patient-oriented and epidemiological research

The rs738409 (1148M) variant of the PNPLA3 gene and

cirrhosis: a meta-analysis

Jian-Hua Shen, Yi-Ling Li,' Dan Li, Ning-Ning Wang, Lei Jing, and Yu-Hong Huang

Department of Gastroenterology, First Affiliated Hospital of China Medical University, ShenYang, China,

110001

Abstract The human patatin-like phospholipase domain-
containing-3 (PNPLA3) gene rs738409 C>G polymorphism
is associated with several types of liver disease. The aim of
this meta-analysis was to assess the risk of cirrhosis on the
basis of rs738409 allele frequency and genotype. Medline,
the Cochrane Library, EMBASE, and Google Scholar were
searched for prospective and retrospective studies assessing
the effect of the rs738409 polymorphism on liver cirrhosis.
Seven studies, involving 2,023 patients with cirrhosis, were
included. The G allele was associated with a significantly in-
creased risk of cirrhosis versus the C allele [pooled odds
ratio (OR) = 1.86, 95% confidence interval (CI) = 1.64-2.12,
Z =9.55, P < 0.001]. Both the GC and GG genotypes were
associated with a significantly increased risk of cirrhosis ver-
sus the CC genotype (GC vs. CC: pooled OR =1.73, 95%
CI=1.51-1.98, Z=7.86, P < 0.001; GG vs. CC: pooled OR =
3.41, 95% CI = 2.77-4.18, Z=11.65, P < 0.001). There was
no evidence of publication bias.ll Our findings suggest that
patients at risk for liver cirrhosis may benefit from PNPLA3
genotyping and thus more intensive monitoring if the
rs738409 C>G polymorphism is identified.—Shen, J-H., Y-L.
Li, D. Li, N-N. Wang, L. Jing, and Y-H. Huang. The rs738409
(I148M) variant of the PNPLA3 gene and cirrhosis: a meta-
analysis. J. Lipid Res. 2015. 56: 167-175.
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Liver cirrhosis is the 12th leading cause of death in the
United States, with about half of these deaths being associ-
ated with alcohol (1). The precise worldwide incidence of
liver cirrhosis is unknown; however, epidemiological data
from Europe suggest that there are 15 to 133 cases per
100,000 population per year (2). Although alcohol use
increases the risk of cirrhosis, there appear to be other
factors that influence disease progression as only 10-20%
of heavy drinkers develop cirrhosis (3). Other factors
purported to affect the development of cirrhosis include
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gender, insulin resistance, steatosis, environmental fac-
tors, body mass index, chronic viral infection, and genetics
(4-12). One such genetic factor is the patatin-like phos-
pholipase domain-containing-3 (PNPLA3) gene, also known
as adiponutrin.

Although the precise physiological role of PNPLA3 in
the liver is currently unclear (13), the PNPLA3 gene en-
codes a 481-amino-acid protein that contains a highly con-
served patatin-like domain with lipolytic activity toward
triglycerides (13, 14). Biochemical analysis indicates that
the PNPLA3 protein exerts lipase activity and may play a
role in the hydrolysis of glycerolipids, with maximum enzy-
matic activity against triglycerides, diacylglyerol, and mo-
nacylglycerol (15). A genome-wide association study of a
multiethnic population found that a single rs738409 C>G
polymorphism of PNPLA3, which encodes I148M, is
strongly associated with hepatic fat content and conferred
susceptibility to nonalcoholic fatty liver disease (NAFLD)
(11). Other studies have substantiated and extended these
findings by demonstrating an association of rs738409 with
fatty liver and alcoholic liver diseases (16-22). Further to
this, several studies have investigated the influence of
rs738409 on the clinical, biochemical, and histological
parameters of liver diseases across different patient pop-
ulations (20-28). The rs738409 variant has been reported
to be associated with fibrosis (20, 29-31), histological
disease severity (19, 29-32), steatosis (29), and elevated
levels of liver enzymes in healthy adults (12, 21). Of note,
a number of studies have reported that rs738409 is also
a risk factor for cirrhosis (20-25, 27, 33). Interestingly,
the magnitude and strength of the effect of this variant
on cirrhosis varied among studies, with odds ratios (ORs)
ranging from 1.47 (27) to 3.26 (33). The differences
across the studies likely reflect differences in patient
characteristics.

