, and 154 + 1.6 years,
respectively. The men-to-women ratio was 4.2 (men, 81%) in the
6-12-year-old group and 2.2 (men, 69%) in the 13-17-year-old

Frontiers in Pediatrics | www.frontiersin.org

August 2021 | Volume 9 | Article 724426


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Chao and Lin Body Mass Parameters and NAFLD
A B (&
150~ 50+ 61
? [ ]
* 40+ L) ' °
~ 1004 ’é‘ 44
30-
§ = S g
L =
g . © 2- & p< 1 4
50+ ® 2 2 p ' °
104
]
g 0 1 2 3 ’ 0 1 2 3 0 T T T '
i Th de of fatty li ¢ : 8 . .
The grade of fatty liver S OTROS OF SNLY e, The grade of fatty liver
D
250+ 300+
°
200+ L4 [ ]
. ®
-— — 200
g 1504 s < s *
- 2 ° 8
% 1004 = o :
< << 1004 '
504 . :/I/I
0 T T T o ) v .
0 1 2 3 0 1 2 3
The grade of fatty liver The grade of fatty liver
FIGURE 3 | Linear regression analysis of the correlation of WC (A), BMI (B), ASFT (C), AST (D), and ALT (E) with the severity of fatty liver in children with NAFLD. The
values of all the determinants are associated with the severity of fatty liver with statistical significance (o < 0.05).

group. The numbers of patients in the 6-12-year LGFL group,
in the 13-17-year LGFL group, in the 6-12-year HGFL group,
and in the 13-17-year HGFL group were 29, 26, 23, and
32, respectively.

There were no significant differences in the mean age
of both 6-12 and 13-17 year groups between the LGFL
and HGFL groups (6-12 year groups: 95% CI: —0.3448-
1.145, p = 0.286; 13-17 year groups: 95% CI: —0.2647-1.465,
p=0.170).

Table 3 demonstrates the values of body mass parameters
between LGFL and HGFL in different age groups. The WC was
significantly higher in subjects with HGFL in both age groups
(p = 0.007 and 0.0039, respectively) (Table 3). The ASFT was
significantly correlated with the severity of NAFLD in the 13-17-
year-old group (p = 0.04) but not in the 6-12-year group (p =
0.67) (Table 3).

Predictability of Body Mass Parameters for
HGFL

Figure 4 displays the ROC curve analysis of the predictive values
of WC (A), BMI (B), and ASFT (C) in HGFL in children with
NAFLD. Among the three body mass parameters, WC (AUC,
0.741; P < 0.001) had a greater power to predict HGFL than
BMI (AUC, 0.662; p = 0.003) or ASFT (AUC, 0.626; p = 0.022)
(Table 4).

TABLE 3 | Values of body mass parameters between LGFL and HGFL in different
age groups.

Variables/groups LGFL HGFL 95% ClI P
BMI
6-12 yrs 2752+ 431 29.81+519 —4.937,0.3613 0.089
13-17 yrs 29.23+5.06 31.40+5.25 —4.905,05632 0.117
WC (cm)
6-12 yrs 87.38+5.88 9457 +7.41 —12.34,-2.044 0.007°
13-17 yrs 92.18 £8.54 101.80+ 10.35 —16.03, —3.214 0.0039*
ASFT
6-12 yrs 3.22 + 0.61 3.30 £ 0.49 -0.5102, 0.334 0.67
13-17 yrs 321+064 372+073 —0.998, —0.0238 0.04*

Data of continuous variables were expressed as the mean + SD and were analyzed by
Student’s t-test; the mean values were significantly different between variables (p < 0.05%).
WC, circumference; LGFL, low-grade fatty liver; HGFL, high-grade fatty liver, CI,
confidence interval; BMI, body mass index; ASFT, abdominal subcutaneous fat thickness.

DISCUSSION

The present study is the first to compare the predictability of BMI
and fat indices for HGFL in children who are overweight and
obese. In this study, we found that WC, BMI, and ASFT values
were correlated with the severity of fatty liver in children with
NAFLD. Among these body mass parameters, WC was the only
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FIGURE 4 | Receiver—operator characteristic curve (ROC) to illustrate the values of WC (A), BMI (B), and ASFT (C) as predictors of HGFL in children with NAFLD. The
line in the diagonal presents the ROC curve of a random predictor (AUC: 0.5). Among the three body mass parameters, WC has the greatest power to predict HGFL.

TABLE 4 | ROC curve analysis of body mass parameters (WC, BMI, and ASFT) to
identify HGFL.

Body mass Detection  AUC Std. 95% CI P
parameters of HGFL error

Lower Upper

bound bound
WC 94.5 0.741 0.047 0.648 0.834  <0.001*
ASFT 3.4575 0.626  0.053 0.522 0.731 0.022*
BMI 29.5744 0.662  0.052 0.560 0.764 0.003*

*Significance of difference between variables (p < 0.05).

ROC, receiver-operating characteristic; WC, waist circumference; BMI, body mass index;
ASFT, abdominal subcutaneous fat thickness; HGFL, high-grade fatty liver; AUC, area
under the curve; Std, standard.

predictor for severe fatty liver in different age groups (6-12 and
13-17 years), while ASFT was predictive of severe fatty liver in
those 13-17 years of age.

