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Assessment of Genetic Aspects of Non-alcoholic Fatty Liver 
and Premature Cardiovascular Events

ABSTRACT

Recent evidence has demonstrated a strong interplay and multifaceted relationship 
between non-alcoholic fatty liver disease (NAFLD) and cardiovascular disease (CVD). 
CVD is the major cause of death in patients with NAFLD. NAFLD also has strong associations 
with diabetes and metabolic syndrome. In this comprehensive review, we aimed to overview 
the primary environmental and genetic risk factors of NAFLD, and CVD and also focus 
on the genetic aspects of these two disorders.

NAFLD and CVD are both heterogeneous diseases with common genetic and 
molecular pathways. We have searched for the latest published articles regarding this 
matter and tried to provide an overview of recent insights into the genetic aspects of 
NAFLD and CVD.

The common genetic and molecular pathways involved in NAFLD and CVD are insulin 
resistance (IR), subclinical inflammation, oxidative stress, and atherogenic dyslipidemia. 
According to an investigation, the exact associations between genomic characteristics 
of NAFLD and CVD and casual relationships are not fully determined. Different 
gene polymorphisms have been identified as the genetic components of the NAFLD-
CVD association. Some of the most documented ones of these gene polymorphisms are 
patatin-like phospholipase domain-containing protein 3 (PNPLA3), transmembrane 6 
superfamily member 2 (TM6SF2), hydroxysteroid 17-beta dehydrogenase 13 (HSD17B13), 
adiponectin-encoding gene (ADIPOQ), apolipoprotein C3 (APOC3), peroxisome 
proliferator-activated receptors (PPAR), leptin receptor (LEPR), sterol regulatory 
element-binding proteins (SREBP), tumor necrosis factor-alpha (TNF-α), microsomal 
triglyceride transfer protein (MTTP), manganese superoxide dismutase (MnSOD), 
membrane-bound O-acyltransferase domain-containing 7 (MBOAT7), and mutation in 
DYRK1B that substitutes cysteine for arginine at position 102 in kinase-like domain.

Further cohort studies with a significant sample size using advanced genomic 
assessments and next-generation sequencing techniques are needed to shed more light 
on genetic associations between NAFLD and CVD.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease 
accompanied by insulin resistance (IR) and metabolic syndrome (MetS).1,2 
NAFLD has a wide spectrum from simple steatosis to steatohepatitis 
and progression to cirrhosis.3 During the last decade, strong evidence has 
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demonstrated a significant link between NAFLD and 
cardiovascular diseases (CVDs), ranging from coro-
nary artery disease (CAD) to subclinical carotid 
atherosclerosis. To predict morbidity and mortality 
of NAFLD, long term studies with close follow-up 
assessments on the treatment of risk factors for 
NAFLD and cardiovascular (CV) risk classification 
is necessary. NAFLD has strong associations with dia-
betes and MetS and is associated with increased risk 
of CVDs, independent of other traditional metabolic 
risk factors such as hypertension, diabetes, dyslipid-
emia, and obesity. However, the exact causal relation-
ship between NAFLD and CVD factors remains un-
certain.1,4-7 Considering the ever-increasing incidence 
of NAFLD worldwide as well as the pandemic-level 
rise of obesity and other metabolic disorders in one 
hand and the association of NAFLD with a higher risk 
of CVDs in other hand, the importance of appropri-
ate management of NAFLD to reduce the incidence 
and morbidities and mortalities of associated CVDs is 
highlighted.8,9

The incidence rates of CVD are higher in patients 
with NAFLD, but the leading cause of mortality in 
these patients is CVDs. Because the prevalence of 
NAFLD is high among patients with metabolic risk 
factors for CVD, including type 2 diabetes mellitus 
(T2DM), obesity, and dyslipidemia, aggressive 
modification of CVD risk factors could potentially 
reduce cardiovascular and liver-related morbidity in 
patients with NAFLD. Although the genomic charac-
teristics of NAFLD and CVD have been significantly 
investigated, the exact associations and causal 
relationship of these two disorders have not been 
fully determined. Different gene polymorphisms 
have been identified as the genetic association of 
NAFLD and CVD. Some of the well documented and 
validated of these gene polymorphisms are patatin-
like phospholipase domain-containing protein 3 
(PNPLA3), transmembrane 6 superfamily member 2 
(TM6SF2), hydroxysteroid 17-beta dehydrogenase 13 
(HSD17B13), adiponectin-encoding gene (ADIPOQ), 
apolipoprotein C3 (APOC3), peroxisome proliferator-
activated receptors (PPAR), leptin receptor (LEPR), 
sterol regulatory element-binding proteins (SREBP), 
tumor necrosis factor-alpha (TNF-α), microsomal 

triglyceride transfer protein (MTTP), manganese su-
peroxide dismutase (MnSOD), and membrane-bound 
O-acyltransferase domain-containing 7 (MBOAT7). 
In this comprehensive review, we aimed to overview 
and summarize the current knowledge of the genetic 
associations between NAFLD and CVD, and also to 
discuss possible clinical strategies for CV risk assess-
ment in patients with NAFLD.  

Epidemiology of NAFLD and Cardiovascular 
Events 

According to the World Health Organization 
(WHO), CVDs are the leading cause of death 
worldwide, responsible for approximately 18 million 
deaths per year. CVD represents a spectrum of disorders 
ranging from coronary heart disease, cerebrovascular 
disease, and rheumatic heart disease.10 About 80% 
of CVD related mortalities are caused by heart at-
tacks and strokes, and 75% of these deaths occur 
prematurely in individuals aged less than 70 years.8 
The worldwide prevalence of metabolic diseases 
such as T2DM, obesity, and NAFLD, which are the 
common risk factors for CVD, has dramatically in-
creased worldwide during the last decades. NAFLD 
is the most common cause of liver disease worldwide, 
with 75% of all chronic liver diseases (CLDs). CVD 
is currently the first cause of mortality in patients with 
NAFLD, indicating a significant association between 
CVD and NAFLD.11 Different molecular mechanisms 
and genetic features have been attributed to the CVD-
NAFLD association, including oxidative stress, adi-
pokines, lipotoxicity, endoplasmic reticulum stress, 
low-grade systemic inflammation, and microbiota 
dysbiosis. These factors are, in turn, influenced by 
different genetic and epigenetic variations. Despite 
the strong evidence that recently published on the 
NAFLD-CVDs associations, the causal relationship, 
and the exact mechanisms of NAFLD contributions 
to CVDs are not fully understood. 

Individuals with elevated CVD risk have high 
blood pressure and high glucose levels. They can also 
be overweight and obese, thus more susceptible to 
liver disorders.12,13 Measurements and monitoring of 
these parameters are convenient in primary care fa-
cilities. Identifying individuals with the highest CVD 
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risks and administering appropriate treatments can 
effectively prevent premature deaths among these in-
dividuals. In some individuals, NAFLD can progress 
to advanced fibrosis, cirrhosis, and hepatocellular 
carcinoma. NAFLD is often associated with IR and 
is strongly associated with T2DM and obesity. Patients 
with NAFLD show a higher risk of progression to 
non-alcoholic steatohepatitis (NASH) and cirrhosis. 
They are also at higher risk of CVDs, including 
coronary heart disease and stroke.14 Recent evidence 
has revealed that NAFLD, as a risk factor for CVD, is 
independent of traditional cardiovascular risk factors 
and MetS.2 

