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Clinical spectrum transition and
prediction model of
nonalcoholic fatty liver disease
in children with obesity

Xuelian Zhou', Xiufu Lin', Jingnan Chen, Jiaqgi Pu, Wei Wu,
Zhaoyuan Wu, Hu Lin, Ke Huang, Li Zhang, Yangli Dai,
Yan Ni*, Guanping Dong* and Junfen Fu**

The Children’s Hospital, Zhejiang University School of Medicine, National Clinical Research Center
for Child Health, Hangzhou, China

Objective: This study aims to outline the clinical characteristics of pediatric
NAFLD, as well as establish and validate a prediction model for the disease.

Materials and methods: The retrospective study enrolled 3216 children with
obesity from January 2003 to May 2021. They were divided into obese without
NAFLD, nonalcoholic fatty liver (NAFL), and nonalcoholic steatohepatitis
(NASH) groups. Clinical data were retrieved, and gender and chronologic
characteristics were compared between groups. Data from the training set
(3036) were assessed using univariate analyses and stepwise multivariate
logistic regression, by which a nomogram was developed to estimate the
probability of NAFLD. Another 180 cases received additional liver hydrogen
proton magnetic resonance spectroscopy (IH-MRS) as a validation set.

Results: The prevalence of NAFLD was higher in males than in females and has
increased over the last 19 years. In total, 1915 cases were NAFLD, and the peak
onset age was 10-12 years old. Hyperuricemia ranked first in childhood NAFLD
comorbidities, followed by dyslipidemia, hypertension, metabolic syndrome
(MetS), and dysglycemia. The AUROC of the eight-parameter nomogram,
including waist-to-height ratio (WHtR), hip circumference (HC), triglyceride
glucose-waist circumference (TyG-WC), alanine aminotransferase (ALT), high-
density lipoprotein cholesterol (HDL-C), apolipoprotein A1(ApoAl), insulin
sensitivity index [ISI (composite)], and gender, for predicting NAFLD was
0.913 (sensitivity 80.70%, specificity 90.10%). Calibration curves
demonstrated a great calibration ability of the model.

Conclusion and relevance: NAFLD is the most common complication in
children with obesity. The nomogram based on anthropometric and
laboratory indicators performed well in predicting NAFLD. This can be used
as a quick screening tool to assess pediatric NAFLD in children with obesity.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is histologically
defined as fatty infiltration > 5% hepatocytes in the absence of
other known causes of fatty liver, with a spectrum of diseases
including nonalcoholic fatty liver (NAFL), nonalcoholic
steatohepatitis (NASH), liver fibrosis, and cirrhosis (1).
NAFLD has increased in prevalence in concert with the global
pandemic of obesity and type 2 diabetes mellitus (T2DM), which
has become the most common form of chronic liver disease all
over the world (2, 3). The prevalence of pediatric NAFLD in
America is about 3% to 11% (4), while the prevalence in Asia and
China is about 6.3% and 3.4% respectively (5). The early onset of
obesity significantly increases the risk of developing NAFLD in
adolescence (6). The prevalence of NAFLD in children and
adolescents has increased by 62% over the past ten years,
nearly one-third of boys and one-fourth of girls suffered from
NAFLD in obese children (7, 8). The increased incidence of
pediatric NAFLD is closely associated with an unhealthy diet,
such as industrialized products, fried foods, and sweetened
beverages (9). It is suggested that the early onset of NAFLD
may lead to advanced liver disease earlier in adulthood, and the
impacts of the bad habits developed during childhood are
difficult to overcome in the future. The early onset of NAFLD
and insulin resistance seems to be responsible for increased risk
of cardiovascular events and promote the progression of T2DM
and chronic kidney disease (10-14).

Most pediatric cases are NAFL, a relatively benign, non-
progressive clinical course, while 17-38% of NASH will progress
to fibrosis and cirrhosis (15, 16). It is estimated that the overall
and liver-specific mortality in NAFLD populations are 11.77 and
0.77 per 1000 person-years, whereas they are 25.56 and 15.44 per
1000 person-years among NASH populations (3). Therefore,
comprehensive screening of NAFL (potential risk group) and
early identification of NASH (high-risk group) in childhood are

Abbreviations: NAFLD, Nonalcoholic fatty liver disease; NAFL,
Nonalcoholic fatty liver; NASH, Nonalcoholic steatohepatitis; MetS,
Metabolic Syndrome ; T2DM, Type 2 diabetes mellitus ; OGTT, Oral
glucose tolerance test; IGT, Impaired glucose tolerance; IFG, Impaired
fasting glucose; FPG, Fasting plasma glucose; BMI, Body mass index; WC,
Waist circumference; HC, Hip circumference; WHtR, waist-to-height ratio;
WHR, waist-to-hip ratio; SBP, Systolic blood pressure; DBP, Diastolic blood
pressure; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase;
TG, Total triglycerides; TC, Total cholesterol, LDL-C, Low density lipoprotein
cholesterol; HDL-C, High density lipoprotein cholesterol; ISI, Insulin
sensitivity index; HOMA-IR, Homeostatic model assessment of insulin
resistance; TyG-index, Triglyceride-glucose index; TyG-WC, Triglyceride
glucose-waist circumference; TyG-BMI, Triglyceride glucose-body mass
index; TyG-WHIR, Triglyceride glucose-waist-to-height ratio; 'H-MRS,
Hydrogen proton magnetic resonance spectroscopy; AUROC, Area under
the receiver operator characteristic curve; ApoAl, apolipoprotein Al; ApoB,

apolipoprotein B.
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key issues in preventing and treating the chronic progression of
liver disease. Efficient and cost-effective assessment approaches
for risk stratification of pediatric NAFLD for these 2 critical end
points are urgently needed.

Liver biopsy is the gold standard for the diagnosis of NAFLD
but the invasiveness, cost, and sampling variability limit its
application in clinics. Hydrogen proton magnetic resonance
spectroscopy ("H-MRS) can quantitatively measure liver fat
content in a highly accurate and precise manner (17).
Nevertheless, MRS is time-consuming and costly.
Ultrasonography is still the most commonly used imaging
technique for NAFLD screening in pediatrics due to its non-
invasive and economical nature. However, the sensitivity of
ultrasound for the detection of mild steatosis is 60.9%-65%
(18, 19). Thus, alternative noninvasive strategies, such as
serum biomarkers (ALT/AST ratio, APR Index, BARD score,
NAFLD fibrosis score, FIB-4 index, exosomal miRNAs), and
imaging techniques (elastography) have made great strides over
the past decade (20, 21). Other cardiometabolic risk factors, such
as triglyceride glucose-waist circumference(TyG-WC),
triglyceride glucose-body mass index(TyG-BMI), triglyceride
glucose-waist-to-height ratio(TyG-WHtR), waist-to-hip ratio
(WHR), waist-to-height ratio(WHtR), and homeostatic model
assessment of insulin resistance(HOMA-IR) have also been
reported to be suitable predictors of NAFLD (22-24).
However, the sensitivity and specificity of a single index still
need to be improved.

Non-invasive, fast, and accurate prediction models based on
biochemical and anthropometry parameters were lacking in
pediatric NAFLD. Nomogram is a graphical presentation of a
clinical prediction model, which is helpful in the early
identification of high-incidence diseases and can be widely
used in clinics, and even in primary hospitals. This study aims
to explore the clinical spectrum and establish a nomogram for
predicting childhood NAFLD.

Methods
Subjects

A retrospective study was conducted among 4276 children
with obesity who presented for metabolic assessment from
January 2003 to May 2021 at The Children’s Hospital of
Zhejiang University. Children with BMI exceeding the 95th
percentile of their age were diagnosed as obese, and BMI was
calculated by dividing weight (kg) by height squared (m?).
Exclusion criteria (1): participants missing anthropometric,
laboratory, and image data (2); participants with systemic or
organic diseases (3); participants with chronic liver disease
caused by other known reasons (3); participants taking
antihypertensive drugs, antidiabetic drugs, lipid-lowering
drugs, uric acid-lowering drugs, or those taking hepatotoxic
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agents. Finally, 3216 obese children (aged from 2 to 18 years)
were enrolled in this study, among which, 3036 cases were used
as the training set for the establishment of the predictive model
for NAFLD. The remaining180 cases who underwent liver 'H-
MRS were used as the validation set. This study was approved by
the Ethics Committee of Zhejiang University (China). All
patients and their families gave informed consent. The
flowchart is shown in Figure 1.

