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ABSTRACT
The prevalence and incidence of Non-Alcoholic Fatty Liver Disease (NAFLD) is increasing due to the epidemics of
obesity and Type 2 Diabetes Mellitus (T2ZDM). Recently, a link between NAFLD and hypertension along with new
genetic expression has been identified. NAFLD is a multisystem disease and is associated with hepatic and
extrahepatic diseases. The author previously described that in addition to the epidemiological and single genetic
factors, the study of combined effect of the variants may be attributed to the risk stratification in NAFLD/NASH-
related hepatocellular carcinoma (HCC) and also suggested that the stratification of the risk of NAFLD related HCC
especially non-cirrhotic HCC based on the characteristic clinical and genetic evidence may contribute to the
prevention, prediction, and surveillance. The risk factors and multifactorial process include obesity, T2DM,
hypertension, ethnicity, genetic polymorphism PNPLA3, TM6SF2, GCKR, MBOAT?7, and HSD17B13, epigenetic
factors, transcriptional factors, post-transcriptional modification, and hepatic lipogenesis carcinogenesis in NAFLD.
In this article, the author reviewed the current knowledge of risk factors, multifactorial process, and polygenic risk
score (PRS) in NAFLD-related HCC. Although several risk factors and complex and multifactorial process are present
in the progression of NAFLD-related HCC, the author suggests that comprehensive determination using
epidemiological factor and PRS including PNPLA3, TM6SF2, GCKR, MBOAT7, and HSD17B13 may be attributed
to the risk stratification, prognosis, and therapeutic strategy in cirrhosis and non-cirrhosis patients with NAFLD-
related HCC.
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Non-Alcoholic fatty liver disease (NAFLD) is the common liver
disease worldwide due to the increasing rates in parallel to
obesity and T2DM [1]. Whereas the close association between
NAFLD and hypertension associated with a new gene has been
identified [5]. Many studies provided that NAFLD associates
with endothelial dysfunction assessed by Flow-Mediated
vasodilation (FMD) study, increased Intima-Media Thickness

INTRODUCTION

The prevalence and incidence of NAFLD is increasing due to
the epidemics of obesity and T2DM [1]. It is known that
NAFLD is a multisystem disease and is associated hepatic and
extrahepatic manifestations [2,3]. The author previously
described that on the basis of the characteristic clinical and

genetic evidence, the risk stratification of the medium/high risk
in NAFLD-related HCC, especially non-cirrhotic HCC may
contribute to the prevention, prediction, and surveillance [4]. In
this article, the current knowledge of the risk factors, complex
and multifactorial process, and PRS in the development and

progression of NAFLD-related HCC will be reviewed in detail.

(IMT) by evaluated common carotid artery, and increased Pulse
Wave Velocity (PWV) that are established as CVD and
atherosclerosis indicators [2]. Recent clinical report also
suggested that endothelial dysfunction is independent of MS in
patients with NAFLD [6].
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ASSOCIATION BETWEEN NAFLD/
NASH AND ATHEROSCLEROSIS

The clinical practice guidelines stated that CVD should be
identified in NAFLD irrelevant of the presence of traditional
risk factors [3]. The author previously described that an
association between chronic liver disease (NAFLD/NASH and
chronic C virus hepatitis: HCV infection) and systemic
atherosclerosis may be present due to the presence of the
inflammation as a common pathway [7]. Flow-mediated
vasodilation (FMD) and nitroglycerin-mediated vasodilation
(NMD) examinations in the brachial artery is a promising
procedure for estimating vascular endothelial and vascular
smooth muscle cell (VSMC) function in atherosclerosis [8]. The
author has described several studies on the diseases of migraine,
CVD, chronic kidney disease (CKD), dyslipidemia, aging liver,
and COVID-19 using FMD and NMD tests [9-20].

CLINICAL PRESENTATIONS IN
NAFLD/NASH-RELATED HCC

The growing incidence has showed that NASH/NAFLD has led
to an increase of NASH-related HCC [21]. Regarding cirrhotic
NAFLD-related HCC, the study by Grimaudo et al. and a meta-
analysis have been identified [22,23]. With respect to non-
cirrhotic NAFLD-related HCC, the clinical practice guidelines
stated that studies have associated obesity and T2DM with the
risk of HCC and also indicated that patients with NAFLD-
derived HCC at diagnosis are older than those with non-
NAFLD HCC, with a lower prevalence of cirrhosis [3]. A
multicenter prospective study by HCC-NAFLD Italian Study
Group indicated that NAFLD-HCC is more often found at a
later tumor stage [24]. A United States multicenter study and a
meta-analysis [25,26]. described that HCCs developed in

