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Abstract

Nonalcoholic fatty liver disease (NAFLD) is a rapidly escalating disorder which impacts a large population worldwide.
Nevertheless, cardiovascular disease (CVD) represents the biggest etiology for mortality with regards to patients of NAFLD.
Atherogenic dyslipidemia, possessing the properties of plasma hypetriglyceridemia, enhancement of small dense (low
density lipoproteins)LDL's particles in addition to reduction of high density lipoproteins cholesterol HDL-C) concentrations
are generally seen in patients with a presentation of NAFLD. Thus here we conducted a systematic review utilizing search
engine PubMed, Google scholar ;web of science; embase; Cochrane review library utilizing the MeSH terms like NAFLD; CVD;
atherosclerosis; insulin resistance(IR); NASH; chronic heart failure; dyslipidemia; hepatokines; endothelial impairment;
pro inflammatory cytokines; FA's oxidation; SREBP1c; ChREBP; Sirtuin; LKB1; lipogenesis; mitochondrial lipid  oxidation;
genetic mutations from 2010 to 2022. We found a total of 500 articles out of which we selected 143 articles for this review.
No meta-analysis was done. Thus here we have detailed the more recent genetic corroboration, with provision of distinctive
type of metabolic pathways implicated in NAFLD pathogenesis. Assessment of the genetic results that are accessible pointed
that the crucial process that correlated NAFLD modulated dyslipidemia, along with escalation of risk of CVD implied is the
changes in the handling of fatty acids  oxidation in the liver mitochondria. NAFLD correlated genes possessing reported
anti-atherosclerotic or cardio protective actions in addition to existent Pharmacologic approaches that are concentrated on
tackling both treatment of NAFLD in addition to reducing the risk of CVD. Further research demonstrates that inhibitors of de
novo” lipogenesis (DNL) might prove to be of benefit.
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Abbreviations: NAFLD: Nonalcoholic Fatty Liver Disease; Infarction; SNP: Single nucleotide polymorphisms; OS:
CVD: Cardiovascular Disease; LDL: Low Density Lipoproteins; Oxidative stress; FAO: Fatty Acid oxidation; VLDL: very low
IR: Insulin Resistance; T2DM: Type2 Diabetes Mellitus; AT: density lipoprotein; CPT: Carnitinepalmoyl Transferase; TCA:
Adipose tissue; CRP: C Reactive Protein; MI: Myocardial Tricarboxylic Acid; FAS: Fatty Acid Synthase; AMPK: AMP-
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activated protein kinase; ACAD: Acyl-CoA Dehydrogenase;
PDK: Pyruvate Dehydrogenase Kinase; LDH: Lactate
Dehydrogenase; WD: Western Diets; PUFA: Polyunsaturated
Omega 6 Fatty Acids.

Introduction

Nonalcoholic fatty liver disease (NAFLD) prevalence
has been enhancing at a rapid pace, influences 25-45% of
the adult population globally besides up till 70% in typeZ2
Diabetes mellitus (T2DM) besides obesity patients group
[1]. An association of NAFLD exists with numerous co-
morbidities (hypertension, obesity, Metabolic Syndrome
(MetS) hyperlipidemia). Nonalcoholic steatohepapititis
(NASH), represents a greater robust type implicated in 2-7%
of adult besides propagating to cirrhosis &Hepatocellular
carcinoma (HCC) subsequently. Cardiovascular disease (CVD)
is a usual etiology of mortality amongst NAFLD patients [2].
It is considerably significant, that despite all NAFLD kinds
correlated with CVD, maximum probability is existent with
NASH besides advancements of fibrosis [3].

The precise mode for correlation amongst NAFLD
with CVD has not been corroborated. Recently, variable
stimulators suggested, accounting for propagation of NAFLD
along with exaggeration of atherogenesis, dyslipidemia,
chronic inflammation besides endothelial impairment
[4]. The Adipose tissue (AT) expansion that accompanies
causes an initiation of the pro inflammatory cascade along
with nuclear factor kB (NFkB) as well as c-jun-N-terminal
kinase (JNK) pathways. Moreover the complications might
be inclusive of insulin resistance (IR), hepatic system
wide level escalation of generation of cytokines as well as
chemokines (like Tumor necrosis factor alpha (TNFa) as
well as interleukin-6 (IL-6), C Reactive Protein (CRP) along
with others, formation of procoagulant factors (factor
VIII, endothelin, transforming growth factor beta (TGF-f3),
fibrinogen etc.) in addition to hepatokines impairment of
glucose along with lipid metabolism [5].

Generation of neointimal plaques associated with
atherosclerosis in large arteries result in stimulation of
cardiovascular (CV) processes (like stroke, myocardial
infarction (MI). Atherosclerosis represents a chronic disease
that lasts for decades at the time of which inflammation,
calcification, fibrosis along with lipid getting deposited results
in alteration in the constituents of plaques associated with
atherosclerosis [6]. Utilization of variation in methodologies
have been attempted for evaluating the determination of
plaque characteristics besides assessment of risk of CVD;
utilization of invasive techniques is conducted usually where
advancement of stage has occurred (angiography, optical
coherence tomography or intravascular ultrasonography)
in addition to noninvasive is commonly utilized for the
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primary diagnosis (positron emission along with computer
tomography, determination of carotid intima-media
thickness, etc.,) [7].

Outcomes of numerous cross -sectional studies,
systematic reviews and meta-analysis pointed to NAFLD
resulting in escalation of risk of atherosclerosis along with
facilitation of generation of unstable plaques [8]. Additionally,
genetic proof pointed to NAFLD manipulated dyslipidemia
is the key factor for the enhancement of risk of CVD [9].
Whereas numerous genetic polymorphism areas along with
mutations possess the correlation with CVD[10] as well as
NAFLD [11], certain NAFLD resulting in facilitation of Single
nucleotide polymorphisms (SNP) have been detailed as
resulting in reduction of risk of CVD [12,13]. Other workers
nevertheless did not observe such protection [14]. Having
reviewed the various probable etiologies of NAFLD/NASH
along with potential therapies [15-26] here we decided to
update on the association of NAFLD along with generation
of heart diseases in NAFLD/NASH we decided to carry out a
systematic review.