Anthropometric data collection
and measurement

All of the patients underwent detailed history and physical
examinations by trained pediatric endocrinologists. Blood
pressure was measured on the right upper arm in a sitting
position after a ten-minute rest. The recommended criteria for

4276 obese/overweight children aged from 2-18y
admitted to our hospital for metabolic assessment:

1364 females, 2912 males

( Laboratory data missing 341: \ Anthropometry data missing 478:

« OGTT test missing 201 « Waist Circumference 377

« TG missing 76 + Height 50
« HDL missing 30 [ « Hip circumference 46
« Urine acid missing 24 * Weight 5

+ ALT missing 5
+ ApoA1 missing 5

Liver ultrasound missing 218 ]

Other Comorbidity 12: )

« Central precocious puberty 7
« Polypituitary hormone deficiency 3
« Prader-Williams syndrome 2

- /

R A

Patients taking metformin 11 ]

Y

3216 obese/overweight children aged
from 2-18y were inrolled into this study:

« 991 females, 2225 males

v v
1301 without NAFLD 1264 NAFL 651 NASH
519 femles, 782 males 356 females, 908 females 116 females, 535 males

Nomogram for predicting NAFLD
3036 for training 180 for validation
FIGURE 1

Flow chart. We identified a total of 4276 children with obesity
from Jan 2003 to May 2021 who came to our hospital for
metabolic assessment. 3216 children were enrolled in this study
according to the above exclusion criteria. They were divided into
three groups according to liver ultrasound and serum ALT
concentration, and their clinical characteristics were detailed and
analyzed. We established and validated a nomogram model for
predicting childhood NAFLD. Among which, 3036 cases were
used as the training set and 180 cases were used as the
validation set.
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hypertension in children are as follows: the systolic blood
pressure (SBP) of infants > 100/60 mmHg, preschool children
> 110/70 mmHg, school-age children > 120/80 mmHg, and
those over 13 years old > 140/90 mmHg (25). The subjects were
measured for height and weight without shoes. WC was
measured in a standing position between the lowest costal
margin and the top of the iliac crest. HC was measured at the
horizontal level of the widest part of the trochanter. WHtR was
calculated as WCl/height, and waist-to-hip ratio (WHR) was
calculated as WC/HC.

Laboratory and image data collection
and measurement

Fasting blood samples were collected for metabolic
assessment. TC, triglycerides (TG), low-density lipoprotein
(LDL), high-density lipoprotein cholesterol (HDL-C),
apolipoprotein A1(ApoAl), apolipoprotein B (ApoB), uric acid,
aminotransferase (AST), and alanine aminotransferase (ALT)
were measured by routine laboratory testing (Synchron Clinical
System CX4; Beckman Instruments, Columbia, Maryland).
Hemoglobin Alc (HbAlc) was measured by high-performance
liquid chromatography. All participants underwent a standard
oral glucose tolerance test (OGTT), and blood glucose and insulin
levels were measured every 30 minutes from 0 min to 120 min
during OGTT. Glucose levels were measured by the standard
glucose oxidase method on a glucose analyzer (Beijing North
Institute of Biological Technology, Beijing, China). Plasma levels
of insulin were determined by radioimmunoassay (Beijing North
Institute of Biological Technology, Beijing, China).

Insulin sensitivity index (ISI): ISI (composite) was calculated
as k/sqrt (GOxI0xG120x1120). GO and G120 represent the blood
glucose level at 0 and 120 min, I0 and 1120 represent the insulin
level at 0 and 120 min of OGTT (26).

HOMA-IR = fasting glucose level (mmol/L) x fasting insulin
level (WU/mL)/22.5 (27). The triglyceride—glucose index (TyG-
index) = In [fasting triglyceride level (mg/dL) x fasting glucose
level (mg/dL)/2] (28). TyG-WC, TyG-BMI, and TyG-WHR
were calculated as TyG-index x WC, TyG-index x BMI, and
TyG-index x WHIR, respectively (29). TG/HDL-C ratio was
defined as TG (mmol/L)/HDL-C (mmol/L) (30).

Liver B-ultrasound was performed by trained sonographers
on all participants (Philips 5500). All the participants received B-
ultrasound. Of these, 3026 cases were used as the training set to
establish the prediction model for NAFLD. The 180 cases that
received additional hepatic 'H-MRS were used as the validation
set. Hepatic "H-MRS using a 1.5-T clinical MR imager while the
patient was at rest and supine (Magnetom Avanto, Siemens
Healthcare, Erlangen, Germany) (31). Relative liver lipid content
was obtained using the equations verified by Longo et al (32).
"H-MRS is comparable to liver biopsy in liver fat quantification,
is relatively noninvasive, and can even avoid sampling error.
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Diagnosis criteria

NAFLD was diagnosed according to the Chinese consensus
on the diagnosis and treatment of NAFLD in children released
by the Chinese Society of Pediatric Endocrinology and
Metabolism (33). NAFL is diagnosed if a patient meets 1 and
3 of the following criteria; NASH is clinically diagnosed if a
patient meets 1-3 of the following criteria (1): chronic hepatic
steatosis in children under 18 years old, which is not secondary
to an infection, genetic diseases, alcohol consumption, drugs, or
malnutrition (2); serum ALT level was greater than 60U/L and
lasted more than 3 months in the condition of lifestyle
intervention (3); imaging findings meet the diagnostic criteria
for diffuse fatty liver disease.

Diagnostic criteria for diabetes mellitus were according to
the American Diabetes Association 2019 (34). Criteria for
diabetes mellitus (1): fasting plasma glucose (FPG) > 126 mg/
dL (7.0 mmol/L), fasting is defined as no caloric intake for at
least 8 h (2). 2-h plasma glucose (2-h PG) > 200 mg/dL (11.1
mmol/L) during a 75-g OGTT (3), A1C = 6.5% (4), In a patient
with classic symptoms of hyperglycemia or hyperglycemic crisis,
a random plasma glucose > 200 mg/dL (11.1 mmol/L). And
T2DM was diagnosed by insulin C peptide release assay. IFG:
FPG between 5.6 and 6.9 mmol/L, IGT: 2-h PG between 7.8 and
11.0 mmol/L.

MetS in children aged between 6 and 18 years was defined as
central obesity (defined as waist circumference larger than 90th
percentile) and at least two of the following MetS components
(1): IFG: FPG > 5.6 mmol/L or T2DM (2), systolic or diastolic
blood pressure > 95th percentile of blood pressure in children of
the same age and sex (3), high serum TG level > 150 mg/dL (1.7
mmol/L), or (4) decreased serum HDL-C <40 mg/dL (1.03
mmol/L) (35, 36).

Dyslipidemia included (1): hypertriglyceridemia: TG >
1.76mmol/L (2), hypercholesterolemia: TC > 5.2mmol/L (3),
low high-density lipoproteinemia: HDL-C < 1.03mmol/L, (4)
high low-density lipoproteinemia: LDL-C > 3.38mmol/L (37).

Hyperuricemia in children was defined as follows: the serum
uric acid level > 500 pumol/L (1 to 12 months), > 320 umol/L (1
to 10y), > 470 pmol/L (11 to 15y males), > 350 pmol/L (11 to 15y
females), > 420 pumol/L (males over 15y and menopausal
females), > 360 umol/L (non-menopausal females over 15y)
(38, 39).

Statistical analysis

Counts (percentages) were presented for categorical variables.
For continuous variables, means + SD represented normal
distribution data, and quartile intervals represented non-normally
distributed data. The significance of differences between groups was
evaluated by the Cochran-Armitage test for continuous variables
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and the chi-squared test for categorical variables. We performed
multinomial logistic regression to assess the association between
quartiles of indexes for lipid and glucose metabolic disorders [ISI
(composite), TyG, TyG-BMI, TyG-WC, TyG-WHtR, TG-HDL,
HOMA-IR] and NAFLD with three outcomes (obese without
NAFLD, NAFL, NASH). Tests for linear trends were conducted
by entering the median value of predictors in each category as a
continuous variable in the models. Univariate analyses were
performed to determine the factors associated with NAFLD.
Linear regression and colinear diagnosis were performed to
exclude colinear factors and variance inflation factors (VIF) of
>10 indicated collinearity between variables. A stepwise multivariate
logistic regression was conducted to identify independent predictors
of NAFLD and estimate the odds ratio (OR) and 95% confidence
interval (CI). Cofounding variables including age, BMI, SBP, DBP,
HOMA-IR, LDL-C, Lipid protein A, Apo B, AST, TC, TG, uric
acid, 2h glucose, and fasting glucose were adjusted. A nomogram
composed of eight parameters was conducted for the prediction of a
patient’s probability of having NAFLD. Area under the receiver
operating characteristics curve (AUROC) analysis, sensitivity, and
specificity were used to assess the accuracy of the model. SPSS 26.0
and R software (version 4.0.2) were used for statistical analyses and
a P value <0.05 was considered statistically significant.