Several methods using noninvasive detection of NAFLD by
anthropometry and circulating biomarkers have been established
to predict the presence of NAFLD in adults and children (21—
23). WC and BMI are usually measured to detect the metabolic
syndrome, the relationships of NAFLD with BMI, and WC
have been reported in several publications (24, 25). Compared
to reports in adults, there are relatively limited publications
regarding the relationship between NAFLD and anthropometric
measurements in children. BMI was recommended as a predictor
of hepatic fibrosis in children with nonalcoholic steatohepatitis
(26, 27). A positive correlation between WC and NAFLD has
been reported in childhood (24, 28). NAFLD is strongly linked
to obesity, as its prevalence is 80% in patients with obesity and
16% in individuals with a normal BMI and without metabolic risk
factors (29). Abdominal obesity is a vital determinant in NAFLD
pathogenesis due to its association with insulin resistance and
a possible source of free fatty acids (30). Although BMI is
the standard for determining obesity, it does not reflect the
distribution of body fat. Indeed, BMI is insufficient for assessing
abdominal obesity in children because the amount of body fat
varies with growth and development (31, 32). In this study, BMI,

but not BMI-for-age z-score, was positively correlated with the
severity of fatty liver. In addition, we found that BMI was unable
to predict the HGFL among different age groups. WC is more
strongly correlated with metabolic syndrome components than
the percentage body fat or BMI (33), and the risk of NAFLD
increases with increasing WC (34, 35). Therefore, WC could
facilitate the identification of children who need a physician
supervision because of the risk of acquiring metabolic disorders.
In this study, only WC was positively correlated with the severity
of fatty liver in both younger (6-12 years) and older age (13-
17 years) groups. Furthermore, we found that abdominal fat
provided information regarding the risk of severe fatty liver in
children with NAFLD.

CT, MR, and dual-energy X-ray absorptiometry (DEXA) are
frequently used to measure the abdominal obesity in adults (36—
39). However, their use in routine clinical practice is hampered
by the associated cost, time, radiation exposure, and diverse
contraindications. Abdominal US is a noninvasive, easy, and safe
tool to assess hepatic diseases; it is widely used for screening
asymptomatic patients with incidental elevation of liver enzymes
or patients with suspected NAFLD. The US findings of
suspected NAFLD include hepatomegaly, diffuse increases in the
echogenicity of the liver parenchyma, and vascular blunting.
With the development of computer technology, nowadays, it
is possible to quantitatively determine the liver fat content by
the US hepatic/renal ratio (40, 41). In addition, US provides
a reliable and convenient means of quantifying the visceral
fat thickness (VFT) and ASFT. There is a highly significant
correlation between the amount of intra-abdominal adipose
tissue determined by CT and US (42, 43). Visceral adipose tissue
is associated with the degree of hepatic fat infiltration, even in
nonobese adults (44). In a study of adolescent patients with
NAFLD, visceral adiposity was associated with the severity of
hepatic steatosis in patients who are mostly men (45). VFT, rather
than the body weight or body fat percentage, is reportedly an
independent risk factor for NAFLD (46), and an increased VFT is
a prognostic factor for insulin resistance and NAFLD in children
(47). The abdominal-wall fat index, defined as the ratio of the
preperitoneal fat thickness = the subcutaneous fat thickness
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measured using US, is related to NAFLD and/or advanced hepatic
fibrosis in patients with diabetes (48).

Compared to the reports on adult patients, there are
evidently limited publications about the relationship between
NAFLD and anthropometric measurements of abdominal fat in
childhood. Visceral and subcutaneous fat measurements provide
information regarding metabolic dysregulation in children
affected by obesity and NAFLD (49). The visceral fat measured
using MRI or DEXA found that visceral fat was an independent
factor of NAFLD or hepatic fibrosis in children and adolescents
with obesity (50, 51). In our study, we used the US measurement
of ASFT instead of VFT because the measurement of VFT using
US can be challenging in patients with obesity due to attenuated
US images in the deep portion, whereas the measurement of
ASFT is easier and has less error because the measurement site is
closer to the body surface. Besides, the measurements of ASFT by
measuring the fat tissue only could accurately represent the true
thickness of ASFT. In this study, we found that ASFT measured
using US was positively correlated with the severity of fatty liver
in overweight children with NAFLD, particularly in the 13-17
years of age.

Proton magnetic resonance spectroscopy (1H-MRS) is
considered the most accurate technique of detection and
quantification of hepatic steatosis (52). US elastography is
a simple and efficient method, which is being increasingly
used to diagnose pathological variations in liver stiffness and
steatosis [controlled attenuation parameter (CAP)]. However,
the interpretation of results can differ from patient to patient,
depending on the liver disease etiology and the underlying
comorbidities that should be considered (53).

The strengths of this study are the random recruitment of the
children who are overweight or obese, as well as the standardized,
single-center measurements. This study provides age- and sex-
related reference charts for widely used body mass parameters
for NAFLD in children and adolescents aged 6-17 years who are
overweight and obese. The simple method of measuring ASFT
using US enables clinicians an easy and fast evaluation of the
references of their patients for assessing the severity of NAFLD
in the clinical setting.

This study had several limitations. First, the cross-sectional
design of the study prevented the assessment of age-related
changes; thus, longitudinal analyses are needed. Second, our
analyses were performed in Taiwan, and the ASFT values
may differ among ethnicities. Third, we did not assess the
correlations between WC, BMI, and ASFT and pathologically
proven steatohepatitis or did not perform comparisons with
MRI, DXEA, or 1H-MRS findings.
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