Methods

Here we conducted a systematic review utilizing search
engine pubmed, google scholar; web of science; embase;
Cochrane review library utilizing the MeSH terms like
NAFLD; CVD; atherosclerosis; insulin resistance (IR); NASH;
chronic heart failure; dyslipidemia; hepatokines; endothelial
impairment; proinflammatory cytokines; FA's oxidation ;
SREBP1c; ChREBP; Sirtuin; LKB1;lipogenesis; mitochondrial
lipid B oxidation; genetic mutations from 2010 to 2022.

Results

We found a total of 500 articles out of which we selected
143 articles for this review. No meta-analysis were done.

Correlation amongst Liver & Heart Diseases

Different modes reasoning out intricate association
amongst CVD with NAFLD got pointed out. The key part of
insulin resistance (IR) was appreciated regarding crucial
role in etiopathogenesis of NAFLD & NASH [27]. Additionally,
IR influences numerous physiological events causing
hyperglycemia, dyslipidemia resulting in low grade chronic
inflammation activation, ectopiclipid accrual, Oxidative stress
(OS) besides endothelial impairment [28]. Escalated serum
ferritin, major protein implicated in iron storage is commonly
observed in NAFLD patients besides correlated with IR
[29]. Together these processes produced a CVD facilitating
proatherogenic milieu [30]. Together with changed immune
cells population in NASH patients [31] pointed to an immune
besides chronic proinflammatory correlation amongst IR,
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CVD with DM [32]. Fetuin A, a glycoprotein liberated from AT
besidesliver stimulated proinflammatory cytokine generated
from adipocytes besides macrophages besides acting as
biomarker for variable chronic inflammatory diseases.
Fetuin A (i.e., fatty acid (FA) carrier) is further escalated in
NAFLD/ NASH patients [33]. Recently, it was illustrated that
Fetuin A hampered insulin receptor tyrosine kinase in muscle
besides liver resulting in IR [34]. The quantity of Fetuin A
was associated with hypetriglyceridemia, not significantly
correlation with ischemic stroke besides other CVD was
observed [35], whereas other researchers, pointed it a key
factor regarding chronic heart failure (HF) diagnosis [36].

Variable dyslipidemia quantities generally are
presenting in patients of NAFLD/ NASH (reduced high
density lipoprotein (HDL) besides enhanced of low DL (LDL),
particles, triglycerides (TG) besides acting as noninvasive
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markers for NAFLD diagnosis [37]. Nevertheless this kind
of lipid profile is considered atherogenic besides associated
with robustness of cardio metabolic risk [38]. Liver serves as
the central organ accountable for metabolism amongst which
TG, cholesterol (TC) are the ones of maximum significance.
Whereaslow HDL-Chasbeen considered asawell appreciated
biomarker for NAFLD besides a risk factor for CVD the precise
mode for this correlation is getting evaluated [39]. The most
appropriate HDL function is it facilitates reverse cholesterol
transport (RCT) aiding extra cholesterol deletion from
macrophages with> excretion from body via bile. Interest
evoked in RCT as attractive therapeutic target for CVD risk
reduction [40]. Nevertheless, therapeutic enhancement
of HDL-C quantities with drugs utilization not found to be
advantageous for the reducing CVD risk pointing to a greater
complicated association amongst, HDL-C besides CVD [41].

Figure 1: Courtesy refno-143-Pathophysiological mechanisms linking NAFLD and CVD. Saturated fatty acids, OSAS obstructive
sleep apnea syndrome. carbohydrates, n-3 FA omega-3 fatty acids, NAFLD non-alcoholic fatty liver disease; PNPLA3 patatin-like
phospholipase domain-containing protein 3, TM6SF transmembrane 6 superfamily 2 human gene, HSD17B13 hydroxysteroid
dehydrogenase 17beta 13, MARC1 mitochondrial amidoxime reducing component 1, PGC1la peroxisome proliferator-activated
receptor gamma coactivator 1-alpha, miR micro-RNA, ADMA asymmetric dimethylarginine, eNOS endothelial nitric oxide
synthase, VLDL very-low-density lipoprotein, IDL intermediate-density lipoprotein, LDL low-density lipoprotein, ApoB
apolipoprotein B, ApoC III apolipoprotein C3, DNL de novo lipogenesis, HDL-C high-density lipoprotein cholesterol, sdLDL
small dense low-density lipoprotein, LDL-P low-density lipoprotein particles, C16:0 palmitic acid, IL-1f interleukin-1(, IL-6
interleukin-6, CRP C-reactive protein, AGEs advanced glycation end products, FFAs free fatty acids, VEGF vascular endothelial
growth factor, MAMPs microbe-associated molecular pattern, LPS lipopolysaccharide, SCFA short-chain fatty acids, TMA
trimethylamine; ASCVD atherosclerotic cardiovascular disease. Down arrows (!) indicate decreased levels, and up arrows (T)
indicate increased levels.
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Enhanced serum homocysteine quantities well
appreciated as etiology of hepatic Oxidative stress (OS)
besides hepatic steatosis [42], associating with liver
impairmentin NAFLD/NASH patients [43]. Akin to thatserum
homocysteine is an independent factor regarding CVD [44].
Activation of toll like receptor 4 (TLR4), by homocysteine is
well appreciated causing impaired Ca2+,, nitric oxide (NO),
escalated Reactive oxygen species (ROS) generation besides
inducing platelet- activation besides endothelial impairment
ultimately resulting in CVD [45].

Other association amongst NAFLD with cardiovascular
action is proinflammatory cytokine, liberation by liver
resulting in system inflammation besides facilitating CVD.
The major inflammation induced triggers causing CVD
are enhanced plaques generation, changed vascular tone,
coagulation besides endothelial function [46]. Variable
cytokines (IL-1, IL-6 C Reactive Protein [CRP besides TNFa
6) ]) concentrations considered systemic inflammation
markers are enhanced in NAFLD patients [47]. Recently liver
steatosis, fibrosis correlation pointed with diastolic heart
impairment besides myocardial glucose uptake dysfunction
[48]. Additionally hepatic fat concentrations were associated
with escalated left ventricular filling pressure occurring
prior to HF [49].

Future researcher’s concentrations on early pick up of
metabolic markers in liver besides heart effectiveness need
optimization prior to appearance of functional besides
structural aberrations. Hence in subjects with NAFLD
diagnosis feasibility of complications avoidance within the
CVS. Here we concentrate on liver lipid homeostasis part,
mitochondrial-f oxidation in correlation with NAFLD besides
CVD correlated with genetic controlling besides targeted
treatments (Figure 1).