Results

Metabolic spectrum of children with
obesity and comorbidities of
pediatric NAFLD

In total, 3,216 children with obesity aged 2-18.0 years were
enrolled in this study. Of these, 1915 cases (59.55%) were
NAFLD by B-ultrasound, among which, 1,443 were males
(75.35%) and 472 were females (24.65%). A metabolic
assessment revealed that NAFLD was the most common
complication of childhood obesity, followed by hyperuricemia,
dyslipidemia, hypertension, metabolic syndrome, IFG, IGT, and
T2DM (Figure 2A). The prevalence of obesity and metabolic
disorders has been increasing over the last 19 years (Figure 2B).
The prevalence of NAFLD and hypertension was much higher in
males, while the prevalence of hyperuricemia, dyslipidemia, and
metabolic syndrome (MetS) was higher in females. The
prevalence of dysglycemia was almost equal in both genders
(Figure 2C). The top comorbidity of NAFLD in children was
hyperuricemia, followed by dyslipidemia, hypertension, MetS,
IGT, IFG, and T2DM (Figures 2D, E). More males suffered from
these comorbidities than females (Figure 2D), and the
prevalence of comorbidities among pediatric NAFLD has been
increasing over the last 19 years (Figure 2E). The onset age of
NAFLD in children was normally distributed, and the peak onset
age was 10-12 years old (Figure 2F).
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Characteristics of pediatric NAFLD

The clinical features of 3,216 children with obesity were
detailed and analyzed according to different time periods
(Table 1) and genders (Table 2). They were further divided
into three sub-groups according to the Chinese consensus on the
diagnosis and treatment of NAFLD in children: obese without
NAFLD, NAFL, and NASH groups. Linear trend analysis
revealed that BMI, height, weight, WC, HC, fasting insulin, 2h
insulin, TC, and uric acid were linearly correlated with NAFLD
regardless of time or gender (p < 0.05). Age was linearly
correlated with NAFLD in both 2003~2012 and 2013~2021,
and also correlated with NAFLD in females but had no
correlation with NAFLD in males. WHtR was linearly
correlated with NAFLD in both genders, and also linearly
correlated with NAFLD in 2013-2021 but had no correlation
in 2003-2012. ALT was linearly correlated with NAFLD in
patients from 2013-2021 and females, but had no correlation
in patients from 2003-2012 and males. TG was linearly
correlated with NAFLD in females only (Tables 1, 2).

Clinical features of the participants over the last 19 years
revealed that the prevalence of obesity, with and without NAFLD,

10.3389/fendo.2022.986841

increased during 2013-2021 when compared with 2003-2012. BMI,
WC, HC, SBP, DBP, fasting insulin, 2h insulin, LDL-C, and uric
acid in each group also increased significantly during 2013-2021
when compared with 2003-2012. Interestingly, WHtR did not
change in the obese without NAFLD group but increased
significantly in the NAFL and NASH group during 2013-2021
compared with 2003-2012 (Table 1).

Clinical features of the participants of different genders revealed
that obese children with and without NAFLD were more common
in males than females. WC, WHtR, WHR, SBP, fasting insulin, 2h
insulin, HDL-C, ALT, and AST were much higher in males than
females in each group. While 2h glucose and TG level were much
higher in females than males in each group (Table 2).

Cardiometabolic risk factors of
pediatric NAFLD

Cardiometabolic risk factors of pediatric NAFLD, including
ISI (composite), HOMA-IR, TyG-index, TyG-BMI, TyG-WC,
TyG-WHIR, and TG/HDL-C, were divided into four groups
(Q1, Q2, Q3, and Q4) according to the quartile loci of these
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FIGURE 2

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Age (y)

Metabolic spectrum of childhood obesity and comorbidities of pediatric NAFLD. (A) Gender composition of metabolic disorders in children with
obesity: NAFLD is the most common complication of childhood obesity, more males suffered from obesity and metabolic disorder than females.
(B) Chronologic composition of metabolic disorders in children with obesity: The prevalence of obesity and metabolic disorders in children has
been increasing in recent 19 years. (C) Prevalence of metabolic disorders in children with obesity adjusted by gender: the prevalence of NAFLD
and hypertension was much higher in males than females, while hyperuricemia was much more prevalent in females than males. (D) Gender
composition of comorbidities in pediatric NAFLD: hyperuricemia ranked top one comorbidities of childhood NAFLD. (E) Chronologic
composition of comorbidities in pediatric NAFLD: The prevalence of comorbidities of pediatric NAFLD has been increasing in the last 19 years.
(F) Age distribution of children with NAFLD: the peak onset age of childhood NAFLD is 10-12 years old. Note: the number on the top of the
figure indicates the count of patients, red represents females, and blue represents males.

Frontiers in Endocrinology

05

frontiersin.org


https://doi.org/10.3389/fendo.2022.986841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhou et al.

TABLE 1 Clinical features of the participants over the recent 19 years.

female
male
Age (y)

Anthropometry
BMI (kg/cm?)

Weight (kg)
Height (cm)
WC (cm)
HC (cm)
WHItR
WHR

Blood pressure

SBP (mmHg)
DBP (mmHg)

Glucose
metabolism

HbAIc (%)

Fasting glucose
(mmol/L)

Fasting insulin
(uIU/ml)

2h glucose (mmol/
L)

2h insulin (uIU/
ml)

Lipid profile

TG (mmol/L)
TC (mmol/L)
LDL-C (mmol/L)

HDL-C (mmol/L)

Inflammatory
marker

Total

3216

991

2225

10.18 +
2.53

28.27 £
4.19

63.58+
18.76

148.21 +
14.64

89.37
11.40

94.83 +
11.31

0.62 +
0.09

093 +
0.09

120.34 +
14.14

69.94 +
9.48

577
0.57

535+
0.62

21.96 £
16.93
6.83 £
1.47

89.20 =
95.41

1.38 +
0.88

429 +
0.86

2.57 +
0.66

122 +
0.27

Frontiers in Endocrinology

Obese without
NAFLD

456 (14.18%)

181 (18.26%)

275 (12.36%)

9.11 £ 2.70

26.45 + 3.40

53.60 + 15.84

140.75 + 15.54

83.23 + 9.56

89.06 + 10.44

0.59 + 0.06

0.94 + 0.06

111.99 + 13.32

67.05 + 8.44

5.76 + 0.48

5.25 + 0.58

16.11 £ 11.99

6.50 + 1.02

38.53 +47.78

1.32 £ 1.27

4.29 £ 0.85

2.40 + 0.63

1.26 £ 0.32

NASH P valuefor
trend

2003-2012
NAFL
430 296
(13.37%)  (9.20%)
125 53 (5.35%)
(12.61%)
305 243
(13.71%)  (10.92%)
1030+ 1064 +
2.36 224
2861+ 2901+
4.15 3.88
6482+  66.59 +
17.23 16.29
14920 + 15042 +
12.84 12.06
9054+ 9204 +
10.45 10.08
9507 + 9544 +
10.62 9.48
061 + 0.61 +
0.05 0.05
0.96 + 097 +
0.07 0.06
11686 + 11977 +
14.39 14.66
68.60 +  69.54 +
8.93 7.89
587 + 5.87 +
0.51 0.54
522 + 529 +
0.61 0.68
2070+ 2238+
14.87 19.52
6.60 + 711 +
1.18 1.79
7542+ 9128+
76.02 86.46
1.40 + 1.56 +
0.74 0.76
428 + 451 +
0.80 0.85
242 + 2.60 +
0.65 0.68
1.20 + 114 +
0.29 025

06

0.0029

0.0107

7.00E-04

3.00E-04

0.0019

2.00E-04

0.0026

0.2012

0.2983

0.0665

0.4069

0.3674

0.795

0.0214

0.6615

2.20E-16

0.1466

0.9949

0.8325

0.2954

Obese without

NAFLD

845 (26.27%)

338 (34.11%)

507 (22.79%)

