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ABSTRACT

Objectives: Three genome-wide association studies were previously

done for nonalcoholic fatty liver disease (NAFLD) among individuals

of Western countries and identified several genetic variants associated

with NAFLD. The study aimed to identify whether 7 GWAS-identified

common variants (GCKR rs780094, PDGFA rs343064, FDFT1 rs2645424,

COL13A1 rs1227756, EHBP1L1 rs6591182, NCAN rs2228603, and

PNPLA3 rs738409) were associated with NAFLD in Chinese children.

Methods: This case-control study recruited 1027 Chinese children of age 7

to 18 years, including 162 children with NAFLD and 865 children without

NAFLD. Anthropometric measurements, alanine transaminase (ALT)

detection, liver ultrasound examination, and genotyping of 7 variants

were performed.

Results: The G-allele of PNPLA3 rs738409 was associated with NAFLD

(odds ratio [OR] 1.55, 95% confidence interval 1.13–2.11, P¼ 0.006) and

moderate-to-severe steatosis (OR 3.77, 95% confidence interval 1.78–7.98,

P¼ 0.001) adjusted for age, sex, and BMI standard deviation score. In

addition, we found each G-allele of rs738409 increased ALT level by 1.09

IU/L (P¼ 0.011). Subjects carrying 10 or more risk alleles of 7 variants had

an OR of 4.76 (P¼ 0.025) for NAFLD compared with subjects carrying 3 or

fewer risk alleles.

Conclusions: The PNPLA3 rs738409 G-allele was associated with NAFLD

and ALT level in Chinese children. It had stronger association with

moderate-to-severe steatosis. Children carrying 10 or more risk alleles of

7 variants were susceptible for NAFLD.
Key Words: children, gene, nonalcoholic fatty liver disease, polymor-

phism
What Is Known

� Genetic factors play an important role in nonalco-
holic fatty liver disease (NAFLD) susceptibility.

� Three recent genome-wide association studies
among individuals from Western countries have
identified multiple genetic variants that are associ-
ated with NAFLD.

� Most genome-wide association studies–identified
single nucleotide polymorphisms were not studied
for NAFLD in a Chinese population.

What Is New

� The PNPLA3 rs738409 was associated with NAFLD
and alanine transaminase level and had stronger
association with moderate-to-severe steatosis in
Chinese children.

� The association of rs738409 with NAFLD in obese
children was stronger than that in nonobese children.
� Children carrying 10 or more risk alleles of 7 variants
were susceptible for NAFLD.
N onalcoholic fatty liver disease (NAFLD) is a common
chronic liver disease, including a spectrum of disease

ranging from fatty infiltration of the liver (steatosis) to histologic
evidence of inflammation (nonalcoholic steatohepatitis), to fibrosis
or cirrhosis, without a history of excessive alcohol ingestion (1). It
affects 20% to 30% of the population in Western countries (2).
Although the prevalence of NAFLD is somewhat lower in east Asia,
that is 18% in South Korea (3) and 15% in China (4), its prevalence
has increased rapidly in young generations during the last 2 decades
(5). Studies have shown that the prevalence of NAFLD in children
is approximately 2.6% to 9.6%, and it reaches up to 32.3% to
43.9% in obese children (6). Pediatric NAFLD is a growing global
health problem worldwide (7). Children with NAFLD may develop
end-stage liver disease with a consequent need for liver transplan-
tation (8).

Genetic underpinning of NAFLD has been supported by
familial aggregation studies (9,10), heritability studies (11,12),
candidate gene studies (13), genome-wide association studies
(GWAS) (14–16), and gene expression studies (17,18). Several
candidate genes have been implicated in the pathogenesis of
NAFLD, including genes involved in hepatic lipid metabolism,
insulin sensitivity, generation of reactive oxidant species, or cyto-
kine (19). The results from candidate gene studies have, however,
been rather disappointing because of conflicting results and the
duction of this article is prohibited.

n independent populations. Recent advances
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common gene variants have led to a rapid development of GWAS.
Until the end of 2012, 3 GWAS for NAFLD among individuals of
Western countries have been published for NAFLD (14–16).