NAFLD is traditionally diagnosed using either 
histological or imaging assessments. Abnormal liver 
enzymes have been successfully used as biochemical 
surrogates of NAFLD in different studies.15 Different 
prospective cohort studies have shown that elevated 
alanine aminotransferase (ALT) could be a biomarker 
of increased CVD risk in patients with NAFLD so 
that such patients identified based on elevated ALT 
had higher CVD related mortalities. Similarly, several 
studies have demonstrated an association between el-
evated ALT and increased CVD-related mortalities.16,17 
Another biomarker for NAFLD is gamma-glutamyl 
transferase (GGT). Elevated GGT has been reported 
as a surrogate of CVD in patients with NAFLD.18 
Imaging of the liver could be a reliable approach for 
the definitive diagnosis of NAFLD. Three extensive 
cohort studies based on different imaging modali-
ties have shown that imaging measures on NAFLD 
might have predicting values in early diagnosis of 
CVD.19,20 In this regard, magnetic resonance imaging 
(MRI) possesses higher predicting values in predict-
ing NAFLD, whereas ultrasound imaging might not 
be as sensitive for NAFLD diagnosis. In MRI, the 
main feature used for NAFLD diagnosis is hepatic 
fat concentration. The quantities of liver fat have been 
reportedly a reliable predicting measure of MetS and 
CVD risk. Loomba and colleagues 21 investigated 
the predicting value of quantified liver fat measured by 
MRI and measuring proton-density-fat-fraction (MRI-
PDFF) in patients with NAFLD. They reported that 
high PDFF on MRI in patients with NAFLD could 
be a predictor of MetS and increased cardiovascular 

risks .21 Liver biopsy is the gold standard method for 
the diagnosis of NAFLD. Some studies have shown 
that patients with biopsy-proven NAFLD have higher 
total mortality rates in comparison with the general 
population. Söderberg and co-workers 22 observed that 
patients with biopsy-proven NASH had a higher level 
of mortality from CVD. In CVD cases, the overall 
survival rate in patients with NASH is lower than the 
general population. They observed only subjects with 
NASH had significantly reduced survival rate.1,19,22

Which Came First, NAFLD or CVD?
NAFLD representing a broad spectrum of hepatic 

damage is recognized as a significant public health 
problem worldwide and is the most common form of 
liver disease represented in different forms, including 
simple steatosis, NASH, advanced fibrosis, and 
cirrhosis. NAFLD is the hepatic manifestation of 
MetS with the major components of IR, atherogenic 
dyslipidemia, abdominal obesity, and hypertension.28 
MetS is a deteriorating and lethal endocrinopathy 
constituting an integrated chain of systemic disorders 
like abdominal obesity, glucose intolerance, diabe-
tes mellitus (DM), dyslipidemia, hypertension, and 
CAD. Keramati and colleagues studied three large 
families with a syndrome of early-onset CAD, central 
obesity, high blood pressure, T2DM, and moderately 
elevated fasting triglyceride serum levels. They used 
WES (Whole Exome Sequencing) to analyze genes 
and found a mutation in DYRK1B, which substituted 
cysteine for arginine at position 102 in a kinase-like 
domain. This mutation was present in each affected 
family member, but it was absent in unaffected 
family members and unrelated controls. In the end, 
they suggested that DYRK1B was a crucial element 
in disrupted biological pathways in the disorder called 
MetS.29-32

Current literature reveals that NAFLD could 
potentially lead to excess risk for CVD-related 
morbidity and mortality.7,33 Wu and others conduct-
ed a large meta-analysis reviewing 34 studies that re-
ported a moderate association between NAFLD and 
increased CVD risk, particularly increased risk for 
coronary artery disease and hypertension. Contrary, 
this study showed no association between NAFLD 
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and CVD-related mortality.34 Most of these studies in-
cluded patients with underlying risk factors for CVD, 
including smoking and T2DM, yet the significant as-
sociations of NAFLD persisted despite controlling for 
these risk factors.34 Similarly, Wong and colleagues 
in a large prospective cohort study observed a higher 
prevalence of coronary artery stenosis in patients 
with NAFLD compared with peers without NAFLD.2 
However, they observed no significant difference 
in the incidence of composite cardiovascular out-
comes between patients with and without NAFLD. 
This is while the composite cardiovascular outcome 
was primarily associated with T2DM.2 Patients 
with NAFLD experience higher CVD-related mortality 
than the general population.1,5,22 Several studies with 
large sample sizes have confirmed this association.1,5,22 
Adams and others studied 420 patients with NAFLD 
and observed that ischemic heart disease was the main 
cause in 25% of all deaths in these patients.1,35 Ekst-
edt and co-workers reported that CVD was the lead-
ing cause of death in patients with NAFLD, and the 
CVD related mortality rate was significantly higher 
than the general population.5 Matteoni and colleagues 
reported that CVD and malignancy were the leading 
causes of mortality in NAFLD.6 The impact of CVD 
on NAFLD is significantly correlated with T2DM, as 
several studies have reported T2DM as a significant 
covariate in patients with NAFLD. The presence of 
T2DM or impaired glucose tolerance has been reported 
as an independent predictor of increased mortality in 
patients with NAFLD compared with the general 
population.1,35 Ekstedt and colleagues observed that 
78% of patients with NAFLD also suffered from 
impaired glucose at follow-up visits and concluded 
that NAFLD progression was closely associated with 
T2DM. The pivotal role of CVD and its associated 
metabolic cofactors (diabetes or impaired glucose) in 
mortality of patients with NAFLD represents an 
essential contrast with patients with other chronic 
liver diseases, such as hepatitis C infection, in whom 
mortality is driven by liver-related outcomes 1 (table 1). 

Atherosclerosis is the main triggering stage for the 
development of vascular diseases. This stage can 
be detected in its subclinical phase using different 
methods. The first stage of subclinical atherosclerosis 

is endothelial dysfunction. Two relevant biomarkers 
of vascular disease are carotid intima-media thickness 
(CIMT) and the presence of carotid plaques. Another 
biomarker of atherosclerosis is coronary artery 
calcification (CAC) that represents the atherosclerotic 
burden in arterial beds and can be diagnosed with 
multi-slice computed tomography (CT). CAC has 
been reportedly associated with CAD and increased 
risk of poor cardiovascular outcomes. 9 Several studies 
have revealed that NAFLD is associated with coro-
nary artery calcium score (CACS) (table 2). Assy 
and colleagues in a large cohort study, observed 
a strong relationship between NAFLD and CAC.11 
An interesting finding of this extensive study was that 
the NAFLD-CACS association was independent of 
the traditional risk factors for CAD.11 The presence 
of NAFLD was associated with an increased level of 
non-calcified coronary plaques, which was independent 
of metabolic syndrome. Another research showed 
a significant association in patients with NAFLD 
and the appearance of plaques on coronary artery 
imaging .36,37

Pathophysiological Mechanisms of CVD–
NAFLD Association

General Considerations 
The role of NAFLD as an independent risk factor 

of CVD is not fully confirmed. Several studies have 
reported increased CV mortality in patients with 
NAFLD.22,23 On the contrary, some studies with large 
sample sizes and long-term follow-ups did not support 
these findings.44,45 Therefore, findings on the 
association between CVD and increased risk in pa-
tients with NAFLD should be interpreted with caution, 
and there should be more studies in this regard.

NAFLD, abdominal obesity, and IR contribute 
to increased risk of CVD, but the exact causal 
relationships between NAFLD and CVD are still 
unclear. Hepatic necro-inflammation has been 
reported as an independent atherogenic mechanism 
that could possibly elevate the CVD risk in patients 
with NASH than the patients with simple steatosis.46–48 
Elevated liver enzymes are considered as signals of 
hepatic necro-inflammation that could act as a marker 
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of increased CVD risk in patients with NAFLD.49,50 
Patients with NASH have reportedly had increased 
carotid-artery intimal medial thickness significantly 
higher than their peers, which in turn supports the 
necro-inflammation hypothesis.5,51,52 Several factors 
have been described as potentially pathogenic 
underpinnings of NAFLD-CVD associations. 
Metabolic disorders such as FLD and T2DM have 
been reported to cause a low-grade systemic inflam-
mation leading to different extrahepatic complica-
tions, including increased risk of CVD.53 Several 
mechanisms have been reported as the underpinning 
drives of this systemic inflammation, such as oxidative 
stress, endoplasmic reticulum stress, lipotoxicity, 

and gut microbiota alterations. On the other hand, 
these mechanisms could be manipulated by other 
factors, such as genetic and epigenetic variations 
.54-56 NAFLD and DM are common diseases that 
concurrently occur and could act synergistically 
to increase the risk of hepatic and extra-hepatic 
clinical outcomes, which in turn increase the risk 
of CVD.  NAFLD affects up to 70–80% of patients 
with T2DM and up to 30–40% of adults with T1DM. 
The concurrent genesis and development of NAFLD 
and DM not only increases the risk of a severe form 
of NAFLD but also increases the risk of chronic 
vascular complications of diabetes mellitus. In other 
words, strong evidence has linked the NAFLD with 
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Table 1: Epidemiological Studies on Cardiovascular Risk in NAFLD 