9.66 + 2.68

26.76 + 3.78

57.62 + 17.98

144.79 + 15.38

84.89 + 10.74

91.75 £ 11.21

0.59 + 0.06

0.92 £ 0.08

120.66 + 13.35

69.71 £ 9.95

5.67 +0.51

537 +0.48

20.71 £ 16.50

6.64 £ 1.12

89.59 + 102.84

1.26 + 0.67

4.19 £ 0.82

2.56 + 0.59

1.25+£0.27

10.3389/fendo.2022.986841

2013-2021
NAFL NASH
834 355
(25.93%)  (11.04%)
231 63 (6.36%)
(23.31%)
603 292
(27.10%)  (13.12%)
10.61 + 1126 +
233 1.99
2953 + 3023 +
4.06 453
69.00 + 73.83 +
18.21 18.60
15155+ 155.07 +
1347 12.04
92.90 + 95.98 +
10.70 11.14
98.62 + 99.85 +
10.62 10.95
065+  0.65+0.11
0.11
091+ 093012
0.12
12381+ 12691 +
13.03 12.49
71.13 + 7339 +
9.66 9.65
574+ 588 +074
0.60
538+ 554 +0.93
0.54
2447 + 27.69 +
17.91 18.16
690+  7.57 £228
1.45
10553 + 12994 +
97.47 114.47
137+ 154+ 1.03
0.81
425+ 449 +0.90
091
264+ 281 £070
0.67
121+ 1214026
025

P valuefor
trend

2.20E-16

0.0078

2.20E-16

2.20E-16

4.00E-04

2.20E-16

2.20E-16

2.20E-16

0.5788

0.1528

0.385

0.3796

0.9156

0.0086

0.1524

0.0077

0.1102

0.7265

0.3487

0.2582

(Continued)
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TABLE 1 Continued

Total 2003-2012
Obese without NAFL NASH
NAFLD
Uric acid (umol/L)  390.23 + 349.72 + 81.74 382.94 + 41890 +
96.51 95.53 91.92
AST (U/L) 3497 + 27.22 + 13.85 27.73 + 66.42 +
2538 9.56 35.77
ALT (U/L) 46.83 + 26.12 + 18.73 3289+ 11626 +
47.64 13.28 60.95

indicators (Supplemental Table S1). Linear trend analysis
showed that all the indicators were linearly correlated with
pediatric NAFLD (p < 0.05, Supplemental Table S2).
Multivariate regression analysis revealed that five of the
cardiometabolic risk factors, including ISI (composite),
HOMA-IR, TyG-BMI, TyG-WC, and TyG-WHtR, were
significant indicators associated with NAFLD when adjusted
for age and gender (p < 0.05), while TyG-index and TG/HDL-C
were not significantly associated with pediatric NAFLD
(Table 3). TyG-WC was the most significant factor associated
with NAFL (adjusted odds ratio = 5.74, 95% CI: 4.30 - 7.67, p <
0.05) and NASH (adjusted odds ratio = 10.23, 95% CI: 7.00 -
14.95, p < 0.05).

Establishment and validation of a clinical
prediction model for pediatric NAFLD

The clinical characteristics of the training and validation set
are shown in Supplemental Table S3. After a stepwise multivariate
logistic regression, we established a nomogram for predicting
NAFLD based on anthropometric and laboratory indicators
(Figure 3A). Eight variables including WHtR, HC, TyG-WC,
ALT, HDL-C, ApoAl, ISI (composite), and gender were chosen
to establish the predicting model. The variables in the equation are
shown in Supplementary Table S4. Each variable was assigned a
score from 0 to 100, among which, ALT scored the highest. A total
score was calculated by each covariate and then placed on the total
point scale. In this way, the possibility of NAFLD could be
efficiently estimated. The AUROC of the prediction model was
0.821 (95% CI 0.806-0.835, p < 0.001), and, with a cut-off value of
0.60, the sensitivity and specificity were 70.70% and 79.10%,
respectively (Figure 3B).

We also established a nomogram for predicting NAFLD in
males and females respectively. The AUROC of the six-
parameter nomogram model including WHtR, HC, ALT,
HDL-C, ApoAl, and ISI (composite) for predicting male
NAFLD was 0.817 (95% CI 0.798-0.835, p < 0.001). The
AUROC of the seven-parameter nomogram model including
WHIR, age, TyG-WC, ALT, TC, ApoB, and HOMA-IR for
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2013-2021
P valuefor  Obese without NAFL NASH P valuefor
trend NAFLD trend
0.021 371.01 + 91.46 40151 + 44649 + 0.0026
94.88 97.75
0.7952 2587 + 11.76 26.80 + 68.33 + 0.5436
9.19 38.22
0.1345 25.94 + 19.57 3179 + 117.51 + 0.0344
13.40 64.13

07

predicting female NAFLD was 0.810 (95% CI 0.782-0.837, p <
0.001) (Supplementary Figure S1).

The performance of gender-independent predictive models
was not better than the eight-parameter nanogram. Thus, liver
fat content detected by 'H-MRS was used as the gold standard of
NAFLD to validate the efficiency of the eight-parameter
nomogram model. The prediction model performed well in
the validation set, and the AUROC was 0.913 (95% CI 0.879-
0.960, p < 0.001), with a cut-off value of 0.60. The sensitivity and
specificity were 80.70% and 90.10%, respectively (Figure 3C).
The calibration curve of the prediction model of pediatric
NAFLD was extremely close to the diagonal line and
demonstrated agreement between the training and validation
sets (Figures 3D, E).

Discussion

The prevalence of pediatric NAFLD is projected to
continually increase, considering the change in lifestyle and
the ongoing obesity epidemic beginning in childhood.
However, the epidemiology, natural history, and clinical
spectrum of childhood NAFLD are not clarified due to the
lack of efficient and cost-effective assessment approaches. This
study obtained a large sample database of children with obesity
(1,264 NAFL, 651 NASH, and 1,301 obese without NAFLD), and
detailed the clinical spectrum, chronologic and gender
differences, and cardiometabolic risk factors of
NAFLD. Further, this study established and validated a
predictive model of childhood NAFLD based on
anthropometric and laboratory indicators. These data enriched
the metabolic spectrum of childhood NAFLD and played an
important role in screening, follow-up, and evaluation of
pediatric NAFLD.

In this study, NAFLD is the most common complication
among children with obesity, followed by hyperuricemia,
dyslipidemia, hypertension, MetS, and dysglycemia. The
prevalence of NAFLD in China has increased in parallel with
childhood obesity over the previous 19 years, which may be the
result of rapid economic development, changes in lifestyle, and
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TABLE 2 Clinical features of the participants grouped by gender.

Age (y)

Anthropometry
BMI (kg/cm?)

Weight (kg)
Height (cm)
WC (cm)
HC (cm)
WHtR
WHR

Blood pressure

SBP (mmHg)
DBP (mmHg)

Glucose
metabolism

HbAlc (%)

Fasting glucose
(mmol/L)

Fasting insulin
(ulU/ml)

2h glucose (mmol/
L)

2h insulin (uIU/
ml)

Lipid profile

TG (mmol/L)

TC (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
Inflammatory
marker

Uric acid (umol/L)

AST (U/L)

ALT (U/L)

Total

3216

10.18 +
2.53

28.27 £
4.19

63.58+
18.76
148.21 +
14.63
89.37 =
11.40
94.83 +
11.31

0.62 +
0.09

093 +
0.09

120.34 +
14.14

69.94 +
9.48

577 =
0.57

535+
0.62

21.96 +
16.93
6.83 £
1.47

89.20 =
95.41

1.38 +
0.88

429 +
0.86

2.57 £
0.66

122 +
0.27

390.23 +
96.51

3497 +
25.38

46.83 +
47.64
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Male
Obese without  NAFL
NAFLD
782 (24.32%) 908
(28.23%)
9.82 + 2.66 1052 +
221
27.20 + 326 2924 +
3.80
58.88 + 16.95 68.17 +
17.32
145.53 + 15.86 151.48 +
13.22
86.84 + 9.61 93.14 +
10.07
91.99 + 10.10 97.23 +
10.08
0.60 + 0.06 0.64 +
0.10
0.94 + 0.07 0.94 +
0.11
118.78 + 14.34 121.70 +
13.77
69.26 + 9.40 70.11 +
9.35
573 + 0.52 579 +
0.58
533 +0.49 533 +
0.51
1941 + 16.24 21.88 +
15.68
6.58 + 1.03 6.70 +
127
74.56 + 91.05 89.01 +
89.20
127 + 0.67 135+
0.83
428 +0.79 426 +
0.84
2.52 + 0.59 2.54 +
0.66
1.27 +0.29 122+
0.27
370.38 + 91.96 399.12 +
98.85
27.12 + 12,57 27.73 +
9.40
27.75 +20.17 33.36 +
13.16