patient without cirrhosis and that NAFLD was the most
common liver disease in these patients. Mohamad et al.
mentioned that patients with non-cirrhotic NAFLD-related
HCC are more likely to represent at an older age, larger tumor
size, and higher rates of tumor recurrence [27]. Bengtsson et al.
reported that patients with non-cirrhotic NAFLD-related HCC
were observed in 37% of NAFLD-HCC, suggesting that patients
with non-cirrhotic NAFLD-HCC, compared with patients with
cirthotic NAFLD-HCC, were older, a lower prevalence of
T2DM, larger tumors, and allocated treatments[28]. The report by
Anstee et al. described that up to 49% of NAFLD-derived HCC

develop in patients without cirrhosis [29].

NON-INVASIVE ELASTOGRAPHY AND
MAGNETIC RESONANCE IMAGING AS
ALTERNATIVES TO IIVER BIOPSY

According to American Gastroenterological Association (AGA)
clinical practice update, although NAFLD-related HCC may
arise in non-cirrhotic status, is often diagnosed at advanced
stages, guidelines provided limited guidance/recommendations
addressing HCC surveillance in patients with non-cirrhosis [30].
Based on the evidence of reviews, they provided Best Practice
Advice statements of clinicall management in patients with
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NAFLD [30]. The new non-invasive, costeffective diagnostic
procedures are needed because of the progression to the liver
fibrosis, cirrhosis and HCC in NAFLD. Non-invasive tests
including vibration controlled transient elastography (VCTE),
point shear wave elastography (pSWE), 2-dementional shear
wave elastography (2DSWE), magnetic resonance elastography
(MRE), and magnetic resonance imaging (MRI) have been
proposed in patients with NAFLD [31]. It is suggested that the
VCTE and 2D-SWE are potential tools in staging liver fibrosis
in patients with NAFLD. It is thought that 2D-SWE also
represents a significant procedure to differentiate malignant
from benign focal liver lesions (FLLs) [32].To evaluate the
severity of liver fibrosis and NASH (fatty inflammation), liver
elastography and MRI tests have been noninvasively suggested as
alternatives to liver biopsy in NAFLD patients [31]. From a
systematic review and meta-analysis, they emphasized that
elastography may assist in fibrosis evaluation and mentioned
that some techniques of measuring liver stiffness had good
performance for the diagnosis of severe liver fibrosis in patients
with NAFLD. With the advance of new technology, elastography
test as alternatives to liver biopsy may noninvasively assist in the
severity of the fibrosis evaluation in patient with NAFLD.

RISK FACTORS AND
MULTIFACTORIAL PROCESS IN
NAFLD-ASSOCIATED HCC

It is known that the progression of NASH-derived HCC is a
complex and multifactorial process [33]. The study indicated
that many risk factors including obesity, type 2 diabetes mellitus
(T2DM), Hispanic ethnicity, and genetic polymorphism in
PNPLA3, TM6SF2, GCKR, MBOAT7, and HSDI17B13 in
NAFLD are independently associated with HCC [34]. It is
thought that plausible of diabetes-related
carcinogenesis included inflammatory activation, insulin
resistance (IR), hyperinsulinemia, and aberrations in insulin-like
growth factor-1 (IGF-1) signaling [35,36]. Simon et al. described
that T2ZDM is independently associated with the increased risk
for HCC and suggested the importance of insulin resistance in
the pathogenesis of HCC. Epidemiologic evidence has showed
that T2DM is associated with an increased risk for many
cancers, including colon, pancreas, liver, kidney, and breast [35].
Hagstrom et al. mentioned that the risk of extrahepatic

malignancies has been increased indicating the most evidence
for a link between NAFLD and colorectal cancer [37]. Recently,
Yang et al. suggested that T2DM is significantly associated with
increased HCC risk in patient with NASH-related cirrhosis by
multivariable analysis [38]. Regarding obesity status, it is known
that BMI is associated with carcinogenesis risk [39]. Grohmann
et al. have reported that obesity-related hepatic oxidative stress
can independently contribute to development of NASH and
HCC through pathways [40]. Based on the current evidence, it
is suggested that several risk factors including genetic and non-

mechanisms

genetic and multifactorial process in the development and
progression for NAFLD-related HCC have been identified.
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LINK BETWEEN HYPERTENSION AND
NAFLD ALONG WITH GENETIC
RELATION

