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Abstract: Genetic variants of PNPLA3 have been implicated in hepatocellular carcinoma (HCC) susceptibility; how-
ever, published findings have been both conflicting and inconclusive. To obtain a more precise estimate of the as-
sociation of the PNPLA3 rs738409 (C > G) polymorphism with the overall risk of HCC and in patients with cirrhosis, 
we performed a meta-analysis of nine eligible studies identified through an online search of Ovid, PubMed, EBSCO, 
the Cochrane Library, the Web of Science, the China National Knowledge Infrastructure, Wanfang, and Chinese 
Biomedicine databases. The studies comprised 1175 patients with HCC, 876 with cirrhosis, and 3026 healthy 
controls. Pooled odds ratios (ORs) with corresponding 95% confidence intervals (CIs) were calculated to assess as-
sociations, using fixed-effects models. Etiology subgroup and sensitivity analyses were also performed. Our results 
showed that rs738409 was associated with overall HCC risk and in patients with cirrhosis in the genetic contrast 
modes: G vs. C, GG + CG vs. CC, GG vs. CG + GG, and GG vs. CC. Stratification by etiology did not reveal any signifi-
cant association between this polymorphism and hepatitis C virus (HCV)-related HCC in patients with HCV-related 
cirrhosis (P > 0.05). However, healthy individuals harboring two copies of the rs738409 G variant had a higher risk 
of HCC (GG vs. CC: OR = 4.40, 95% CI: 3.28-5.91) than those carrying a single G allele (CG vs. CC: OR = 1.62, 95% 
CI: 1.34-1.59); these significant association were also present in each subgroup. Furthermore, the association was 
more pronounced in alcohol vs. HCV-related HCC. The present meta-analysis suggests that the PNPLA3 rs738409 
G allele is a risk factor for HCC except in patients with HCV-related cirrhosis, and that two copies of the rs738409 G 
variant conferred a higher risk for HCC in controls, especially for alcohol-related HCC. Further studies with a larger 
sample size are needed to ascertain the association in different ethnicities.
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Introduction

Hepatocellular carcinoma (HCC) is the most 
common form of primary malignancy of the 
liver, and the second leading cause of cancer-
related mortality worldwide [1]. There are four 
major epidemiological and clinical characteris-
tics of HCC: (i) in the majority of cases, HCC 
development is secondary to previously diag-
nosed liver disease, such as cirrhosis, hepati-
tis, non-alcoholic fatty liver disease (NAFLD) 
[2-8]; (ii) HCC risk is a result of multiple factors, 
including gender, obesity, smoking, alcohol 
abuse, and rare genetic disorders [1, 5, 9-11]; 
(iii) the distribution and etiology of HCC varies 

according to geographical location. The inci-
dence rates of HCC are highest in sub-African 
and Eastern Asia (20/100,000), including China 
where the prevalence of hepatitis B virus (HBV) 
infection. Conversely, the incidence rates are 
lower in North America and Europe where the 
most common etiology is hepatitis C virus (HCV) 
infection [1]. However, HBV and alcohol abuse 
also involved in liver cancer occurrence in 
Western countries [12, 13]. (iv) Early detection 
of HCC remains difficult because of lacking of 
effective monitoring for HCC progression [10]. 
Accordingly, efforts to identify specific methods 
for the diagnosis and prevention of HCC are 
required. A growing body of evidence has indi-
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cated the importance of individual susceptibili-
ty to the development of cancer and has dem-
onstrated that genetic polymorphisms can pre-
dict cancer risk and might enable early diagno-
sis of cancers [14, 15], such as HCC.

Patatin-like phospholipase domain-containing 
3 (PNPLA3), also called adiponutrin, belongs to 
a novel class of patatin-like phospholipase fam-
ily proteins, which have emerged as a new bio-
marker of human hepatic steatosis and nonal-
coholic fatty liver disease [16]. A large volume 
of research data has demonstrated that 
PNPLA3 is highly expressed in hepatic stellate 
and hepatoma cells [17, 18], suggesting a 
potential role in cirrhosis and hepatocarcino-
genesis. Recently, several studies have estab-
lished a strong link between a single nucleotide 
polymorphism (SNP) in the PNPLA3 gene, 
rs738409, and the development of NAFLD, 
alcoholic liver disease (ALD), and chronic hepa-
titis [16, 19-23]; however, its association with 
HCC risk is less well-defined, and findings of 
significant association with HCC related to cir-
rhosis have been inconsistent [24-26]. 
Therefore, the current meta-analysis was per-
formed to clarify the association of the PNPLA3 
rs738409 polymorphism with HCC risk and the 
development of HCC in patients with cirrhosis, 
through the combined analysis of relevant pub-
lished studies.

