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A b s t r a c t

Introduction: Non-alcoholic fatty liver disease (NAFLD) is one of the leading 
chronic liver diseases worldwide. Environmental and genetic factors have 
an impact on NAFLD development. Single nucleotide polymorphism in the 
PNPLA3 gene is strongly related to the increased fat content in hepatocytes. 
The aim of our study was to investigate the association between PNPLA3 
variants and the intensity of liver steatosis and fibrosis assessed by liver 
biopsy in patients with NAFLD.
Material and methods: The study group comprised 127 patients with NAFLD 
confirmed by liver biopsy. The control group comprised 251 healthy volun-
teers. In every case genotyping of the PNPLA3 rs738409 C to G nonsyn-
onymous sequence variant was performed. Distributions of genotypes and 
alleles were compared between NAFLD patients and controls, and analyzed 
in relation to different steatosis and fibrosis stages in the study group.
Results: Frequencies of PNPLA3 genotypes strongly differ between NAFLD 
patients and controls (p = 0.00001). Odds ratio (OR) for genotype GG in 
NAFLD was 2.94 (1.45–5.97, p = 0.0015). Also allele G was more frequent in 
NAFLD patients vs. controls (p = 0.00001); OR for G allele in NAFLD was 2.74 
(1.77–4.27, p = 0.00000273). No significant differences in the genotype or 
allele distribution of PNLPA3 were observed in relation to steatosis intensity 
or between patients with or without cirrhosis. However, allele G was found 
is every hepatocellular carcinoma case.
Conclusions: We do not advocate universal genetic testing in every NAFLD 
case to select patients at risk of development of cirrhosis or steatohepatitis. 
Further investigation of the relationship between PNPLA3 variants and he-
patocellular carcinoma is warranted.

Key words: fibrosis, steatosis, non-alcoholic fatty liver disease, patatin-like 
gene polymorphism.

Introduction

Over the last decades, a noticeable increase in the incidence and 
prevalence of fatty liver disease unrelated to alcohol consumption 
has been observed worldwide [1]. Non-alcoholic fatty liver disease 
(NAFLD) encompasses two types: simple liver steatosis (NAFL) with or 
without mild lobular inflammation, and non-alcoholic steatohepatitis 
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(NASH), which is characterized by various de-
grees of steatosis, necroinflammatory changes, 
ballooning, and fibrosis [2]. NAFLD can progress 
to cirrhosis and hepatocellular carcinoma (HCC) 
and is a significant indication for liver trans-
plantation. 

NAFLD prevalence is estimated at 25.2%, with 
the highest prevalence in the Middle East and 
South America [3]. The increasing incidence of 
NAFLD is closely associated with the alarming 
rates of obesity and diabetes. Other risk fac-
tors for NAFLD include insulin resistance, hy-
pertension, hyperlipidemia, race, and ethnicity. 
There is also evidence of familial presentation, 
suggesting that genetic and environmental fac-
tors influence NAFLD development. Recent ge-
nome-wide association studies have identified 
a single variant in the patatin-like phospholi-
pase domain-containing 3 gene (PNPLA3) en-
coding a triacylglycerol lipase [4]. Mutations in 
the rs738409 region, resulting in a cytosine-to 
guanine-substitution, change codon 148 from 
isoleucine to methionine (I148M). This results in 
the loss of lipase activity, as the PNPLA3-I148M 
allele (G) appears to be a major determinant of 
increased fat content in hepatocytes [5]. The G 
allele is also proposed to be associated with dis-
ease progression. The PNPLA3-I148M allele fre-
quency is consistent with NAFLD prevalence in 
different ethnic groups [5]. 

Herein, we investigated the association be-
tween the PNPLA3 rs738409 polymorphism and 
liver steatosis and fibrosis in a cohort of 127 pa-
tients diagnosed with NAFLD based on liver biop-
sy. Special attention has been paid to the relation-
ship between the p.I148M variant of PNPLA3 and 
the intensity of steatosis and fibrosis.

