
Systematic Review and Meta-Analysis Medicine®

OPEN
Association between PNPLA3 rs738409
polymorphism and nonalcoholic fatty liver
disease (NAFLD) susceptibility and severity
A meta-analysis
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Abstract
Objective: This meta-analysis is to investigate the relationship between the patatin-like phospholipase domain containing 3
(PNPLA3) rs738409 polymorphism and the susceptibility and severity of nonalcoholic fatty liver disease (NAFLD).

Methods:Chinese Journal Full-text Database, Wanfang Database, VIP Database, and PubMed Database were subjected to case-
control study retrieving, from January 2008 to December 2014. Following key words were used: fatty liver, PNPLA3, and rs738409
gene or variants or polymorphism or alleles. Meta-analysis was performed based on the retrieved articles.

Results: In total 65 studies were first retrieved according to the key words, and finally 21 studies with 14,266 subjects were
included. Meta-analysis showed that PNPLA3 rs738409 polymorphism exerted strong influence not only on fatty liver but also on the
histological injury. PNPLA3 rs738409 [G] allele was a risk factor for NAFLD (GG vs CC, OR=4.01, 95% CI 2.93–5.49; GC vs CC,
OR=1.88, 95%CI 1.58–2.24). PNPLA3 gene variant was significantly associated with the increased serum alanine aminotransferase
(ALT) levels (GG vs CC, standardized mean difference =0.47, 95% CI 0.14–0.81). In addition, nonalcoholic steatohepatitis
(NASH) was more frequently observed in G allele carriers (GG vs CC, OR=3.24, 95% CI 2.79–3.76; GC vs CC, OR=2.14, 95% CI
1.43–3.19).

Conclusion: PNPLA3 rs738409 polymorphism is not only a factor significantly associated with the susceptibility of NAFLD, but
also related to the susceptibility of aggressive diseases.

Abbreviations: ALT = alanine aminotransferase, HCV = hepatitis C virus, NAFLD = non-alcoholic fatty liver disease, NASH =
nonalcoholic steatohepatitis, PNPLA3 = patatin-like phospholipase domain containing 3.

Keywords: meta-analysis, nonalcoholic fatty liver disease (NAFLD), patatin-like phospholipase domain containing 3 (PNPLA3)
polymorphism, susceptibility
1. Introduction

Patatin-like phospholipase domain containing 3 (PNPLA3) is
located on chromosome 22, which belongs to the family of
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patatin-like phospholipases (also known as adiponutrin). It has
been shown that the expression of PNPLA3 in human beings
would be affected by series of factors, including diet, obesity,
insulin and glucose levels, and gene mutation.[1] Moreover, a
number of studies have shown that the PNPLA3 I148M
mutation on the rs738409 site is related to the genetic
susceptibility, liver damage, liver fibrosis, and disease develop-
ment in liver diseases, such as nonalcoholic fatty liver disease
(NAFLD), alcoholic liver disease, hepatitis C virus (HCV)
infection, and liver cancers.[2,3]

Studies have demonstrated that the PNPLA3 I148M rs738409
gene polymorphism is closely associated with the elevated liver
fat content in NAFLD, making the relationship between the
PNPLD3 polymorphism and NAFLD pathogenesis a research
hot spot. In 2008, Romeo et al[4] have first reported the
association between the PNPLA3 [rs738409C/G] gene poly-
morphism and NAFLD. Since then, several studies have been
focusing on the relationship between genemutation andNAFLD.
However, due to the differences in the population samples,
detection methods, and diagnostic standards, as well as the
limitations such as subject ages and sample sizes, no consensus
has been achieved in this research field. In this study, to
investigate the effects of PNPLA3 rs738409 polymorphism on
the genetic susceptibility and histological damages in NAFLD
patients, related references were analyzed with systematic review
and meta-analysis.
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2. Materials and methods