Materials and methods

Literature and search strategy

A comprehensive electronic online search of 
Ovid, PubMed, EBSCO, the Cochrane Library, 
the Web of Science, the China National 
Knowledge Infrastructure, Wanfang, and the 
Chinese Biomedicine Database was conducted 
to identify studies linking PNPLA3 polymor-
phisms and HCC risk and/or the development 
of liver cancer in cirrhosis. The search was per-
formed independently by two investigators (Wu 
& Li). Studies available online involving human 
HCC, and written in English or Chinese, were 
retrieved up to November 2014. The following 
query terms were used to carry out the elec-
tronic database search: “hepatocellular carci-
noma” or “HCC” or “liver cancer” or “liver carci-
noma” and “PNPLA3” or “adiponutrin” or 
“rs738409” and “polymorphism” or “polymor-
phisms” or “SNP” or “variant” or “genotype” or 
“mutation”. Other potentially eligible studies 

were identified through individual and manual 
searches of reference lists of major textbooks, 
reviews, and included articles. In the case of 
overlapping studies, only the study with the 
largest sample size was included.

Inclusion criteria

The following eligibility criteria were set for the 
inclusion of studies in the current meta-analy-
sis: (1) case-control or cohort studies evaluat-
ing the association of the PNPLA3 rs738409 
polymorphism with HCC risk or the develop-
ment of HCC in cirrhosis; (2) studies where suf-
ficient evidence was presented to support the 
diagnosis of HCC or cirrhosis, such as confirma-
tion by histological pathology; (3) studies where 
the healthy control subjects were genetically 
unrelated family members and without any liver 
disease; and (4) studies where sufficient data 
were provided for the calculation of odds ratios 
(ORs) with 95% confidence intervals (CIs).

Exclusion criteria

Studies were excluded from the meta-analysis 
based on the following criteria: (1) where con-
trol populations were not included; (2) where 
outcomes of comparative analyses were not 
reported or were difficult to determine; (3) 
where investigations were based on incomplete 
raw data or overlapping studies; and (4) post-
ers, abstracts, seminars, snapshots, case re- 
ports, comments, letters, reviews, or edito- 
rials.

Data extraction

The following data were extracted from each 
included publication by two independent inves-
tigators (Wu & Li) using a standardized form: 
first author, year of publication, ethnicity, etiol-
ogy of cases, source of healthy controls, geno-
typing method, allele or genotype frequencies, 
and evidence of Hardy-Weinberg equilibrium 
(HWE). Any discrepancies were resolved by dis-
cussion or consultation with a third investigator 
until a consensus was reached.

Quality assessment

Because all included studies used case-control 
or cohort designs, we used the Newcastle-
Ottawa Scale (NOS) (http://www.ohri.ca/pro-
grams/clinical_epidemiology/oxford.asp) to 
assess quality, which was evaluated indepen-
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study heterogeneity 
was estimated graphi-
cally by the examina-
tion of forest plots. The 
c h i - s q u a r e - b a s e d 
Q-statistic test of het-
erogeneity was used to 
statistically assess the 
presence of significant 
heterogeneity, and the 
inconsistency index (I2) 
was used to assess the 
magnitude of heteroge-
neity within included 
studies. A x2-test 
P-value (Ph) < 0.1 or I2 > 
50% were considered 
indicative of substan-
tial heterogeneity [27, 
28]. The significance of 
the pooled statistical 
data was determined 
by the Z-test, with P < 

0.05 considered significant, using the fixed-
effects or random-effects model in the absence 
(Ph > 0.1 or I2 < 50%) or presence (Ph < 0.1 or I2 

> 50%) of heterogeneity [29, 30]. Subgroup 
analysis according to etiology was also per-
formed. The potential for publication bias was 
measured using Begg’s funnel plot, in which 
the standard error of logOR of each study was 
plotted against its logOR; an asymmetric plot 
suggested possible publication bias [31]. 
Funnel plot asymmetry was further assessed 
using Egger’s linear regression test (a P-value 
of < 0.05 was considered significant) [32]. 
Begg’s and Egger’s tests were both performed 
using Stata 12.0 software (Stata Corporation, 
College Station, Texas, USA). To enhance the 
credibility of the results, sensitivity analysis 
was also performed by sequential omission of 
individual studies in the analysis of various 
contrasts.