Material and methods

Study population

The study population comprised 127 Polish pa-
tients with chronic liver disease diagnosed with 
NAFLD based on steatotic echo imaging of the 
liver by ultrasound, elevated liver enzymes, and 
the exclusion of known viral and non-viral liver 
diseases. In every case, substantial alcohol intake  
(≤ 20 g for women, ≤ 30 g for men daily) was ruled 
out according to the patient’s statement and no 
observations of alcohol-associated laboratory ab-
normalities, such as aspartate aminotransferase 
activity elevated more than 1.5-fold higher than 
alanine aminotransferase (ALT) activity, signifi-
cantly elevated γ-glutamyltransferase, elevated 
bilirubin, and a high mean corpuscular volume 
of red blood cells or increased carbohydrate-de-
ficient transferrin. Steatosis was confirmed by 
liver biopsy performed on all study participants. 

Steatosis was graded according to the following 
NAFLD activity scores [6]: grade 0, no steatosis  
(< 5% of hepatocytes with fat droplets); grade 
1, mild steatosis (5 – < 30% of steatotic hepato-
cytes); grade 2, moderate steatosis (≤ 30% –  
< 60% of steatotic hepatocytes); and grade 3, se-
vere steatosis (≤ 60% of steatotic hepatocytes). 
Patients with no steatosis were excluded. NASH 
was diagnosed when steatosis was associated 
with lobular inflammation, hepatocyte balloon-
ing, and a variable degree of fibrosis [2]. Fibrosis 
was assessed according to the 5-stage METAVIR 
grading and staging scale, where stage 0 indi-
cates no fibrosis and stage 4 is consistent with 
liver cirrhosis. According to the fibrosis stage, pa-
tients were divided into two groups: non-cirrhotic 
and cirrhotic.

The control group comprised 251 healthy vol-
unteers who displayed no steatosis in the ultra-
sound and no elevations in liver tests. 

Genotyping assay

The Blood/Cell DNA Mini Kit (Syngen, Wrocław, 
Poland) was used to isolate genomic DNA from 
EDTA-anticoagulated blood. The PNPLA3 rs738409 
C to G nonsynonymous sequence variant was 
genotyped in all subjects and controls using the 
TaqMan SNP Genotyping Assay (Thermo Fisher 
Scientific, Waltham, MA, USA) according to the 
manufacturer’s protocol. Genotyping of each sam-
ple was analyzed automatically using Step One 
Software v.2.2.2.

Ethics approval

The approval of the Bioethics Committee 
was obtained from the Review Board of the Po-
meranian Medical University in Szczecin (KB-
001/104/17). All study participants gave their 
written consent. The participants were assured of 
the right to withdraw their consent at any time 
with any precondition. 

Statistical analysis

Statistica 13 software (StatSoft, Krakow, Po-
land) was used for analyses. Data were present-
ed as medians and ranges and were analyzed 
using Student’s t-test and the c2 test for para-
metric and nonparametric variables, respective-
ly. Differences in the frequencies of the investi-
gated genetic variants of PNPLA3 in the study 
and control groups were assessed by c2 test, and 
the odds ratios with 95% confidence intervals 
(OR, 95% CI) for homozygous mutant genotypes 
and risk alleles were calculated. Differences in 
genotype frequencies were analyzed in relation 
to the degree of steatosis, NASH, or advanced 
liver fibrosis. 
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Results

Altogether, 127 patients with NAFLD assessed 
by liver biopsy were prospectively recruited be-
tween January 2018 and June 2019. There were  
76 (60%) female and 51 (40%) male patients with 
a median age of 58 years (range: 23–75 years) and 
a median body mass index (BMI) of 31.4 kg/m2 
(range: 23.3–49.5 kg/m2) in the study group. The 
control group comprised 251 healthy volunteers, 
135 (54%) females and 116 (46%) males, with 
a  median age of 37 years (range: 19–84 years) 
and a median BMI of 25.0 kg/m2 (range: 16–41.7 
kg/m2). These two groups (Table I) did not differ 
significantly with respect to sex distribution (p = 
0.26), but the controls were significantly younger 
(p < 0.001) and had lower BMIs (p < 0.001). 