The study indicated that 49.5% of patients with hypertension
have NAFLD, and the prevalence of hypertension is significantly
increased in individuals with NAFLD than in the general
population [5,41,42]. Clinical and experimental studies
suggested that NAFLD may promote the occurrence of
hypertension, T2DM, and Cardiovascular Disease (CVD) [43].
Cai et al. mentioned that the relationship between NAFLD and
hypertension is independent of other metabolic components
[44]. It is putative that NAFLD may induce systemic
inflammation, insulin resistance, oxidative stress, and increased
vasoconstriction and decreased vasodilation, in turn leading to
hypertension [5]. With respect to the link between NAFLD and
vascular reactivity, clinical studies revealed that patients with
NAFLD represent the increased level of circulating
Asymmetrical Dimethylarginine (ADMA) which is an
endogenous inhibitor of Nitric Oxide synthase (NOS),
independent of classical cardiovascular (CV) risk factors [45].
The study also indicated that NAFLD is an independent factor
in the development of arterial stiffness which reflects
arteriosclerosis status [46]. Recent clinical report suggested that
endothelial dysfunction is independent of metabolic syndrome
(MS) in patients with NAFLD [6]. Although it is known that the
close association between NAFLD and hypertension, however,
there is limited evidence on the genetic relation between
NAFLD and hypertension. PNPLA3 and TM6SF2 have been
studied much more in CVD than in hypertension. The reports
suggested that the ADIPOQ C11377G (rs266729) has been
associated with a significantly increased risk of NAFLD and
hypertension [47,48]. While, it has been suggested that the
AGTRI1 (angiotensin receptor type 1) gene might be involved in
multiple pathways associated with the development in NAFLD
using bioinformatics analysis [38]. It is putative that the new
gene expression such as ADIPOQ C11377G and AGTR1 may
robustly contribute to a link between NAFLD and hypertension.
With respect to the recommendations, the clinical practice
guidelines have stated that NASH patients with fibrosis
associated with hypertension should receive a closer monitoring
because this entity causes the disease progression with a higher
risk.

THE KEY FACTORS IN NAFLD-
ASSOCIATED HCC

It has been reported that genetic and epigenetic factors impact
the initiation and progression of NAFLD-associated HCC.
Additionally, transcriptional factors and post-transcriptional
modification are significant for the development of HCC under
inflammatory and fibrotic status [50]. Regarding epigenetic
factors, it is thought that DNA methylation, long non-coding
RNAs (IncRNAs), and miRNAs have profound impacts on
NAFLD-associated HCC progression. With respect to the
transcriptional factors, E2Fs transcriptional factors, hypoxia-
inducible factors (HIFs), Forkhead box (FOXO), and PPARs,
modulate NAFLD progression through signaling pathways.
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With regard to the posttranscriptional modification, it is
thought that RNA-binding proteins (RBPs) and RNA splicing
factor (SF) is attributed to liver damage, NAFLD occurrences,
and HCC progression [51].

HEPATIC LIPOGENESIS
CARCINOGENESIS

Liang et al. also mentioned evidence that HCC can occur in
patients with non-cirrhotic NASH [52]. The study by Liang et al.
provided that dietary cholesterol promotes NASH related HCC
through dysregulated metabolism and calcium signaling. NASH
development caused by dietary cholesterol is associated with
aberrant gene expression which linked with inflammation,
dysregulated metabolic and cancer pathways. It is suggested that
integrated genetic and expressional alterations in NASH-related
HCC affected distinct genes pertinent to five pathways
including calcium signaling, insulin, cell adhesion, axon
guidance, and metabolism. It has been reported that the novel
aberrant gene expression, mutation and core oncogene pathways
recognized in cholesterol-associated NASH-related HCCs in
mice were observed in human NASH-related HCC [52]. The
recurrently mutated genes included RYR1, MTOR, SDKI,
CACNAIH and RYR2. Regarding metabolicrelated genes,
ALDHI18A1, CAD, CHKA, POLD4, PSPH, and SQLE were
included in human NASH-related HCCs. While, Ribas et al.
provide the evidence for tumor promoter role of cholesterol in
NASH:-related HCC associated with an increased expression of
the genes involved in immune checkpoints suggesting that
cholesterol tends to favor a milieu of T-cell exhaustion [53]. Zeng
et al. revealed that B cells, DCs, and MAIT cells are key
dysregulated immune cells in NAFLD and progression of
NAFLD-related HCC [54]. With regard to the immunologic
pathways which subsequently activate oncogenic mechanisms, it
has been demonstrated that ROS accompanied by the
production of lipid peroxidation increases the release of
inflammation and inhibitory cytokines including TNF-a, IL6,
leptin, and adiponectin [33]. Kutlu et al. described molecular
signaling pathways regarding their mechanism of action in
NASH-related HCC. Based on the clinical and experimental
studies, it is plausible that steatosis-related lipotoxicity may cause
hepatocarcinogenesis.