Study ID Population Study design Diagnosis Follow-up 
(Years) Outcomes

Ekstedt et al 
92015)23

n = 229 Swedish 
patients; mean age 

49 yr, 66% men

Retrospective 
cohort study Histology 26.4 (mean)

Total deaths: 96 
CVD deaths: 41 

Higher CVD- mortality in NAFLD
Histology fibrosis stage: predictor of 

CVD mortality

Ekstedt et al 5 
(2006)

n = 129 biopsy-
proven NAFLD Cohort study Histology 13.7 (mean)

Steatosis mortality: no increase, 
Reduced survival of NASH, 

Higher CVD mortality
Higher liver-related mortality 

Soderberg 
et al22 
(2010)

256 Swedish 
patients with 

NAFLD

Retrospective 
cohort study Histology 24 yr (mean)

Total death = 113 (47 NAFLD, 37 CVD, 
16 liver diseases), 

Higher CVD-mortality in NAFLD,
NAFLD: 69% increased mortality, 

Steatosis: 55% increase, NASH: 86% 
increase

Pickhardt et 
al 24 (2014)

n = 282 patients 
with NAFLD 

and 786 controls 
without steatosis

Retrospective 
cohort study

Unenhanced 
CT 7.5 (mean)

Non-fatal CVD events = 73 
No NAFLD-non-fatal CVD events as-

sociation

Zeb et al 
25(2016)

n = 4119 United 
States-free of 

CVD

Prospective 
cohort study

Unenhanced 
CT 7.6 (mean)

All-cause deaths = 253 
non-fatal CVD events = 209 NAFLD –

CVD total death association 
NAFLD –non-fatal CVD events association

Kim et al 26 
(2013)

n = 11154
Unites States 

adults

Population-based 
cohort Ultrasound 14.5 (median)

Total deaths = 1795, 
CVD deaths = 673,

Histology fibrosis stage: A predictor of 
CVD mortality,

No NAFLD- increased total death as-
sociation 

No NAFLD-CVD death association

Emre et al 
27(2015)

n = 186 Turkish, 
non-diabetic 

patients

Retrospective 
cohort study Ultrasound In-hospital 

cardiac events

In-hospital CVD events = 32 
CVD deaths = 8

 NAFLD- increased in-hospital CVD 
events association 

No NAFLD-increased CVD death 
association

Total deaths: All-cause and CVD deaths; NAFLD: Non-alcoholic fatty liver disease; CT: Computed tomography; CAC: Coronary artery calcification; CIMT: Carotid intima-media thickness; 
CP: Carotid plaque; DM: Diabetes mellitus; NASH: Non-alcoholic steatohepatitis.

Saki et al. 
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an increased risk of developing CVD and other 
cardiac and arrhythmic complications in patients with 
T1DM or T2DM. NAFLD is also associated with an 
increased risk of developing microvascular diabetic 
complications, especially chronic kidney disease. 

Proposed mechanism of CVD in NAFLD 
NAFLD is a part of a complex multisystem disorder 

with multiple bidirectional relationships. Moreover, 
each patient possesses his/her own combinations of 
the causal mechanisms of two or more parameters. 

Several mechanisms have been reported as the patho-
physiological underpinnings of CVD development in 
patients with NAFLD. These mechanisms are com-
plex and often interrelated, and most of them are not 
yet completely understood. Some of these mechanisms 
are structural alterations of cardiovascular system, 
endothelial dysfunction, homocysteine and oxidative 
stress, lipid profile, IR, atherogenic dyslipidemia, 
angiogenic factors, hemostasis, chronic inflammation 
and cytokines, hepatokines, adipokines, gut-liver axis, 
reduced adiponectin levels, manipulated synthesis of 

70 Genetic Aspects of NAFLD and pCV Events

Table 2: Studies on the Associations between NAFLD and Coronary Artery Disease and Carotid Disease 

Study ID Population Study Design Modality to 
assess CV risk 

Diagnosis 
of NAFLD Outcome  

Methodologi-
cal quality as-

sessment 

Sinn et al 38 
(2016)

N = 8020 men (av-
erage age, 49.2 yr)

Retrospective 
cohort study 

CIMT on ca-
rotid ultrasound Ultrasound 

NAFLD increases the 
risk of subclinical carotid 
atherosclerosis develop-

ment. 
Liver fibrosis predicts 

subclinical carotid athero-
sclerosis. 

Pais et al 39 
(2016)

n = 1871 (mean 
age 53 yr; 65% 

men

Longitudinal 
cohort study 

CIMT on ca-
rotid ultrasound

Fatty Liver 
Index

Steatosis: 12% of patients
CP: 23% of patients 

CIMT is associated with 
steatosis occurrence.

Steatosis predicts CP oc-
currence. 

Park et al 40 
(2016) n = 1732 Longitudinal 

cohort study 

Calcium 
scoring CT to 
assess CAC

Ultrasound

NAFLD is a risk fac-
tor for CAC. NAFLD 
increases the risk of 

calcification. 
Association of NAFLD 

severity with CAC devel-
opment: dose-dependent

Kim et al 41 
(2012)

n = 4 023 (mean 
age, 56.9 ± 9.4 yr; 

60.7% men)

Retrospective 
chart review

Calcium 
scoring CT to 
assess CAC

Ultrasound

NAFLD increases the 
risk of coronary athero-

sclerosis. 
NAFLD might be an 

independent risk factor 
for CAD.

Fracanzani 
et al 42 
(2016)

n = 125 patients 
with NAFLD 

n = 250 age and 
sex-matched 

controls

Longitudinal 
cohort study 

CIMT on ca-
rotid ultrasound Ultrasound

Major CVD in 19% of 
NAFLD. Higher cumula-
tive CVD risk in NAFLD. 
Plaques and steatosis are 
the strongest predictors 

for CVD. 
Higher CIMT in NAFLD 

than controls. 
NAFLD is an indepen-

dent risk factor for CVD. 

Nahandi et 
al 43 (2014)

n = 151
NAFLD+DM = 49 

non-diabetic 
NAFLD = 50
control = 52

Case control 
study
 group 

CIMT on ca-
rotid ultrasound Ultrasound

Significant NAFLD- ath-
erosclerosis association, 
the association was inde-

pendent of DM. 

NAFLD: Non-alcoholic fatty liver disease; CT: Computed tomography; CAC: Coronary artery calcification; CIMT: Carotid intima-media thickness; CP: Carotid plaque; DM: Diabetes mel-
litus
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anti-coagulant and pro-coagulant factors, and genetic 
background.2,25,48,57,58 The interesting evidence reported 
by different studies is that these mechanisms work 
synergistically, or all of these mechanisms concur-
rently contribute to this disorder. NAFLD is strongly 
associated with hepatic and adipose tissue IR regard-
less of its stage. In other words, liver fat content could 
be utilized as an independent predictor measure 
of IR .59,60 NAFLD, particularly in the necroinflam-
matory stage, can lead to atherogenic dyslipidemia.60 
Moreover, in this disorder, the levels of pro-coagulant 
factors like tumor growth factor, plasminogen 
activator inhibitor-1, and fibrinogen are increased, 
which all of these factors consequently increase the 
risk of atherosclerosis.41 NAFLD has chronic sub-
clinical inflammation, which is associated with sev-
eral inflammatory markers. Increased vascular risk is 
related to increased levels of inflammatory cytokines 
and markers such as IL-6 (Interleukin 6), TNF (Tumor 
Necrosis Factor), CRP (C-reactive protein), and 
fibrinogen. Oxidative stress has been reported to play 
a role in increasing CVD risk in patients with NAFLD 
by triggering the changes in endothelial function to 
lead to the formation and deposition of oxidized LDL 
in the sub-intimal space.38 

