Journal of Clinical and Translational Hepatology 2022 vol. 10(3) | 439-448
DOI: 10.14218/]JCTH.2021.00286

Original Article

PNPLA3 rs738409 C>G Variant Influences the Association
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proven Nonalcoholic Fatty Liver Disease
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Abstract

Background and Aims: Intra-abdominal visceral fat accu-
mulation and patatin-like phospholipase domain containing 3
(PNPLA3) rs738409 G/C gene polymorphism confer a greater
susceptibility to nonalcoholic fatty liver disease (NAFLD). We
examined whether the relationship between visceral fat ac-
cumulation and liver disease severity may be influenced by
PNPLA3 rs738409 polymorphism. Methods: The variant of
PNPLA3 rs738409 was genotyped within 523 Han individu-
als with biopsy-confirmed NAFLD. Visceral fat area (VFA)
was measured by bioelectrical impedance. Significant liver
fibrosis (SF), defined as stage F =2 on histology, was the
outcome measure of interest. Results: The distribution of
PNPLA3 genotypes was CC: 27.5%, CG: 48.2%, and GG:
24.3%. Higher VFA was associated with greater risk of hav-
ing SF (adjusted-odds ratio [OR]: 1.03; 95% confidence in-
terval [CI]: 1.02-1.04, p<0.05), independent of potential
confounders. Among subjects with the same VFA level, the
risk of SF was greater among carriers of the rs738409 G
genotype than among those who did not. Stratified analy-
sis showed that PNPLA3 rs738409 significantly influenced
the association between VFA and SF. VFA remained signifi-

Keywords: Nonalcoholic fatty liver disease; Significant fibrosis; Visceral fat
area; Single nucleotide polymorphism; Metabolic dysfunction-associated fatty
liver disease.

Abbreviations: BMI, body mass index; CI, confidence interval; CT, computed
tomography; HOMA-IR, homeostatic model assessment for insulin resistance;
NAFLD, nonalcoholic fatty liver disease; NAS, NAFLD activity score; NASH,
nonalcoholic steatohepatitis; OR, odds ratio; PERSONS, Prospective Epidemic
Research Specifically Of NASH; PNPLA3, patatin-like phospholipase domain-
containing protein 3; SF, significant fibrosis; VFA, visceral fat area.
*Correspondence to: Ming-Hua Zheng, NAFLD Research Center, Depart-
ment of Hepatology, the First Affiliated Hospital of Wenzhou Medical University,
No. 2 Fuxue Lane, Wenzhou, Zhejiang 325000, China. ORCID: https://orcid.
org/0000-0003-4984-2631. Tel: +86-577-55579611, Fax: +86-577-55578522,
E-mail: zhengmh@wmu.edu.cn

cantly associated with SF only among the rs738409 G-allele
carriers (adjusted-OR: 1.05; 95% CI: 1.03-1.08 for the GG
group; and adjusted-OR:1.03; 95% CI: 1.01-1.04 for the
GC group). There was a significant interaction between VFA
and PNPLA3 rs738409 genotype (P, eraction=0:004). Con-
clusions: PNPLA3 rs738409 G allele has a moderate effect
on the association between VFA and risk of SF in adult indi-
viduals with biopsy-proven NAFLD. Existence of the PNPLA3
rs738409 G allele and VFA interact to increase risk of SF.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a major health
problem that affects up to nearly 30% the world’s adults.!-3
NAFLD refers to a spectrum of progressive liver conditions,
ranging from simple steatosis (NAFL) to steatohepatitis
(NASH), with varying amounts of fibrosis, and cirrhosis.*>
Convincing evidence shows that increased intra-abdominal
visceral fat accumulation is a strong predictor for the devel-
opment of significant fibrosis (SF) of the liver in NAFLD.67
Unlike subcutaneous adipose tissue, visceral adipose tissue
is anatomically related to the liver through the portal vein,
and so the liver is directly exposed to higher levels of free
fatty acids as well as multiple adipokines/cytokines directly
released from expanded visceral adipose tissue within the
portal vein, thereby promoting the development of NAFLD.
Therefore, visceral fat accumulation is a key target for ther-
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1015 participants with
suspected NAFLD were
screened
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Exclusion criteria (n=420)