Results

Study characteristics

Following the initial database searches, 112 
potentially relevant publications met the 
requirements of the search strategy. After ini-
tial review, 59 publications consisting of 41 
reviews, two meta-analyses, and 16 other 
forms of publications such as editorials were 

Figure 1. Flowchart of the current meta-analysis showing studies included.

dently by two investigators (Liu & Wang). Any 
disagreements were resolved by discussion. 
The NOS assessment comprised three items 
and was graded as follows: selection of study 
groups (4 stars), comparability between groups 
(2 stars), and ascertainment of exposure or out-
come (3 stars). We assessed the quality of all 
included studies accordingly, regarding the 
assessment of HCC risk and risk of HCC in 
patients with cirrhosis.

Statistical analysis

Because the lack of current knowledge pre-
cludes determination of which genetic model 
might best explain the effect of rs738409 on 
HCC occurrence, we analyzed all possible 
genetic models. First, we analyzed the associa-
tion between the PNPLA3 rs738409 polymor-
phism and HCC risk, followed by an assess-
ment of the effect of rs738409 on HCC devel-
opment subsequent to cirrhosis in a similar 
manner. Individual or pooled ORs with 95% CIs 
were calculated to assess the strength of the 
associations between PNPLA3 rs738409 poly-
morphic variants and HCC risk, as well as with 
the risk of development of HCC in patients with 
cirrhosis using Review Manager version 5.3 
software (kindly provided by The Cochrane 
Collaboration, Oxford, England) (http://www.
cochrane.org/software/revman.htm). Inter-



PNPLA3 rs738409 variants and HCC

6641 Int J Clin Exp Med 2015;8(5):6638-6649

excluded. After a careful review of the titles and 
abstracts, 30 additional studies not conform-
ing to the research topic were excluded. After 
the full texts were reviewed, seven studies met 
the defined inclusion criteria and were included 
in the current meta-analysis [24, 25, 33-37] 
(Figure 1). Because more than one case-con-
trol study was included in the reports published 
by Nischalke et al. [24] and Falleti et al. [34], 
each paper was considered as a separate study 
in the meta-analysis. To obtain the publication 
date of the paper written by Falleti et al. [34], 
we consulted another article written by Trepo et 
al. [38]. Furthermore, as the two papers written 
by Valenti et al. [36, 39] contained overlapping 
data, we included the research subjects only 
from the study which had the larger sample 
size. Therefore, a total of nine case-control or 
cohort studies from seven publications (six in 
English and one in Chinese) were used in this 
study, comprising 1175 patients with HCC, 876 
patients with cirrhosis, and 3026 healthy con-
trols. Detailed characteristics of the included 
studies are summarized in Table 1.

Quality assessment

The quality of all included studies is shown in 
Table 1. The average NOS score of the HCC risk 
was 6.8, and it was 7 for other groups. The 
main bias arose from comparability where the 
additional confounding factors were not well 
controlled. Besides, some bias arose from Non-
Response rate in the case-control study’s 
exposure.

HCC risk

In total, six studies that examined the associa-
tion between the PNPLA3 rs738409 polymor-
phism and HCC risk, including 1016 patients 
with HCC and 3026 healthy controls, were 
included in our meta-analysis. We found a sig-
nificant association between rs738409 and 
HCC risk using multiple different genetic mod-
els: allele contrast, G vs. C: OR = 2.02, 95% CI: 
1.77-2.30; dominant, GG + CG vs. CC: OR = 
2.03, 95% CI: 1.70-2.41; recessive, GG vs. CG + 
CC: OR = 3.56, 95% CI: 2.70-4.69; and co-dom-
inant, GG vs. CC: OR = 4.40, 95% CI: 3.28-5.91, 