2.1. Inclusion criteria

The inclusion criteria were as follows: study type: the casa-
control studies based on populations or hospitals; study subjects:
studies on association between the PNPLA3 rs738409 polymor-
phism and NAFLD; studies concerning the gene detection of the
single nucleotide polymorphisms at the PNPLA3 rs738409 locus;
and observation indexes: genotype distribution, clinical data of
NAFLD and control subjects, and liver damage index. This is a
meta-analysis and thus ethical approval is not necessary.
2.2. Exclusion criteria

The exclusion criteria were as follows: repeated publication of the
same population data, or articles with unclearly described
original data; review articles; and secondary causes of steatosis,
including alcoholism, total parenteral nutrition, hepatitis B
(HBV), and HCV infection, and drug usage.
2.3. Study retrieving and key words

Chinese Journal Full-text Database, Wanfang Database, VIP
Database, and PubMed Database were subjected to study
retrieving, from January 2008 to December 2014. The following
key words were used for searching: fatty liver, PNPLA3, and
rs738409 gene or variants or polymorphism or alleles.
2.4. Literature extraction

Following basic information was extracted from included studies:
the study title, first author, publication year, study type, genetic
detection method, study population, age, sex, and sample size.
The retrieving and screening process was shown in Fig. 1.

2.5. Statistical analysis

NAFLD diagnostic criteria included the application of proton
magnetic resonance spectroscopy, ultrasonic detection of liver fat
infiltration, and liver biopsy detection method. The genotype
frequencies and the risk odds (OR and 95%CI) between different
Figure 1. Article retrieving
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genetic models in NAFLD and control groups were recorded. The
frequencies of NASH or liver fibrosis for each genotype were
recorded. The biochemical indexes [alanine aminotransferase
(ALT), AST, etc.] of each subject from included studies were
standardized and unified. Combined statistics (OR values) were
obtained for dichotomic variables. The OR and 95%CI values of
genotypes between the NAFLD and control groups, and the OR
and 95% CI values of genotypes between the NASH and simple
steatosis groups, were analyzed and compared. All continuous
variables (such as serum ALT levels and liver fibrosis scores) were
expressed as mean ± SD, and the standardized mean difference
(SMD) was used as the combined effect value.
Stata 12.0 software was used for statistical analysis.

Heterogeneity analysis was performed using the I2 statistics:
P>.05 or I2< 50% suggested satisfactory homogeneity, which
was suitable for the fixed-effect model, while I2> 50% suggested
greater heterogeneity, and the random-effect model was applied.
OR or SMD values were calculated, and the forest plots were
obtained accordingly.
For the large heterogeneity, subgroup analysis was performed,

based on the subject races, ages, or other related factors. If the
heterogeneity persisted, sensitivity analysis was conducted, and
the combined effect values and the 95% CI values were
recalculated after excluding certain studies. In the sensitivity
analysis, the research models (the fixed- and random-effect
models) were altered. The statistics were recombined after
removing the article with the largest weight, and the result
stability was evaluated. Funnel plots were obtained with the OR
or SMD values as the horizontal coordinates, and the standard
error of OR logarithm or standard error of SMD as the vertical
coordinates. Publication bias was quantitatively evaluated with
the Egger regression and Begg rank correlation.
3. Results

3.1. Basic information of retrieved articles

In total 65 related articles (in which 10 articles were published in
Chinese) were first retrieved based on the searching key words.
After the primary screening, the unrelated articles were excluded,
and 36 related articles were selected. According to the inclusion
and screening process.



Table 1

Basic characteristics of the included articles.