No meta-analysis to date has examined the association
between the aforementioned rs738409 variant and cirrhosis.

Abbreviations:  df, degrees of freedom; NAFLD, nonalcoholic fatty
liver disease; OR, odds ratio; PNPLA3, patatin-like phospholipase
domain-containing-3.
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Therefore, to gain a more comprehensive understanding
of the strength of this association, we reviewed the avail-
able published literature and carried out meta-analysis to
assess the risk of cirrhosis on the basis of rs738409 allele
frequency (Cvs. G) and genotype (CC vs. GG vs. GC).

METHODS

The literature search, data extraction, review, and data analysis
were performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (34).

Search strategy

Medline, the Cochrane Library, EMBASE, and Google Scholar
were searched for articles published up to August 2013 that as-
sessed the effect of the rs738409 (also called 1148) variant in the
PNPLA3 gene on cirrhosis using a differing combination of the
following terms: PNPLA3, 1148, rs738409, adiponutrin, and cir-
rhosis. Prospective and retrospective studies were included if sub-
jects were 18 years of age and older and had liver cirrhosis,
regardless of cause. All studies had to be in English. Excluded
studies included letters, comments, editorials, or case reports.
Two independent reviewers screened potentially relevant studies,
and both had to agree for inclusion of an article. If there was dis-
agreement between reviewers, it was resolved by a third reviewer.

Data extraction

The following information was extracted from the included
studies: the name of the first author, year of publication, study
design, number of participants in each genotype group, partici-
pants’ age and gender, diagnoses, and number or association
with cirrhosis. The data were extracted by two reviewers. A third
reviewer collated and checked the pooled data prior to the data
being assessed by a statistician.

Quality assessment

The quality of included studies was evaluated using the New-
castle-Ottawa Scale, which is a validated technique to assess the
quality of nonrandomized studies (35). The assessed outcomes
for the seven included studies are listed in Table 1.

Statistical analysis

The primary outcome measure was the association of rs738409
with cirrhosis. The OR with 95% CI was calculated for the pri-
mary outcome in the cirrhosis group compared with the control
group. Heterogeneity among the eligible studies was assessed by
determining the Cochran Q and the F statistic. For the Q statis-
tic, P< 0.10 was considered to indicate statistically significant het-
erogeneity. For the P statistic, which indicates the percentage
of the observed between-study variability due to heterogeneity
rather than chance, no heterogeneity was indicated by 0% to
25%, moderate heterogeneity was indicated by 25% to 50%,
large heterogeneity was indicated by 50% to 75%, and extreme
heterogeneity was indicated by 75% to 100%. Because the ran-
dom effects model assumes that different studies may contain
different underlying effects and takes into consideration both
within- and between-study variation, the random effects model
was adopted for the current study. Hence, pooled OR of the out-
come was calculated by the DerSimonian-Laird method (36). Al-
lele frequencies of the PNPLA31148M were tested for consistency
with Hardy-Weinberg equilibrium (HWE) using the Fisher’s ex-
act test. A two-sided P value < 0.05 indicated statistical signifi-
cance. All statistical analyses were performed using the statistical
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software Comprehensive Meta-Analysis, version 2.0 (Biostat, En-
glewood, NJ).

RESULTS

Study selection

We identified 147 potential studies and excluded 135
for not being relevant or not meeting the inclusion crite-
ria (Fig. 1). Of the 12 remaining studies, 2 were excluded
due to lack of details of subjects needed for the analysis,
another 2 did not have a suitable control arm, and 1 con-
tained preliminary unpublished data. A total of seven
studies were included; all were prospective in design
(20-25, 37).