Oxidation is an essential process for the human body 
to fight pathogens, while oxidative stress, a marker of 
NAFLD, is caused by an alteration of the free radical 
and antioxidant activity. This imbalance could result 
in multiple dysfunctions and disorders due to the ab-
normal release of cytokines such as TNF-α, CRP, and 
IL-6. Studies have demonstrated that oxidative stress 
could be involved in the pathogenesis of CVD in 
patients with NAFLD through these processes while 
contributing to the progression of liver disease severity 
from simple steatosis to steatohepatitis.14,61,62

The IR is defined as an abnormal cell response to 
insulin hormone and is the main risk factor strongly 
associated with NAFLD, atherosclerosis, and MetS. 
Some evidence has demonstrated that IR development 
and evolution is the main risk factor that initiates the 
NAFLD process through modifications and alter-
ations of metabolism of glucose, fatty acid, and 
lipoprotein.63 Furthermore, several studies have 
revealed that hyperinsulinemia could alter cardiomet-

abolic cascade through deteriorating insulin signaling 
pathways and abnormal IR in involved tissues.64 The 
altered adipokines, subclinical inflammation, and 
increased ectopic fat accumulation in tissues and 
organs can further intensify IR, which is associated 
with an increased risk of adverse CVDs.

To determine other specific mechanisms through 
which NAFLD may contribute to the development 
and progression of CVD, further genotypic and 
phenotypic studies with large sample sizes are 
needed .2,42,65

The Burden of Evidence on NAFLD and the 
Risk of Cardiovascular Events 

Cardiovascular Risk Assessment in NAFLD
CVD and NAFLD are related through multiple 

pathophysiological mechanisms.66 NAFLD increases 
the risk of CVD through different mechanisms, 
including systemic inflammation, oxidative stress, 
endothelial dysfunction, hepatic IR, and altered 
lipid metabolism.66–68 The assessment of CVD in all 
patients with NAFLD should be evaluated for the 
risk, which should be done annually or biannually. 
Patients should be evaluated for traditional CVD 
risk factors, including obesity, dyslipidemia, dia-
betes, and high blood pressure. Fasting glucose or 
glycosylated hemoglobin level should be assessed 
on the initial visit to diagnose DM. MetS is a common 
dysfunction in patients with NAFLD, which is 
associated with an increased risk of CVD and all-
cause mortality. Therefore, assessment for MetS is 
an important component of CV risk stratification. 
According to the National Cholesterol Education 
Program (NCEP) regulations, MetS is defined as 
the presence of three or more of the following 
conditions: (1) increased triglyceride levels (≥ 150 
mg/dL); (2) low HDL level (< 40 mg/dL in men, < 
50 mg/dL in women); (3) increased fasting glucose 
level (≥ 110 mg/dL); (4) hypertension (≥ 130/85 
mm Hg or on antihypertensive medication); and (5) 
abdominal obesity (waist circumference: > 102 cm 
in men, > 88 cm in women).

Several methods are used in the general population 
to estimate CVD risks, including the Framingham 
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Risk Score (FRS). The FRS is a validated measure of 
CV risks in the general population. The FRS estimates 
an individual’s 10-year risk of myocardial infarction 
or CVD death and incorporates age, sex, cholesterol 
level, HDL level, smoking status, and hypertension. 
Moreover, the FRS has been validated as a predictor of 
CVD in NAFLD and should be used to risk-stratify 
individuals and guide the treatment of risk factors 
like dyslipidemia. Recently, the American Heart 
Association recommended a new cardiovascular 
assessment tool for the prediction of atherosclerotic 
cardiovascular disease. This score incorporates 
the common risk factors for CVD but needs to be 
validated in patients with NAFLD.69 Lazarus and 
colleagues conducted a survey on NAFLD with 
experts in European countries, coupled with data 
extracted from official documents on policies, 
clinical guidelines, awareness, and monitoring.70 
They aimed to determine whether European countries 
had implemented an adequate public health response 
to NAFLD and NASH. They observed a general lack 
of national policies, awareness campaigns, and civil 
society involvement, and few epidemiological reg-
istries. This includes policy in the form of a strat-
egy, clinical guidelines, awareness campaigns, civil 
society involvement, and health systems organi-
zation including registries.70 Singh and colleagues 
investigated the interplay between Wnt (The Wnt 
signaling pathway is an ancient and evolutionarily 
conserved pathway that regulates crucial aspects of 
cell fate determination, cell migration, cell polarity, 
neural patterning and organogenesis during embry-
onic development.) and insulin signaling pathways 
in skeletal muscles and skin fibroblasts of healthy 
non-diabetic LRP6R611C mutation carriers. LRP6 
mutation carriers exhibited hyperinsulinemia and 
reduced insulin sensitivity compared with the non-
carrier relatives in response to oral glucose ingestion. 
They also reported that LRP6R611C mutation 
reduced TCF7L2-dependent transcription of the insu-
lin receptor, while it increased the stability of IGFR 
and enhanced mTORC1 activity. They concluded 
that Wnt/LRP6/TCF7L2 axis serves as a regulator of 
glucose metabolism and a potential therapeutic target 

for IR.71 Although research is ongoing on developing 
new effective medications for the treatment of different 
CV events associated with liver dysfunctions,72 it is 
necessary to develop genetic and epigenetic based risk 
assessment tools for CVD in patients with NAFLD.

Genetic Factors Involved in NAFLD-CVD 
Association

NAFLD is epidemiologically associated with being 
overweight, IR features, and T2DM, which progresses 
to advanced liver fibrosis and hepatocellular 
carcinoma. Genetic factors play an important role in 
the genesis and progression of NAFLD. Several common 
naturally occurring genes and genetic polymorphisms 
modulating lipid and retinol metabolism in hepato-
cytes increase the risk of NAFLD development and 
progression.73 

There is increasing evidence demonstrating the 
impacts of genetic modifiers on NAFLD development 
and NAFLD-CVD associations. NAFLD occurs and 
is developed in the context of systemic metabolic 
dysfunction that concurrently intensifies the risk of 
CVD and diabetes. These interrelated conditions 
reportedly possess a heritable component. Several 
genes and polymorphisms have been reported to 
contribute to NAFLD genesis, development and its 
severity. 

Chronic oxidative stress is considered one of the 
key mechanisms responsible for both liver damage 
progression in NAFLD and atherosclerotic disease. 
The molecular mechanisms and genetic pathways 
involved in these genetic variants with the liver 
disorder have not yet been fully elucidated. However, 
hepatic fat has been introduced as a crucial triggering 
agent of the disease and altered retinol metabolism 
and mitochondrial oxidative stress have a pivotal role 
in predicting or determining the progression to severe 
NAFLD.

Evidence from familial clustering, twin studies, and 
ethnic differences has revealed that genetic factors con-
tribute to 18–50% of NAFLD development and devel-
opment of CVD in patients with NAFLD.55,73,74 A large 
twin study on the association of NAFLD with CVD 
risk did not find any association between genetic com-
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ponents and NAFLD development, notwithstanding 
more development in patients with NAFLD .32,55,75,76 
However, so far, the role and contribution of few 
genes have been confirmed through robust validation 
or transmission disequilibrium assessment.48,50,55,77,78 
Of these genes and polymorphisms, patatin-
like phospholipase domain-containing protein 3 
(PNPLA3), transmembrane 6 superfamily member 2 
(TM6SF2), hydroxysteroid 17-beta dehydrogenase 13 
(HSD17B13), adiponectin-encoding gene (ADIPOQ), 
apolipoprotein C3 (APOC3), peroxisome proliferator-
activated receptors (PPAR), leptin receptor (LEPR), 
sterol regulatory element-binding proteins (SREBP), 
tumor necrosis factor-alpha (TNF-α), microsomal 
triglyceride transfer protein (MTTP), manganese su-
peroxide dismutase (MnSOD), and membrane-bound 
O-acyltransferase domain-containing 7 (MBOAT7) 
are the most documented ones. In the following 
sections, the current evidence on the genetic com-
ponents of NAFLD genesis and development and 
also genetic components on the NAFLD –CVD 
associations are discussed. 