Liver-the Major Central Organ for Lipid
Metabolism

Liver possesses the key part in glucose, lipid metabolism
besides homeostasis. On continuous stress secondary
to dysfunctional FA metabolism, considerable lipid
amounts accrual result in generation of NAFLD. The major
characteristic of NAFLD is hepatic TG accrual that could
have resulted by internal (dysfunctional Fatty Acid oxidation
[FAO], very low density lipoprotein [VLDL] generation
& export), external (some genetic background besides
environmental situations) or behavioral (increased FA
from diet, circulation, or AT, absence of exercise/physical
action) triggers [50]. Loss of balance amongst imported
vs. exported generated vs. processed FA's caused accrual
of hepatic lipid, hepatosteatosis besides IR, resulting in
hepatic “de novo” lip genesis completing this vicious cycle
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[51]. Whereas Clarification regarding the precise molecular
mode under strict evaluation dysfunctional FA’s metabolism
besides ROS generation resulting in chronic inflammation
besides impaired mitochondrial function pointed as crucial
processes in generating this disease[52].

Homeostasis of Lipids in Liver Fatty Acids (FA's)
B- Oxidation

Carbohydrates along with Fatty Acids(FA's)are the
providers of energy for cells with their uptake from
extracellular space along with intracellular liberation
is tightly regulated by variable hormones like glucagon,
insulin, noradrenaline etc., FA’'s esterification, metabolism
to lipids 2™ messengers (like ceramide, sphigosine,
phosphatidyl inositol b is phosphate, etc.,) or transportation
to mitochondria for (- oxidation. Nevertheless, a very
long chain fatty acid (VLCFAs) (FA's possessing over22 as
well as greater carbons) activation occurs, that can't get
metabolized in mitochondria, thus need for transportation
to peroxisomes [53]. Subsequent to activation of long chain
fatty acids(LCFAs)by CoA, transportation of LCFA CoA, ester
occurs to mitochondrial matrix through the carnitinepalmoyl
transferase (CPT) comprising of 3 proteins, CPT1, CPT2 as
well as CACT(acyl carnitine translocase) [54-57] in Figures 2
& 3 for normal metabolism.

Hampering of CPT1 is feasible by malonyl CoA, obtained
from glucose metabolism; hence that makes CPT1, a rate
limiting enzyme or step with regards to mitochondrial FAO.
Three isoforms of CPTlare existent, (A) That are organ
particular for liver, (B) Muscle as well as heart and (C) Brain.
Furthermore, over 2 enzymes are implicated in metabolism
of malonyl CoA, namely acetyl CoA carboxylase (ACC). ACC
can account for the generation of malonyl CoA, along with
malonyl CoA decarboxylase (MCD), that is responsible for
breakdown of malonyl CoA [58].

Two major isoforms of ACC are present, i.e., ACC 1 as
well as ACC 2 possessing variable tissue expression patterns
along with functions. ACC 1 is existent in the cytoplasm of
all cells, however in lipogenic tissue like AT it is present in
abundant quantities [59]. ACC 2 resides in the mitochondria,
besides being abundant in oxidative tissue (like skeletal
muscle as well as heart) [60]. Hence variable tissues possess
a particular ACC 1 /ACC 2 ratio that are a requirement for
sustenance of balance amongst, FA's oxidation along with
its generation. Both ACC 1 as well as ACC 2 are present as
well as have high expression in liver where both these FA's
oxidation along with its generation occurs considerably.
Nevertheless, such a variation of where ACC resides along
with its function aids in provision of a chance of development
of a pharmacological drug for particular hampering of FA's
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generation along with stimulation of fatty acids oxidation
that might be of advantage for certain morbidities like
obesity, type2 Diabetes mellitus(T2DM), NAFLD as well as
others [61].

5 AMP-activated protein kinase (AMPK) represents
one of the major controllers of this pathway, its action is via
phosphorylation along with hampering of ACC, hence result
inreduction of expression of FA synthase along with provision
of intermediates for the FA anabolic pathway. In the form of
a secondary, in addition to long term action, AMPK results
in phosphorylation of sterol regulatory element binding
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protein 1c(SREBP1c), as well as carbohydrate response
element binding protein (ChREBP), therefore hampering of
the transcription of following lipogenesis genes [62]. Sirtuin
proteins (SIRT1 SIRT3) resultin stimulation of AMPK through
deacetylation of the upstream activator liver KkinaseB1
(LKB1) [63]. These days the remarkable significance of
Sirtuins has been appreciated in the form of key controllers of
lipid metabolism with provision of particular FAO facilitating
actions (in skeletal muscle as well as liver) lipolysis (in AT),
mitochondrial respiration, brown adipose tissue (BAT) along
with food consumption (in the hypothalamus) [64].