ID Year First author Ethnicity (country)
Sample size

(cases/controls) Genotyping
Control
source

Subject
age

1 2009 Sookoian [1] European Caucasian (Argentina) 172/94 Allele-specific oligonucleotides Hospital based Adult
2 2009 Kantaitzis [5] Caucasian (Germany) 330 Taqman Hospital based Adult
3 2010 Valenti [3] Caucasian (Italy) 149 Taqman Hospital based Child
4 2010 Valenti [4] Caucasian (Italy, United Kingdom) 432/321 (253/179) Taqman Mixed Adult
5 2010 Romeo [6] Caucasian (Italy) 678 Taqman Hospital based Adult
6 2010 Speliotes [2] Caucasian (USA) 2083 (678/1405) Sequenom mass array iPLEX platform Mixed Adult
7 2010 Goran [7] Hispanic (USA) 327 Taqman Population based Child
8 2010 Petit [8] Caucasian (France) 218 Allele-specific oligonucleotides Hospital based Adult
9 2010 Hotta [9] Asian (Japan) 831 (253/578) Taqman Hospital based Adult
10 2010 Lin YC [10] Asian (Taiwan, China) 520 (102/418) Taqman Hospital based Child
11 2010 Wang CW [11] Asian (Taiwan, China) 879 (156/723) Taqman Population based Adult
12 2011 Wagenkencht [12] Hispanic American/ African American (USA) 843/371 Sequenom mass array iPLEX platform Population based Adult
13 2012 Peng X [13] Asian (China) 1106 (553/553) Sequenom mass array iPLEX platform Population based Adult
14 2012 Zain S [14] Mixed (Chinese, Indian, and Malay) 342 (144/198) Taqman Hospital based Adult
15 2012 Xu J [15] Asian (China) 170 (94/76) Direct sequencing Hospital based Adult
16 2012 Kawaguchi [16] Asian (Japan) 1461 (529/932) Taqman Population based Adult
17 2012 Li YL [17] Asian (China) 505 (203/202) Taqman Hospital based Adult
18 2013 Xu J [18] Asian (China) 651 (315/336) Direct sequencing Population based Adult
19 2014 Xu Y [19] Asian (China) 187 (85/102) Direct sequencing Hospital based Adult
20 2014 Lin YC [20] Asian (Taiwan, China) 797 (191/606) Taqman Hospital based Child
21 2014 Niu TH [21] Asian (China) 799 (390/409) Direct sequencing Hospital based Adult
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and exclusion criteria, after the full-text reading, the repeated
publications with the same data and review articles were
excluded, leaving 26 articles. After another round of full-text
reading, based on the data extraction requirements, articles with
incomplete data and author information were excluded, and in
total 21 articles were finally included in this study and subjected
to the meta-analysis.[5–24] Basic information of the 21 included
articles was shown in Table 1.
Out of these 21 articles, there were 2 published in Chinese, and

19 in English. Moreover, there were 6 case-control articles based
on populations, 13 case-control articles based on hospitals, and 2
articles with mixed background. Furthermore, out of these 21
articles, 7 articles focused on the Caucasian population, 11
articles studied the Asian population, and the rest articles
concerned the Hispanic, Finnish, and other races. The gene
detection methods included the first generation of direct
sequencing technique, Taqman probe technique, allele-specific
probe technique, and single nucleotide polymorphisms genotyp-
ing detection based on time-of-flight mass spectrometry. In
addition, in these articles, 20 articles reported the relationship
between the NPNLA3 gene mutation and NAFLD susceptibility,
and 6 articles regarded the association between the incidence of
NASH and the genotypes of NAFLD patients, and 7 articles
concerned the relationship between the serum ALT level and
PNPLA3 gene polymorphism.
3.2. Meta-analysis on association between PNPLA3
rs738409 gene polymorphism and NAFLD

Our results showed that the PNPLA3 gene polymorphism
(rs738409 [G]), that is, the 3 genotypes of CC (homozygous wild-
type), GG (homozygousmutant), and CG (heterozygousmutant),
were found in both the NAFLD and control groups, even though
with different genotype distribution frequencies. In this meta-
analysis, homozygous wild-type CC genotype was used as
reference, which was compared with homozygous mutant GG
3

and heterozygous mutant CG genotypes, respectively, in these 21
articles (involving 14,266 subjects).
Forest plots concerning the relationship between the PNPLA3