Table 1. Summary of characteristics of all included studies in the meta-analysis

First 
author Year Ethnicity Aetiology 

of cases

Genotype- 
HCC case

Genotype- 
cirrhosis case

Genotype- 
healthy control Source of 

control
Genotype 
method

HWE 
test

NOS

CC/CG/GG CC/CG/GG CC/CG/GG NOS- 
Ca

NOS- 
Ci

Nischalke 2011 Caucasian 57/73/31 77/69/15 112/69/9 Volunteers LCrt-PCR Y 8 7

HCV 40/33/8 45/31/5 -

Alcoholic 17/40/23 32/38/10 -

Falleti 2011 Caucasian 43/60/38 125/160/57 218/175/35 blood donors PCR Y 7 6

HCV 17/25/10 63/74/20

HBV 11/9/3 24/22/7

Alcoholic 15/26/25 38/64/30

Valenti 2013 Caucasian 194/187/79 146/95/16 blood donors TaqMan Y 7 -

HCV 132/107/32

HBV 31/19/7

B + C 2/6/0

Alcoholic 18/32/30

Others 11/23/10

Friedrich 2014 Caucasian 33/41/12 1135/718/97 blood donors RTqPCR Y 6 -

HBV,HCV 26/19/2

Alcoholic 3/17/9

Other 4/5/1

Ezzikouri 2014 North-African HCV 43/35/23 66/54/12 Hospital TaqMan Y 6 -

Gao 2014 Asian Unknown 29/26/12 41/24/4 Volunteers PCR Y 7 -

Guyot 2013 Caucasian 73/56/30 179/150/44 - TaqMan Y - 8

HCV 54/26/13 86/49/25

Alcoholic 19/30/17 93/101/19
HBV: Hepatitis B virus; HCV: Hepatitis C virus; B + C: HBV and HCV co-infection; LCrt-PCR: LightCycler real time PCR; NOS-Ca: NOS of HCC risk; NOS-Ci: NOS of development of 
HCC in patients with cirrhosis.
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CG vs. CC: OR = 1.62, 95% CI: 1.34-1.59 (Table 
2; Figure 2).

Because the etiology of HCC in the patients 
reported by Gao et al. [37] was not obvious, 
and it was difficult to calculate the genetic fre-
quencies of the HBV- and HCV-related HCC 
patients in the publication written by Friedrich 
et al. [35], these studies were not included in 
the meta-analysis subgroup stratification by 
etiology. In addition, due to limited sample 
sizes, we only were able to perform stratifica-
tion analysis using hepatitis virus, alcohol, and 
HCV subgroups. As for the total study popula-
tion, the results from the stratification analysis 
were significant in certain genetic models: hep-
atitis virus: allele contrast, G vs. C: OR = 1.44, 
95% CI: 1.23-1.68; dominant, GG + CG vs. CC: 
OR = 1.40, 95% CI = 1.14-1.72; recessive, GG 
vs. CG + CC: OR = 2.15, 95% CI: 1.52-3.04; and 
co-dominant, GG vs. CC: OR = 2.35, 95% CI: 
1.63-3.38; alcohol: allele contrast, G vs. C: OR 
= 3.94, 95% CI: 3.21-4.28; dominant, GG + CG 
vs. CC: OR = 4.90, 95% CI: 3.52-6.81; reces-
sive, GG vs. CG + CC: OR = 7.99, 95% CI: 5.56-
11.48; co-dominant, GG vs. CC: OR = 14.65, 

95% CI: 9.47-22.64, CG vs. CC: OR = 3.23, 95% 
CI: 2.27-4.60; and over-dominant, GG + CC vs. 
CG: OR = 0.74, 95% CI: 0.56-0.98; HCV: allele 
contrast, G vs. C: OR = 1.53, 95% CI: 1.28-
1.83, dominant, GG + CG vs. CC: OR = 1.49, 
95% CI: 1.18-1.88; recessive, GG vs. CG + CC: 
OR = 2.39, 95% CI: 1.63-3.50; and co-domi-
nant, GG vs. CC: OR = 2.65, 95% CI: 1.77-3.97) 
(Table 2).