PNPLA3 and HSD17B13
Different well designed studies have demonstrated 

the association between PNPLA3 rs738409 muta-
tion and the severity of NAFLD.79,80 The function 
of PNPLA3 gene has been reported to have a direct 
relation with triglyceride metabolism, whereas 
mutations have not been associated with IR or 
glucose intolerance. PNPLA3 mutation has been 
established as a modifier of NAFLD 55 in terms of 
disease severity and the risk on NAFLD-related he-
patocellular carcinoma (HCC)81, whereas the link of 
this mutation with the CVDs is still unclear.2,7,11,19,75 
Genome-wide association studies (GWASs) have 
revealed the main genetic determinants of NAFLD 
and hepatic fat content. The rs738409 C > G single 
nucleotide polymorphism (SNP) that encodes for 
the I148M protein variant of PNPLA3 is the one 
with the most significant impact. Previously, a 
GWAS conducted in a large multi-ethnic popula-
tion has demonstrated that the I148M variant is the 
most common variant in the Hispanics, which is the 

most susceptible group to NAFLD.79 
Lifestyle-related parameters, such as inactive 

daily-life and intake of fructose-enriched drinks, 
are associated with the I148M variant in driving 
buildup of hepatic fat and thus NAFLD progression, 
particularly in pediatric patients.82,83 However, 
hyper-adiposity is the primary environmental factor 
triggering the phenotypic expression of I148M 
PNPLA3 variant in individuals with no excess alcohol 
consumption.84 Thus, environmental factors, such 
as adiposity contribute to NAFLD progression by 
interacting with genetic risk variants. The functional 
data showed that PNPLA3 is a predisposition agent 
to NAFLD triggered by an epidemiological interaction 
between adiposity and genetic variants. Under the 
obesity and IR conditions, insulin, hepatocytes, and 
hepatic stellate cells trigger the PNPLA3 expression 
at the surface of lipid droplets.85 The PNPLA3 
promoter transports a particular harmonized site 
for the Sterol regulatory element-binding protein 
1c (SREBP-1c) elicited by insulin.86,87,88 Liver X 
receptor (LXR) mediates SREBP-1c upregulation 
so that LXR agonist treatment increases PNPLA3 
mRNA levels.89,90 Under the hyperinsulinemia 
condition associated with excess adiposity, the mutated 
I148M PNPLA3 protein is built upon the surface of 
lipid droplets, where it is not catalytically active, 
and escapes ubiquitylation altering triglycerides 
and phospho-lipids turnover and remodeling.91,92 
This mechanism is partly manipulated by the ability 
of the PNPLA3 variant to eliminate CGI-58, as 
an essential cofactor for the function of ATGL/
PNPLA2, the main triglycerides hydrolase of 
hepatocellular lipid droplets.93,94

Furthermore, the PNPLA3 protein is involved in 
the release of retinyl-palmitate, the storage form of 
retinol, whose metabolites are involved in the 
regulation of gene transcription through binding 
nuclear hormone receptors (RAR/RXR). Hepatic 
stellate cells (HSC) are the main cellular site of 
retinol storage in the human body and a pivotal 
player in the liver fibrogenic process. HSC under the 
impaired PNPLA3 expression reduces retinol release. 
The I148M variant decreases the PNPLA3 retinyl-
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palmitate lipase activity, which results in higher fat 
content in HSC droplets, and is related to a pro-
inflammatory and profibrogenic phenotype.95,96 In 
addition to steatosis, HSC induced manipulations in 
the retinol release could lead to hepatic inflammation, 
fibrogenesis, and carcinogenesis.

In line with a major role retinol plays in the 
pathogenesis of progressive NAFLD, a recent study 
in large cohorts of individuals from general population 
demonstrated that an SNP in hydroxysteroid 17-
beta dehydrogenase 13 (HSD17B13, rs72613567), 
encoding for a splice variant, was associated with 
protection against both alcoholic and non-alcoholic 
fatty liver disease at exome-wide level.97 The protein 
is expressed on the surface of hepatocellular lipid 
droplets, and the variant generates a truncated 
unstable protein, which reduces HSD17B13 
enzymatic activity.97 An interesting finding was that 
carriers of the PNPLA3 I148M variant showed more 
significant protection against NAFLD than the control 
peers, suggesting that both risk factors interact in 
the pathogenesis of this condition. The pivotal role 
of HSD17B13 in NAFLD predisposition has been 
confirmed already.98 In a study of 429 patients with 
NAFLD and 180 controls from South America, the 
minor rs72613567 allele showed protection against 
NASH and fibrosis. The spliced variant was related 
to decreased HSD17B13 levels in hepatocytes.98

A study showed that another variant in HSD17B13 
(rs62305723, encoding for the p.P260S aminoacidic 
substitution) was associated with reduced inflam-
mation and ballooning in patients with histo-
logical NAFLD.99 A major discovery was that 
HSD17B13 protein has retinol dehydrogenase (RDH) 
activity, depending on the availability of cofactors 
and on the correct targeting to lipid droplets.100 
Both rs72613567 splice variant and rs62305723 
p.P260S variant resulted in the loss of enzymatic 
activity and protection against liver damage associated 
with NAFLD.99,101

Both PNPLA3 and HSD17B13 proteins are involved 
in retinol metabolism; thus, their genetic variations 
influencing retinol metabolism at the level of HSC 
or hepatocytes lipid droplets could potentially play 
a role in NAFLD progression.100 Thus, the remodeling 

of specific lipids and retinol plays a pivotal role in 
NAFLD development and contributing to fat 
accumulation, inflammation, and fibrogenesis.

Adiponectin-encoding Gene (ADIPOQ)
Adiponectin is an adipose tissue hormone that 

regulates energy homeostasis in different organs 
and at the cellular level.30,31,102 Several studies have 
reported that adiponectin might play a possible role 
in the development and progression of NAFLD 
through PPARγ pathway. Adiponectin-encoding 
gene (ADIPOQ) is located on chromosome 3q27 
and encodes the adiponectin protein that is an 
adipocyte-derived hormone with three main 
functions of anti-diabetic, anti-atherogenic, and 
anti-inflammatory properties. Adiponectin protein 
increases insulin sensitivity of the liver, which in turn 
suppresses IR. Adiponectin increases the secretion of 
endothelial nitric oxide (NO) and inhibits monocyte 
adhesion and smooth muscle cell proliferation in the 
vascular wall.47,103 ADIPOQ acts as a biomarker for the 
initiation and severity of NAFLD disorder, in which 
adiponectin systemic levels are decreased.30 Different 
polymorphism genes have been reportedly asso-
ciated with susceptibility to NAFLD.30 Adiponectin 
rs266729 (−11377C/G) polymorphism might be a 
candidate gene, which determines NAFLD sus-
ceptibility.104 Some studies have demonstrated that 
two functional polymorphisms of ADIPOQ, including 
rs266729 and rs2241766 (+45 T/G), are associated 
with the induction and development of NAFLD as 
well as its severity. Moreover, the presence of G allele 
at loci −11377 has been correlated with the level 
of necro-inflammation and at position +45, which 
consequently resulted in reduced plasma adiponectin 
levels in patients, indicating the association of ADI-
POQ rs266729 and rs2241766 polymorphisms in 
NAFLD pathogenesis and progression.51 The G al-
lele of rs266729 is associated with a reduced level of 
serum adiponectin, which could result in precipitation 
of liver steatosis in patients with T2DM. Therefore, 
the gene polymorphism of adiponectin rs266729 is 
strongly correlated with NAFLD risk.75 The ADI-
POQ expression is significantly decreased in epicar-
dial adipose tissue and paracardial adipose tissue in 