rs738409 gene mutation and NAFLD susceptibility were shown
in Figs. 2 and 3. Our results indicated large heterogeneity of these
21 included articles (I2> 50%), and therefore random-effect
model was applied. The combined OR value for GG versus CC
was 4.01 (95%CI: 2.93–5.49), with the Z value of 8.69 (P< .05)
for the statistically significance analysis. The combined OR value
for GC versus CC was 1.88 (95% CI: 1.58–2.24), with the Z
value of 7.01 (P< .05). Taking into account the effect of different
test methods on heterogeneity, 4 articles applying the first-
generation of gene detection (direct sequencing technique) were
excluded,[19,21,24] and the other articles were again subjected to
the meta-analysis, obtaining the combined OR values. The forest
plot showed that significantly declined heterogeneity (I2<50%).
The combined OR value for GG versus CC was 2.76 (95% CI:
2.41–3.16), with the Z value of 14.79 (P< .05). The combined
OR value for GC versus CC was 1.56 (95% CI: 1.40–1.74), with
the Z value of 8.08 (P< .05) (Table 2). Comparedwith the former
combined OR values before excluding the 4 articles, the P values
were less than .05. Our results showed that, compared with the
CC genotype carriers, the mutant allele [G] carriers were more
common in the NAFLD group. These results suggest the close
association between the PNPLA3 rs738409 gene mutation and
NAFLD susceptibility.
3.3. Subgroup analyses according to subject ages and
races

Subgroup analysis based on subject ages was first performed. Our
results showed that, after excluding the 4 articles applying the
first-generation of gene detection (direct sequencing tech-
nique),[19,21,24] in the remaining 16 articles, 13 articles regarded
adult subjects, and the combined OR values for GG versus CC
and GC versus CC were 2.76 (95%CI: 2.39–3.2) and 1.57 (95%
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Figure 2. Forest plots for association between PNPLA3 rs738409 polymorphism and NAFLD susceptibility (20 articles). A, GG versus CC. B, GC versus CC.
Wagebknecht b represented African-American population, and Valenti b represented adults.
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CI: 1.39–1.76), respectively, both P< .001. In the other 3 articles
concerning child subjects, the combined OR values for GG versus
CC and GC versus CC were 2.75 (95% CI: 1.93–3.93) and 1.55
(95% CI: 1.17–2.06), respectively, both P< .001 (Fig. 4)
(Table 3).
Our results from the subgroup analysis based on subject

races were shown in Fig. 5. In the 16 analyzed articles, 6
articles focused on Asian populations, 7 articles regarded
Caucasian people, and the remaining 3 articles concerned
Hispanic population. Our results showed that, for the Asian
population, the combined OR values for GG versus CC and
GC versus CC were 2.43 (95% CI: 2.06–2.87) and 1.33 (95%
CI: 1.16–1.52), respectively, with statistical significance. For
the Caucasian people, the combined OR values for GG versus
CC and GC versus CC were 3.29 (95% CI: 2.47–4.39) and
2.27 (95% CI: 1.82–2.84), respectively, both P< .05 (Table 4).
These findings suggest the stability of results after model
alteration.

3.4. Associations between the gene polymorphism and
serum ALT level, as well as NASH incidence

The results from the association analysis between the gene
polymorphism and serumALT level were shown in Fig. 6. In the
articles included in the meta-analysis, 7 articles provided data
4

on the serum ALT level in NAFLD patients with different
genotypes. Combined SMD value was used as the effect value.
Corresponding effect models were applied according to the
heterogeneity analysis from the forest plots. Our results showed
that, huge heterogeneity was reported for GG versus CC, and
therefore the random-effect model was applied, with the
combined effect SMD of 0.47 (95% CI: 0.14–0.81), Z value
of 2.75, and P= .006 (<.05), suggesting statistical significance.
For GC versus CC, the heterogeneity test suggested P< .05, and
therefore the fixed-effect model was used, with the combined
SMD of 0.14 (95% CI: �0.2 to 0.29), Z value of 1.76, and
P= .079 (>.05). The same results were obtained after altering
the analysis models (Table 5).
Results from the association analysis between the gene

polymorphism and NASH incidence were shown in Fig. 7. In
total 6 articles reported on the relationship between the risky
allele G and NASH. Our results showed that, compared with CC
carriers, NASHwas more commonly seen in the NAFLD patients
carrying GG genotype. The combined OR value was 3.24 (95%
CI: 2.79–3.76) (P< .001), and consistent results were obtained
for the analysis after model altering. For the comparison between
the carriers of GC and CC genotypes, the combined OR value
from the random-effect model was 2.14 (95% CI: 1.43–3.19),
and the combinedOR from the fixed-effect model was 2.71 (95%
CI: 2.35–3.12) (P= .0000), with statistical significance.