NASH P valuefor
trend
535 2.20E-16
(16.64%)
11.04 + 0.063
2.04
29.73 + 2.20E-16
4.18
71.28 + 1.00E-04
17.54
153.77 + 0.0047
12.05
94.99 + 2.20E-16
10.36
97.96 + 6.00E-04
10.11
0.64 + 9.00E-04
0.10
0.95 + 0.8792
0.10
12427 + 0.1784
13.89
71.56 + 0.5852
9.07
5.86 + 0.5246
0.64
543 + 0.9776
0.83
2429 + 0.0472
17.41
723 0.5127
1.97
108.45 + 0.013
99.16
151 + 0.3497
0.92
451 + 0.7759
0.87
271 + 0.8233
0.69
120 + 0.2074
0.26
43427 + 0.0102
97.14
68.46 + 0.7122
37.55
120.35 + 0.1048
65.44
08

Obese without
NAFLD

519 (16.14%)

8.94 + 2.68

25.83 £ 4.03

52.18 + 17.21

140.13 + 14.49

80.50 + 10.32

89.02 + 12.07

0.58 + 0.06

0.91 £ 0.07

115.84 + 13.20

68.04 £ 9.69

5.65 + 0.47

533 +0.57

18.62 + 13.56

6.60 + 1.16

67.38 £ 90.54

131 +£1.21

4.15 +£0.87

247 + 0.64

1.22 £0.28

353.33 + 82.68

2518 £ 12.41

23.37 £17.51

Female
NAFL NASH
356 116
(11.07%)  (3.61%)
1045 + 10.73 +
2.65 2,51
29.16 + 2947 +
4.84 4.74
66.07 + 67.10 +
19.51 19.42
148.89 +  149.20 +
13.36 12.58
89.44 + 90.51 +
11.67 12.24
97.86 + 97.30 +
12.30 12.32
062+  0.61+0.08
0.10
089+  0.92+0.09
0.11
12077 + 12078
1423 14.03
70.68 + 7197 +
9.84 9.20
577+ 595+ 0.75
0.55
532+ 541 +0.84
0.70
26.52 + 29.83 +
19.69 24.47
705+ 798 + 245
1.58
11130+ 13040 +
96.51 124.73
148+ 175+ 0.89
0.68
426+ 445+ 093
0.94
262+  275+0.73
0.69
117+ 1.08 +0.23
0.24
38519 + 43292 +
85.54 91.37
25.56 + 62.84 +
8.95 34.78
29.13 + 101.23 +
13.42 44.75

10.3389/fendo.2022.986841

P valuefor
trend

2.20E-16

0.002

2.20E-16

2.20E-16

3.00E-04

2.20E-16

2.20E-16

8.00E-04

0.7412

0.0723

0.1863

0.2329

8.68E-01

6.00E-04

6.43E-02

2.20E-16

0.0072

4.38E-01

0.1721

2.52E-01

0.005

0.7511

0.0448
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TABLE 3 Cardiometabolic risk factors odds Ratio for NAFLD adjusted for age and sex.

Cardiometabolic risk factors group

ISI (composite) Q2
Q3
Q4
HOMA-IR Q2
Q3
Q4
TyG index Q2
Q3
Q4
TyG-BMI Q2
Q3
Q4
TyG-WC Q2
Q3
Q4
TyG-WHtR Q2
Q3
Q4
TG/HDL-C ratio Q2
Q3
Q4

diet patterns. 59.55% of obese children were diagnosed with
NAFLD, which was equal to that of Western developed countries
(40). Cardiometabolic indexes such as BMI, WC, HC, SBP, DBP,
fasting insulin, 2h insulin, LDL-C, and uric acid increased
significantly over the last 19 years. Interestingly, the WHtR did
not change in the obese without NAFLD group but increased
significantly in the NAFL and NASH groups over the same time
period, indicating the vital role of WHtR in predicting
childhood NAFLD.

Males were more likely to develop NAFLD, and the youngest
pediatric NAFLD patient was a two-year-old boy. The gender
differences in the prevalence of NAFLD may be explained by fat
distribution and the protective effect of estrogen. Studies
revealed that estrogen may improve insulin sensitivity, lower
liver de novo lipogenesis, reduce triglyceride accumulation, and
ameliorate liver fibrosis and inflammation (41-44). The peak
onset age of NAFLD is 10-12 years old. This may be related to
exposure to an unhealthy lifestyle and, more importantly, the
onset of puberty, where insulin resistance may increase the
incidence of NAFLD. Literature has reported that insulin
resistance rises progressively from the age of 7, with a peak
age of 12 for females, while rose slowly and tended to be
stabilized in males after 10 years old (45). Considering the
majority of NAFLD were boys, testosterone levels rise with
sexual maturity, and higher testosterone was correlated with
improved features of steatosis and fibrosis (46). These data
explain our results that showed that the prevalence of NAFLD
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NAFL NASH p for trend
0.74 (0.59-0.94) 0.53 (0.41-0.7) 531E-13
0.58 (0.46-0.74) 0.31 (0.23-0.41)

041 (0.32-0.52) 0.35 (0.26-0.47)

1.17 (0.94-1.46) 0.89 (0.67-1.19) 431E-03
1.58 (1.26-1.98) 1.35 (1.02-1.8)

1.91 (1.51-2.43) 2.11 (1.59-2.81)

1.07 (0.86-1.33) 1.59 (1.19-2.14) 0.62
1.15 (0.93-1.44) 1.66 (1.23-2.23)

1.56 (1.24-1.96) 313 (2.35-4.19)

1.64 (1.3-2.06) 1.86 (1.36-2.54) 0.01
257 (2.03-3.25) 2.6 (1.89-3.59)

4.2 (3.23-5.48) 6.22 (4.46-8.67)

2.14 (1.69-2.7) 2.75 (1.95-3.88) 4.73E-2
323 (2.5-4.16) 437 (3.07-6.24)

5.74 (4.3-7.67) 1023 (7-14.95)

1.74 (1.39-2.18) 2.3 (1.69-3.13) 3.11E-04

(
2.19 (1.74-2.76)
4.26 (3.35-5.42)

3.34 (2.46-4.53)
6.57 (4.8-8.99)

10.3389/fendo.2022.986841

1.2 (0.96-1.5)
1.3 (1.04-1.62)
1.38 (1.1-1.73)

1.2 (0.9-1.61) 0.07
1.54 (1.15-2.05)
2.36 (1.79-3.12)

rose from the age of 6, peaked at 10-12 years, and then began to
decline. Thus, lifestyle interventions, as well as psychological
support, should be prescribed. In case of failure, metformin can
be used in children aged 10 or more, which has been shown to be
beneficial to patients with NAFLD (47).

Hyperuricemia ranked as the most common comorbidity
among those with childhood NAFLD (59.58%), followed by
dyslipidemia, hypertension, MetS, IGT, IFG, and T2DM. The
high incidence of hyperuricemia may be attributed to the diet
pattern of children. A dietary survey in the US showed that fructose
consumption was much higher in children and adolescents than in
adults, and the largest source of fructose was sugar-sweetened
beverages (48). The study revealed that fructose consumption was
the only factor independently associated with serum uric acid, and
both fructose consumption and serum uric acid were independently
associated with NASH in children and adolescents. Fructose can
generate uric acid during its metabolism in the liver, stimulate de
novo lipogenesis, and trigger inflammation (49, 50). A recent
prospective cohort study showed that the increased incidence of
NAFLD among obese people seemed to be affected by obesity-
related changes in serum uric acid (51). Thus, serum uric acid can
be used to evaluate the progression of NAFLD, and controlling
fructose intake and promoting uric acid excretion is of great value
for the prevention and treatment of pediatric NAFLD.