Figure 2: Overview of DNL. Courtesy ref no-142-A series of coordinated enzymatic reactions takes place during fatty acid
biosynthesis. Typically, pyruvate produced by glycolysis is converted in the mitochondrion into acetyl-CoA, which enters the
tricarboxylic acid (TCA) cycle to produce citrate. In conditions of carbohydrate excess, citrate is exported to the cytosol by the
citrate/isocitrate carrier (CIC) and is broken down to acetyl-CoA and oxaloacetate (OAA) by ATP-citrate lyase (ACLY). Acetyl-
CoA is subsequently carboxylated by acetyl-CoA carboxylase (ACC) to generate malonyl-CoA, which is considered the first
committed metabolic intermediate in fatty acid synthesis. Utilizing seven malonyl-CoA molecules and one acetyl-CoA primer,
the synthesis of palmitate (16:0 fatty acids) is completed by repeating a cycle of condensation, reduction, condensation and
dehydration catalysed by fatty acid synthase (FAS). An alternative carbon source of de novo lipogenesis (DNL) is acetate, which
can be produced de novo from glucose through non-enzymatic and enzymatic reactions. Acetyl-CoA synthetase 2 (ACSS2)
catalyses the reaction of acetate and CoA to form acetyl-CoA, which is subsequently used for fatty acid biosynthesis. With
hypoxia or CIC deficiency another alternative pathway for DNL is reductive carboxylation of glutamine via cytosolic isocitrate
dehydrogenase 1 (IDH1) and mitochondrial IDH2. aKG, a-ketoglutarate; ACP, acyl carrier protein; mKDH, mitochondrial
ketoacid dehydrogenase; nKDH, nuclear ketoacid dehydrogenase; ROS, reactive oxygen species.
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Figure 3: Physiological regulation of DNL. Courtesy ref no-142-Regulatory mechanisms of de novo lipogenesis (DNL)
involve allosteric regulation, covalent modifications and transcriptional changes. Allosteric activators include citrate,
glucose 6-phosphate (G6P) and fructose 6-phosphate (F6P) while oxaloacetate (OAA) and long-chain fatty acyl (LCFA)-
CoAs are allosteric inhibitors. Regulatory phosphorylation is facilitated by several enzymes including AMP-activated
protein kinase (AMPK), AKT, branched-chain a-keto dehydrogenase kinase (BDK), glycogen synthase kinase 3 (GSK3)
and protein kinase A (PKA), whereas caspase 10 and constitutive photomorphogenic 1 (COP1) facilitate the degradation
of ATP-citrate lyase (ACLY) and fatty acid synthase (FAS), respectively. Transcriptional modifications are regulated by
two major transcription factors, sterol regulatory element-binding protein 1c (SREBP1c) and carbohydrate-responsive
element-binding protein (ChREBP). Additional transcription factors, such as liver X receptor (LXR) are also implicated in
the transcriptional regulation to varying degrees of importance depending on the cell type. ACC, acetyl-CoA carboxylase;
CIC, citrate/isocitrate carrier; FAS, fatty acid synthase; PPP, pentose phosphate pathway; TCA, tricarboxylic acid; X5P,
xylulose 5-phosphate.
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Figure 4: Courtesy ref no-55-Altered hepatic lipid metabolism in normal (A) and NAFLD; (B) conditions. Increased diet supply
of glucose and fructose affects ChREBP (carbohydrate-responsive element-binding protein), SREBP1c (sterol regulatory
element-binding protein-1c), and LXR (liver X receptor) TFs, which stimulate malonyl CoA synthesis. PPARa (peroxisome
proliferator-activated receptor alpha) normally activates CPT1 under fasting and low-ATP conditions. As a key intermediate,
malonyl CoA inhibits CPT1, thus reducing FAO. This leads to the accumulation of long-chain fatty-acid CoA (which could also
be delivered from surplus adipose tissue), and stimulates DNL with the subsequent rise in intrahepatic TG and plasma TG
levels, further increasing large VLDL1 and the formation of small dense LDL, which favours foam cell formation and ultimately
atherosclerosis. During the progression of NAFLD, the production of ketone bodies progressively reduces while hepatic glucose
synthesis and output increases, thus further promoting IR and the rise in insulin level. Colour coding as follows: PPARa and
other TFs are depicted in pale green; primarily FA-metabolising enzymes (FAT (fatty-acid translocase) and FACS (fatty-acid
synthase)) and DNL (de novo lipogenesis) are highlighted in pale blue; malonyl-CoA-metabolising enzymes ACC (acetyl-CoA
carboxylase) and MCD (malonyl-CoA decarboxylase) are highlighted in blue; CPT system enzymes (CPT1, CPT2, and CACT) are
depicted in light brown; AMPK (AMP-activated protein kinase), the main regulator of CPT system are depicted in brown; FAO
enzymes ACAA2 (acetyl-CoA acyltransferase 2), ACAD (acyl-CoA dehydrogenase), ECHS1 (enoyl-CoA hydratase, short chain 1),
and HADH (hydroxyacyl-CoA dehydrogenase) are depicted in in pale red; pyruvate metabolism enzymes MPC (mitochondrial
pyruvate carrier 1), PDP (pyruvate dehydrogenase phosphatase), PDH (pyruvate dehydrogenase), and PDK (pyruvate
dehydrogenase kinase) are depicted in dark blue; and LDH (lactate dehydrogenase) is depicted in red. Abbreviations: IMM and
OMM, inner and outer mitochondrial membrane, respectively.

Mitochondrial FAO in the liver result in full oxidation
to CO2 or partly when ketone bodies, that represents an
exported kind of energy possessing molecules get generated.
The results in the context of CPT1A amounts of expression
along with action, besides rate of mitochondrial FAO are
debatable with considerable, dependence on the utilization
of model system, amounts of free fatty acids (FFA) in
addition to other experimental situations [65]. For giving the
reasons of these variations of modes have been pointed)the
amounts of malonyl CoA are key that are dependent on the
ratio of ACC/MCD proteins ii) the physical characteristics of
the mitochondrial membrane might alter the sensitivity of
CPT1A to malonyl CoA [66] along with iii)the accessible pool
of FFAs as well as other lipid intermediates that could result
in activation of various transcription factors implicated in
denovo FAs generation, uptake, transportation in addition to
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oxidation[67].

The present model gives the explanation for the
correlation amongst FFAs as well as FAO in the form of
hormeticaction (a dose-response phenomenon characterized
by low-dose stimulation and high-dose inhibition) when a
mild or vanishing enhancement in accessible FFAs results
in an advantageous escalation of FAO with greater energy
formation. Nevertheless, continuous along with significant
FFAs liberation result in an escalation of electron flux in
electron transport chain (ETC), over generation of ROS
along with generation of toxic aldehydes that cause injury
to mitochondrial protein, lipids as well as -5DNA result in
morphological along with functional disruptions [68]. In the
form of a probable approach for avoidance, of this type of
adverse actions the liver possesses the capacity of shifting
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the balance from total FA oxidation towards generation of
ketone bodies [69]. Nevertheless, akin to the FAO pathway
this approach possesses its restrictions apart from result
in certain complications at the time of continuous FFAs
liberation along with reduction in energy expenditure [70].

Crosstalk along with Glucose Metabolism

The present diet (in particular in classical western diets
[WD]) possess a greater amount of simple fructose in addition
to glucose fructose dependent saccharides that constitute
as risk factors for the generation of different metabolic
complications, like obesity, T2DM, NAFLD,CVD as well as
others [71]. Linolenic acid represents, a) polyunsaturated
omega 6 fatty acids (PUFA’s), is further broadly present In
WD is correlated with obesity, IR, along with CVD [72]. We
possess the knowledge that fructose acts as a substrate
for the generation, of FA's along with stimulation of the
transcription factor for de novo lipogenesis along with
formation of triglycerides (TG), SREBP1c, as well as ChREBP
[73]. Concomitantly, fructose results in reduction of FAO
through 2 major modes; namely:

e Escalation of amounts of hepatic malonyl CoA.
e Along with direct changing the expression of hepatic
genes that account for lipid accrual as well as elimination

[74].