Study characteristics

The key characteristics of the studies included in the
meta-analysis are summarized in Table 1. Four of the stud-
ies included subjects of Caucasian race (21, 23-25), while
one each included subjects who were North Indian (37)
and Mestizo Mexican (22), respectively. The study re-
ported by Krawczyk et al. (20) did not include information
on race, although all subjects were noted to be “European
individuals.” Across all seven studies, most subjects were
male, and ages ranged from 33 to 57 years. The number of
subjects in the studies ranged from 60 to 483 (total =
2,023) in the cirrhosis groups and 100 to 698 (total =
2,488) in the control groups. Except for the study of Tian
et al. (22), the CC and GC genotypes of rs738409 were
more common than the GG genotype in both the cirrhosis
and control groups; in these studies, the ranges of the
number of patients with CC, GC, or GG genotypes for the
cirrhosis group were 24-168, 21-220, and 15-95, respec-
tively, and for the control groups were 62-394, 29-261,
and 9-43. For Tian et al. (22), the numbers of patients
with the CC, GC, and GG genotypes were 59, 264, and 371,
respectively, in the cirrhosis group and 83, 198, and 11 in
the control group. G was the minor allele in six of the
seven studies (20, 23-25, 37), with frequencies ranging
from 32.3% to 42.5%. In the study reported by Tian et al.
(22), C was the minor allele at a frequency of 27.5%. All
seven studies included in the meta-analysis were in HWE.
Call rates were reported in three studies and were 99%,

100%, and 98.7%, respectively (20-22).

Evaluation of the relationship of rs738409 alleles and
genotypes with cirrhosis

The OR (95% CI) for the comparison of the frequency
of the G allele compared with the C allele in the cirrhosis
group ranged from 1.45 (1.14, 1.84) to 2.41 (1.48, 3.92)
across the studies. For the GC and GG genotypes com-
pared with the CC genotype, the OR (95% CI) ranged
from 1.49 (1.07, 2.08) to 1.99 (1.41, 2.83) and from 2.01
(1.13, 3.59) to 4.70 (3.17, 6.98), respectively.

All seven studies were included in the meta-analyses.
Significant heterogeneity was found in the pooled data
for evaluation of the G compared with the C allele pooled
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[Q =10.97, degrees of freedom (df) = 6, P = 0.089, F=
45.31%]. This analysis found that the G allele was associ-
ated with a significantly increased risk of cirrhosis versus
the C allele (pooled OR = 1.86, 95% CI = 1.64-2.12, Z=
9.55, P <0.001) (Fig. 2A).

There was no significant heterogeneity of the pooled
data for the evaluation of the association of the GC or the
GG genotypes compared with the CC genotype with cir-
rhosis (Q=1.81,df =6, P=0.936, F =0% for GC genotype
and Q = 8.88, df = 6, P=0.181, F = 82.42% for the GG
genotype). The meta-analysis showed that the GC geno-
type was associated with a significantly increased risk of cir-
rhosis versus the CC genotype (pooled OR =1.73, 95%
CI=1.51-1.98, Z="7.86, P <0.001) (Fig. 2B). Similarly, the
GG genotype was associated with a significantly increased
risk of cirrhosis versus the CC genotype (pooled OR =
3.41,95% CI =2.77-4.18, Z=11.65, P < 0.001) (Fig. 2C).

Sensitivity analysis

Sensitivity analysis using the leave-one-out approach for
each of the different allele and genotypic analyses indi-
cated that removal of any single study did not significantly
influence the direction or magnitude of the pooled esti-
mates (Fig. 3). These findings indicate that no one study
dominated the findings. In addition, funnel plot analysis
revealed that there was no significant evidence of bias for
the G versus the C allele (1=0.12, P=0.456), the GC versus
the CC genotype (1= 0.87, P=0.212), or the GG versus the

Studies identified through database
search after duplicates removed

(N =147)

CC genotype (¢ = 0.40, P = 0.351) comparisons as deter-
mined using Egger’s test (Fig. 4).