Genetic testing was performed for all 378 study 
participants. In the whole cohort, 343 and 173 
subjects carried alleles C (91%) and G (46%), re-
spectively. Genotype frequencies were as follows: 
CC, 205 (54%); CG, 138 (37%); and GG, 35 (9%). 
The frequencies were consistent with Hardy-Wein-
berg equilibrium. Genotype CC was present in  
48 (38%) patients and 157 (63%) controls, gen-
otype CG was found in 48 (46%) NAFLD patients 
and 79 (31%) controls, and the mutant genotype 
GG was present in 20 (16%) patients and 15 (6%) 
controls (Table I). Therefore, the distribution of 
PNPLA3 genotypes strongly differed between  
NAFLD patients and healthy controls (p = 0.00001). 
The odds ratio for genotype GG in patients vs. 
controls was 2.94 (1.45–5.97, p = 0.0015). Allele 
G was more frequent in patients with NAFLD: 79 
(62%) vs. 94 (37%) in controls, OR = 2.74 (1.77–
4.27), p = 0.00001 and 0.00000273, respectively. 

Mild, moderate, and severe liver steatosis was 
found in 47 (37%), 53 (41.7%), and 27 (21.3%) 
patients, respectively. There were no differences 
in age, sex, BMI, and ALT activity between these 
patients (Table I). Neither PNPLA3 genotypes nor 
alleles showed significant distribution differenc-
es in relation to the degree of steatosis (Table I). 
Advanced fibrosis consistent with liver cirrhosis 
was diagnosed in 22 (17.3%) patients, and NASH 
in 15 (12%) patients. There were no statistically 
significant differences in the PNPLA3 genotype 
distribution between cirrhotic and non-cirrhotic 
patients. However, the C allele was significantly 
more frequent in non-cirrhotic patients than in 
cirrhotic patients (p = 0.023). The odds ratio for 
cirrhosis in G allele carriers was 1.78 (0.64–4.91), 
which was similar to that of non-cirrhotic pa-
tients (16/22 vs. 63/105, p = 0.14). There were 
no differences in genotype distributions between 
NASH and non-NASH patients (data not shown). 
Notably, among 7 patients with HCC, six were G 
allele carriers and five possessed homozygous GG 
mutant genotype. 

Discussion

Our study confirms that the PNPLA3 I148M al-
lele is associated with liver steatosis, as CG and 
GG genotypes were more frequent in patients 
with NAFLD than in healthy controls. This result 
is consistent with those from other studies [7, 8]. 
However, we observed no significant relationship 
between the PNPLA3 risk allele and the degree 
of fat content determined using liver biopsy, se-
rum ALT activity, or NAFLD severity indicated by 
advanced fibrosis or necroinflammatory activity. 
These latter observations are in contrast to those 
from other studies showing that the G allele influ-
enced the susceptibility and histological severity 
of NAFLD [7, 9]. This discrepancy may be due to 
the small cirrhosis/NASH cohort size in our study. 
However, there was no difference in the risk allele 
distribution in relation to ALT, which is another 
marker of liver injury. The G allele also showed no 
effect on serum ALT activity in a pediatric cohort 
[8]. In our study, however, non-cirrhotic patients 
more frequently carried the wild-type C allele of 
PNPLA3 (Table I). We hypothesize that the C al-
lele may confer a protective effect against fibro-
sis progression. Interestingly, in cirrhotic patients 
with HCC, the homozygous mutant genotype GG 
was detected in five of seven HCC patients, and 
another patient was a CG genotype carrier. This 
potential association with HCC warrants further 
study.

The limitations of our study include differences 
in age and BMI between NAFLD patients and con-
trols as well as having few patients with NASH/
cirrhosis. However, our study investigated PNPLA3 
genotypes and allele frequencies in relation to the 
steatosis degree assessed by liver biopsy. 

In conclusion, we confirmed a strong relation-
ship between liver steatosis and the p.I148M 
PNPLA3 allele in the Polish cohort. As we were un-
able to confirm the influence of the p.I148M risk 
variant on liver disease progression or NASH de-
velopment, we do not advocate universal genetic 
testing in every NAFLD case. However, in patients 
with advanced liver disease, determination of the 
rs738409 polymorphism may help identify indi-
viduals at risk of HCC, which should be confirmed 
in further studies. 
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