The distinctive part of fructose effect is a temporary
reduction in the intracellular amounts of phosphate along
with ATP that possesses a correlation with the uric acid
formation along with turnover of nucleotide. A reduction in
the ATP amounts results in induction of a stepwise reaction,
that is inclusive of the induction of Oxidative stress (0S), a
temporary blockade of protein generation in addition to
mitochondrial impairment, that possesses the crucial part
in modulation of fructose actions [75]. In view of variable
CPT1 isoforms possessing various sensitivities to malonyl
CoA, where liver isoforms possesses30-100 fold lesser
sensitivity in contrast to muscle as well as heart isoforms
[76], fructose’s malonyl CoA independent action on the liver
mitochondrial action might possess greater prominent along
with result in facilitation of greater level of mitochondrial
impairment. In addition diet obtained nutrients might
control mitochondrial function through post-translational
modifications (malonylation, acetylation, succinylation, as
well as others) [77]. Nevertheless, we have already detailed
these earlier in DM nephropathy [78].

Part of Perilipin in NAFLD as well as
Atherosclerosis

Plin5 (Perilipin 5) represents a significant member of
the Perilipin protein, that is present in mammoth amounts
in tissue with presentation of active lipid catabolism like
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heart, skeletal muscle, BAT as well as liver [79]. NAFLD has
the properties of escalation of accrual of lipid droplet (LDs)
in the liver, along with escalation of expression of PLIN5
[80]. Plin 5 is believed to be the major LDs developing along
with coating protein taking into account the restoration of
hepatic TG’s in LDs as well as hampering lipolysis. Thus it
is not astonishing that over expression of Plin5 results in
deterioration of hepatosteatos [81], in addition to blockade
of stellar cell activation [82], however without deleterious
actions on IR. Conversely deficiency of PLIN5 results in
impairment of insulin signaling transduction along with the
generation of IR [83].

More recently, studies have pointed out the molecular
modes offering an explanation for these findings. The C
terminal part of Plin5 (ie443-63aa) enrolls the mitochondrial
for connecting the LDs. This, LD - mitochondrial connection
is needed for appropriate provision of FA’s to mitochondria,
generation of lipids in addition to lipid expansion [84].
These characteristics pointed to the part of mitochondria in
the development of TAG’s along with phospholipids in view
of enzymes located in outer membrane of mitochondria
glycerol-3 phosphate acetyl transferase 1 as well as
2(GPAT) along with 1-Acyl glycerol-3 phosphate acetyl
transferase (AG-PAT) are implicated, in the bio generation
of lysophosphatidic acid along with phosphatidic acid,
respectively [85]. Mitochondrias that are correlated with
LDs possess the escalation of capacity for pyruvate oxidation,
electron transport as well as generation of ATP, a reduction
in ability for  oxidation as well as distinctively lesser fusion
-fusion dynamics [86]. Furthermore, Plin5 was illustrated
to restrict FA's toxicity, clearance of deleterious proteins
from the outer membrane of mitochondria as well as confer
protection against OS [87].

PLIN5 was implicated, in the inflammatory reaction
via the activation, of the NLRP3 (NLR family pyrin domain
containing 3) inflammasome, thus correlating with NAFLD/
NASH propagation [88]. Additionally, a greater amount of
Plin5 was the observation in Hepatocellular carcinoma
(HCC) biopsy specimens [89]. Nevertheless, the results with
regards to the part of PLIN5S in the generation of HCC as
well as metastasis is restricted till date with requirement of
further evaluation of the precise part of PLIN5 in HCC.

Intriguingly deficiency of PLINS was correlating with the
propagation of atherosclerosis, in addition to the way it was
illustrated in double knockout mice (Apo E- /-, Plin5-/-) which
generated atherogenesis of greater robustness(associated
with escalation of TG,TC, along with LDL-C amounts with
reduction in HDL-C amounts) in addition to exaggerated
inflammation, apoptosis, lipid accrual as well as OS. Mutant
mice resulted in facilitation of propagation of atherogenesis
over the full aorta, aortic arch in addition to full abdominal
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aorta area [90]. Furthermore, PLIN5 was implicated, in
thermal control as well as adapting to cold stress. In a study
in which mitochondria along with LDs Identification was
feasible from the liver of mice which had been housed in
chronic cold stress documented that mitochondrial TCA cycle
as well as retinol metabolism were escalated whereas there
was no impact on Oxidative phosphorylation. Adaptation of
liver to cold stress situations implicated escalation of Plin5
along with major urinary proteins (MUPs), while there was
an astonishing reduction in MPC [91]. Previously the part of
thermogenesis in the generation of metabolic diseases was
correlated mainly with AT (inter action along with transition
amongst WAT as well as BAT) [92]. Nevertheless, the detailed
cold- adaptation associated part of Plin5 further pointed to
its part with regards to homeostasis along with of liver lipids
in the generation of NAFLD [91].

These observations established that PLIN5 is a
key pleiotropic controller of hepatic lipid metabolism,
thermogenesis along with, inflammatory reaction implicated
in NAFLD/NASH along with generation of atherosclerosis
in addition to propagation. Hence PLIN5 is an attractive
therapeutic target for NAFLD as well as atherosclerosis,
besides probably for certain other metabolic diseases [93].

Part of Liver Mitochondria in the Generation of
CVD Facilitating Dyslipidemia

Some bit of atherogenic dyslipidemia is existent in
patients of NAFLD /NASH which possess the properties of TC/
HDL-C, LDL-/HDL-C TG/HDL- Cratios [94]. It is well believed
that liver possesses a central part in the development/
clearing of all lipoproteins (HDL) along with Apo lipoproteins
(ApoB48 as well as ApoB100)for establishment of a robust
connection amongst NAFLD/NASH correlated with metabolic
impairment along with escalation of CVD risk [95]. Here
our concentration is on the recent insights with regards to
association amongst genes understood to confer protection/
result in NAFLD abrogate/ deteriorate the phenotype of
NAFLD, change liver particular lipid accrual, or have an
impact on the lipid profile at a system wide level .