The steatosis <5% of liver (n=80)
Excessive alcohol consumption (n=112)
Viral hepatitis (n=206)

1 with viral hepatitis A

195 with viral hepatitis B

9 with viral hepatitis C

1 with viral hepatitis E
Autoimmune hepatitis (n=19)
Drug-induced liver injury (n=3)

jMissing data of rs738409 (n=42)
'LMissing data of inbody 720 (n=30)

523 participants were
finally eligible for the study

Fig. 1. Flowchart of the study’s design.

apeugic interventions of NAFLD and other metabolic disor-
ders.

It is known that NAFLD is a complex and heterogeneous
disease.910 Studies show ~20% of adults may have NAFLD,
in the absence of overweight or obese status.!! The patatin-
like phospholipase domain containing-3 (PNPLA3) rs738409
C>G variant (wild-type to mutant) is one of the strongest
genetic variants that is related to a greater susceptibility
to developing NASH and cirrhosis.!2-14 Previous studies
show that individuals with NAFLD, who carry the PNPLA3
rs738409 G allele, do not have insulin resistance or other
features of metabolic syndrome.13:15.16 Preliminary studies
also suggest that the PNPLA3 rs738409 GG genotype is as-
sociated with a lower risk of type 2 diabetes and cardiovas-
cular disease;!” this finding supports the notion that the
pathophysiology of NAFLD may be different among subjects
carrying this genetic variant.

Thus, considering the possible differences in the patho-
physiology of metabolic-related vs. PNPLA3-related
NAFLD,!8 we have tested whether PNPLA3 rs738409 may
influence the effect of visceral fat area (VFA) on risk of hav-
ing SF, and whether there is interaction between visceral
fat content and PNPLA3 rs738409 polymorphisms, to affect
liver disease severity, within a well-identified cohort of sub-
jects with biopsy-confirmed NAFLD.

Methods
Research population

This is a cross-sectional analysis of our well-characterized
Prospective Epidemic Research Specifically Of NASH (PER-
SONS) cohort of 1,015 ethnic Han adults with suspected
NAFLD (mainly based on abnormal serum liver enzyme lev-

els and/or evidence of hepatic steatosis on imaging tech-
niques), who were admitted to the First Affiliated Hospital
of Wenzhou Medical University (China) from July 18, 2017
to December 4, 2019, and who accepted the offer to un-
dergo liver biopsy. As detailed in Figure 1, 492 individu-
als were excluded for the following reasons: (1) hepatocyte
steatosis <5% on histology (n=80); (2) excessive alcohol
intake (>140 g/week for men and >70 g/week for women,
respectively) (n=112); (3) other secondary causes for he-
patic steatosis (n=228); and (4) missing data for PNPLA-3
rs738409 genotype or Bioimpedance measurements using
InBody 720 (n=72). As a consequence of these exclusion
criteria, a total of 523 adult individuals with NAFLD were
included in the final analysis.

The study protocol was approved by the ethics commit-
tee of the First Affiliated Hospital of Wenzhou Medical Uni-
versity (protocol number #2016-246, 1 December 2016).
All participants signed a written informed consent to partici-
pate in this study.

Laboratory and clinical data

Samples of venous blood were collected from all patients af-
ter at fast of least 8 h . Biochemical parameters were evalu-
ated by employing an automated analyzer (Abbott AXSYM;
Abbott Laboratories, Lake Bluff, IL, USA) centrally. Homeo-
stasis model assessment of resistance of insulin (HOMA-IR)
was calculated as follows: fasting insulin (mIU/L)xglucose
(mmol/L)/22.5. Body mass index (BMI) was calculated by
dividing weight in kilograms by height in meters-squared.
Obese/overweight status was identified as BMI =25 kg/m2.
Diagnostic criteria for hypertension and diabetes have been
described in our previous studies.’® VFA was measured
within 1 day of liver biopsy. A bioelectrical impedance ana-
lyzer (BIA) (InBody 720; Biospace, Seoul, South Korea) was
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used to measure VFA.20.21 The aforementioned laboratory
and anthropometric variables were collected for all partici-
pants within 1 day of liver biopsy examinations.