Figure 3. Forest plots for association between PNPLA3 rs738409 polymorphism and NAFLD susceptibility (16 articles after exclusion). A, GG versus CC. B, GC
versus CC. Wagebknecht b represented African-American population, and Valenti b represented adults.
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3.5. Publication bias analyses of included articles

Publication bias analysis of these included articles was
performed. The funnel plot of the association between the gene
polymorphism and NAFLD susceptibility was shown in Fig. 8. In
total 20 articles concerned the comparison of the GG and CC
genotypes between the NAFLD and control subjects. Meta-
analysis showed that GG carriers were more prone to suffer from
NAFLD. The funnel plot showed symmetrical distribution
pattern, and the Egger regression and Begg rank correlation
analysis indicated P= .247 (>.05) and P= .098 (>.05), respec-
tively, with no statistical significance, suggesting no publication
bias. For the comparison of the GC versus CC model, the funnel
plot showed symmetrical distribution pattern. The Egger
regression and Begg rank correlation analysis based on
Table 2

Association between the rs738409 gene mutation and NAFLD
susceptibility before and after article exclusion.

Genotypes OR (95% CI) before OR (95% CI) after

GG vs CC 4.01 (2.93–5.49) 2.76 (2.41–3.16)
GC vs CC 1.88 (1.58–2.24) 1.56 (1.40–1.74)

5

quantitative measurement indicated P= .051 (>.05) and P= .086
(>.05), respectively, with no statistical significance, suggesting
small publication bias and stable results.
The funnel plot of the association between the gene

polymorphism and serum ALT level was shown in Fig. 9. In
total 7 articles concerned the relationship between the GG/CC
genotypes and serum ALT level. Asymmetry distribution pattern
was showed in the funnel plot, and the Egger regression and Begg
rank correlation analysis based on quantitative measurement
indicated P= .764 (>.05) and P= .951 (>.05), respectively, with
no statistical significance. For the association between the GC
versus CC genotypes and the serum ALT levels, the funnel plot
showed symmetrical distribution pattern. The Egger regression
and Begg rank correlation analysis based on quantitative
measurement indicated P= .548 (>.05) and P= .917 (>.05),
respectively, with no statistical significance.
The funnel plot of the association between the gene

polymorphism and NASH incidence was shown in Fig. 10.
For the GG versus CC model, our results showed that, GG
genotype carriers were more prone to suffer from NASH. The
funnel plot showed basically symmetry distribution pattern, and
the Egger regression and Begg rank correlation analysis based on
quantitative measurement indicated P=1.0 (>.05) and P= .188

http://www.md-journal.com


Figure 4. Forest plots for association between PNPLA3 rs738409 polymorphism and NAFLD susceptibility based on age sub-group analysis (16 articles). A, GG
versus CC. B, GC versus CC.
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(>.05), respectively, with no statistical significance. For the
association between the GC versus CC genotypes and NASH
incidence, the funnel plot showed obviously asymmetry distribu-
tion, suggesting publication bias. The Egger regression and Begg
rank correlation analysis based on quantitative measurement
indicated P=1.0 (>.05) and P= .963 (>.05), respectively, with
no statistical significance.
Table 3

Meta-analysis ongene polymorphism and NAFLD susceptibility base

Genotypes Subgroup

OR (95% CI)
after

subgrouping

O
a

GG vs CC Adult 4.13 (2.93–5.86) 2.7
Child 4.01 (2.93–5.49) 2.7

GC vs CC Adult 1.92 (1.57–2.34) 1.5
Child 1.57 (1.15–2.15) 1.5

(P< .05).

6

4. Discussion
In this study, meta-analysis was performed on the published
articles concerning the relationship between the PNPLA3
rs738409 gene polymorphism andNAFLD, to further investigate
the association between gene polymorphism and disease
pathogenesis, and its effects on the genetic susceptibility of
NAFLD. The findings might help to understand the disease
d on age subgrouping.

