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Abstract 

Non-alcoholic fatty liver disease (NAFLD) is currently considered the most common liver 

disease in industrialized countries and it is estimated that it will become the most frequent 

indication for liver transplantation in the next decade. NAFLD may be associated with 

moderate (i.e. steatosis) to severe (i.e. steatohepatitis and fibrosis) liver damage and affects 

all age groups. Furthermore, subjects with NAFLD may be at greater risk of other obesity-

related complications later in life, and people with obesity and obesity-related complications 

(e.g. metabolic syndrome, type 2 diabetes and cardiovascular disease) are at increased risk of 

developing NAFLD. To date there is no licensed treatment for NAFLD and therapy has been 

mainly centered on weight loss and increased physical activity. Unfortunately, it is often 

difficult for patients to adhere to the advised lifestyle changes. Therefore, based on the known 

pathogenesis of NAFLD, several clinical trials with different nutritional supplementation and 

prescribed drugs have been undertaken or are currently underway. Experimental evidence has 

emerged about the health benefits of omega-3 fatty acids, a group of polyunsaturated fatty 

acids that are important for a number of health-related functions. Omega-3 fatty acids are 

present in some foods (oils, nuts and seeds) that contain also omega-6 fatty acids, and the best 

sources of exclusively omega-3 fatty acids are oily fish, krill oil and algae. 

In this review, we provide a brief overview of the pathogenesis of NAFLD and we discuss 

the molecular and clinical evidence of benefits of different omega-3 fatty acid preparations in 

NAFLD.  
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Introduction  

The increasing trend towards overweight and obesity in the general population observed in 

the past 20 years has increased the risk of developing related conditions such as non-alcoholic 

fatty liver disease (NAFLD). For this reason, NAFLD has become a very common chronic 

non-communicable disease (NCD) in the 21st century. Children, adults and the elderly are all 

vulnerable to the risk factors that contribute to the increased prevalence of NAFLD (1,2). 

These risk factors mainly include unhealthy diets and physical inactivity, which in turn are 

also the leading cause of dyslipidemia, insulin resistance and hypertension that are common 

shared risk factors for other NCDs often overlapping with NAFLD. Therefore, NAFLD 

should be considered a multisystem disease affecting several extra-hepatic organs that 

involves multiple metabolic and endocrine pathways (3). 

NAFLD encompasses a histological spectrum of liver disease ranging from simple steatosis 

to non-alcoholic steatohepatitis (NASH) and cirrhosis. While the former has a lower potential 

for progression to end stage liver disease, NASH with varying degrees of fibrosis can 

progress to cirrhosis and hepatocellular carcinoma (HCC) (4,5). NASH was the second most 

frequent indication for liver transplantation amongst adults in the United Network Organ 

Sharing (UNOS) registry during the years 2004-2013 (6). NAFLD is projected to become the 

most common indication for liver transplantation in the next decade. 

Collectively, these findings highlight the need for a global, multidimensional approach to 

target NAFLD-associated multiple health-related risks. The findings also emphasise that 

therapeutic approaches for ameliorating liver disease in NAFLD should also be evaluated for 

their impact on NAFLD-related extra-hepatic complications. 

Due to several misconceptions about NAFLD, progress in developing pharmacological 

treatments has been slow, and treatment has been primarily aimed at producing weight loss 
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and increases in physical activity or exercise (7). However, most patients with NAFLD 

display a long history of unsuccessful attempts at dietary and lifestyle change. Therefore, 

with the myriad of pathogenetic mechanisms that have been described in the recent years in 

this common chronic disease, it is crucial to develop inexpensive, effective and safe 

treatments. Several clinical trials with different drugs, reviewed in (7), have been initiated 

and are currently completed (7). Although the beneficial effect of omega-3 fatty acid 

treatment in NAFLD is controversial, this nutritional approach is safe and inexpensive and in 

our opinion should not be dismissed without further research. 

In this review, we provide a brief overview of the pathogenesis of NAFLD and we discuss 

the molecular and clinical evidence of benefits of different omega-3 fatty acid preparations in 

NAFLD. 
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NAFLD definition and epidemiology 

Adults and children 

NAFLD is defined by a hepatic fat infiltration involving >5% hepatocytes, in the absence of 

excessive alcohol intake (defined by 20 g ethanol/d for men and 10 g/d for women), chronic 

viral infection or any other competing cause of liver disease (8).  