74 Genetic Aspects of NAFLD and pCV Events



Middle East J Dig Dis/ Vol.12/ No.2/ April 2020

patients with MetS and CAD.105 Different studies 
have demonstrated that in the Afro-Caribbe-
an patients with T2DM, rs2241766 was associated 
with CAD.106 Reviewing several studies showed 
that ADIPOQ gene polymorphisms of rs266729, 
rs2241766, and rs1501299 (+ 276G > T) are associ-
ated with CVD, and the level of associations was 
not significant. The rs266729 G allele and rs2241766 
G allele are associated with the increased CVD risk, 
whereas the rs1501299 T allele is negatively associ-
ated with CVD risk.107 ADIPOQ rs1501299 gene 
polymorphism is associated with CAD, and the SNP 
has different sex-dependent effects on adiponectin 
levels and lipoprotein metabolism, considering the 
detrimental effect that the rare homozygous genotype 
(TT) was associated with higher levels of total cho-
lesterol (TC) and low-density lipoprotein cholesterol 
(LDL-C) compared with the common homozygous 
genotypes (GG) and heterozygous one. However, the 
influences of ADIPOQ rs1501299 polymorphism on 
the levels of biochemical markers were independent 
of the adiponectin circulating level.102,108

Leptin Receptor Gene (LEPR)
Leptin acts through the leptin receptor (LepR), 

which is encoded by a single gene on the chromosome 
1p31 called the leptin receptor gene (LEPR). The 
polymorphism of LEPR 3057G > A (rs1805096) 
has been reportedly associated with the trigger of 
NAFLD through manipulating lipid metabolism 
and influencing the liver insulin sensitivity.109 Dif-
ferent studies have demonstrated that in patients 
with NAFLD, the Lys656Asn (rs8179183) poly-
morphism of LEPR is associated with IR and glu-
cose levels.110 In a study conducted on the Japanese 
population, it was reported that LEPR polymor-
phism rs1137101 was associated with total choles-
terol, high-density lipoprotein cholesterol (HDL-
C), and LDL-C levels and this polymorphism 
contributes mainly to alteration of Gln223Arg at 
the protein level.111 Polymorphisms of LEPR Gl-
n223Arg (G/G) are associated with the increased 
NAFLD risk so that the genetic polymorphisms of 
Gln223Arg significantly interact with the enhanced 
risk of NAFLD.109,112 Gln223Arg polymorphism of 

the LEPR is positively associated with the risk of 
familial combined hyperlipidemia, which in turn 
is associated with premature CVD indicated by 
low HDL-C.113 Several studies on different ethnic 
groups have demonstrated that the expressions of 
LEPR rs1137100 are associated with increased risk 
of NAFLD and NASH. Furthermore, this polymor-
phism has been reportedly associated with simple 
steatosis and NASH without significant fibrosis.88 
Different studies conducted on Japanese obese 
populations have reported that patients with GG 
genotype have a significantly lower total and LDL 
cholesterol.114 An SNP rs1137100 of LEPR could 
alter the Lys109Arg at the protein level, which is 
associated with several CVD risk factors such as 
body mass index (BMI), impaired glucose tolerance, 
systolic blood pressure (SBP), and insulin sensi-
tivity.115–117 A study conducted by Okada and colleagues 
on Japanese obese children showed that the presence 
of Arg109 is associated with the levels of serum 
lipids.114 The persons with the Arg109Arg genotype 
or some other linked polymorphisms have been 
reported to be protected against CVDs as well as 
against total mortality, and these associations are 
independent of the traditional CAD risk factors.118

Apolipoprotein C3 Gene 
Apolipoprotein C3 gene (APOC3)’s location is 

on chromosome 11q23. APOC3 protein is mainly 
synthesized in the liver and to some extent, in the 
intestine. It is a component of triglyceride (TG)-rich 
lipoproteins and HDL. This gene is involved in the 
transport and clearance of chylomicron remnants, 
VLDL, and HDL from the bloodstream.119,120 A 
prospective case-control study with a large sample 
size conducted in the southern Han Chinese popu-
lation showed that carriers of the C allele (TC or 
CC) of the apolipoprotein gene are at a higher risk 
of IR than the control population. This finding sup-
ports the finding of another study conducted 
on the Indian population.121 The polymorphisms 
−482 C/T (rs2854117) and −455 T/C (rs2854116) 
in APOC3 were associated with NAFLD and IR.121 
The -455 T > C conversion is located in a putative 
insulin-response element of APOC3, which is related 
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to plasma TG levels.122–124 A prospective case-control 
study involving 600 participants, including 300 pa-
tients with NAFLD and 300 controls, indicated that 
APOC3 rs2854116 genetic variations involved in 
the susceptibility to develop NAFLD, IR, hypertri-
glyceridemia, and low HDL in the southern Chinese 
Han population.125 A meta-analysis of 20 studies with 
15,591 participants showed that APOC3 Sst I and 
rs2854116 polymorphisms might be associated with 
the risk of CAD.126 Ding and colleagues observed 
a close association between the minor alleles of 
APOC3-455 T/C polymorphisms and acute coronary 
syndrome in which the C allele was associated with 
higher TG and lower HDL cholesterol.127 These find-
ings demonstrated an association between APOC3 and 
increased risk of CAD by altering lipid metabolism. 
Polymorphic variants preclude insulin bind-
ing and enhancing the transcription and synthesis of 
APOC3, which increases the circulating APOC3 con-
centration and functions as an apolipoprotein lipase 
inhibitor and thus impedes the clearance of TG-rich 
particles leading to hypertriglyceridemia,128,129 The liv-
er, through a receptor-mediated process, preferentially 
degrades the TG-rich circulating particles resulting in  
NAFLD and hepatic IR ,49,130,131 However, a study in 
the Chinese Han population reported that T-455C at 
rs2854116 and C-482 T at rs2854117 in APOC3 
were not associated with NAFLD, did not even 
contribute to the inter-individual differences in lipid 
profiles, IR, obesity, oxidative stress, and suscep-
tibility to NAFLD.132 A case-control study showed a 
significant association between APOC3 3238G allele 
and increasing plasma TG and VLDL-C levels, and a 
higher risk of CAD through lipid metabolism.133

Peroxisome Proliferator-activated Receptors 
Gene (PPAR)

There are three members of the PPAR family, which 
are encoded by a different gene: PPAR (NR1C1), 
PPAR (NR1C3), and PPAR (NP1C2). Carriers of 
the PPARγ Ala allele showed increased resistance 
to the development and progression of NAFLD by 
resisting to oxidative stress.134,135 A Meta-analysis 
showed a protective role for the Ala allele of the 

PPARγ Pro12Ala (rs1801282) polymorphism in 
NAFLD risk, 136 and rs1801282 polymorphism is 
associated with susceptibility to NAFLD in East 
Asians, but not in European populations.136 Do-
menici and colleagues showed that 12 Ala allele of 
PPARγ was not associated with NASH occurrence 
as it was less prevalent in these patients compared 
with the healthy control group. There were no links 
between PPARγ SNPs (rs1801282) and clinical, labo-
ratory, and histological parameters in patients with 
NAFLD, which suggest that SNP rs1801282 may 
result in protection against liver injury.137 Leu162Val 
(rs1800206) PPARα SNP may be involved in the 
progression of NAFLD, whereas the carriers have 
more advanced fibrosis.138 Wang and colleagues 
reported no association between PPARγ rs1801282 
polymorphism and NAFLD risk in both Asian and 
Caucasian populations.138 A study demonstrated 
that rs1800206 in PPARα was significantly associated 
with lipoprotein (a) (Lp(a)), which is an LDL-like 
particle that can increase the risk of atherosclerosis in-
dependently and thus is the risk factor of CAD.139,140 
The Ala 12 Ala genotype of the PPARγ2 might 
decrease the number of affected vessels and CAD 
severity, which could be attributed to a direct anti-
atherogenic effect of this polymorphism as well as 
an indirect effect on lowering the inflammatory 
parameters and IR.141 SNP rs3856806, also known 
as C161T or C1431T, in the PPARγ was significantly 
associated with fasted serum lipid profile in patients 
with CAD.142 Wan and co-workers indicate that the 
PPARγ rs3856806 polymorphism may reduce the 
risk of severe atherogenesis through modulation 
of adipose metabolism in Chinese patients with 
CAD.143 Recent evidence has revealed the association 
between SNP rs3856806 and a higher susceptibility 
to NAFLD through the adiponectin pathway.32,144