DISCUSSION

In this meta-analysis, we examined the risk of liver cir-
rhosis on the basis of PNPLA3 rs738409 C>G polymor-
phism allele frequency and genotype. A total of seven
studies, involving more than 2,000 patients with cirrhosis,
were found to be eligible for inclusion in our study. Nota-
bly, subsequent analysis of data extracted from these stud-
ies revealed that the rs738409 C>G polymorphism was
associated with an increased risk of liver cirrhosis.

Our meta-analysis revealed that the G allele was associ-
ated with a significantly increased risk of cirrhosis than
the Callele, and, likewise, that both the GG and GC geno-
types were associated with a significantly increased risk of
cirrhosis than the CC genotype. These findings strongly
support the notion that the PNPLA3 rs738409 C>G poly-
morphism increases the risk of liver cirrhosis. Interest-
ingly, our findings differ from that reported in a study that
was not eligible for inclusion in our meta-analysis. Specifi-
cally, in a study of Italian patients with hereditary hemo-
chromatosis, Valenti et al. (33) did not find any association
between cirrhosis and the G allele or the GC or GG geno-
type. Subanalysis, however, did reveal a significant associa-
tion between cirrhosis and the G allele in patients with a

Non-relevant studies excluded
(n =133

Full-text articles assessed for eligibility
n=12)

Studies excluded (n = 3)
+ Not enough details of subjects

A 4

Studies included in meta-analysis

@=7)

Fig. 1.

170 Journal of Lipid Research Volume 56, 2015

for analysis (n = 2)

+ No suitable controls for analysis(n
= 2)

+ Unpublished/preliminary data (n
=1)

Flow chart of study selection.



body mass index <25. Presumably, the disparity in the
overall results between our analysis and that reported by
Valenti et al. (33) is a reflection of the fact that all patients
in Valenti’s study had hereditary hemochromatosis, whereas
none of the studies in our meta-analysis were restricted to
including patients with this condition.

Other reports have examined the association between
the PNPLA31s738409 C>G polymorphism and other forms
of liver disease, most notably NAFLD, which leads to

cirrhosis in ~6% of cases (38). Indeed, there is extensive
evidence of a link between NAFLD and this polymor-
phism. Specifically, in the first published genome-wide as-
sociation study, Romeo et al. (11) reported that there was
strong genetic signal for the rs738409 variant and NAFLD
in a population comprising Hispanic, African American,
and European American individuals. More recently, the
rs738409 allele was found to be associated with NAFLD
in a number of studies that included patients from the