Risk for development of HCC in cirrhosis

Following application of the inclusion and exclu-
sion criteria, three studies including 461 
patients with HCC related to cirrhosis and 876 
patients with cirrhosis were included in our 
meta-analysis. We found significant overall 
association using several different genetic 
models: allele contrast, G vs. C: OR = 1.39, 95% 
CI: 1.17-1.64; dominant, GG + CG vs. CC: OR = 
1.30, 95% CI: 1.03-1.65; recessive, GG vs. CG 
+ CC: OR = 1.91, 95% CI: 1.41-2.58; and co-
dominant, GG vs. CC: OR = 2.00, 95% CI: 1.43-
2.79 (Table 3; Figure 3). However, associations 
were only observed in patients with HCC relat-
ed to alcoholic cirrhosis when sub-grouped by 

Table 2. Association between PNPLA3 rs748309 polymorphisms and HCC risk

Study group Simple size 
(Case/Control) Genetic models I2 (%) Ph

Effect-
model OR [95% CI] P

Overall 1016/3026 Allele contrast G vs. C 0 0.50 Fixed 2.02 [1.77, 2.30] <0.00001

Dominant model GG + CG vs. CC 0 0.41 Fixed 2.03 [1.70, 2.41] <0.00001

Recessive model GG vs. CG + CC 0 0.91 Fixed 3.56 [2.70, 4.69] <0.00001

Co-dominant model GG vs. CC 0 0.70 Fixed 4.40 [3.28, 5.91] <0.00001

CG vs. CC 0 0.42 Fixed 1.62 [1.34, 1.59] <0.00001

Over-dominant model GG + CC vs. CG 5 0.39 Fixed 0.84 [0.71, 1.00] 0.05

Hepatitis virus 640/2957 Allele contrast G vs. C 0 0.63 Fixed 1.44 [1.23, 1.68] <0.00001

Dominant model GG + CG vs. CC 0 0.85 Fixed 1.40 [1.14, 1.72] 0.001

Recessive model GG vs. CG + CC 0 0.66 Fixed 2.15 [1.52, 3.04] <0.001

Co-dominant model GG vs. CC 0 0.67 Fixed 2.35 [1.63, 3.38] <0.00001

CG vs. CC 0 0.87 Fixed 1.24 [1.00, 1.54] 0.05

Over-dominant model GG + CC vs. CG 0 0.74 Fixed 0.93 [0.75, 1.14] 0.47

Alcohol 255/2825 Allele contrast G vs. C 0 0.7 Fixed 3.94 [3.21, 4.82] <0.00001

Dominant model GG + CG vs. CC 13 0.33 Fixed 4.90 [3.52, 6.81] <0.00001

Recessive model GG vs. CG + CC 0 0.94 Fixed 7.99 [5.56, 11.48] <0.00001

Co-dominant model GG vs. CC 0 0.45 Fixed 14.65 [9.47, 22.64] <0.00001

CG vs. CC 34 0.21 Fixed 3.23 [2.27, 4.60] <0.00001

Over-dominant model GG + CC vs. CG 46 0.14 Fixed 0.74 [0.56, 0.98] 0.03

HCV 505/1007 Allele contrast G vs. C 0 0.67 Fixed 1.53 [1.28, 1.83] <0.00001

Dominant model GG + CG vs. CC 0 0.65 Fixed 1.49 [1.18, 1.88] 0.0007

Recessive model GG vs. CG + CC 0 0.88 Fixed 2.39 [1.63, 3.50] <0.00001

Co-dominant model GG vs. CC 0 0.82 Fixed 2.65 [1.77, 3.97] <0.00001

CG vs. CC 0 0.58 Fixed 1.28 [1.00, 1.64] 0.05

Over-dominant model GG + CC vs. CG 0 0.51 Fixed 0.92 [0.73, 1.17] 0.50
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etiology: allele contrast, G vs. C: OR = 1.82, 
95% CI: 1.43-2.32; dominant model, GG + CG 
vs. CC: OR = 1.87, 95% CI: 1.28-2.73; recessive 
model, GG vs. CG + CC: OR = 2.65, 95% CI: 
1.75-4.02; and co-dominant model, GG vs. CC: 
OR = 3.28, 95% CI: 2.01-5.35 (Table 3).