R (95% CI)
fter article
exclusion

OR (95% CI)
after model
alteration

OR (95% CI) after
excluding article

with highest weight

6 (2.39–3.2) 2.88 (2.34–3.55) 2.8 (2.38–3.31)
5 (1.93–3.93) 3.37 (1.58–7.17) 3.83 (2.25–6.5)
7 (1.39–1.76) 1.66 (1.39–1.99) 1.6 (1.41–1.82)
5 (1.17–2.06) 1.57 (1.15–2.15) 1.93 (1.23–3.03)



Figure 5. Forest plots for association between PNPLA3 rs738409 polymorphism and NAFLD susceptibility based on race subgroup analysis (16 articles). A, GG
versus CC. B, GC versus CC.
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pathogenesis, and contribute to the screening of populations and
individuals with high risk of NAFLD. Our results from the meta-
analysis indicated the different distribution patterns of rs738409
genotype between the NAFLD and control groups. The GG and
GC genotypes (carrying themutant alleles) were more common in
the NAFLD group. Using the CC genotype as reference, the GG
and GC genotype carriers were compared in the NAFLD and
control groups. For the GG versus CC, the combined OR value
Table 4

Meta-analysis on gene polymorphism and NAFLD susceptibility
based on race subgrouping.

Genotypes Subgroup
OR (95% CI) before
model alteration

OR (95% CI) after
model alteration

GG vs. CC Caucasians 3.29 (2.47–4.39) 3.29 (2.47–4.39)
Hispanic 3.98 (2.71–5.86) 5.81 (2.31–14.62)
Asian 2.43 (2.06–2.87) 2.45 (1.94–3.09)

GC vs. CC Caucasians 2.27 (1.82–2.84) 2.27 (1.82–2.84)
Hispanic 1.79 (1.3–2.46) 1.79 (1.3–2.46)
Asian 1.33 (1.16–1.52) 1.33 (1.16–1.52)

7

was 4.01 (95%CI: 2.93–5.49), with the Z value of 8.69 (P< .05).
Due to the huge heterogeneity in the forest plot, I2 was more than
50% (P< .001). Considering the different gene detection
methods applied, 4 articles using the direct sequencing technique
were excluded, and meta-analysis was performed again. The
results indicated significantly reduced heterogeneity, and the
combined OR value was 2.76 (95% CI: 2.41–3.16) (P< .001),
with statistically significant differences. For the GC versus CC
model, the combined OR value was 1.88 (95% CI: 1.58–2.24)
(P< .001), with statistical significance. Similarly, the heterogene-
ity was obviously declined after excluding the very 4 articles, and
the newly calculated combined OR value was 1.56 (95% CI:
1.40–1.74) (P< .05), with statistical significance. The statistical
significance before and after excluding the 4 articles with
relatively poor qualities demonstrated the result stability.
According to the results of this meta-analysis, the frequency of
the risk gene [G] was relatively high in the NAFLD group, and the
PNPLA3 rs738409 allele G polymorphism was closely linked
with the susceptibility of NAFLD. This finding was in line the
former reports showing that the risk gene [G] carriers are more
prone to suffer from NAFLD.[19,25–30]

http://www.md-journal.com


Figure 6. Forest plots for association between PNPLA3 rs738409 polymorphism and ALT level in NAFLD patients (7 articles). A, GG versus CC. B, GC versus CC.
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Numerous studies on the PNPLA3 rs738409 polymorphism
have shown that, the gene polymorphism is closely related to the
occurrence and development of NAFLD.[3] It has been
demonstrated that PNPLA3 is an important regulating factor
for triglyceride,[21] which could act as both phospholipase and
acyl transfer enzyme. However, the physiological mechanism has
not been fully elucidated. Although the effects of PNPLA3 on
liver physiology are still unclear, it is clear that the rs738409 gene
polymorphism affects not only the triglyceride deposition in liver,
but also the disease progression in patients with fatty liver. At
present, researches on the relationship between the PNPLA3 gene
mutation and NAFLD pathogenesis have mainly concerned the
effects of gene mutation on the lipid decomposition in the liver. A
previous study has shown that, the triglyceride content in the liver
Table 5

Meta-analysis on serum ALT level and PNPLA3 re738409 gene
polymorphism.