The term NAFLD incorporates different hepatic abnormalities that can be revealed by tissue 

biopsy. The histological phenotype in NAFLD includes intrahepatic accumulation of fat 

alone (simple steatosis), steatosis in association with various degrees of hepatocellular 

ballooning, Mallory-Denk bodies and necrotic inflammation (NASH) and NASH with or 

without varying degrees of fibrosis (9). The histological pattern of pediatric NAFLD has 

distinct characteristics when compared with that of adults, but whether these differences are 

due to different mechanisms in the pathogenesis, or represent two phenotypes, is still unclear 

(10).  

Although NAFLD is generally a slowly progressive disease, liver-related risk begins early in 

life: children are reported with NAFLD as early as 2 years and with cirrhosis and HCC as 

early as age 7, indicating that early recognition and treatment of NASH is warranted to 

prevent liver-related complications both in childhood and later in life (4,5,11-13). 

Consistently, current AGA/ACG/AASLD guidelines acknowledge that onset of NAFLD in 

childhood may greatly increase risk for severe liver-related complications later in life (8).  

NAFLD is the most common chronic liver disease in the industrialized world affecting up to 

30% of adults and up to 10% of pediatric population (1,2). The prevalence (of NAFLD) 

approaches 70%-90% in people with obesity and diabetes (1,2), illustrating that the burden of 

disease caused by this liver condition is considerable across the globe. 
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Beside liver-related complications, NAFLD is also an emerging risk factor for type 2 diabetes 

and cardiovascular disease (CVD) (14). In an analysis of 15 population-based and 9 

community-based prospective studies, the presence of NAFLD conferred a 2-fold increased 

risk of incident CVD and of incident type 2 diabetes mellitus, even after adjusting for 

metabolic syndrome and other traditional confounders (4). As for liver-related complications, 

NAFLD-related cardio-metabolic risk starts to increase early in life, and the presence and 

severity of fatty liver have been independently associated with early markers of cardio-

metabolic risk, including left ventricular dysfunction, carotid artery intima-media thickness 

and insulin resistance (15-17). Recently, alterations NAFLD have been also independently 

associated with subclinical myocardial remodeling and dysfunction in adults, providing 

further insight into a possible link between NAFLD and heart failure (18). 

Lastly, NAFLD has been associated with an increased risk of chronic kidney disease (CKD) 

and with severity of liver histology, thus predicting advanced stages of CKD independently 

of traditional risk factors (19). Even in this case, the analysis of the UNOS database during 

the years 2002-2011 placed NASH-related cirrhosis as an increasing indication for 

simultaneous liver-kidney transplantation and, of concern, demonstrated a reduced 5-year 

liver graft, kidney graft, and patient survival in NASH patients in comparison to 

transplantation for other causes of cirrhosis (20).  
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NAFLD pathogenesis 

Since 1998, when Day and James proposed the ‘‘two hits’’ theory in NASH, the responsible 

pathogenetic mechanisms have been revisited many times with an evolving improved 

understanding of the disease (21,22). NAFLD, in fact, is now recognized as a complex 

multifactorial disease that requires the concurrence of various factors and consequent 

activation of several cellular response and molecular pathways that involve the liver as the 

‘principal actor’ and some other organs as affecting and affected ‘bit players’ (14,23). The 

development of NAFLD is often triggered by various combinations of unhealthy diets, 

overweight and genetic predisposition, while the appearance and progression of liver injury 

towards NASH and fibrosis has been linked to multiple processes involving free fatty acid 

(FFA) accumulation, insulin resistance (IR), imbalance of adipocytokine levels, oxidative 

stress, autophagy, apoptosis and gut-derived and host-mediated immune responses (24-26). 