Sensitivity analysis and publication bias

Sensitivity analysis was performed by sequen-
tial omission of individual studies to investigate 
the influence of each study on the overall OR. 
The significance of the pooled OR in the analy-

Figure 2. Forest plots of meta-analysis of association between the PNPLA3 rs738409 polymorphism and HCC risk 
without considering etiology (A GG vs. CC; B CG vs. CC).

Table 3. Association between PNPLA3 rs748309 polymorphisms and development of HCC in patients 
with cirrhosis

Study group Simple size 
(Case/Control) Genetic models I2 (%) Ph

Effect-
model OR [95% CI] P

Overall 461/876 Allele contrast G vs. C 0 0.43 Fixed 1.39 [1.17, 1.64] 0.0001

Dominant model GG + CG vs. CC 5 0.35 Fixed 1.30 [1.03, 1.65] 0.03

Recessive model GG vs. CG + CC 0 0.78 Fixed 1.91 [1.41, 2.58] <0.0001

Co-dominant model GG vs. CC 0 0.52 Fixed 2.00 [1.43, 2.79] <0.0001

CG vs. CC 4 0.35 Fixed 1.14 [0.89, 1.48] 0.30

Over-dominant model GG + CC vs. CG 0 0.54 Fixed 1.12 [0.88,1.41] 0.36

Alcohol 212/425 Allele contrast G vs. C 0 0.61 Fixed 1.82 [1.43, 2.32] <0.0001

Dominant model GG + CG vs. CC 0 0.5 Fixed 1.87 [1.28, 2.73] 0.001

Recessive model GG vs. CG + CC 0 0.55 Fixed 2.65 [1.75, 4.02] <0.00001

Co-dominant model GG vs. CC 0 0.37 Fixed 3.28 [2.01, 5.35] <0.00001

CG vs. CC 0 0.48 Fixed 1.45 [0.96, 2.17] 0.08

Over-dominant model GG + CC vs. CG 0 0.56 Fixed 1.13 [0.80, 1.58] 0.49

HCV 226/398 Allele contrast G vs. C 19 0.29 Fixed 1.10 [0.86, 1.42] 0.44

Dominant model GG + CG vs. CC 0 0.42 Fixed 1.09 [0.78, 1.53] 0.62

Recessive model GG vs. CG + CC 0 0.46 Fixed 1.22 [0.74, 1.99] 0.43

Co-dominant model GG vs. CC 9 0.33 Fixed 1.23 [0.73, 2.07] 0.43

CG vs. CC 0 0.63 Fixed 1.05 [0.73, 1.52] 0.78

Over-dominant model GG + CC vs. CG 0 0.85 Fixed 1.01 [0.71, 1.43] 0.97
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sis of HCC risk and the risk of development of 
HCC in cirrhosis were not excessively affected 
in any of the contrasts analyzed, indicating the 
robustness of the meta-analysis results. No 
evidence of publication bias was found in the 
symmetrical graphics obtained using Begg’s 
funnel plot for the rs738409 polymorphism 
and either HCC risk (Figure 4) or the develop-
ment of HCC in cirrhosis (Figure 5); this finding 
was supported by the results of Egger’s tests 
(each genetic model P > 0.05).

Discussion

Following the genome-wide association studies 
(GWAS) and gradually apply within success in 
the medical fields in recent years, an increasing 
number of studies have reported that genetic 
alterations might be used to predict the risk of 
various cancers [40-42]. Without doubt, these 
findings will likely contribute to the primary pre-
vention of cancers. Some SNPs might even be 
regarded as prognostic factors for the success 
(or failure) of certain chemotherapy strategies 
[43]. However, only a few genetic variants have 
been reproducibly demonstrated to be linked to 
hepatocarcinogenesis [44]. To date, the effect 
of PNPLA3 rs738409 polymorphic variants on 
HCC risk and development has been investi-
gated in numerous association studies. 
However, the results have been inconsistent, 
possibly due to limited sample sizes and ethnic 
variation. In order to address the inconsisten-
cies and limitations of previously published 
studies, and to draw a more robust conclusion, 
the current meta-analysis was performed.