The major problem in both candidate gene studies and GWAS
is the presence of false-negative and false-positive associations.
Consequently, many journals extremely recommend authors to repli-
cate their findings in different samples before accepting the new
single nucleotide polymorphism (SNP) as truly associated with
NAFLD (19). So we selected 7 SNPs identified by GWAS with
the minor allele frequency>0.10 in Chinese populations (rs780094 in
the glucokinase (hexokinase 4) regulator gene (GCKR), rs343064 in
the platelet-derived growth factor alpha polypeptide gene (PDGFA),
rs2645424 in the farnesyl-diphosphate farnesyltransferase 1 gene
(FDFT1), rs1227756 in the collagen, type XIII, alpha 1 gene
(COL13A1), rs6591182 in the EH domain binding protein 1-like 1
gene (EHBP1L1), rs2228603 in the neurocan gene (NCAN), and
rs738409 in the patatin-like phospholipase domain containing 3 gene
(PNPLA3)), to analyze their relation with NAFLD in Chinese chil-
dren. Among these 7 SNPs, the association of GCKR rs780094 and
PNPLA3 rs738409 with NAFLD had been studied in Chinese popu-
lations (20–26). The minor allele frequency of either rs780094 (0.47)
or rs738409 (0.37) in Taiwanese children (25,26) was similar to that
of Europeans and Americans in previous GWAS studies (0.41 for
rs780094, 0.17–0.49 for rs738409). In addition, the effects of these 2
SNPs reported in previous studies were not different between Chinese
and other ethnic populations. Until now, the other 5 SNPs have not
studied for NAFLD among Chinese population. Investigating these
SNPs in different populations would be helpful to evaluate the
generalizability of these findings and identify causal variants for
NAFLD. The present study aimed to determine whether the 7
common variants are associated with NAFLD and alanine transam-
inase (ALT) level in Chinese children.

METHODS

Subjects
Subjects were 1093 individuals ages from 7 to 18 years who

participated in the Comprehensive Prevention Project for Over-
weight and Obese Adolescents in Beijing, China. They were
recruited from 3 middle schools and 2 elementary schools of the
Haidian District of Beijing. The ascertainment strategy for the study
population has been described in detail previously (27). By asking
medical history, we selected the subjects without any of the
following conditions: alcohol consumption; a history of diseases
or drugs (including herbal medicines) causing liver disease; com-
mon (hepatitis B virus, hepatitis C virus) or rare liver diseases;
hepatic malignancies; infections biliary tract disease; and any
cardiovascular and metabolic diseases. Finally, 1027 children hav-
ing liver ultrasound examination and blood samples were included
in the study. All of the participants gave their written informed
consent. The study was approved by the ethic committee of Peking
University Health Science Center.

Measurements

Anthropometric measurements, including height, weight,
waist circumference, systolic blood pressure (SBP), and diastolic
blood pressure (DBP), were performed according to standard pro-
tocols. Fasting venous blood samples were taken for detection of
ALT, triglyceride (TG), total cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, and fasting glu-
cose (FPG) by using a biochemical auto-analyzer (Hitachi 7060,
Tokyo, Japan). Liver ultrasound examination was performed by 1
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experienced doctor with an ultrasound system (SIEMENS Soneline
G50, Berlin, Germany). The sex- and age-specific body mass index
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standard deviation score (BMI-SDS) was calculated by using the
growth reference data of the World Health Organization for children
and adolescents of age 5 to 19 years (www.whoint/childgrowth/
standards/bmi_for_age/en/indexhtml).

The subjects were confirmed to have hepatic steatosis by liver
ultrasonography and classified into 3 categories—mild, moderate,
and severe steatosis—according to reference criteria (28). The criteria
included the following: diffuse enhancement of near field echo in the
hepatic region and gradual attenuation of the far field echo; unclear
display of intrahepatic lacuna structure; mild-to-moderate hepato-
megaly with a round blunt border; reduction of blood flow signal in
the liver; and unclear or nonintact display of envelop of right liver lobe
and diaphragm. Patients meeting criterion 1 and any 1 of criteria 2 to 4
were classified as mild; patients meeting criterion 1 and any 2 of
criteria 2 to 4 were classified as moderate; and patients meeting
criteria 1, 5 and any 2 of criteria 2 to 4 were classified as severe. A
previous study provided data that the staging system used in the
criteria correlates well to histology (29). All of the examinations were
performed by 1 experienced doctor, who was unaware of the patients’
clinical details and laboratory findings.