Liver biopsy

Liver biopsy procedures have been described in detail previ-
ously.?2 Briefly, NAFLD was defined as histological evidence
of >5% of steatotic hepatocytes. Subjects with a NAFLD ac-
tivity score (NAS) =5 (having a score of at least 1 for each
histological component of hepatic steatosis, lobular inflam-
mation and ballooning) were diagnosed as having definite
NASH. Fibrosis stages were graded from 0 to 4, based on
the Brunt’s histological criteria.23 SF of the liver was defined
as histological stage F >2.24

Analysis of PNPLA3 rs738409 polymorphism

As described previously,2> the MassARRAY platform (Agena
Bioscience, San Diego, CA, USA) was used to assess geno-
type of PNPLA3 rs738409. For this genotype, we used ~20
ng of genomic DNA obtained from peripheral blood leuko-
cytes. Locus-specific PCR as well as primers for detection
were designed by the accompanying Assay Design Suite
v3.1. Matrix assisted laser desorption ionization-time of
flight mass spectrometry was used for detection of allele
type, followed by amplification of DNA by multiplex PCR.

Statistical analysis

Continuous variables were expressed as meanzstandard
deviation or median with interquartile range, based on
whether the distribution was normal or skewed, and then
compared using the unpaired Student’s t-test or the Mann-
Whitney test as appropriate. Categorical variables were
expressed as proportions and compared using the chi-
squared test or the Fisher's exact test as appropriate. The
chi-squared test was also used to test whether PNPLA3
rs738409 genotypes were in Hardy-Weinberg equilibrium.
The association between VFA and presence of SF (defined
as stage F =2 on liver histology) was tested by binary lo-
gistic regression analysis. In these regression models, the
association was adjusted for known risk factors and po-
tential confounders, such as sex, age, obese/overweight,
hypertension, type 2 diabetes, HOMA-IR, and serum total
cholesterol, triglyceride and albumin levels. Stratified and
interaction analyses were also performed to examine the
effect of PNPLA3 rs738409 polymorphism on the association
between VFA and SF. All data were analyzed with the R sta-
tistical package (The R Foundation; http://www.r-project.
org; version 3.4.3) and Empower (R) (www.empowerstats.
com; X&Y Solutions, Inc., Boston, MA, USA).

Results
Baseline characteristics

A total of 523 Chinese individuals with biopsy-confirmed
NAFLD were enrolled in this study. Subjects had a mean age
of 42 years and 73.8% were men. In total, 102 (19.5%)
of the subjects had SF (stage F =2 on liver histology). The
prevalence rates of hypertension and type 2 diabetes were
24.1% and 25.8% respectively. The distribution of PNPLA3
rs738409 genotypes was as follows: 144 (27.5 %) had CC
genotype; 252 (48.2%) had GC genotype; and 127 (24.3%)

had GG genotype, respectively. This genotype distribution
did not deviate from Hardy-Weinberg equilibrium. The fre-
quency of the PNPLA3 rs738409 G variant was 0.48, similar
to a previous study from China (0.45).2% Table 1 summarizes
the baseline characteristics of study participants, stratified
by the PNPLA3 rs738409 polymorphism type. Carriers of the
PNPLA3 GG genotype had a significantly higher prevalence
of severe steatosis and definite NASH. The three groups
were well comparable in terms of sex, age, adiposity meas-
ures (including VFA), HOMA-IR score and other metabolic
parameters. Notably, as shown in Table 2, after stratifying
by both PNPLA3 rs738409 polymorphism and SF, values of
VFA were significantly greater only among carriers of the G
allele, who also had SF.