The key findings of this meta-analysis are: (1) 
the PNPLA3 rs738409 polymorphism is a risk 
factor for HCC occurrence in both healthy indi-
viduals and patients with cirrhosis; (2) this 
association is present for HCV-related HCC, 
alcohol-related HCC, and for the development 
of HCC in alcoholic cirrhosis; (3) the association 

is more pronounced in alcohol-than in HCV-
related HCC; and (4) healthy individuals harbor-
ing two copies of the rs738409variant G allele 
had a high risk of HCC occurrence.

The first section of our meta-analysis included 
six studies that met the inclusion criteria, com-
prising1175 patients with HCC and 3026 
healthy controls that were used to investigate 
the association between the PNPLA3 rs738409 
polymorphism and risk of HCC without consid-
ering the etiology of the disease. Statistically 
significant results were found in our analysis, 
suggesting that the PNPLA3 rs738409 poly-
morphism might be a risk factor for HCC occur-
rence. When subgroup analysis was performed 
by etiology, the association was also identified, 
and was ascertained to be more pronounced in 
alcohol-related HCC than in HCV-related HCC. 
Upon comparison of results from the same 
genetic model (except for the over-dominant 
model), we found that the OR of the alcohol-
related HCC risk was always higher than that of 
the HCV-related HCC risk, and that the confi-
dence intervals did not overlap, supporting the 
premise that the differences were significant. 
Based on similar evidence, we also have suffi-
cient reason to believe that harboring two cop-
ies of the rs738409 G variant was associated 
with a high risk of HCC occurrence. Similarly, 
the association with the GG genotype is even 
more pronounced in alcohol-related HCC. Three 
factors might account for this phenomenon: (1) 
both alcoholic and HCV-related liver diseases 
including HCC occur during the process of liver 
fat accumulation. However, compared to HCV-
related liver disease, alcohol increases the 
level of patient serum triglycerides; in addition, 
the PNPLA3 rs738409 mutation also increase 
the intracellular accumulation of triglycerides 
[45, 46], which might further amplify the HCC 
risk. (2) Several HCV proteins have been shown 
to have direct effects on hepato-carcinogene-

Figure 3. Forest plots of meta-analysis of association between the PNPLA3 rs738409 polymorphism and the risk of 
HCC in patients with cirrhosis using allele contrast model (G vs. C).
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Figure 4. Begg’s funnel plots for publication bias test on the associations of PNPLA3 rs738409 polymorphism and HCC risk without considering etiology (A: GG vs. 
CC; B CG vs. CC).
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sis and to upregulate the processes of carcino-
genesis [47], however, there are no such pro-
teins that can upregulate alcohol-related hepa-
to-carcinogenesis; to some extent, this also 
indirectly amplifies the effect of alcohol. (3) To 
some extent, we may also use gene-environ-
ment interacts to explain our findings, and in 
fact, our finding that may also indirectly support 
the role of genetic and environmental interac-
tions in hepatocarcinogenesis. Generally, two 
of the studies included in our meta-analysis 
[24, 35], in contrast to certain earlier individual 
studies, reported that the frequency of the G 
allele did not differ between healthy controls 
and patients with HCC related to HCV, and that 
the G allele did not increase hepatitis-related 
HCC risk. However, other included studies [33, 
34, 36] concluded that the G allele might 
increase HCC risk independent of liver disease, 
in line with the results of the current meta-anal-
ysis. Small sample sizes likely account for dis-
crepancies between studies. An assessment of 
the association between the PNPLA3 rs738409 
polymorphism and HCC risk found that more 
precise estimates were obtained using large 
sample numbers than when using individual 
analyses using smaller sample sizes. Moreover, 
smaller sample sizes serve to amplify the 
effects of genetic backgrounds, which may con-
tribute to variations in the association of SNPs 
with HCC.