We used the BMI percentile criteria for obese and nonobese
children, which were determined in a representative Chinese popu-
lation (30). According to the criteria, the children with an age- and
sex-specific BMI greater than or equal to the 95th percentile are
defined as obese, whereas those with a BMI between 15th and 95th
percentile are nonobese. We calculated the prevalence of high SBP
or DBP in different groups, based on the age- and sex-specific blood
pressure criteria for Chinese children (31).

Selection of SNPs and Genotyping

Until the end of 2012, 11 SNPs were reported to be associated
with NAFLD by 3 GWAS previously done among individuals of
Western countries (14–16). Considering statistical power, from
these 11 SNPs we selected 7 SNPs (GCKR rs780094, PDGFA
rs343064, FDFT1 rs2645424, COL13A1 rs1227756, EHBP1L1
rs6591182, NCAN rs2228603, and PNPLA3 rs738409), with the
minor allele frequency >0.10 in Chinese populations (Hapmap
database: http://www.hapmap.org). With the assumed effect size
(odds ratio [OR]¼ 1.5) and effect allele frequency�0.10, statistical
power to detect a positive association would be >0.70, given our
sample size.

Genomic DNAs of subjects were extracted from blood
leukocytes by the phenol–chloroform extraction method. Genotyp-
ing was conducted on MassARRAY System (Sequenom, San Diego,
CA). Primers, including a pair of amplification primers and an
extension primer for each SNP, were designed with Sequenom
MassArray Assay Design Suite. A multiplex polymerase chain
reaction was performed, and unincorporated double-stranded
nucleotide triphosphate bases were dephosphorylated with shrimp
alkaline phosphatase followed by primer extension. The purified
primer extension reaction was spotted on to a 384-element silicon
chip (SpectroCHIP; Sequenom) and analyzed in the matrix-assisted
laser desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS; Sequenom). The resulting spectra were pro-
cessed with MassArray Typer (Sequenom) (www.sequenom.com).
The genotyping call rate of rs2645424, rs6591182, and rs780094
was 99.9%, and the other 4 SNPs had a call rate of 100%. All of the
experiments were done by investigators who were blind to the
phenotypes.

Statistical Analyses

JPGN � Volume 60, Number 5, May 2015
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Statistical analyses were performed using SPSS 18.0 soft-
ware (IBM SPSS, Armonk, NY) and PLINK (Massachusetts
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General Hospital, Boston, MA) (32). Differences in general charac-
teristics between the NAFLD groups and the control group were
tested with t test (continuous variables) or x2 test (category vari-
ables). The genotype data of control group were tested for deviation
from Hardy-Weinberg equilibrium. F-statistics (FST), a metric
representation of the effect of population subdivision, was calcu-
lated according to the following formula, FST¼ (P1�P2)2/
((P1þ P2)� (2� (P1þP2))), where P1¼ allele frequency in the
population of previous GWAS study and P2¼ allele frequency in
the population of our study (33,34). A FST value between 0 and 0.05
indicates little genetic differentiation; a value between 0.05 and
0.15, moderate differentiation; a value between 0.15 and 0.25, great
differentiation; and values >0.25, very great differentiation (35).

Multivariate logistic regression with age, sex, and BMI-SDS
as covariates was used to calculate the ORs of the genetic variants
for NAFLD. The relations between the variants and ALT level or
other metabolic phenotypes (including waist circumference, blood
pressure, serum lipids, and FPG) were tested by using the linear
regression analysis adjusted for age, sex, and BMI-SDS. We created
a genetic risk score (GRS) by summing the number of NAFLD-
susceptible alleles of the 7 variants. The NAFLD-susceptible alleles
were determined based on the literatures of GWAS (14–16).
Logistic regression was used to examine the OR of the GRS score
for NAFLD. All of the variants were analyzed under the additive
model based on recent publications (26,36). A 2-sided P value
<0.05 was considered as nominal significant. Adjustment was
made for multiple testing using Bonferroni correction.