Although most children are in this study are in the NAFL
group, a clinically silent disease that generally goes undiagnosed, a
study has shown that young children are more likely to progress to
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FIGURE 3

The establishment and validation of a clinical predicting model for childhood NAFLD. (A) Nomogram model for predicting childhood NAFLD. (B)
Receiver operating characteristics (ROC) curves for predicting NAFLD in the training set, the AUROC of the model is 0.821 (95% CI 0.806-0.835,
p < 0.001) with the sensitivity and specificity of 70.70% and 79.10%, respectively. (C) ROC curves for predicting NAFLD in the validation set, the
AUROC of the model is 0.913 (95% CI 0.879-0.960, p < 0.001) with the sensitivity and specificity of 80.70% and 90.10%, respectively. (D, E):
calibration curves for assessment of the performance of the nomogram in the training set (D) and the validation set (E). (1000 bootstrap
resamples). Nomogram predicted probability of NAFLD is plotted on the x-axis; actual probability is plotted on the y-axis.
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NASH and cirrhosis than adults, which may be related to the
higher activity of the hedgehog signaling pathway (52). However,
few children have regular physical examinations, especially liver
ultrasounds, and liver biopsy performed on obese children is
extremely rare. Thus, a rapid, accurate, and noninvasive model for
predicting NAFLD is urgently needed in pediatrics. Studies have
reported that lipid profiles, machine learning models based on
liver ultrasound images, ALT/AST ratio, and anthropometric data
were powerful and easy tools to predict childhood NAFLD (53-
56). However, the sample size of the first two studies was limited,
and the sensitivity and specificity of a single indicator in
predicting NAFLD still need to be improved. We confirmed
that ISI (composite), HOMA-IR, TyG-index, TyG-BMI, TyG-
WC, TyG-WHIR, and TG/HDL-C were linearly correlated with
pediatric NAFLD. Of these, TyG-WC was the most significant
factor associated with NAFL and NASH with an odds ratio of 5.74
and 10.23, respectively. After a stepwise multivariate logistic
regression, an eight-parameter nomogram model including
WHIR, HC, TyG-WC, ALT, HDL-C, ApoAl, ISI (composite),
and gender was established and validated to have a better potential
for predicting NAFLD, with an AUROC of 0.913 (sensitivity
80.70%, specificity 90.10%).

This nomogram model was specific to children, developed
from a large data sample, with high accuracy, and satisfactory
sensitivity and specificity. It provided a visualized approach for
pediatricians, especially for community medical staff, to quickly
screen those at high risk of NAFLD. However, there are still
several limitations. First, the diagnosis and grouping of NAFLD
were based on liver B-ultrasound, and the nomogram model
may potentially miss a diagnosis of NAFLD due to the poor
sensitivity of ultrasound in mild steatosis patients. As such, we
adopted liver "H-MRS as verification. Studies showed that 'H-
MRS is comparable to liver biopsy in liver fat quantification, is
relatively noninvasive, and can even avoid sampling error (57,
58). Second, this is a single-center, retrospective study, and the
enrolled subjects were children with obesity, who cannot reflect
the overall prevalence of childhood NAFLD. However, the
majority of pediatric NAFLD cases are obesity-related. Studies
on the prevalence of pediatric NAFLD in the population have
shown that the prevalence of NAFLD ranged from 40% to 70%
in obese children, compared to just 3% to 11% in healthy
children (4-8). The high prevalence of NAFLD in obese
children and the high prevalence of hyperuricemia in pediatric
NAFLD suggested that controlling weight, reducing fructose
consumption, and increasing uric acid excretion were important
factors in the prevention and treatment of pediatric NAFLD. A
multicenter, prospective study including healthy children is
needed to further describe the epidemiology, natural history,
and clinical spectrum of pediatric NAFLD, and optimize the
rapid diagnosis model of childhood NAFLD in the
general population.
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Conclusion

In this study, we found that NAFLD was the most common
complication of obesity and hyperuricemia was the first
comorbidity of pediatric NAFLD. Males were more likely to
suffer from NAFLD and the peak onset age was 10-12 years old.
An eight-parameter nomogram model was confirmed to have a
better potential for predicting NAFLD and can be used as a
quick screening tool to assess pediatric NAFLD in children
with obesity.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

Ethics statement

This study was approved by the Ethics Committee of
Zhejiang University (China). Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

Author contributions

XZ, XL, and JF had full access to all the data in the study and
take responsibility for the integrity of the data and the accuracy
of the data analysis. Concept and design: JF, XZ, XL. Acquisition,
analysis, or interpretation of data: All authors. Drafting of the
manuscript: XZ, XL. Data collection: HL, XZ, LZ, YD. Critical
revision of the manuscript for important intellectual content: All
authors. Statistical analysis: JC, JP, ZW. Administrative,
technical, or material support: JE, WW, YN, GD, KH.
Supervision: JE, WW, YN, GD, KH. All authors contributed to
the article and approved the submitted version.

Funding

This work was supported by the National Key Research and
Development Program of China [2021YFC2701901,
2016YFC1305301], the Zhejiang Medical and Health Science
and Technology Project [2022KY870, 2018KY444], National
Natural Science Foundation of China [82170583], Zhejiang
Province Natural Sciences Foundation Zhejiang Society for
Mathematical Medicine [LSZ19H070001], Zhejiang Provincial
Key Science and Technology Project [LGF21H070004], the

frontiersin.org


https://doi.org/10.3389/fendo.2022.986841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhou et al.

Fundamental Research Funds for the Central Universities
[2020XZZX002-22].

Acknowledgments

We are grateful to our participants and our colleagues who
give help to our study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Vos MB, Abrams SH, Barlow SE, Caprio S, Daniels SR, Kohli R, et al.
NASPGHAN clinical practice guideline for the diagnosis and treatment of
nonalcoholic fatty liver disease in children: Recommendations from the expert
committee on NAFLD (ECON) and the north American society of pediatric
gastroenterology, hepatology and nutrition. ] Pediatr Gastroenterol Nutr (2017)
64(2):319-34. doi: 10.1097/MPG.0000000000001482

2. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al.
Global burden of NAFLD and NASH: trends, predictions, risk factors and
prevention. Nat Rev Gastroenterol Hepatol (2018) 15(1):11-20. doi: 10.1038/
nrgastro.2017.109

3. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease-meta-analytic assessment of
prevalence, incidence, and outcomes. Hepatology (2016) 64(1):73-84. doi:
10.1002/hep.28431

4. Welsh JA, Karpen S, Vos MB. Increasing prevalence of nonalcoholic fatty
liver disease among united states adolescents, 1988-1994 to 2007-2010. ] Pediatr
(2013) 162(3):496-500 el. doi: 10.1016/j.jpeds.2012.08.043

5. Zhang W, Wei L. [Prevalence of nonalcoholic fatty liver disease in Asia].
Zhonghua ganzangbing zazhi = Chin ] Hepatol (2013) 21(11):801-4. doi: 10.3760/
cma.j.issn.1007-3418.2013.11.001

6. Cuzmar V, Alberti G, Uauy R, Pereira A, Garcia C, De Barbieri F, et al. Early
obesity: Risk factor for fatty liver disease. ] Pediatr Gastroenterol Nutr (2020) 70
(1):93-8. doi: 10.1097/MPG.0000000000002523

7. Sahota AK, Shapiro WL, Newton KP, Kim ST, Chung J, Schwimmer JB.
Incidence of nonalcoholic fatty liver disease in children: 2009-2018. Pediatrics
(2020) 146(6):€20200771. doi: 10.1542/peds.2020-0771

8. Yu EL, Golshan S, Harlow KE, Angeles JE, Durelle J, Goyal NP, et al.
Prevalence of nonalcoholic fatty liver disease in children with obesity. J Pediatr
(2019) 207:64-70. doi: 10.1016/j.jpeds.2018.11.021

9. Di Francia R, Rinaldi L, Cillo M, Varriale E, Facchini G, D'Aniello C, et al.
Antioxidant diet and genotyping as tools for the prevention of liver disease. Eur Rev
Med Pharmacol Sci (2016) 20(24):5155-63.

10. Goldner D, Lavine JE. Nonalcoholic fatty liver disease in children: Unique
considerations and challenges. Gastroenterology (2020) 158(7):1967-83. doi:
10.1053/j.gastro.2020.01.048

11. Targher G, Byrne CD, Tilg H. NAFLD and increased risk of cardiovascular
disease: clinical associations, pathophysiological mechanisms and pharmacological
implications. Gut (2020) 69(9):1691-705. doi: 10.1136/gutjnl-2020-320622

12. Targher G, Lonardo A, Byrne CD. Nonalcoholic fatty liver disease and
chronic vascular complications of diabetes mellitus. Nat Rev Endocrinol (2018) 14
(2):99-114. doi: 10.1038/nrendo.2017.173

13. Sun DQ, Jin Y, Wang TY, Zheng KI, Rios RS, Zhang HY, et al. MAFLD and
risk of CKD. Metabol: Clin Exp (2021) 115:154433. doi: 10.1016/j.metabol.2020.
154433

Frontiers in Endocrinology

12

10.3389/fendo.2022.986841

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fendo.2022.986841/full#supplementary-material

14. Rinaldi L, Pafundi PC, Galiero R, Caturano A, Morone MV, Silvestri C, et al.
Mechanisms of non-alcoholic fatty liver disease in the metabolic syndrome. a
narrative review. Antioxid (Basel) (2021) 10(2):270. doi: 10.3390/antiox10020270