Genotypes

SMD (95% CI)
before model
alteration

SMD (95% CI)
after model
alteration

GG vs CC 0.47 (0.14–0.81) 0.47 (0.29–0.65)
GC vs CC 0.14 (-0.2–0.29) 0.14 (�0.08–0.35)

8

is increased, in both the PNPLA3 mutant mice and the in vitro
PNPLA3 mutant liver cells.[31] Therefore, some scholars propose
that the gene mutation leads to the change from isoleucine to
methionine in the expressed protein, which limits the binding of
the substrate to the catalytic site and the activity of triglyceride
hydrolase. In this study, our results showed that, the mutant gene
G carriers were more prone to suffer from NAFLD, indicating
that the gene mutation might influence the triglyceride hydrolysis
in liver cells, leading to the accumulation of triglycerides in the
liver and triggering the occurrence of fatty liver.
In this meta-analysis, 7 articles reported on the relationship

between the elevated ALT levels and the PNPLA3 rs738409 gene
polymorphism. The serum ALT levels were analyzed and
compared between the GG and CC genotype carriers, as well
as between the GC and CC genotype carriers, and the combined
effect SMD value was calculated. Our results showed that, the
homozygous GG mutant genotype was associated with the
elevated serum ALT levels. The combined SMD for GG versus
CC was 0.47 (95% CI: 0.14–0.81), with the Z value of 2.75 and
P= .006 <.05, suggesting statistical significance. Consistent
results before and after model alteration proved satisfactory
stability. For GC versus CC, the combined effect values indicated
P> .05, and the unchanged results after model alteration
suggested that there was no difference in the ALT level between
the NAFLD patients carrying GC and CC genotypes. These



Figure 7. Forest plots for association between PNPLA3 rs738409 polymorphism and NASH (6 articles). A, GG versus CC. B, GC versus CC.
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results were consistent with the previous findings that the
PNPLA3 rs738409 [G] mutation is linked with the elevated
serum ALT level,[32,33] which might be caused by the liver
inflammation or liver cell damages. Because ALT is an indicator
of liver function, with high sensitivity and specificity, the elevated
ALT levels in patients with fatty liver might be due to the mild
liver damages. However, it is till unclear whether the PNPLA3
mutation leads to the fat accumulation in the liver and the
consequent enhanced liver enzymes, or the PNPLA3 variation
results in the ALT elevation via inducing liver cell damages and
affecting liver function. Further in-depth studies are still needed
to address the issues.
Related researches have reported that the rs738409 gene

polymorphism not only affects the deposition of liver lipids, but
also is closely related to the progress of NAFLD disease.[3] A
previous study based on gene polymorphism detection has
shown that PNPLA3 rs738409 [G] gene could increase the risk
of NASH.[8] This meta-analysis included 6 articles concerning
the relationship between the NASH and PNPLA3 rs738409
gene polymorphism. Our results showed that, in the patients
with NAFLD, NASH is more common in the GG carriers
compared with CC carriers, for both fixed- and random-effects
models (PR: 3.24; 95% CI: 2.79–3.76), without obvious
publication bias (P> .05). For the comparison of GC and CC
9

genotypes, the meta-analysis showed that, the NAFLD patients
carrying GC genotype were more prone to suffer from NASH,
with the combined effect OR of 2.14 (95% CI: 1.43–3.19).
Consistent results before and after model alteration suggest the
result stability.
In recent years, several studies have reported the association