PNPLA3 rs738409 polymorphism influences the as-
sociation between VFA and SF

The smoothing spline curve, obtained by a generalized ad-
ditive model, showed a linear association between VFA and
risk of having SF. As shown in Figure 2, as VFA increased,
the likelihood of SF also progressively increased; however,
it is worth noting that carriers of the PNPLA3 CC genotype
had a lower risk of SF than those carrying the PNPLA3 G al-
lele. Among individuals with the same level of VFA, the risk
of SF was higher among carriers of the rs738409 G geno-
type than among those who did not. The smoothing spline
curve clearly suggested that the PNPLA3 rs7387409 G allele
increased the probability of SF with increasing levels of VFA.
A threshold effect analysis was also performed to examine if
the slight fall in the probability of SF in the CC group with in-
creasing levels of VFA was statistically significant. Although
there are just 11 subjects in the descending section of the
curve (Figure 2), we found that the fall in the probability
of SF in the CC group with increasing levels of VFA was not
statistically significant.

Association between VFA and SF

As demonstrated in Figure 3, within a logistic regression
model with the presence or absence of SF as the depend-
ent variable, there was a significant positive association
between VFA (included as a continuous variable) and risk
of having SF, even after adjustment for sex, age, obese/
overweight, hypertension, type 2 diabetes, HOMA-IR, and
serum total cholesterol, triglyceride and albumin levels (ad-
justed-odds ratio [OR]: 1.03, 95% confidence interval [CI]:
1.02-1.04).

Association between VFA and SF in different sub-
groups

We examined the association between VFA and risk of hav-
ing SF in individuals who were stratified either by different
PNPLA3 genotypes (additive or dominant models) or by oth-
er established risk factors for SF (i.e. sex, age, BMI, hyper-
tension, diabetes and HOMA-IR). As shown in Figure 3, the
significant association between VFA and SF persisted in the
PNPLA3 rs738409 GG and GC subgroups even after adjust-
ment for potential confounders (adjusted-OR: 1.03, 95%
CI: 1.01-1.04 in the GC group; adjusted-OR: 1.05, 95%
CI: 1.03-1.08 in the GG group) but not in the CC group
(adjusted-OR: 1.01, 95% CI: 0.99-1.03). It should be not-
ed, there was a significant interaction of PNPLA3 rs738409
genotypes on the association between VFA and risk of SF
(P =0.004). When this association was assessed in a