Sterol Regulatory Element-Binding Proteins 
(SREBPs)/Sterol Regulatory Element-Binding 
Transcription Factors (SREBFs) Gene

Three isoforms of SREBPs are encoded by 
SREBP-1 (SREBF-1) and SREBP-2 (SREBF-2) 
genes. SREBP-1 genes contribute to the biosynthe-
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sis of cholesterol, unsaturated fatty acid, triglyceride, 
phospholipid, and lipid uptake.145,146 SREBF-1c 
rs11868035 polymorphism is associated with an 
increased risk of NAFLD development with more 
severe liver impairments in glucose and lipoprotein 
metabolism that contribute to NAFLD genesis and 
development.31 SREBP-1c modulates the genetic 
susceptibility to the whole spectrum of health-related 
risks in NAFLD by extensively affecting multiple 
metabolic steps at hepatic and extra-hepatic sites. 
The SNP rs11868035, which is associated with 
impaired glucose homeostasis, lipoprotein, and adi-
ponectin responses to fat ingestion, was correlated 
with the severity of steatosis and necro-inflammation 
and the presence of NASH.31 It is also associated 
with CAD risk by modulating the changes in 
endothelial adhesion molecules.147,148 SREBP-2 is 
encoded by a separate gene located on human chro-
mosome 22q13, which plays a significant role in 
the maintenance of lipid homeostasis by stimu-
lating the expression of genes correlated with the 
cholesterol biosynthetic pathways.149,150 Activation 
of SREBP-2 may play a major role in enhancing 
the uptake of cholesterol, and biosynthesis can also 
be directly involved in the regulation of cholesterol 
metabolism in cells, thereby maintaining cholesterol 
homeostasis.151 Recent evidence has demonstrated 
a significant association between SREBP-2 poly-
morphisms and FLD development, and IR, and 
could lead to hypertriglyceridemia.152,153 A case-
control study in the Han Chinese population 
provided evidence that the GG genotype and G 
carrier (CG + GG) of rs2228314 G > C poly-
morphism in SREBP-2 may increase the risk of 
NAFLD. Therefore, SREBP-2 rs2228314 G > C 
polymorphism may be a potential biomarker for 
NAFLD.154 A study from Eastern China shows that 
rs2228314 has no association with the risk of premature 
CAD nor the extent of coronary lesions.155 Further 
studies are required in this field. The C allele and the 
G/C genotype of SREBP-2 rs2228314 were associated 
with an increased risk of NAFLD in Asian Indians. 
The G/C genotype of SREBP-2 is significantly as-
sociated with serum levels of TG, elevated CRP, 

fasting insulin, and homeostasis model assessment 
for IR levels. Therefore, this polymorphism could 
explain the close relationship between IR, TG, CRP, 
and SREBP-2 polymorphism.156 The functional SNP 
rs133291 C/T in the SREBF-2 gene has been linked 
to serum LDL cholesterol.157 SREBF-1c SNPs and 
SREBF-2 SNPs predicted the 7-year incidence of 
NAFLD, diabetes, and endothelial dysfunction 
markers at the end of follow-up in non-obese, non-
diabetic, insulin-sensitive subjects without MetS at 
baseline. In patients with biopsy-proven NAFLD, 
SREBF-2 was significantly associated with the 
presence of NASH and extensively affected tissue 
insulin sensitivity, pancreatic β-cell function, and 
lipoprotein and adipokine responses to fat ingestion. 
The SREBF-1c SNP is associated with impaired 
glucose homeostasis as well as lipoprotein and 
adiponectin responses to fat ingestion. This poly-
morphism was also associated with the presence 
of NASH and the severity of steatosis and necro-
inflammation.31,148

Transmembrane 6 Superfamily Member 2 Gene 
(TM6SF2)

TM6SF2 is a non-synonymous SNP that has been 
associated with NAFLD and fibrosis.54 Mutation of 
the TM6SF2 gene could result in accommodation 
of triglyceride and cholesterol in the liver, which 
consequently predisposes the patients to fibrosis and 
NAFLD.78 On the contrary, TM6SF2 mutation has 
been associated with reduced VLDL release and in-
creased serum triglyceride while insulin sensitivity re-
mains unaltered.158,159 It seems that the TM6SF2 muta-
tion, also known as the Catch-22 paradigm, functions 
as a cardioprotective agent rather than a deteriorating 
agent for the CV system.56 TM6SF2 (rs58542926 
c.449 C > T) at the position 19 p13.11 is correlated 
with hepatic steatosis through a human exome chip.78 
Exome-wide association studies demonstrated that 
the TM6SF2 rs58542926 C > T variant, which encodes 
the E167K aminoacidic substitution, acts as a measure 
of hepatic TG content, serum aminotransferases, and 
lower serum lipoproteins.78,158 A case-control study 
on the Han Chinese population indicates a mutation 
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in TM6SF2 rs58542926 was substantially associated 
with increased NAFLD risk in the Chinese population, 
independent of the Patatin-like phospholipase do-
main-containing 3 gene rs738409 and neurocan gene 
rs2228603 polymorphisms.160 However, it is not clear 
if this mutation is involved in NAFLD progression 
and severity. Dongiovanni and colleagues reported 
that E167K carriers showed a protective effect against 
carotid atherosclerosis. Inhibiting the VLDL secretion 
from the liver of these carriers induces the protection 
against CVD, but this protective effect is traded off 
with the higher risk of severe liver disease.161 A 
recent meta-analysis showed that carriers of TM6SF2 
rs58542926 T allele were protected against CVD, 
whereas they have a higher risk for NAFLD; however, 
this association could not adequately explain the link 
between NAFLD and CVD.162

Microsomal Triglyceride Transfer Protein Gene 
(MTP/MTTP)

Microsomal transfer protein (MTP) is a lipid 
transfer protein localized in the endoplasmic reticulum 
of hepatocytes and enterocytes and play pivotal 
roles in the development of NAFLD. Many existing 
studies have shown that a common polymorphism 
(-493G > T, rs1800591 G > T) in the MTP gene 
may be implicated in the development and progres-
sion of NAFLD. The functional polymorphisms of 
MTP/MTTP play a crucial role in regulating lipid 
metabolism, and several studies have investigated 
these genes. A recent meta-analysis showed that 
MTP-493G > T (rs1800591) polymorphisms would 
contribute to the susceptibility to CVD in patients 
with NAFLD, while MTP rs1800591 polymorphism 
might be a valuable and practical biomarker for early 
detection of NAFLD.46 In the Japanese population, a 
study demonstrated that -493 G-allele frequency was 
significantly higher in patients with biopsy-proven 
NASH than in the healthy control group, and the 
GG genotype in patients with NASH predicted 
more severe steatosis.163 Nevertheless, the results 
regarding this matter are inconsistent. A study in a 
Brazilian population showed that there was no sig-
nificant association between rs1800591 polymorphism 
and NAFLD.164 Peng and co-workers showed that 

MTP rs1800804 (−164 T/C) was associated with 
an increased risk of NAFLD and the level of TG 
was significantly lower in controls with rs1800804 
(−164 C) risk allele.165 The MTP rs1800804 functional 
polymorphism and TC levels have an interaction. 
Thereby, risk allele carriers with low cholesterol 
levels may be predisposed to an increased risk of 
developing CVD, which seems to be abolished 
among risk allele carriers with high cholesterol levels.