15. Argo CK, Caldwell SH. Epidemiology and natural history of non-alcoholic
steatohepatitis. Clinics liver Dis (2009) 13(4):511-31. doi: 10.1016/j.cld.2009.07.005

16. Ratziu V, Bellentani S, Cortez-Pinto H, Day C, Marchesini G. A position
statement on NAFLD/NASH based on the EASL 2009 special conference. ] Hepatol
(2010) 53(2):372-84. doi: 10.1016/j.jhep.2010.04.008

17. Starekova J, Hernando D, Pickhardt PJ, Reeder SB. Quantification of liver fat
content with CT and MRI: State of the art. Radiology (2021) 301(2):250-62. doi:
10.1148/radiol.2021204288

18. Bohte AE, van Werven JR, Bipat S, Stoker J. The diagnostic accuracy of US,
CT, MRI and 1H-MRS for the evaluation of hepatic steatosis compared with liver
biopsy: a meta-analysis. Eur Radiol (2011) 21(1):87-97. doi: 10.1007/s00330-010-
1905-5

19. Dasarathy S, Dasarathy J, Khiyami A, Joseph R, Lopez R, McCullough AJ.
Validity of real time ultrasound in the diagnosis of hepatic steatosis: a prospective
study. J Hepatol (2009) 51(6):1061-7. doi: 10.1016/j.jhep.2009.09.001

20. Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment of liver
disease in patients with nonalcoholic fatty liver disease. Gastroenterology (2019)
156(5):1264-81 e4. doi: 10.1053/j.gastro.2018.12.036

21. Zhou X, Huang K, Jia J, Ni Y, Yuan J, Liang X, et al. Exosomal miRNAs
profile in children's nonalcoholic fatty liver disease and the correlation with
transaminase and uric acid. Ann Nutr Metab (2020) 76(1):44-53. doi: 10.1159/
000506665

22. Khamseh ME, Malek M, Abbasi R, Taheri H, Lahouti M, Alaei-Shahmiri F.
Triglyceride glucose index and related parameters (Triglyceride glucose-body mass
index and triglyceride glucose-waist circumference) identify nonalcoholic fatty
liver and liver fibrosis in individuals with Overweight/Obesity. Metab Syndr Relat
Disord (2021) 19(3):167-73. doi: 10.1089/met.2020.0109

23. Li M, Shu W, Zunong J, Amaerjiang N, Xiao H, Li D, et al. Predictors of
non-alcoholic fatty liver disease in children. Pediatr Res (2021) 27(9):1-9. doi:
10.1038/s41390-021-01754-6

24. Fujii H, Imajo K, Yoneda M, Nakahara T, Hyogo H, Takahashi H, et al.
HOMA-IR: An independent predictor of advanced liver fibrosis in nondiabetic
non-alcoholic fatty liver disease. ] Gastroenterol Hepatol (2019) 34(8):1390-5. doi:
10.1111/jgh.14595

25. Tian Jie SH. Clinical manifestations and criteria of hypertension in children.
Chin ] Clin Pediatr (2015) 30(13):968-71. doi: 10.3760/cma.j.issn.2095-
428X.2015.13.003

26. DeFronzo RA, Matsuda M. Reduced time points to calculate the composite
index. Diabetes Care (2010) 33(7):e93. doi: 10.2337/dc10-0646

27. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner
RC. Homeostasis model assessment: insulin resistance and beta-cell function from

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2022.986841/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.986841/full#supplementary-material
https://doi.org/10.1097/MPG.0000000000001482
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1002/hep.28431
https://doi.org/10.1016/j.jpeds.2012.08.043
https://doi.org/10.3760/cma.j.issn.1007-3418.2013.11.001
https://doi.org/10.3760/cma.j.issn.1007-3418.2013.11.001
https://doi.org/10.1097/MPG.0000000000002523
https://doi.org/10.1542/peds.2020-0771
https://doi.org/10.1016/j.jpeds.2018.11.021
https://doi.org/10.1053/j.gastro.2020.01.048
https://doi.org/10.1136/gutjnl-2020-320622
https://doi.org/10.1038/nrendo.2017.173
https://doi.org/10.1016/j.metabol.2020.154433
https://doi.org/10.1016/j.metabol.2020.154433
https://doi.org/10.3390/antiox10020270
https://doi.org/10.1016/j.cld.2009.07.005
https://doi.org/10.1016/j.jhep.2010.04.008
https://doi.org/10.1148/radiol.2021204288
https://doi.org/10.1007/s00330-010-1905-5
https://doi.org/10.1007/s00330-010-1905-5
https://doi.org/10.1016/j.jhep.2009.09.001
https://doi.org/10.1053/j.gastro.2018.12.036
https://doi.org/10.1159/000506665
https://doi.org/10.1159/000506665
https://doi.org/10.1089/met.2020.0109
https://doi.org/10.1038/s41390-021-01754-6
https://doi.org/10.1111/jgh.14595
https://doi.org/10.3760/cma.j.issn.2095-428X.2015.13.003
https://doi.org/10.3760/cma.j.issn.2095-428X.2015.13.003
https://doi.org/10.2337/dc10-0646
https://doi.org/10.3389/fendo.2022.986841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhou et al.

fasting plasma glucose and insulin concentrations in man. Diabetologia (1985) 28
(7):412-9. doi: 10.1007/BF00280883

28. Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Ortiz M, Martinez-
Abundis E, Ramos-Zavala MG, Hernandez-Gonzalez SO, et al. The product of
triglycerides and glucose, a simple measure of insulin sensitivity. comparison with
the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab (2010) 95
(7):3347-51. doi: 10.1210/jc.2010-0288

29. Sheng G, Lu S, Xie Q, Peng N, Kuang M, Zou Y. The usefulness of obesity
and lipid-related indices to predict the presence of non-alcoholic fatty liver disease.
Lipids Health Dis (2021) 20(1):134. doi: 10.1186/s12944-021-01561-2

30. Fan N, Peng L, Xia Z, Zhang L, Song Z, Wang Y, et al. Triglycerides to high-
density lipoprotein cholesterol ratio as a surrogate for nonalcoholic fatty liver
disease: a cross-sectional study. Lipids Health Dis (2019) 18(1):39. doi: 10.1186/
$12944-019-0986-7

31. Wu'W, Zhang H, Xu X, Huang K, Fu J. Intrahepatic fat content and markers
of hepatic fibrosis in obese children. Int J Endocrinol (2016) 2016:4890974. doi:
10.1155/2016/4890974

32. Longo R, Pollesello P, Ricci C, Masutti F, Kvam BJ, Bercich L, et al. Proton
MR spectroscopy in quantitative in vivo determination of fat content in human
liver steatosis. ] Magn Reson Imaging (1995) 5(3):281-5. doi: 10.1002/
jmri.1880050311

33. Chinese Society of Pediatric Endocrinology and Metabolism. Experts
consensus on the diagnosis and treatment of nonalcoholic fatty liver disease in
children. Chin J Pract Pediatr (2018) 33(7):487-92. doi: 10.19538/j.ek2018070602

34. American Diabetes A. 2. Classification and diagnosis of diabetes: Standards
of medical care in diabetes-2019. Diabetes Care (2019) 42(Suppl 1):S13-28. doi:
10.2337/dc19-S002

35. Subspecialty Group of Endocrinologic H, Metabolic Diseases, Subspecialty
Group of Cardiology and Subspecialty Groups of Child Health Care. The definition
of metabolic syndrome and prophylaxis and treatment proposal in Chinese
children and adolescents. Zhonghua Er Ke Za Zhi (2012) 50(6):420-2. doi:
10.3760/cma.j.issn.0578-1310.2012.06.005

36. Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, et al.
The metabolic syndrome in children and adolescents - an IDF consensus report.
Pediatr Diabetes (2007) 8(5):299-306. doi: 10.1111/j.1399-5448.2007.00271.x

37. Wei X. Expert consensus on lipid prevention and treatment of children and
adolescents in China. China Trop Med (2008) 01):124-7. doi: 10.3969/j.issn.1009-
9727.2008.01.069

38. Multidisciplinary Expert Task Force on H, Related D. Chinese
Multidisciplinary expert consensus on the diagnosis and treatment of
hyperuricemia and related diseases. Chin Med ] (Engl) (2017) 130(20):2473-88.
doi: 10.3760/cma.j.issn.0578-1426.2017.03.021

39. Noone DG, Marks SD. Hyperuricemia is associated with hypertension,
obesity, and albuminuria in children with chronic kidney disease. J Pediatr (2013)
162(1):128-32. doi: 10.1016/j.jpeds.2012.06.008