RESULTS
The general characteristics of patients with NAFLD and

controls are shown in Table 1. The NAFLD group consisted of
162 children (47 girls, mean age 11.81� 2.20 years, mean
BMI¼ 26.75� 3.85 kg/m2), and the control group consisted of
865 children (406 girls, mean age 11.44� 2.99 years, mean
BMI¼ 20.72� 3.61 kg/m2). Sex differed between 2 groups
(P< 0.001), whereas age difference between the 2 groups was not
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statistically significant (P¼ 0.112). Compared with controls, the
NAFLD group had lower high-density lipoprotein cholesterol and

TABLE 1. General characteristics of patients with NAFLD and controls

NAFL

Mild steatosis (n¼ 132) Moderate-to-severe s

Female/male 40/92 7/23

Age 11.64� 2.23 12.60�
BMI, kg/m2 26.05� 3.24 29.82�
BMI-SDS 2.38� 0.72 2.74�
Waist circumference, cm 83.96� 9.96 94.75�
ALT, IU/L 20.31� 16.00 36.92�
TG, mmol/L 1.09� 0.48 1.54�
TC, mmol/L 4.22� 0.72 4.25�
LDL-C, mmol/L 2.47� 0.61 2.62�
HDL-C, mmol/L 1.40� 0.27 1.20�
SBP, mmHg 112.76� 14.87 124.20�
Abnormal SBP 34 (25.8%) 13 (43.3

DBP, mmHg 66.95� 10.09 71.53�
Abnormal DBP 14 (10.6%) 7 (23.3

FPG, mmol/L 5.48� 0.44 5.49�

ALT¼ alanine aminotransferase; BMI-SDS¼ body mass index–standard dev
C¼ high-density lipoprotein cholesterol; LDL-C¼ low-density lipoprotein cho
pressure; SD¼ standard deviation; TC¼ total cholesterol; TG¼ triglyceride. Re�

P< 0.05 when compared with the control group.

www.jpgn.org
higher BMI, BMI-SDS, waist circumference, ALT, total cholesterol,
TG, low-density lipoprotein cholesterol, SBP, DBP, and FPG
(P< 0.05). Overall 29.2% of the children were obese. There were
more obese children in the NAFLD group compared with the control
group (74.7% vs 20.2%, P< 0.001). The prevalence of high SBP or
DBP was higher in the NAFLD group compared with controls. The
characteristics of subjects with mild NAFLD and moderate-to-severe
steatosis are also reported in Table 1.

The genotyping information of 7 SNPs and genotype distri-
butions in subjects with and without NAFLD are shown in supple-
mentary Table 1 (http://links.lww.com/MPG/A412). The genotype
distribution of all of the variants in the control group was in Hardy–
Weinberg equilibrium (P> 0.05). Based on the FST values, we
identified 2 SNPs (FDFT1 rs2645424 and COL13A1 rs1227756)
having moderate differentiation (FST between 0.05 and 0.15)
between our Chinese population and the Western populations in
previous GWAS studies, whereas 5 SNPs have little differentiation
(FST< 0.05).

As shown in Table 2, in the multivariate logistic regression
analyses with age, sex, and BMI-SDS as covariates, the rs738409
G-allele was strongly associated with NAFLD (OR 1.55, 95%
confidence interval [CI] 1.13–2.11, P¼ 0.006). Subsequently,
we analyzed the relation between the SNPs and moderate-to-severe
steatosis. The rs738409 was significantly associated with moderate-
to-severe steatosis under the additive model adjusted for age, sex,
and BMI-SDS (OR 3.77, 95% CI 1.78–7.98, P¼ 0.001). The
association of rs738409 with NAFLD or moderate-to-severe stea-
tosis was still significant after Bonferroni correction for multiple
testing (P< 0.007, 0.05 divided by 7). No significant association
was found between other SNPs and NAFLD.

As shown in Table 3, when we stratified the subjects into
nonobese and obese groups, we observed the association of
rs738409 G-allele with NAFLD in obese children (OR 1.85,
95% CI 1.22–2.81, P¼ 0.004) was stronger than that in nonobese
children (OR 1.17, 95% CI 0.71–1.92, P¼ 0.541).