Numerous genes are known to be responsible for FAO
conditions thatare notdetailed here in view oflack of NAFLD/
NASH correlated phenotype, nevertheless, these genes are of
importance [96]. Assessment of mutations detailed pointed
to the existence of central part of liver mitochondrial FAO in
association amongst NAFLD along with CVD risk.The crucial
points being:

e Escalation of FAO might result in amelioration of NAFLD
symptomatology however lead to hypertriglyceridemia
as well as OS injury to the liver.

e Appropriate provision of antioxidant might support
FAO by affecting neutralization of escalated ROS total
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lack of FAO in liver mitochondria result in resistance
to HFD obesity along with NAFLD in addition to serum
dyslipidemia as well as hepatic OS.

e Appropriate mitochondrial turnover might support
efficacy of FAO along with mitigate NAFLD symptom:s.

e Total lack /decrease of FAO resulted in enhancement of
energy expenditure (EE) at the system wide manner in
addition to suppression of adiposity.

e Once FAO has been rendered ineffective other modes
of stimulation of oxidation in other chambers/cells
(peroxisomes as well as microsomes, macrophages
besides others).

Henceevaluation of mutationsaccumulated corroborated
the posit of hormetic action [96], when the disappearing
escalation of FFA input was of advantage along with resulted
in stimulation of FAO, provision of greater energy output.
Enhancement or protracted stimulation of FAO is deleterious;
the pool of antioxidants which have been deleted does not
possess the capacity of tackling the escalation of generation
of the ROS that results in mitochondrial along with liver
injury besides dyslipidemia causing further complications
associated with the CVS. Different probable pathways take
into account these actions. Over generation of ROS might
result in lipid peroxidation resulting in development of
4hydroxynonenal -CPT1 adduct, implicated in dysfunctional
FAO, in addition to elimination of lipids from hepatocytes.
Additionally ROS act on PUFA resulting in lipid peroxidation
along with generation of toxic aldehydes by products
(hydroxyl 2nonenal along with malondialdehyde (MDA) that
possesses greater half-life in contrast ROS as well as can be
transported from the area of generation towards distant
intracellular as well as extracellular targets thus result in
accelerated actions of OS [97].

During normal physiological situations oxidation of long
as well as medium chain FA's gets carried out basically by
mitochondrial B - oxidation system, with limited assistance
from the peroxisomal system .VLCFA's do not work as
substrates for CPT1 hence do not possess the capacity
of gaining entry into the mitochondria, nevertheless
preferential VLFA's actions are seen in the form of substrates
for peroxisomal B-oxidation [98]. Inspite of the existence of
total enzymatic machinery with regards to peroxisomal (-
oxidation under normal circumstances is incomplete with
the shuttling towards mitochondria of the final products of
peroxisomal - oxidation with the idea of achieving finishing
of total oxidation to CO,, H,0 along with ultimate energy
development. Furthermore, utilization of certain products
of peroxisomal - oxidation might occur in other metabolic
pathways (like taking part in the generation of taurine as
well as glycine conjugates that gets followed by export to the
biliary duct)[99].
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FA's further might undergo w oxidation via the effect ofa
microsomal oxidase where utilization of molecular oxygen in
addition to both alcohol as well as aldehyde dehydrogenase
for the generation of dicarboxlixc acids. Further break
down of dicarboxlixc acids might take place by peroxisomal
B- oxidation to succinate as well as acetyl CoA, or total
oxidation following transport into the mitochondrial -
oxidation system [100]. At the time of normal physiological
situations w oxidation constitutes a minor pathway of FA
metabolism however in case of failure of mitochondrial
- oxidation this pathway can assume significance with
escalation of w oxidation action with generation of escalated
dicarboxylic acids which are non-specific particular markers
of aberrations in mitochondrial FAO [101,102].

If total absence of mitochondrial FAO the escalation of
the amounts of serum hepatokines were found like insulin
like growth factor binding proteinl (IGFBP1), Growth
Differentiation factors15, as well as Fibroblast growth
factor 21 (FGF21) which pointed to their with regards to
physiological adjustment to the greater lipid load from a
high fat diet (HFD) [103]. Compensation is tried by the
liver for the absence of FAO by up regulation of Oxidative
programming along with looking for escalation of catabolism
in peripheral tissues with the aid of liberated hepatokine
[104]. The basic target of these hepatokines is escalation
of energy expenditure from BAT in addition to result in
browning (for white) [105]. Moreover macrophages are
further implicated in participation in BAT thermogenesis
[106]. The significance of part of macrophages was further
corroborate by researchers recently where macrophage FAO
by definition was that they conferred protection against
atherosclerosis, whereas hampering of macrophage FAO
might cause escalation of foam cell generation as well as hence
result in acceleration of atherosclerosis [107]. Intriguingly
hampering of FAO resulted in escalation of ROS amounts
possibly secondary to collection of toxic partly metabolized
FAO substrates [108]. In this context NAFLD correlated
genes revealed anti-atherosclerotic or confer protection to
heart, thus further here we outline certain cases where we
possess knowledge with regards to metabolic along with
genetic NAFLD.

Protection Conferred to Heart

General control no depressible 2 (GCN2) represents
a sensor of availability of amino acids which occur in
numerous organisms. In case of mammals the maximum
amounts of expression of GCN2 was estimated in liver along
with brain. Consumption of restricted proteins in diet result
in activation of GCN2 thus resulting in phosphorylation of
eukaryotic initiation factor2 alpha (elF2) for hampering
translation of global protein along with stimulation of
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de novo” amino acids bio generation for restoration of
homeostasis [109]. Furthermore downstream targets are
activating transcription factor4 (ATF4) along with C/EBP
homologous protein (CHOP) that results in up regulation of
autophagy in addition to pathways for bio generation [110].
Moreover, the participation of GCN2 was demonstrated in
the control of hepatic lipid metabolism. Like the deficiency
of GCN2, resulted in significant amelioration of HFD
induced liver impairment, hepatic steatosis as well as
IR through controlling of lipogenic genes (like SREBP1/
PPAR-y) in addition to their downstream targets (fatty acid
synthase [FASN], CD36, SCD1) [111]. Concentrations of rest
of researchers has been on the combination of action of
deficiency of GCN2 along with exercise on hepatic steatosis
in addition to implication of AMPK1/SIRT1/PPARa pathway
[112].

Intriguingly deficiency of GCN2 was further illustrated
to possess the action of conferring protection to heart in
case of hearts of DM patients. Specifically significant of
0S, cell demise along with lipid accrual in case of GCN2
knockout through hampering elF2/ATF4/CHOP signaling
with subsequent, decrease in Bcl2/Bax ratio in addition
to uncoupling protein 2(UCP2) expression [113]. Hence
targeting GCN2 for treatment might work out to be an
attractive approach with regards to diabetic cardiomyopathy
along with in the form of therapy for reduction of the
cardiotoxic deleterious actions of the commonly employed
anti-cancer drugs like doxorubicin.