40. Anderson EL, Howe LD, Jones HE, Higgins JP, Lawlor DA, Fraser A. The
prevalence of non-alcoholic fatty liver disease in children and adolescents: A
systematic review and meta-analysis. PloS One (2015) 10(10):¢0140908. doi:
10.1371/journal.pone.0140908

41. Park YM, Pereira RI, Erickson CB, Swibas TA, Cox-York KA, Van Pelt RE.
Estradiol-mediated improvements in adipose tissue insulin sensitivity are related to
the balance of adipose tissue estrogen receptor alpha and beta in postmenopausal
women. PloS One (2017) 12(5):e0176446. doi: 10.1371/journal.pone.0176446

42. Low WS, Cornfield T, Charlton CA, Tomlinson JW, Hodson L. Sex
differences in hepatic De novo lipogenesis with acute fructose feeding. Nutrients
(2018) 10(9):1263. doi: 10.3390/nu10091263

43. Klair JS, Yang JD, Abdelmalek MF, Guy CD, Gill RM, Yates K, et al. A
longer duration of estrogen deficiency increases fibrosis risk among

Frontiers in Endocrinology

13

10.3389/fendo.2022.986841

postmenopausal women with nonalcoholic fatty liver disease. Hepatology (2016)
64(1):85-91. doi: 10.1002/hep.28514

44. Ministrini S, Montecucco F, Sahebkar A, Carbone F. Macrophages in the
pathophysiology of NAFLD: The role of sex differences. Eur J Clin Invest (2020) 50
(6):€13236. doi: 10.1111/eci.13236

45. Jeftery AN, Metcalf BS, Hosking ], Streeter AJ, Voss LD, Wilkin TJ. Age
before stage: insulin resistance rises before the onset of puberty: a 9-year
longitudinal study (EarlyBird 26). Diabetes Care (2012) 35(3):536-41. doi:
10.2337/dc11-1281

46. Mueller NT, Liu T, Mitchel EB, Yates KP, Suzuki A, Behling C, et al. Sex
hormone relations to histologic severity of pediatric nonalcoholic fatty liver disease.
J Clin Endocrinol Metab (2020), 05(11):3496-504. doi: 10.1210/clinem/dgaa574

47. Jalali M, Rahimlou M, Mahmoodi M, Moosavian SP, Symonds ME, Jalali R,
et al. The effects of metformin administration on liver enzymes and body
composition in non-diabetic patients with non-alcoholic fatty liver disease and/
or non-alcoholic steatohepatitis: An up-to date systematic review and meta-
analysis of randomized controlled trials. Pharmacol Res (2020) 159:104799. doi:
10.1016/j.phrs.2020.104799

48. Vos MB, Kimmons JE, Gillespie C, Welsh ], Blanck HM. Dietary fructose
consumption among US children and adults: the third national health and
nutrition examination survey. Medscape ] Med (2008) 10(7):160.

49. Todoric J, Di Caro G, Reibe S, Henstridge DC, Green CR, Vrbanac A, et al.
Fructose stimulated de novo lipogenesis is promoted by inflammation. Nat Metab
(2020) 2(10):1034-45. doi: 10.1038/s42255-020-0261-2

50. Mosca A, Nobili V, De Vito R, Crudele A, Scorletti E, Villani A, et al. Serum
uric acid concentrations and fructose consumption are independently associated
with NASH in children and adolescents. J Hepatol (2017) 66(5):1031-6. doi:
10.1016/j.jhep.2016.12.025

51. Zhang Q, Ma X, Xing J, Shi H, Yang R, Jiao Y, et al. Serum uric acid is a
mediator of the association between obesity and incident nonalcoholic fatty liver
disease: A prospective cohort study. Front Endocrinol (2021) 12:657856. doi:
10.3389/fendo.2021.657856

52. Swiderska-Syn M, Suzuki A, Guy CD, Schwimmer JB, Abdelmalek MF,
Lavine JE, et al. Hedgehog pathway and pediatric nonalcoholic fatty liver disease.
Hepatology (2013) 57(5):1814-25. doi: 10.1002/hep.26230

53. Ozcabi B, Demirhan S, Akyol M, Ozturkmen Akay H, Guven A. Lipid
accumulation product is a predictor of nonalcoholic fatty liver disease in childhood
obesity. Korean ] Pediatr (2019) 62(12):450-5. doi: 10.3345/kjp.2019.00248

54. Lu CW, Lin MS, Lin YS, Chang IJ, Tsai MH, Wei KL, et al.
Aminotransferase ratio is a useful index for hepatosteatosis in children and
adolescents: A cross-sectional observational study. Gastroenterol Nurs (2019) 42
(6):486-95. doi: 10.1097/SGA.0000000000000389

55. Das A, Connell M, Khetarpal S. Digital image analysis of ultrasound images
using machine learning to diagnose pediatric nonalcoholic fatty liver disease. Clin
Imaging (2021) 77:62-8. doi: 10.1016/j.clinimag.2021.02.038

56. Umano GR, Grandone A, Di Sessa A, Cozzolino D, Pedulla M, Marzuillo P,
et al. Pediatric obesity-related non-alcoholic fatty liver disease: waist-to-height ratio
best anthropometrical predictor. Pediatr Res (2021) 90(1):166-70. doi: 10.1038/
$41390-020-01192-w

57. Di Martino M, Pacifico L, Bezzi M, Di Miscio R, Sacconi B, Chiesa C, et al.
Comparison of magnetic resonance spectroscopy, proton density fat fraction and
histological analysis in the quantification of liver steatosis in children and
adolescents. World ] Gastroenterol (2016) 22(39):8812-9. doi: 10.3748/
Wig.v22.i39.8812

58. Idilman IS, Keskin O, Celik A, Savas B, Elhan AH, Idilman R, et al. A
comparison of liver fat content as determined by magnetic resonance imaging-
proton density fat fraction and MRS versus liver histology in non-alcoholic fatty
liver disease. Acta Radiol (2016) 57(3):271-8. doi: 10.1177/0284185115580488

frontiersin.org


https://doi.org/10.1007/BF00280883
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1186/s12944-021-01561-2
https://doi.org/10.1186/s12944-019-0986-7
https://doi.org/10.1186/s12944-019-0986-7
https://doi.org/10.1155/2016/4890974
https://doi.org/10.1002/jmri.1880050311
https://doi.org/10.1002/jmri.1880050311
https://doi.org/10.19538/j.ek2018070602
https://doi.org/10.2337/dc19-S002
https://doi.org/10.3760/cma.j.issn.0578-1310.2012.06.005
https://doi.org/10.1111/j.1399-5448.2007.00271.x
https://doi.org/10.3969/j.issn.1009-9727.2008.01.069
https://doi.org/10.3969/j.issn.1009-9727.2008.01.069
https://doi.org/10.3760/cma.j.issn.0578-1426.2017.03.021
https://doi.org/10.1016/j.jpeds.2012.06.008
https://doi.org/10.1371/journal.pone.0140908
https://doi.org/10.1371/journal.pone.0176446
https://doi.org/10.3390/nu10091263
https://doi.org/10.1002/hep.28514
https://doi.org/10.1111/eci.13236
https://doi.org/10.2337/dc11-1281
https://doi.org/10.1210/clinem/dgaa574
https://doi.org/10.1016/j.phrs.2020.104799
https://doi.org/10.1038/s42255-020-0261-2
https://doi.org/10.1016/j.jhep.2016.12.025
https://doi.org/10.3389/fendo.2021.657856
https://doi.org/10.1002/hep.26230
https://doi.org/10.3345/kjp.2019.00248
https://doi.org/10.1097/SGA.0000000000000389
https://doi.org/10.1016/j.clinimag.2021.02.038
https://doi.org/10.1038/s41390-020-01192-w
https://doi.org/10.1038/s41390-020-01192-w
https://doi.org/10.3748/wjg.v22.i39.8812
https://doi.org/10.3748/wjg.v22.i39.8812
https://doi.org/10.1177/0284185115580488
https://doi.org/10.3389/fendo.2022.986841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Clinical spectrum transition and prediction model of nonalcoholic fatty liver disease in children with obesity
	Introduction
	Methods
	Subjects
	Anthropometric data collection and measurement
	Laboratory and image data collection and measurement
	Diagnosis criteria
	Statistical analysis

	Results
	Metabolic spectrum of children with obesity and comorbidities of pediatric NAFLD
	Characteristics of pediatric NAFLD
	Cardiometabolic risk factors of pediatric NAFLD
	Establishment and validation of a clinical prediction model for pediatric NAFLD

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