Using linear regression adjusted for age, sex, and BMI-SDS,

tion GWAS-Identified Variants With NAFLD in Chinese Children
authorized reproduction of this article is prohibited.

we found significant association between PNPLA3 rs738409 and
ALT level (Table 4). Each G-allele of rs738409 increased ALT

D cases

teatosis (n¼ 30) Total NAFLD cases (n¼ 162) Controls (n¼ 865)

47/115
�

406/459

1.92 11.81� 2.20 11.44� 2.99

4.79 26.75� 3.85
�

20.72� 3.61

0.69 2.44� 0.72
�

0.92� 1.16

10.97 85.97� 10.96
�

69.32� 10.03

22.11 23.04� 18.16
�

12.29� 7.05

0.70 1.17� 0.56
�

0.87� 0.36

0.90 4.23� 0.75
�

4.09� 0.67

0.71 2.50� 0.63
�

2.17� 0.54

0.25 1.36� 0.28
�

1.54� 0.31

16.34 114.88� 15.74
�

104.45� 13.85

%) 47 (29.0%) 87 (10.1%)

9.72 67.80� 10.15
�

62.36� 9.32

%) 21 (13.0%) 21 (2.4%)

0.39 5.48� 0.43
�

5.34� 0.40

iation score; DBP¼ diastolic blood pressure; FPG¼ fasting glucose; HDL-
lesterol; NAFLD¼ nonalcoholic fatty liver disease; SBP¼ systolic blood
sults were presented as mean�SD.
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TABLE 2. Association of 7 SNPs with NAFLD in Chinese children

SNP

Nearest

gene Effect allele

NAFLD vs control Moderate-to-severe steatosis vs control

OR (95% CI) Nominal P OR (95% CI) Nominal P

rs780094 GCKR A 1.19 (0.89–1.61) 0.234 0.74 (0.37–1.47) 0.383

rs343064 PDGFA T 1.23 (0.91–1.64) 0.175 0.59 (0.31–1.15) 0.121

rs2645424 FDFT1 C 0.97 (0.69–1.36) 0.859 0.79 (0.36–1.74) 0.563

rs1227756 COL13A1 G 1.08 (0.77–1.51) 0.66 1.70 (0.73–3.96) 0.217

rs6591182 EHBP1L1 A 0.98 (0.73–1.30) 0.867 1.74 (0.88–3.41) 0.109

rs2228603 NCAN T 0.97 (0.59–1.59) 0.894 0.45 (0.12–1.63) 0.223

rs738409 PNPLA3 G 1.55 (1.13–2.11) 0.006 3.77 (1.78–7.98) 0.001

Logistic analyses were conducted under the additive model with age, sex, and BMI-SDS as covariates. Moderate-to-severe steatosis was classified according
to reference criteria (29). BMI-SDS¼ body mass index–standard deviation score; CI¼ confidence interval; COL13A1¼ collagen, type XIII, alpha 1;
EHBP1L1¼EH domain binding protein 1-like 1 gene; FDFT1¼ farnesyl-diphosphate farnesyltransferase 1; GCKR¼ glucokinase (hexokinase 4) regulator;
NAFLD¼ nonalcoholic fatty liver disease; NCAN¼ neurocan; OR¼ odds ratio; PDGFA¼ platelet-derived growth factor alpha polypeptide;

ucle
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level by 1.09 IU/L (95% CI 0.25–1.93, P¼ 0.011). The association
did not exist after Bonferroni correction.

We also analyzed the association between these 7 SNPs and
other metabolic phenotypes (including waist circumference, blood
pressure, serum lipids, and FPG). As shown in supplementary
Tables 2 and 3 (http://links.lww.com/MPG/A413 and http://
links.lww.com/MPG/A414, we only identified the association
between GCKR rs780094 and TG, which was significant after
Bonferroni correction for multiple testing (b¼ 0.08, 95% CI
0.05–0.11, P¼ 2.53� 10�6< 0.0009, 0.05 divided by 7 SNPs
and 8 phenotypes).

To estimate the cumulative effect of the 7 SNPs on NAFLD,
we constructed the GRS by summing the number of NAFLD-
susceptible alleles carried by each individual. On average, each
additional effect allele was associated with 13% increased risk of
NAFLD (OR 1.13 95% CI 1.00–1.28, P¼ 0.046). Subjects carrying
10 or more risk alleles had an OR of 4.76 (95% CI 1.22–18.59,
P¼ 0.025) for NAFLD compared with subjects that carry 3 or fewer
risk alleles (Fig. 1).