More recently, the work of researchers aided in
illustrating the mode of the risk of cardiovascular disease
in sub kinds of NAFLD (metabolic along with genetic). It has
been established that carriers of numerous SNP areas along
with mitochondrial mutations possess greater proneness
to NAFLD [11]. Nevertheless, conferring protection against
coronary artery disease (CAD) was illustrated for different
SNP’s of this type [12], which pointed that each mutation
region might implicate a distinctive mode of NAFLD
proneness/with CVD avoidance [13]. Actually recent meta-
analysis research in the context of NAFLD proneness genes do
not result in CAD intrinsically [13]. Of the carriers of NAFLD
SNP’s, a robust, association visualized total cholesterol
(TC), along with, LDL-C with CAD, however, not for plasma
triglycerides (TG), along with HDL-C. Enhancement of
outflow of FAs as well as de novo” lipogenesis start accrual
of fat in the liver besides push for more generation of VLDL
which tilts the plasma lipid balance towards a proatherogenic
along with CVD facilitating miieu [39]. Nevertheless,
certain NAFLD correlated SNP’s result in dysfunctional
VLDL liberation (TM6F2 as well as PNPLA3 [Palatin -like
PhosphoLipaseA2Domain -Containing3] [114], as well as
microsomal triacylglycerol transfer protein [MTTP], along
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with PEMT) hence resulting in reduction of plasma lipids,
with hence provision of protection conferred to heart [115].

At present PNPLA31148M has been the most extensively
evaluated NAFLD correlated mutation [116]. Solely the
Pnpla3148M variant has not been the observation of
being deleterious along with experimental mice kept on a
standard diet possessed a normal amounts of liver fat [117].
Nevertheless, the amounts of liver fat were 2-3 fold greater
on consumption of a high sucrose diet with about 40 fold
greater amounts of PNPLA3 protein on hepatic LDs whereas
no alterations in Pnpla3 mRNA [117]. Furthermore it was
illustrated that a mutant variant possessed the capacity of
avoiding ubiquitination, in addition to proteasomal break
down that resulted in significant accrual of protein on LDs
[118]. Under normal physiological conditions, PNPLA3
works as a PUFA particular lipase or transacylase that
resulted in PUFA possessing phosphatidyl choline (PC)
or diacyl glycerols (DAG) whose utilization, is feasible for
generation of PC [119]. Noticeably, Pnpla33148 variant along
with deficiency of PNPLA3 possessed akin actions on liver
lipid metabolism, hence resulting in avoidance of mobilizing
TG in addition to resulted in lipid accrual in hepatocytes. In
case of some situations it possessed the capacity of resulting
in generation of NAFLD; nevertheless, for the CVS this TG
getting retained in the liver caused a positive system wide
action on the serum lipid profile resulting in reduction in the
risk of CVD [120].

Transmembrane6 super family member 2 (TM6SF2)
represents a transmembrane protein that resides in the
endoplasmic reticulum (ER) along with Golgi of enterocytes
as well as hepatocytes. Significant reduction of TM6SF2
protein occurs in case of E167K mutations which result
in hepatic accrual of TG however lesser plasma amounts
of LDL-C hence account for proneness for NAFLD along
with protection from CVD respectively [115]. Deficiency
of TM6SF simulates the NAFLD phenotype whereas liver
particular TM6SF2 resulted in escalation of plasma TC along
with LDL-C amounts [121]. ER lipid raft proteinl as well as
2(ERLIN) proteins represents ER residing trans membrane
glycoprotein which take part in the control of cholesterol bio
generation pathway by blockade of export of SREBPs from
the ER to Golgi in situations correlated with high cholesterol
amounts [122]. The observation that TM6SF2 possessed the
capacity of binding along with stabilization of both ERLIN
in addition to APOB, thus act in the form of a connective
hub amongst ERLIN in addition to APOB. E167K mutations
in TM6SF2 equivalent to deficiencies of TM6SF2 or ERLIN
result in aberrations in stabilization of APOB that is one
of the crucial factors for the generation of this sub kind of
genetic NAFLD [123].

In to these studies emphasized the foundational variation
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amongst metabolic along with genetic NAFLD. Therefore
for patients that are carrying particular SNS areas variable
independent molecular pathways might be implicated in
rapid NAFLD propagation however further associated with
protection conferred to heart. In these cases individualized
genotype independent medicine needs clinical applications
dependent on the SNS areas presentation, robustness of other
symptoms along with of existence other co-morbidities.

Pharmacological Approaches for Treatment
of NAFLD along with Reduction in CVD Risk

The basic lifestyle modifications advocated with regards
to patients of NAFLD have been diet manipulations along
with physical exercise .The diet modifications possessing
maximum effectiveness is a low carbohydrate, ketogenic low
fat as well as Mediterranean diet with provision of positive
action over dyslipidemia, hepatic steatosis, in addition to
associated co-morbidities [69,124]. Akin to that various
physical actions (high intensity interval aerobic along
with resistance training) have been illustrated to result
in reduction of liver fat amounts as well as body weight in
addition to recovery of plasma lipid status along with IR.
Additionally, these exercises resulted in enhancement in CVD
risk factors like plasma amounts of TG-rich VLDL1particles
along with LDL-C in addition to reduction of arterial stiffness
[125]. An alternative kind of treatment that is efficacious
for NAFLD along with NASH in particular when correlated
with robust obesity is bariatric surgery whose objective is
to result in reduction of food consumption by mechanical
means [126]. Furthermore, bariatric surgery results in
reduction of risk of CVD processes amidst patients of type2
Diabetes mellitus, as well as obesity hence an akin action
would be anticipated in the context of NASH patients [127].

Presently no pharmacological treatments with regards
to NAFLD/ NASH has received approval .The treatments
that are present have the objective of resulting in reduction
of accrual of liver lipids, cause stimulation of metabolic
pathways in addition to reduction of liver damage. The major
classes of these medicines are:

e Bile acid pathway with metabolism modulators.

e Peroxisome Proliferator Activated Receptor (PPAR)-
agonist like Elafibranor.

e Lanfibranor well described drugs for T2mlike Glucagon
like peptide 1(GLP-1) Receptor agonist-Semaglutide
[128],

e Thyroid hormone Receptor $-agonist (THR-f- agonist)
like Resmetriom (MGL-3196B) VK2809 [25,26] see
Figure 5.
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Figure 5: Courtesy ref no-143-A proposed algorithm for management of cardiometabolic risk factors in NAFLD patients.
NAFLD non-alcoholic fatty liver disease carb. carbohydrates, n-3 FA omega-3 fatty acids, EPA eicosapentaenoic acid, DHA
docosahexaenoic acid, min minute, SGLT2 sodium-glucose linked transporter2, ACEI angiotensin-converting-enzyme inhibitor,
ARB angiotensin II receptor blocker, CCB calcium-channel blocker.