between the PNPLA3 rs738409 gene polymorphism and the
NAFLD in children.[34] In this meta-analysis, parts of the
involved subjects in the included studies were children. According
to the subgroup meta-analysis based on ages, in both the child
and adult groups, the mutant gene [G] was significantly related to
the occurrence of NAFLD. For GG versus CC, the combined OR
values in adult and child subjects were 2.76 (95% CI: 2.39–3.2)
and 2.75 (95% CI: 1.93–3.93), respectively, both P< .001. For
the GC versus CC, the combined OR values in adult and child
subjects were 1.57 (95%CI: 1.39–1.76) and 1.55 (95%CI: 1.17–
2.06), respectively, both P< .001. After altering the effect models
and subsequently excluding the references with heavy weights,
the same results were obtained, suggesting the satisfactory
stability. These findings indicate that the effects of PNPLA3 gene
polymorphism on NAFLD susceptibility could not be influenced
by the age factor, which would start since the childhood. Due to
the limited sample sizes of child subjects, further in-depth studies
with large sample sizes are sill needed.
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Figure 9. Funnel plots for association between PNPLA3 rs738409 poly-
morphism and ALT level in NAFLD patients (7 articles). A, GG versus CC. B, GC
versus CC.

Figure 8. Funnel plots for association between PNPLA3 rs738409 poly-
morphism and NAFLD susceptibility (20 articles). A, GG versus CC. B, GC
versus CC.
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In a previous study on the association between genetic
polymorphism and NAFLD, European population was involved
and the genetic polymorphisms at 7 loci were investigated 66. The
results have shown that, the PNPLA3 s738409 G allele would
increase the incidence of NAFLD (OR: 3.26; 95% CI: 2.11–
7.21). These findings suggest that, the association between the
PNPLA3 rs738409 and NAFLD susceptibility did not differ
between different races. In this meta-analysis, 4 articles with high
heterogeneities were excluded, and the remaining 16 articles were
subjected to the subgroup analysis based on races. Our results
showed that, for the comparison between GG and CC genotypes,
the combined OR and 95% CI values for the Caucasian, Asian,
and Hispanic populations were 3.29 (2.47–4.39), 2.43 (2.06–
2.87), and 3.98 (2.71–5.86), respectively, all P< .001. For GC
versus CC, the OR and 95% CI values were 2.27 (1.82–2.84),
1.33 (1.16–1.52), and 1.79 (1.3–2.46), respectively, all P< .001,
with statistical significance. The findings were not changed before
and after model alteration. These results suggest that the effects of
PNPLA3 re738409 gene polymorphism on NAFLD exist over
different races.
This meta-analysis has some limitations. First, general

observational meta-analyses often involve dichotomous varia-
bles, however, herein, the PNPLA3 re738409 gene polymor-
phism included 3 genotypes, that is, the homozygous wild-type
CC, homozygous mutant GG, and heterozygote mutant GC
10
genotypes. The meta-analysis software (including the stata
software) is designed only for pair-wise comparison, and no
direct comparison among these 3 genotypes could be performed.
Therefore, in this study, the homozygous wild-type CC was used
as reference, and the comparisons between the GG and CC
genotypes, as well as between the GC and CC genotypes, were
performed. The multiple comparisons would decline the
credibility of statistical analysis and increase the Type I error.
Second, because of the lack of a unified evaluation standard for
literature quality, no quantitative assessment was conducted
herein. All the articles were included based on subjective selection
and evaluation, leading to attenuated objectivity and enhanced
heterogeneity, whichmight affect the stability of the results of this
meta-analysis. Moreover, since meta-analysis per se is an
observational and retrospective study, bias with certain degree
exists. Due to these limitations, further in-depth and systematical
evaluation of the case-control studies with enlarged samples sizes
and multiethnic populations with high qualities is still needed.
In summary, this meta-analysis provided evidence for the

association between the PNPLA3 re738409 gene polymorphism
and NAFLD pathogenesis. PNPLA3 rs738409 polymorphism is
not only a factor significantly associated with the susceptibility of
NAFLD, but also related to the susceptibility of aggressive
diseases. These finding would contribute to the screening of high
risky populations and susceptible individuals to NAFLD in clinic.
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Figure 10. Funnel plots for association between PNPLA3 rs738409
polymorphism and NASH (6 articles). A, GG versus CC. B, GC versus CC.
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