In the second part of our meta-analysis study, 
we examined one case-control and two cohort 

cirrhosis. We note that the results of our cur-
rent study are different from those of a previ-
ous meta-analysis performed by Trepo et al. 
[38] due to differences in the included studies. 
First, in our study, the included patients with 
HCC were enrolled based on cirrhosis, which 
differed from the previous meta-analysis; sec-
ond, our current study did not include three 
studies that were included in the previous 
meta-analysis. Two of these were published in 
the form of letters, which did not meet our crite-
ria as we were unable to accurately assess the 
quality of the study. In addition, upon careful 
review of the paper written by Valenti et al. [39], 
fifty patients with HCC were identifiedin total, 
with genotype frequencies of 17:21:12 for CC: 
CG: GG; however, when Trepo et al. [38] per-
formed theprevious meta-analysis, the fre-
quencies of the CC:CG:GG genotypeswere 
reported as 12:21:17. An additional discrepan-
cy with the results from the previous meta-anal-
ysis was observed for the 44 of 50 instances of 
HCC that occurred in patients with a previous 
diagnosis of cirrhosis, in whom the frequency of 
GG genotype was reported to be 10 [38]. These 
limitations highlight the value of the current 
meta-analysis based on its overall quality and 
stability.

Both previous [38, 48] and our present meta-
analyses demonstrated that the G allele of 
rs738409 is a risk factor for HCC, but our start-
ing point differs and we have introduced strate-
gic innovations. In the first section of our meta-

Figure 5. Begg’s funnel plots for publication bias test on risk for development 
of HCC in cirrhosis without considering etiology (G vs. C).

studies, including 461 pa- 
tients that developed HCC 
consequent to cirrhosis, and 
876 patients with cirrhosis 
that served as controls. In this 
analysis, we found that the 
PNPLA3 rs738409 G allele 
also served as a risk factor for 
HCC occurrence in patients 
with cirrhosis, suggesting that 
a variation in PNPLA3 rs- 
738409 plays an incontro-
vertible role in the develop-
ment of HCC in patients with 
cirrhosis. However, when the 
subgroups were stratified by 
etiology, this significant asso-
ciation was only identified in 
patients with HCC that had 
evolved from alcohol-related 
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analysis, all individuals in the control groups 
were healthy, and in the second meta-analysis 
section, we considered patients with cirrhosis 
as the matched control group, where in the eti-
ology of cirrhosis was clear. Additionally, when 
we performed a subgroup analysis by etiology, 
where each individual had a clear cause of liver 
disease with a corresponding etiology. Finally 
and foremost, we found that healthy individuals 
carrying two copies of the rs738409 G variant 
allele had a higher risk of HCC than did those 
carrying one variant allele. As expected, among 
the healthy individuals carrying the rs738409 
G variant allele, the HCC risk was higher in 
patients who had abused alcohol compared 
with those infected with HCV, owing to the dif-
ference in underlying pathogenesis.

Despite the considerable efforts that have 
been made to explore the associations between 
the PNPLA3 rs738409 polymorphism and over-
all HCC risk as well as the risk of its develop-
ment in patients with cirrhosis, several limita-
tions in this meta-analysis must be acknowl-
edged. First, the sample size of our current 
meta-analysis was limited, especially regarding 
the development of HCC in patients with cirrho-
sis. Most of these patients were Caucasian, 
which is the reason why subgroups were not 
analyzed by ethnicity. Second, variations in indi-
vidual susceptibility to HCC can also clearly be 
attributed to complex gene-gene and gene-
environmental exposure interactions [9]. In 
addition, hepatitis virus infection, alcohol 
abuse, smoking, and obesity can also increase 
the risk of HCC [1, 5, 9-11]. However, we were 
unable to investigate the interactions of the 
PNPLA3 rs738409 polymorphism with other 
genes and environmental factors potentially 
involved in the development of HCC due to the 
lack of necessary data. We must further recog-
nize that heterogeneity exists in any study, 
including our meta-analysis. Another limitation 
is that the results obtained in the present study 
were based on unadjusted estimations. Finally, 
additional major potential confounders, includ-
ing age, gender, obesity, diabetes, and environ-
mental factors should be taken into consider-
ation for a more accurate analysis.

In summary, our meta-analysis combining all 
currently available data suggests that there are 
significant associations of the PNPLA3 
rs738409 polymorphism with the risk of HCC 
and its development of HCC in patients with cir-

rhosis. However, further studies in different 
ethnic groups using larger sample sizes and 
well-matched controls are greatly needed to 
clarify any associations identified herein. Future 
studies considering gene-gene and gene-envi-
ronment interactions are also encouraged to 
provide a more comprehensive understanding 
of the potential role of the PNPLA3 polymor-
phism in the pathogenesis of HCC.
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