Furthermore our concentration is on Fibroblast growth
factor 21(FGF21) analogues one of most attractive agent for
NAFLD/ NASH therapy possessing the capacity of reduction
of risk of CVD which have been corroborated.

FGF21represents an endocrine hormone that belongs
to the FGF family, that gets liberated mostly by liver along
with demonstrated various metabolic actions. The FGF
signaling pathway gets initiated with binding the co-
receptors 3 Klotho (KLB) along with FGF receptor1(FGFR1)
that generates FGF21/ FGFR1/KLB complex. This triple
complex possesses the capacity of phosphorylation of
extracellular signal -regulated kinasel &2 (ERK1/2) along
with Fibroblast growth factor receptor substrate2a (FGFR
Sa) with numerous downstream targets [128]. The precise
signaling cascade with regards to FGF has not been fully
elucidated; however we have insight that in liver it gets
controlled by PPAR«a besides the probability of suppression
by liver X receptor (LXR) [129]. FGF21 possesses significant
role in the glucose along with lipid metabolism in addition to
insulin sensitivity. FGF21 generation occurs primarily in liver
in reaction to metabolic cresses, like keto genic diet/fasting
besidesis the requirement for control of lipolysis, ketogenesis
as well as FAO) [130]. Escalation of amounts of FGF21( in
Circulation as well as mRNA) have been seen in subjects of
robust metabolic conditions (NAFLD, obesity, type2 Diabetes
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mellitus)that pointed that, it conferred protection against
these diseases [131]. Additionally, liberation of FGF21 was
possible from the Brown Adipose tissue (BAT) along with
take part in thermal control in an ATF4-based manner [132].
Clinical trial of numerous FGF21analogues has corroborated
the effectiveness as an attractive therapy for NAFLD.

PF-05231023, that is a long acting analogue of FGF21
have been evaluated in patients with obesity with as well as
without T2DM. Significant reduction of TG amounts along
with enhancement of HDL-C besides adiponectin was the
result of administration of PF-05231023 [133]. Pegbelfermin
(BMS-986036), that represented a PEGylated analogue
of FGF21 has been assessed in a phase 2a trial in patients
of NAFLD along with obesity. 16 weeks of subcutaneous
injection of Pegbelfermin caused an important decrease in
liver fat [134]. AKR-001, (alias an FGF21analogue) possessed
a positive impact on the profile of lipoprotein (TG, n HDL-C,
HDL-C, APOB, APOC) in addition to enhancement of insulin
sensitivity [135]. In view of the rapid inactivation of FGF21
by hydrolysis, for avoidance of FGF21 cleavage has been
tried by hampering its major protease FAP (separate). The
assessment of a FAP inhibitor, BR103354 was conducted in
vitro in mice along with non-human primate models where
it was demonstrated to result in reduction of non-fasting
glucose along with TG amounts as well as recovery of hepatic
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steatosis along with fibrosis. This pointed that FAP inhibitors
can act as probable antidiabetic in addition to anti-NASH
medicines [136].

The assessment of anti-atherosclerotic action of
FGF21 was conducted in various clinical trials where it was
illustrated to result in enhancement of cardio metabolic
profile in the context of patients of obesity along with
T2DM [137]. Significant escalation of lipid profiles as well
as reduction of vascular inflammation, amelioration of
apoptosis, oxidative stress (0OS) besides atherosclerosis
associated diseases [138].

Inspite of numerous positive results documented with
regards to safety along with tolerance of long term utilization
of FGF21, different pernicious actions are existent. In mice
FGF21 resulted in hampering of osteoblast genesis through
PPARYy hence association of bone turnover as well as energy
metabolism [139]. Akin actions on the bone turnover
markers were further seen in case of patients with T2DM
in humans in the context of a trial for FGF21analogue PF-
05231023 where alterations of N terminal propeptides along
with C propeptides cross linking of collagen were observed
[133]. Moreover based on dosage till 92% of subjects were
in possession of escalation of titers of anti FGF21 antibodies
which was a botheration with regards to the immunogenicity
if long term NAFLD treatment was attempted with FGF21 as
well as its analogues [140]. Nevertheless, it is essential to be
aware that inspite of positive action of FGF21 along with its
analogues with regards to co-morbidities of NAFLD along
with reduction of liver fat a recently conducted systematic
study pointed that greater advantageous outcomes were
feasible with weight reduction through diet modifications, as
well as exercise [141-143].

Conclusions

The intricate correlation amongst NAFLD along with
CVD gets corroborated by the findings that CVD is the
commonest etiology of demise amongst NAFLD patients.
Liver mitochondrial fatty acids [-oxidation represents
the primary system which is responsible for responding
to the imbalance with regards to the nutrient inflow.
The alterations in the liver lipid metabolism that occur
subsequently are the ones implicated in driving towards
the generation of NAFLD with concomitant development of
a CVD facilitating proatherogenic milieu through a system-
wide generation of CK, dyslipidemia, IR along with imbalance
in the procoagulant factors. Generation of NAFLD in addition
to changes in the complicated networks of genes which
possess the capacity of reacting to intracellular as well as
environmental stresses, circadian rhythm, nutrients besides
lifestyle. Presently numerous treatments with regards to
NAFLD/ NASH medicines that are possessing advantageous
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actions that confer protection to CVD are getting generated.
Nevertheless, with the knowledge of distinctive types of
metabolic pathways implicated in the pathogenesis of genetic
NAFLD a precise insight with regards to the molecular modes
are needed for provision of treatments that are efficacious.
Inspite of achieving considerable success in getting insight
in the context of which NAFLD- CVD result in, a broad range
of pharmacological gadgets are accessible, yet lot of work
needs to be invested with regards to facilitation, of a healthy
life style, nutritional status, status of education along with
avoidance of smoking, hence avoiding maximum factors
implicated in generation of CVD in NAFLD.
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