Tumor Necrosis Factor-alpha Gene (TNF-α)
The human TNF-α gene is located on chromosome 

6p21.3 and transcripts a protein, which functions as 
a robust biomarker of systemic inflammation and in 
turn, contributes to IR mechanism through different 
direct endocrine and indirect modulatory effects of 
genes involved in glucose and lipid metabolism.166 In 
response to an injury, this gene triggers an inflam-
matory response that adjusts the IR process in the 
liver through insulin signal transduction pathways.167 
Former studies have shown the association between 
TNF-α polymorphisms and the risk of NAFLD, 
particularly in Chinese origin populations. G/A 
variant at the TNF-α -238 has been reportedly in-
creased susceptibility to NAFLD.32 Evidence shows 
that TNF-α G to A polymorphism at position −238 
is significantly associated with CAD and that the 
−238 A allele is associated with the increased risk of 
CAD among the Korean population, indicating that 
this allele can be utilized as a predictor for CAD 
in Koreans.168 However, it should be considered that 
these associations might be different in different 
ethnicities, and different phenotypic, epigenetic, and 
environmental factors might have different outcomes 
.169–172 The variant at TNF-α -308 is not associated 
with NAFLD genesis and development.32 However, 
the TNF-α -308 G > A polymorphism is significantly 
associated with CAD in the Pakistani population.173 
Similarly, studies conducted on Chinese populations 
have demonstrated an association between TNF-α 
-238 polymorphism and the development of CAD 
in patients with NAFLD. They proposed that TNF-α 
-238 GA genotype is associated with an increased risk 
of CAD in patients with NAFLD. TNF-α -308 GA 
heterozygote genotype has been reportedly associated 
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with increased levels of TG in patients with NAFLD 
and CAD. In conclusion, the TNF-α -308 GA 
genotype plays a pivotal role in the trigger and 
development of CAD in patients with NAFLD.57

Manganese Superoxide Dismutase Gene (Mn-
SOD/SOD2)

Manganese superoxide dismutase (MnSOD) is an 
important antioxidant enzyme. Several studies in an-
imal models have shown that low MnSOD in NAFLD 
is associated with increased levels of oxidative 
stress. Several studies have reported that patients 
with NAFLD have higher levels of MnSOD en-
zyme.76,174,175 Other studies have demonstrated that 
the mutant genotypes of TC + CC of C47T (rs4880) 
polymorphism in SOD2 had a significant impact 
on the reduction of CAD risk.176 Some studies have 
shown that the levels of systemic MnSOD protein 
are significantly higher in patients with NASH 
in comparison with steatotic patients and healthy 
controls.177 Moreover, different studies have shown 
that allele evidence that carriage of rs4880 poly-
morphism involved in determining the susceptibility 
to fibrogenesis and oxidative stress, respectively, have 
been associated with the severity of liver fibrosis in 
adults and children with NAFLD.177

Membrane-bound O-acyltransferase Domain-
containing 7 (MBOAT7)

Membrane-bound O-acyltransferase domain-con-
taining 7 (MBOAT7) has been recently proposed as a 
gene involved in NAFLD pathogenesis that encodes a 
membrane-bound enzyme, which integrates arachidonic 
acid and other unsaturated fatty acids into phosphati-
dylinositol and other phospholipids under a remodel-
ing Lands cycle. Explicitly, the common rs641738 
C > T variant has been associated with variation at 
the 3’ untranslated region of MBOAT7, which is a 
marker of MBOAT downregulation at the mRNA and 
protein levels. Carriers of this variant showed reduced 
levels of phosphatidyl-inositol containing arachidonic 
acid in hepatocytes and in the bloodstream.178,179 The 
MBOAT7 rs641738 variant has been reportedly a 
biomarker of NAFLD risk, inflammation, and fibrosis,178 
as well as an increased risk of alcoholic cirrhosis. 

Furthermore, this MBOAT7 rs641738 polymorphism 
has been associated with NAFLD progression to 
HCC.180 The other recently identified genetic factor of 
NAFLD is a variation at the Glucokinase regulator 
(GCKR) gene locus.181,182,183,184 GCKR modulates 
the inflow of glucose in hepatocytes and functions 
as the regulator of lipogenesis. A common muta-
tion (rs1260326), encoding for the P446L protein, 
has been reported to represent the causal variant asso-
ciated with the hepatic phenotype.185,186,186,187 Under 
a negative feedback loop, the GCKR regulates the 
fructose-6-phosphate pathway through inhibiting 
glucokinase.188 The occurrence of the missense 
variant impairs the protein activity through which 
the GCKR does not inhibit glucokinase in response 
to high levels of fructose-6-phosphate, resulting in 
triggering the hepatic glucose uptake and glycol-
ysis and then acetyl-CoA synthesis that is a rate-
limiting substrate for lipogenesis. This process 
reduces circulating glucose and thus increases 
insulin sensitivity while enhancing the produc-
tion of malonyl-CoA, which augments hepatic fat 
buildup through inhibiting fatty acid translocation 
to the mitochondria and beta-oxidation. On the 
contrary, recent data revealed that the rs4841132 
variant of protein phosphatase 1 regulatory subunit 
3B (PPP1R3B) could serve as a protective agent 
against hepatic fat accumulation in the subjects at 
the risk of NAFLD through lipogenesis reduction. 
The PPP1R3B helps the synthesis of glycogen in 
response to excessive energy supply, likely protecting 
against hepatic fat accumulation in at-risk individu-
als through the reduction of lipogenesis.189 This 
common variant has been associated with reduced 
risk of liver disease progression in individuals at 
high risk of NASH.54 However, the overall impact 
of PPP1R3B variant on the risk of liver-related 
clinical events is still controversial.190 Other SNPs 
have been associated with NAFLD,74,77,80,191 and 
whilst biologically plausible, their association still 
warrants further validation,77 and the link with CVD 
is mostly unknown.

CONCLUSION
NAFLD is often associated with IR and is 
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strongly associated with T2DM and obesity. Patients 
with NAFLD also have a higher risk of developing 
CVDs, including coronary heart disease and stroke. 
NAFLD confers increased CVD risk independent 
of traditional cardiovascular risk factors and MetS. 
NAFLD and CVD have been a significant public 
health problem worldwide. These two diseases are 
considered as the consequence of a complex interplay 
between genetics, diet, and environment. Recent 
evidence on the association of the genetic polymor-
phisms between NAFLD and CVD may provide a 
new perspective on the prevention, diagnosis, and 
treatment of these diseases. A novel strategy used 
by researchers is to characterize the shared genetic 
basis of NAFLD and CVD. Findings on the shared 
genetic risks and their biological overlap could 
significantly contribute to the development of precise 
medical theranostics (Theranostics is a new field of 
medicine which combines specific targeted therapy 
based on specific targeted diagnostic tests. With a key 
focus on patient centered care, theranostics provides 
a transition from conventional medicine to a con-
temporary personalized and precision medicine ap-
proach.) through effective patient stratification and 
identification of preventive and therapeutic strategies. 
The role of genetic screening for NAFLD and CVD 
prevention is in initial stages, and further studies 
are needed to reveal underlying mechanisms and 
the causal relationship between the two disorders. 

The current evidence demonstrates a strong link 
between NAFLD and increased risk of CVDs 
in individuals with or without coexisting MetS. 
NAFLD is a risk factor of poor cardiovascular 
outcomes independent of other traditional risk factors 
of CVD, including MetS and hypertension. Despite 
evidence linking increased CVD risk with NAFLD, 
there is still uncertainty regarding the prognostic 
role of NAFLD in risk stratification for CVD. De-
veloping genetic-based diagnosis and management 
would highlight the development of more individu-
alized treatment and precision medicine for effective 
management of these disorders. There are some 
essential questions to be answered in this regard. 
First, whether adding NAFLD as an independent risk 
factor to the traditionally available risk scoring 

systems would enhance the risk predicting of CVDs. 
Second, whether the prognostic value of NAFLD in 
the development and progression of CVDs only 
applies to NASH or it is also associated with simple 
steatosis is still unclear. Third, whether genetic traits 
in NAFLD carry the same cardiovascular risk as 
MetS-associated NAFLD. Finally, further follow-up 
studies are necessary to identify the pathophysiology 
linking NAFLD with a CVD risk score. 
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