A
First Author (vear) Comparison Odds ratio Lower limit Upper limit Z Value P Vale Odds ratio and 95% CI Rd;::;:‘:;“ '
Dutta (2013) Cirrhosis vs control 241 1.48 392 353 0.000 5.66
Falleti 2011) Chrrhosis vs control 184 151 224 6.11 0.000 18.54
Krawezyk (2011) Carhosss vs control 145 113 184 299 0.003 -.- 15.07
Nischalke (2011) Carhosis vs control 192 144 256 444 0.000 12.26
Stickel (2011) Carhosis vs control 186 144 240 476 0.000 1416
Trepo (2011) Cirrhosis vs control 1.65 129 211 4.00 0.000 14.75
Tian (2010) Chrrhosis vs control 228 190 274 883 0.000 19.56
Combimned 186 164 212 9.55 0.000
01 02 05 1 2 5 10
Heterogeneity test Q = 10.97, &f = 6, P = 0.089, I-square = 45.31%
Lower risk of cirrhosis Higher risk of cirrhosis
B
First Author (vear) Comparison Odds ratio Lower limit Upper limit  Z Value P Value 0dds ratio and 95% CI R"":’"“_::;;""“
Dutta (2013) Cirrhosis vs control 187 090 389 1.67 0.094 347
Falleti (2011) Cirrhosis vs control 1.63 123 216 313 0.001 2339
Krawezyk (2011) Cirrhosis vs control 149 1.07 208 238 0018 17.06
Nischalke (2011) Cirrhosis vs control 1.72 1.17 2.52 2719 0.005 12.81
Stickel (2011) Cirrhosis vs control 178 1.25 2.53 3.22 0.001 15.09
Trepo (2011) Cirrhosis vs control 199 141 283 388 0.000 1533
Tian (2010) Cirrhosis vs control 188 128 278 33 0.001 12.84
Combined 1.73 1.51 198 7.86 0.000
01 02 0.5 1 2 5 10
Heterogeneity test Q = 1.81, & = 6, P = 0.936, I-square = 0%
Lower risk of cirrhosis Higher risk of cirrhosis
C
First Author (vear) Comparison Odds ratio Lower limit Upper limit Z Value P Value ‘Odds ratio and 95% CI Relag‘::')eizll
Dhutta (2013) Carrhosis vs control 431 1.66 11.15 3.01 0.003 o 4.70
Falleti (2011) Carhosis vs control 3.52 228 544 568 0.000 —+ 2249
Krawezyk (2011) Carhosis vs control 201 1.13 359 238 0.017 —— 12.75
Nischake (2011) Carhosis vs control 427 2.00 911 3.76 0.000 = 742
Stickel (2011) Carrhosis vs control 3.60 195 6.64 4.10 0.000 i 1136
Trepo (2011) Carhosis vs control 218 1.26 378 2,79 0.005 . 14.09
Tian (2010) Carhosis vs control 470 317 698 767 0.000 27.1%9
Combined 341 277 418 11.65 0.000 ’ |
0.1 02 05 1 2 5 10
Heterogeneity test Q = 8.88, df = 6, P = 0.181, I-square = 32.42%
Lower risk of cirrhosis Higher risk of cirrhosis

Fig. 2. Forest plots showing results for the meta-analysis of OR: G versus Callele (A); GC versus CC genotype (B); and GG versus CC geno-

type (C).
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United States, Taiwan, China, Japan, or Malaysia (39-43).
Indeed, in a Japanese study, Hotta et al. (44) found that
the risk of carrying the G allele was 0.44 in control patients
and 0.60 in patients with NAFLD. In a meta-analysis pub-
lished in 2011, Sookoian and Pirola (28) found that the
rs738409 variant was associated with increased hepatic tri-
glyceride content and heightened severity of NAFLD.
Unsurprisingly, the rs738409 variant has also been found
to be a risk factor for progression in patients with alco-
holic fatty liver disease (AFLD) (45). In addition to NAFLD

and AFLD, the results of a recent meta-analysis reported
by Trépo et al. (46) indicate that the PNPLA3 rs738409
C>G polymorphism is significantly associated with hepato-
cellular carcinoma in patients of European descent with
cirrhosis. The GG genotype was also found to be associ-
ated with a higher risk of hepatocellular carcinoma in a
US patient population (41). Taken together, our findings
and those from previously published reports demonstrate
that the PNPLA3 rs738409 C>G polymorphism increases
the risk of liver disease. The mechanism through which