interaction™ . L.
dominant genetic model, the association between VFA and
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Table 1. Baseline characteristics of study participants, stratified by PNPLA3 rs738409 polymorphism
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All, n=523 CC, n=144 CG, n=252 GG, n=127 P
Demographics
Age in years 42.5+12.0 44.0+12.2 41.5+12.1 42.6+11.5 0.154
Men 381 (72.8) 104 (72.2) 191 (75.8) 86 (67.7) 0.244
Metabolic risk factors
BMI in kg/m?2 26.9+£3.7 27.0+4.5 27.0£3.5 26.7+3.2 0.758
Overweight/obesity 360 (68.8) 100 (69.4) 174 (69.0%) 86 (67.7) 0.949
VFA in cm? 102.84+25.9 103.9+25.2 102.4+25.6 102.3+27.5 0.838
Type 2 diabetes 135 (25.8) 41 (28.5) 62 (24.6) 32 (25.2) 0.687
Hypertension 126 (24.1) 37 (25.7) 54 (21.4) 35 (27.6) 0.365
Laboratory parameters
AST in U/L 34.0 (25.0-52.5) 31.5(24.0-48.0) 34.0 (25.0-54.0) 36.0 (26.0-57.0) 0.116
ALT in U/L 51.0 (30.0-88.0) 44.5(28.8-73.8) 52.0(30.0-91.2) 55.0 (30.5-89.5) 0.109
GGT in U/L 52.0 (32.5-84.5) 51.5(30.8-81.2) 55.0(35.0-85.2) 49.0 (31.5-83.0) 0.491
Total bilirubin in pmol/L 12.0 (10.0-16.0) 12.0 (9.8-16.0) 13.0 (10.0-16.0)  12.0 (10.0-16.5)  0.730
Albumin in g/L 45.9%+4.0 46.2+3.5 45.9+3.8 45.7+5.0 0.589
Glucose in mmol/L 5.3 (4.9-6.3) 5.4 (5.0-6.4) 5.3 (4.9-6.2) 5.3 (4.9-6.1) 0.281
Insulin in mIU/L 14.6 (9.6-21.3) 15.2 (9.4-21.3) 14.3 (10.0-21.2) 14.9 (9.8-21.2) 0.949
HOMA-IR 3.6 (2.3-5.3) 3.6 (2.3-5.5) 3.4 (2.4-5.2) 3.6 (2.2-5.5) 0.879
Total cholesterol in mmol/L 5.1 (4.4-5.9) 5.1+1.2 5.2+1.1 5.2+1.2 0.516
Triglycerides in mmol/L 1.9 (1.4-2.8) 2.0 (1.4-3.2) 1.9 (1.4-2.8) 1.8 (1.4-2.5) 0.179
HDL-cholesterol in mmol/L 1.0 (0.9-1.1) 1.0+0.2 1.0+0.2 1.0+0.3 0.163
LDL-cholesterol in mmol/L 3.0 (2.4-3.6) 2.9+0.9 3.1+0.9 3.1+1.0 0.055
Liver histology
Steatosis grade <0.001
1 222 (42.4) 83 (57.6) 101 (40.1) 38 (29.9)
2 193 (36.9) 47 (32.6) 97 (38.5) 49 (38.6)
3 108 (20.7) 14 (9.7) 54 (21.4) 40 (31.5)
Hepatocyte ballooning 0.922
0 78 (14.9) 22 (15.3) 38 (15.1%) 18 (14.2)
1 296 (56.6) 85 (59.0) 141 (56.0%) 70 (55.1)
2 149 (28.5) 37 (25.7) 73 (29.0%) 39 (30.7)
Lobular inflammation 0.148
0 64 (12.2) 25 (17.4) 29 (11.5) 10 (7.9)
1 306 (58.5) 76 (52.8) 153 (60.7) 77 (60.6)
2 145 (27.7) 41 (28.5) 68 (27.0) 36 (28.3)
3 8 (1.5) 2(1.4) 2 (0.8) 4 (3.1)
Definite NASH 202 (38.6) 47 (32.6) 95 (37.7) 60 (47.2) 0.044
SF (F 22 stage) 102 (19.5) 22 (15.3) 49 (19.4) 31 (24.4) 0.167

Data are presented as n (%) or mean*standard deviation. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; HOMA-
IR, homeostasis model assessment-insulin resistance; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NASH, non-alcoholic steatohepatitis.

SF remained statistically significant after controlling for po-
tential confounding variables in the GC+GG group (adjust-
ed-OR: 1.03, 95% CI: 1.02-1.05) but not in the CC group
(adjusted-OR: 1.01, 95% CI: 0.99-1.03). In addition, there
was a significant association between VFA and SF when we

stratified subjects into two groups, i.e. the GG vs. GC+CC
subgroups. Interestingly, there was an interaction between
PNPLA3 rs738409 GG and VFA (P, .o action=0.004). These re-
sults suggested that the PNPLA3 rs738409 G allele and VFA
interacted to moderately increase the risk of having SF.
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Stratified analyses according to sex

We examined the association between VFA with SF, strati-
fied by a PNPLA3 rs738409 dominant model, in men and
in women separately. As described in Table 3, in the un-
adjusted models, VFA was associated with an increased
risk of having SF in both sexes. After adjustment for age,
overweight/obese, type 2 diabetes and hypertension, levels
of serum total cholesterol, triglycerides and albumin, and
HOMA-IR (adjusted model 2), the association between VFA
and SF remained statistically significant for both men and
women (adjusted-OR: 1.03, 95% CI: 1.01-1.04 for men;
adjusted-OR: 1.02, 95% CI: 1.0-1.05 for women). How-
ever, as also shown in Table 3, after further stratification
by PNPLA3 rs738409 genotypes (CC vs. GC+GG groups),
the significant association between VFA and SF disappeared
among carriers of the rs738409 CC genotype (adjusted-OR:
1.01 95% CI: 0.99-1.04 for men; adjusted-OR: 0.98, 95%
CI: 0.95-1.02 for women). In contrast, the association be-
tween VFA and SF remained significant among carriers of
the rs738409 G allele, even after adjustment for potential
confounders in both sexes (adjusted-OR: 1.03, 95% CI:
1.02-1.05 for men; adjusted-OR: 1.04, 95% CI: 1.01-1.07
for women).