POLYGENIC RISK SCORE FOR NAFLD-
RELATED HCC

Current studies indicated that genetic susceptibility increases
risks of NAFLD, NASH, and NASH-related cirrhosis [55]. It has
been previously reported that five genes including PNPLA3,
TM6SF2, GCKR, MBOAT7, and HSD17B13 known to be
associated with NASH are involved in glucose and fat
homeostasis regulatory pathways [55,56]. The most closely
related genetic variant with NAFLD is PNPLA3-1148M [57].
TMG6SF2 in hepatic lipid export, and GCKR and MBOAT7
through
noncanonical pathways of de novo lipogenesis [58]. Recently,

increase triglyceride  synthesis canonical and

Jamialahmadi et al. have showed 2 novel genetic variants in

GPAM and APOE that are associated with liver fat content and
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liver disease indicating a strong association between liver damage
and lipid biology [58]. The report by Gellert-Kristensen et al.
suggested that a genetic risk score (GRS), combining the three
genetic variants in PNPLA3 p.1148M, TM6SF2 p.E167K, and
HSD17B13 rs72613567, was associated with cirrhosis and HCC
in fatty liver including NAFLD and alcoholic type in individual
from the general population, indicating that a GRS showed risk
of cirrhosis by up to 12-fold and risk of HCC by up to 29-fold
[59]. Meanwhile, the report indicated that the risk of occurrence
of NAFLD and associated complications is determined by the
environmental and genetic factors [60]. In the NAFLD cohort,
the recent study showed that PRS value predicted HCC more
intensely than single variants [61]. They indicated that the
relationship between PRS and HCC was detected in the subjects
with and without the severe fibrosis. Whereas in the UKBB
cohort, they showed that PRS predicted HCC irrespective of
classic risk factors and liver cirrhosis condition. They described a
causal association between liver fat and HCC suggesting that
PRS improve the accurate diagnosis of HCC in individuals with
and without severe fibrosis status. They suggested that the risk
scores assisted to show the risk of HCC both in highrisk
individuals and in the general population. As Long et al.
described the polygenic risk score as a promising predictor for
HCC in the population with NAFLD, they also suggest that the
quantitative genetic features of ethnicity should be included as
covariates in the association tests [62]. Jamialahmadi et al. also
suggested that the PRS prediction for HCC in a large European
NAFLD cohort was largely superior to that of the single genetic
risk variants [63]. They stated that, as part of the ability of a PRS
to predict HCC is mediated by the life-long burden of genetic
variants on liver damage, suggesting that the PRS may be
optimal to detect young atrisk individuals. Although several risk
factors and complex and multifactorial process are present in
NAFLD-related HCC, it is plausible that the comprehensive
evaluation of the epidemiologic factor and PRS may be
attributed to the risk stratification, prognosis, and therapeutic
strategy in cirrhosis and non-cirrhosis patients with NAFLD-

related HCC.

SUMMARY

With the advance of new technology, elastography test as
alternatives to liver biopsy may noninvasively assist in the
severity of the fibrosis evaluation in patient with NAFLD. It is
putative that the genetic relation using new gene ADIPOQ
C11377G and AGTR1 may robustly contribute to a link
between NAFLD and hypertension. Based on the clinical and
experimental studies, it is plausible that steatosis-related
lipotoxicity may cause hepatocarcinogenesis. The author suggests
that the comprehensive estimation of the epidemiological factor
and PRS may contribute to the risk stratification, prognosis, and
therapeutic strategy in cirrhosis and non-cirrhosis patients with

NAFLD-related HCC.

CONCLUSION

The author suggests that based on the current evidence, the
comprehensive determination using epidemiological factor and
polygenetic risk score may be attributed to the risk stratification,
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prognosis, and therapeutic strategy in cirrhosis and non-cirrhosis
patients with NAFLD-related HCC. Although several risk

factors and complex and multifactorial process are present in the
development and progression of NAFLD-related HCC.
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