A
First Author (vear) Comparison Odds ratio Lower limit Upper limit Z Value P Value Odds ratio and 95% CI
Dutta (2013) Cirrhosis vs. control 183 1.61 209 895 0.000
Falleti (2011) Cirrhosis vs. control 187 159 219 7.71 0.000
Krawczyk (2011) Cirrhosis vs. control 195 1.75 217 12.25 0.000
Nischalke (2011) Cirrhosis vs. control 1.85 1.60 215 8.17 0.000
Stickel (2011) Cirrhosis vs. control 1.86 1.60 217 8.07 0.000
Trepo (2011) Curhosis vs. control 1.90 1.65 2.19 8.77 0.000
Tian (2010) Curhosis vs. control 1.76 1.58 1.96 10.43 0.000
01 02 0.5 1 2 5 10
Lower risk of cirrhosis Higher risk of cirrhosis
B
First Author (year) Comparison Odds ratio Lower limit Upper limit Z Value P Value Odds ratio and 95% CI
Dutta (2013) Cirrhosis vs control 1.72 1.50 1.98 7.68 0.000
Falleti (2011) Chirrhosis vs control 1.76 1.51 206 7.11 0.000
Krawezyk (2011) Cirrhosis vs control 1.7 1.53 207 7.55 0.000
Nischalke (2011) Crrhosis vs control 1.73 1.50 2.00 7.35 0.000
Stickel (2011) Chirrhosis vs control 1.72 148 200 717 0.000
Trepo (2011) Curhosis vs control 1.69 145 1.96 6.89 0.000
Tian (2010) Curhosis vs control 1.71 148 1.98 7.18 0.000
01 02 0.5 1 2 - 10
Lower risk of cirrhosis Higher risk of cirrhosis
First Author (year) Comparison Odds ratio Lower limit Upper limit  Z Value P Value 0dds ratio and 95% CI
Dutta (2013) Cirrhosis vs control 337 273 4.16 11.26 0.000 B
Falleti (2011) Cirthosis vs control 337 267 126 10.17 0.000 L
Krawczyk (2011)  Cirrhosis vs control 3.68 295 459 11.56 0.000 B
Nischake 2011)  Cirrhosis vs control 334 270 414 11.04 0.000 .
Stickel (2011) Cirrhosis vs control 338 272 421 10.90 0.000 '.'
Trepo (2011) Cirrhosis vs control 3.66 293 457 11.44 0.000 '.'
Tian (2010) Curhosis vs control 3.02 237 384 896 0.000 -.-
01 02 0.5 1 2 S 10
Lower risk of cirrhosis Higher risk of cirrhosis

Fig. 3. Results of sensitivity analysis to examine the influence of individual studies on pooled estimates as determined using the leave-one-
out approach: G versus C allele (A); GC versus CC genotype (B); and GG versus CC genotype (C).
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the PNPLA3 15738409 C >G polymorphism might contribute
to cirrhosis and liver disease is unclear. Recent evidence
suggests that this polymorphism may result in a number
of potentially important changes that may precede liver
disease, including increased accumulation of triacylglycerols
(47) in hepatocytes and decreased lipase activity (48).
Effects of inflammation and fibrogenesis have also been
proposed (29).

Our analyses have several limitations that warrant men-
tion. First, most studies included Caucasian patients only;
hence, the generalizability of our results to other racial/
ethnic groups may be limited. Race/ethnicity is also a po-
tential confounding factor as indicated by findings from
several studies, which reported that individuals of His-
panic, black, or Indian race/ethnicity may be more likely
to develop cirrhosis compared with Caucasians (37, 49).
Additional studies involving participants of different eth-
nic backgrounds are necessary to further whether differ-
ences in the frequency of cirrhosis among different ethnic
groups is or is not associated with the rs738409 variant.
Second, the control groups differed between studies, with
some including healthy subjects and others including non-
cirrhotic patients from the same patient population as the
patients with cirrhosis. This lack of homogeneity between
studies may have affected the results of our analyses. Fi-
nally, due to the lack of consistently available data, we were
not able to perform analyses controlling for other factors
that may affect the risk of cirrhosis, such as alcohol con-
sumption, age, sex, and so forth, or indeed the underlying
cause of cirrhosis. Clearly, these factors may also have had
some impact on the results of our analyses. Despite these
limitations, the findings across the studies were, in gen-
eral, similar suggesting that differences in study design
and patient characteristics did not significantly affect our
results. Our findings are also strengthened by the fact that
all studies were considered to be of high quality (all had
Newcastle-Ottawa scores =7) and the lack of publication
bias.

In summary, our findings show that the G allele of the
PNPLA3 gene is a risk factor for cirrhosis and that the ho-
mozygous GG and GC genotype had a greater effect on
this risk than the heterozygous CC genotype. Patients at
risk for liver cirrhosis (and indeed other liver diseases)
may benefit from PNPLA3 genotyping and, as a conse-
quence, more intensive monitoring if the rs738409 C>G
polymorphism is identified
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