DISCUSSION
In this study, we tested association of NAFLD with 7

common variants that were identified by 3 GWAS. Our study
revealed that a nonsynonymous variant rs738409 isoleucine-to-
methionine change at the amino acid 148 in PNPLA3 was associated
with NAFLD, and had stronger association with moderate-to-
severe steatosis.

PNPLA3¼ patatin-like phospholipase domain containing 3; SNP¼ single n
pyright 2015 by ESPGHAN and NASPGHAN. Un

In the present study, we found that the G-allele of PNPLA3
rs738409 was associated not only with NAFLD (OR 1.55, 95% CI

TABLE 3. Association of the rs738409 with NAFLD in nonobese and obe

Group

GG GC

n (%) n (%)

Nonobese

Controls 94 (13.6) 337 (48.8)

NAFLD cases 8 (19.5) 19 (46.3)

Obese

Controls 15 (8.6) 81 (46.3)

NAFLD cases 20 (16.5) 55 (45.5)

BMI-SDS¼ body mass index–standard deviation score; CI¼ confidence inte
analyses were conducted under the additive model with age, sex, and BMI-SD
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1.13–2.11, P¼ 0.006) but also with moderate-to-severe steatosis
having a higher OR (OR 3.77, 95% CI 1.78–7.98, P¼ 0.001) in
Chinese children. PNPLA3 is predominantly expressed in human
liver and adipose tissue, possesses both lipolytic and lipogenic
activity in vitro, and localizes to the surface of lipid droplets in
hepatocytes. The rs738409 represents a cytosine to guanine sub-
stitution, resulting in decreased enzymatic activity and hepatocel-
lular fat accumulation (37). Recent studies have shown that the
rs738409 variant in the PNPLA3 leads to hepatic steatosis and
steatohepatitis by enhancing the lipogenic activity and impairing
the lipolytic activity of the PNPLA3 in mouse liver (38). The
rs738409 in PNPLA3 gene was identified in 2 GWAS as the
strongest genetic determinant of hepatic steatosis and increased
ALT levels. Since then, the association was replicated in several
independent candidate gene studies (39) and a meta-analysis across
different populations (40). Our results indicated that the SNP had a
strong effect on liver fat accumulation in Chinese children, which
validate the effects of the SNP on NAFLD in children of
different ethnicity.

By stratified analyses, we found the association of rs738409
G-allele with NAFLD in obese children (OR 1.85, 95% CI 1.22–
2.81, P¼ 0.004) was stronger than that in nonobese children (OR
1.17, 95% CI 0.71–1.92, P¼ 0.541). Our results indicated that the
presence of the G-allele can increase the effect of obesity on the risk
of developing NAFLD in children, suggesting combined effect of
rs738409 and obesity. The similar effect of the rs738409 and BMI
on NAFLD in adults was previously reported by Peng et al (21).
They suggested that rs738409 polymorphism had an additive effect

otide polymorphism.
authorized reproduction of this article is prohibited.

with obesity in increasing NAFLD risk (interaction contrast ratio
2.31, 95% CI 0.70–8.86). There was a study showing interaction

se groups

CC

OR (95% CI) Pn (%)

259 (37.5)

14 (34.1) 1.17 (0.71–1.92) 0.541

79 (45.1)

46 (38.0) 1.85 (1.22–2.81) 0.004

rval; NAFLD¼ nonalcoholic fatty liver disease; OR¼ odds ratio. Logistic
S as covariates.
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TABLE 4. Association of 7 SNPs with ALT level in Chinese children

SNP

Nearest

gene

Effect

allele b SEM

Nominal

P

rs780094 GCKR A 0.74 0.41 0.071

rs343064 PDGFA T �0.62 0.40 0.123

rs2645424 FDFT1 C �0.43 0.47 0.369

rs1227756 COL13A1 G 0.44 0.45 0.325

rs6591182 EHBP1L1 A 0.33 0.40 0.420

rs2228603 NCAN T 1.00 0.68 0.141

rs738409 PNPLA3 G 1.09 0.43 0.011

Linear regressions were analyzed under the additive model with age, sex, and BMI-SDS as covariates. ALT¼ alanine aminotransferase; BMI-SDS¼ body mass
index–standard deviation score; COL13A1¼ collagen, type XIII, alpha 1; EHBP1L1¼EH domain binding protein 1-like 1 gene; FDFT1¼ farnesyl-diphosphate
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between rs738409 and visceral adipose tissue volume on liver fat
content (41). Each copy of the rs738409 G-allele and 100 cm3/150
mm slice visceral adipose tissue decreased liver attenuation value
by 2.68� 0.35 Hounsfield units (P< 0.01). Further studies are
needed to validate the combined effect of obesity and the genetic
variant.