<0.001
<0.001
<0.001

p

GG
SF, n=31
15 (48.4)
1(3.2)
10 (32.3)
20 (64.5)
0 (0.0)

8 (25.8)
20 (64.5)
3 (9.7)
26 (83.9)

No SF,
96
25 (26.0)
17 (17.7)
60 (62.5)
19 (19.8)
10 (10.4)
69 (71.9)
16 (16.7)
1 (1.0)
34 (35.4)

n

0.002
<0.001
<0.001

49

Discussion

GC

In this large cross-sectional study of ethnic Han individu-
als with biopsy-confirmed NAFLD, we found that intra-ab-
dominal VFA was significantly associated with greater risk
of having SF, on liver histology. Notably, this significant as-
sociation persisted even after adjusting for potential con-
founding variables, such as sex, age, obese/overweight sta-
tus, hypertension, diabetes, HOMA-IR, and levels of plasma
lipids and albumin. Furthermore, after further stratification
by PNPLA3 rs738409 polymorphism type, the association
between VFA and SF remained significant only among car-
riers of the PNPLA3 rs738409 G allele but not among those
carrying the CC genotype, thereby suggesting that the PN-
PLA3 rs738409 G allele and VFA can interact to moderately
increase the risk of having SF. Furthermore, with the same
level of VFA, the risk of having SF was significantly lower
among carriers of the rs738409 CC genotype than among
those carrying the rs738409 G allele.

In the last decade, the close inter-relationship between
intra-abdominal VFA and SF in people with NAFLD has drawn
increasing attention.®7 Unlike subcutaneous fat in the abdo-
men, intra-abdominal visceral fat accumulation (being con-
nected directly to the liver via the portal vein) is closely
related to the development and progression of NAFLD.827
In our study, we found that VFA was associated with greater
risk of SF, independent of pre-existing diabetes or other
metabolic syndrome features, especially among carriers of
the PNPLA3 CG or GG genotypes. The precise mechanisms
underpinning the association between increased VFA and
greater risk of SF are not fully understood. However, in ac-
cordance with the so-called “portal theory”, it has been pro-
posed that expanded and dysfunctional visceral adipose tis-
sue may release higher amounts of free fatty acids as well
as multiple adipokines and pro-inflammatory cytokines into
the liver via portal vein, thus promoting the development
and progressions of NAFLD.28-31

We found that compared to NAFLD subjects carrying the
PNPLA3 rs738409 CC genotype, VFA was independently
related to a greater risk of having SF only among those
carrying the PNPLA3 rs738409 G-allele. It is known that
the PNPLA3 rs738409 C>G variant (wild-type to mutant),
leading to an isoleucine to methionine substitution at po-
sition 148 of the protein (I148M), is strongly associated

SF, n

21 (42.9)
4 (8.2)
21 (42.9)
24 (49.0)
5(10.2)
18 (36.7)
25 (51.0)
1(2.0)
30 (61.2)

203
33 (16.3)

135 (66.5)

43 (21.2)
1 (0.5)

120 (59.1)
<0.001 65 (32.0)

No SF,
34 (16.7)
49 (24.1)
24 (11.8)

n

P
0.044
0.002

=22
6 (27.3)
1 (4.5)
11 (50.0)
10 (45.5)
1 (4.5)
7 (31.8)
13 (59.1)
1 (4.5)
16 (72.7)

CC
SF, n

=122
8 (6.6)

No SF,
21 (17.2)
74 (60.7)
27 (22.1)
24 (19.7)
69 (56.6)
28 (23.0)
1 (0.8)

31 (25.4)

n

0
1
2

o — N ™M

Hepatocyte ballooning
Lobular inflammation

Definite NASH

Data are presented as n (%) or meanzstandard deviation. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; HOMA-IR, homeostasis model assessment-insulin

resistance; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; SF, significant fibrosis.

Table 2. (continued)
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Fig. 2. Association between VFA and SF of the liver in biopsy-proven NAFLD, stratified by PNPLA3 rs738409 polymorphism. VFA, visceral fat area; SF,

significant fibrosis; NAFLD, nonalcoholic fatty liver disease.

with an increased risk of NAFLD progression. As a liver
lipase with triglyceride hydrolase enzyme activity, this ge-
netic variant leads to loss of function, thereby reducing the
remodeling of polyunsaturated fatty acids and monoun-
saturated fatty acids, leading to their retention within the
liver.32 Therefore, it is conceivable that the combination
of increased VFA and PNPLA3 rs738409 C>G variant may
promote the progression of NAFLD from simple steatosis to
NASH and cirrhosis.

We believe that the presence of an interaction effect of
PNPLA3 rs738409 G allele and VFA to moderately increase
risk of SF, and the observed dissociation of VFA and SF
among the carriers of the PNPLA3 rs738409 CC genotype
are two interesting findings of our study. However, the
specific reasons for these results are not entirely known.
In particular, the effect as well as role of the PNPLA3
rs738409 G variant within adipose tissue are poorly under-
stood. Recently, it has been shown that PNPLA3 mRNA was
expressed abundantly within the liver and clearly detect-
able within the subcutaneous adipose tissue of individuals
with severe obesity.33 Other investigators confirmed that
PNPLA3 protein was found not just within the liver but also
within adipose tissue. It has been reported that the PN-
PLA3 rs738409 C>G variant may alter lipid composition of
adipose tissue in a similar way to that observed in the liv-
er.3435 An experimental study also suggested that overex-
pression of the PNPLA3 rs738409 G variant lead to great-
er VFA and insulin resistance compared to the wild-type

protein in mice.3® Although it remains uncertain how the
PNPLA3 rs738409 polymorphism may interact with VFA to
increase hepatic fibrogenesis, our results support the ex-
istence of a cross-talk between VFA and PNPLA3 rs738409
polymorphism in risk of NAFLD progression.34

In our study, we enrolled patients with biopsy-proven
NAFLD who also had measurement of VFA and PNPLA3 sin-
gle nucleotide polymorphism status. There was a significant
trend for patients with more SF (stage 2 or more) to have
increased VFA or be a carrier for the G allele. Consequently,
we thought it would also be a valuable point if those with
negative biopsies were analyzed to understand if the VFA
was significantly different in this population as well as the
status of PNPLA3. Unfortunately, we did not enroll such pa-
tients in our cohort. Further studies are required to address
and resolve this point in the future.

There are several essential limitations within our investi-
gation. First, the mutation rates for PNPLA3 rs738409 pol-
ymorphism vary among different ethnic populations, with
the highest rates being in Asian and American individuals,
intermediate rates in northern European Whites, and lowest
rates in Blacks. For example, according to a previous study,
the risk allele mutation for PNPLA3 was in 49% among His-
panics, followed by non-Hispanic Caucasians (23%) and Af-
rican Americans (17%).16:37 As the participants in our study
were all ethnic Han Chinese individuals, the findings of our
study might not be generalizable to other ethnic groups.38-40
Second, the cross-sectional design of our study does not
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Number Adjusted OR (95%Cl) Pinteraction
PNPLA3 rs738409
Additive model 0.004
cc —t—— 144 1.01 (0.99,1.03)
GC —f— 252 1.03 (1.01,1.04)
GG [ ! 1127 1.05 (1.03,1.08)
Dominant model 0.010
cc —f— 144 1.01 (0.99,1.03)
GC+GG —f— 379 1.03 (1.02,1.05)
Homozygous for G allele 0.004
GG L i 1127 1.05 (1.03,1.08)
GC+CC i 396 1.02 (1.01,1.03)
Sex 0.939
Men —f— 381 1.03 (1.02,1.04)
Women —_— 142 1.03 (1.01,1.04)
Age 0.487
<45 (years) —4— 299 1.03 (1.02,1.04)
A5 (years) —— 224 1.02 (1.01,1.04)
Hypertension 0.052
Yes L } 126 1.05 (1.02,1.07)
No —— 397 1.02 (1.01,1.03)
Type 2 Diabetes 0.756
Yes —— 135 1.02 (1.01,1.04)
No —4— 388 1.03 (1.02,1.04)
BMI 0.455
<25 ! } 163 1.04 (1.01,1.06)
=25 —t— 360 1.03 (1.01,1.04)
HOMA-IR 0.511
<25 L } 150 1.03 (1.01,1.06)
2.5 —t— 373 1.03 (1.01,1.04)
summary —— 523 1.03 (1.02,1.04)
0.I98 1.00 1.:)2 1.:)4 1.06 1.:)8 1 !IO