Because many studies reported that increased ALT activities
were the most common abnormality in patients with nonalcoholic
steatohepatitis (a progressive stage of NAFLD) (42), we detected
the relations between the 7 SNPs and ALT level. We found the
significant association between the G-allele of rs738409 and ALT
level, with the effect of 1.09 IU/L per G-allele (95% CI 0.25–1.93,
P¼ 0.011). The result was consistent with 1 GWAS study that
identified its association with elevated ALT level in Europeans and
Indian Asians (43). The association was also replicated in inde-
pendent candidate gene studies (24,44) and a meta-analysis across
different populations (40). The study results indicated that the SNP
is associated with the progressive stage of NAFLD in children.

Our study examined the cumulative effect of 7 SNPs. Sub-
jects carrying 10 or more risk alleles had an OR of 4.76 (95% CI
1.22–18.59, P¼ 0.025) compared with subjects that carry 3 or
fewer risk alleles. Further large-scale studies in different ethnic
populations are needed to validate the association between these
gene variants and NAFLD, and the functional studies should be
performed to elucidate the mechanism of NAFLD in children, to
prevent adult NAFLD and other related diseases.

farnesyltransferase 1; GCKR¼ glucokinase (hexokinase 4) regulator; NC
PNPLA3¼ patatin-like phospholipase domain containing 3; SEM¼ standard
pyright 2015 by ESPGHAN and NASPGHAN. Un

The limitations of the present study should be noted. The first
is the limited sample size and statistic power. Because no previous
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FIGURE 1. ORs and 95% CIs for the risk of NAFLD among children with d

logistic regression analysis. On average, each additional effect allele was as
P¼0.046). CI¼ confidence interval; NAFLD¼nonalcoholic fatty liver dis

www.jpgn.org
study reported the effects of these SNPs on NAFLD in Chinese
children, we could only estimate the statistic power. Under an
additive genetic model, at a significance level of P< 0.05, our study
had>70% power to detect the assumed effect size (OR 1.5) for the 7
SNPs with effect allele frequencies�0.10. By comparing the effect
allele frequencies in our study with those in previous GWAS studies
(14–16), we found that 2 SNPs (FDFT1 rs2645424 and COL13A1
rs1227756) had moderate differentiation (FST between 0.05 and
0.15). We considered that the effect of these SNPs in Chinese may
be lower than that in Europeans, which could not be determined
with our sample size. Second, the case-control study design did not
permit us to make conclusions about causality. Thirdly, the diag-
nosis of NAFLD was based on questionnaire and abdominal ultra-
sound examination, but not on histologic examination. Histologic
examination is the standard for the diagnosis of NAFLD and its
severity, but it is invasive. We could not perform histologic
examination for children. The diagnostic criteria based on ultra-
sound examinations have, however, been previously proved to be
able to differentiate mild, moderate, and severe steatosis (29). In our
study, we used the levels of ALT, which increased with the severity
of NAFLD and can be complementary to the criteria. Furthermore,
the children were not tested for other forms of liver disease such as
Wilson disease because this was a population study.

In conclusion, we found that the PNPLA3 rs738409 G-allele
was associated with NAFLD and had stronger association with
moderate-to-severe steatosis in Chinese children. The association

¼ neurocan; PDGFA¼ platelet-derived growth factor alpha polypeptide;
r of the mean; SNP¼ single nucleotide polymorphism.
authorized reproduction of this article is prohibited.

between the PNPLA3 rs738409 and increased ALT levels was also
validated. For the 7 SNPs identified by GWAS, children carrying 10
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ifferent genetic risk scores. The score �3 was used as the reference in

sociated with increased risk of NAFLD (OR 1.13, 95% CI 1.002–1.28,
ease; OR¼odds ratio.
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or more risk alleles were susceptible for NAFLD. The results
provided evidence for identifying genetic factors of NAFLD and
developing risk assessment and personalized medicine of NAFLD.
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