Fig. 3. Associations between VFA and SF of the liver in different subgroups of individuals. All data are adjusted for age, sex, type 2 diabetes, hypertension,
BMI, levels of serum total cholesterol, triglycerides and albumin, and HOMA-IR (with the exception of the specific variable used for stratifying each patient subgroup).
HOMA-IR, homeostatic model assessment for insulin resistance; VFA, visceral fat area; SF, significant fibrosis; OR, odds ratio; CI, confidence interval; BMI, body mass

index.

allow any firm conclusions about causality. However, since
PNPLA3 rs738409 polymorphism is inherited, reverse cau-
sation does not apply. Third, VFA was not measured with
computed tomography (CT) scan. However, VFA estimated
by BIA has a good correlation with VFA measured with CT
scaning.*! Finally, we did not have detailed information on
physical activity levels and diet regimens of these partici-
pants. The beneficial effect of different exercise regimes,
without caloric restriction, on VFA is well known for over-
weight or obese individuals.*?

In conclusion, our research showed that VFA is associ-
ated with greater risk of having SF, independent of poten-
tial confounding factors, especially among carriers of the
PNPLA3 rs738409 G-allele, and there is an interaction of
PNPLA3 rs738409 polymorphism and VFA to increase risk
of SF in Chinese individuals with biopsy-proven NAFLD. Our
gene-visceral fat interaction study suggests that the PN-

PLA3 rs738409 G-allele may moderately modulate the ad-
verse effects of VFA on risk of SF in NAFLD. However, further
research is needed to further corroborate these findings in
other different cohorts of NAFLD patients.
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Table 3. Associations between VFA and SF of the liver in participants with different PNPLA3 genotypes, stratified by sex

All CcC GC+GG
OR (95% CI) P OR (95% CI) p OR (95% CI) p
Men n=381 n=104 n=277
Unadjusted model 1.03 (1.02, 1.04) <0.001 1.01 (0.99, 1.04) 0.223 1.03 (1.02, 1.04) <0.001
Adjusted model 1 1.03 (1.02, 1.04) <0.001 1.01 (0.99, 1.04) 0.242 1.03 (1.02, 1.04) <0.001
Adjusted model 2 1.03 (1.01, 1.04) <0.001 1.01 (0.99, 1.04) 0.325 1.03 (1.02, 1.05) <0.001
Women n=142 n=40 n=102
Unadjusted model 1.02 (1.01, 1.04) 0.002 0.99 (0.96, 1.02) 0.602 1.04 (1.02, 1.06) <0.001
Adjusted model 1 1.03 (1.01, 1.04) 0.002 0.98 (0.95, 1.01) 0.312 1.04 (1.01, 1.06) 0.002
Adjusted model 2 1.03 (1.01, 1.04) 0.004 0.98 (0.95, 1.02) 0.380 1.04 (1.01, 1.07) 0.003

Data were tested by logistical regression analysis. In all regression models, SF (included as categorical measure) was the dependent variable, whereas VFA was included
as a continuous measure (expressed as cm?). Model 1: adjusted for age, pre-existing type 2 diabetes and hypertension. Model 2: adjusted for the same covariates
included in model 1 plus overweight/obese, levels of serum total cholesterol, triglycerides and albumin, and HOMA-IR. HOMA-IR, homeostatic model assessment for
insulin resistance; VFA, visceral fat area; SF, significant fibrosis; OR, odds ratio; CI, confidence interval.
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