Genetic susceptibility 

As simple steatosis in NAFLD is observed when hepatic de novo FFA synthesis or import 

exceed the catabolism and export respectively, single-nucleotide polymorphisms (SNPs) in 

genes that regulate synthesis, storage and export of triglycerides (TGs) may strongly 

influence the susceptibility to disease (14). A genetic variant (I148M) of the patatin-like 

phospholipase domain-containing protein-3 (PNPLA3), which exhibits a disrupted enzymatic 

activity in lipid export, has been found associated with hepatic steatosis and elevated serum 

levels of ALT in a genome-wide study showing that this variant was most frequent in 

Hispanic individuals, the ethnic group with the highest occurrence of NAFLD (27). The 

relevance of this SNP in conferring human susceptibility to NASH and fibrosis progression 

has been shown in several studies as illustrated by an Italian study in 253 patients with 

NAFLD (28). Furthermore, it has been reported that the association between the I148M 
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variant of PNPLA3 and serum levels of liver enzymes was associated with the size of the 

abdominal fat depot and high dietary carbohydrate and sugar consumption (29,30). 

Other studies have shown that some SNPs within genes involved in insulin sensitivity, 

inflammation and fibrosis may also affect both the mechanism and the extent of steatosis and 

its progression to NASH. The role of these SNPs in NAFLD has been reviewed by Anstee & 

Day (24). 

Mechanisms inducing hepatocellular steatosis 

Hepatic steatosis is a typical trait within the spectrum of liver disease that occurs with 

NAFLD, appearing as over-accumulation of intra-cellular TGs (FAs esterified to glycerol). 

Intrahepatic TG accumulation is closely associated with IR and alterations of FFA 

metabolism within liver and in other peripheral tissues (e.g. skeletal muscle and adipose 

tissue). Four main mechanisms appear to be responsible for intra-hepatic TG accumulation 

(Figure 1): (i) increased intake of dietary fats; (ii) increased influx of FFAs from enhanced 

lipolysis in subcutaneous or visceral adipose tissue, or high hepatic de novo lipogenesis; (iii) 

inadequate fatty acid oxidation; or (iv) impaired hepatic export of lipids within very low 

density lipoprotein-triglyceride (VLDL) (31). Thus, hepatocellular steatosis/TG accumulation 

occurs when lipid influx and de novo synthesis exceeds the rate of lipid utilization by β-

oxidation or re-esterification of FFAs to TGs that may be stored as lipid droplets, or packaged 

and exported as VLDL (32). Liver fat is highly correlated with all the components of the 

metabolic syndrome; and amongst these components, IR represents the main hallmark of the 

pathophysiological process (33). The insulin signaling cascade, mediated by tyrosine kinase 

receptors, leads to phosphorylation of several substrates including insulin receptor substrates 

(IRS). Insulin stimulation of IRS-1 and -2 triggers activation of intracellular PI3K 

(phosphoinositide 3-kinase) and AKT/PKB (protein kinase B) pathways, which are involved 
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in the metabolic effects of insulin. AKT/PKB activation results in translocation of the glucose 

transporter, GLUT4, to the plasma membrane, facilitating glucose uptake and the expression 

of key lipogenic genes, with a simultaneous decrease in gluconeogenic gene expression. 

Furthermore, insulin has a potent action to suppress adipose tissue lipolysis. However, IR in 

adipose tissue impairs the insulin mediated suppression of hormone-sensitive lipase resulting 

in peripheral adipose lipolysis and net efflux of FFAs to the liver (34-36). Hyperinsulinemia 

and hyperglycemia also up-regulate the level of hepatic lipogenic transcription factors 

including sterol regulatory element-binding protein 1c (SREBP1c) and carbohydrate response 

element binding protein (ChREBP), thus promoting hepatic synthesis of FFAs, while the 

resulting decrease of apolipoprotein B-100 affects the normal hepatic lipid export in VLDL 

(37). SREBP-1c is one of the three transcription factors (SREBP-1a, SREBP-1c, and SREBP-

2) involved in the regulation of de novo lipogenesis and is expressed in liver, adipose tissue 

and skeletal muscle. ChREBP is a transcription factor that can activate genes involved in 

glycolysis and lipogenesis to promote TG synthesis, e.g. glycerol-phosphate acyltransferase, 

acetyl-CoA carboxylase, and fatty acids synthase (38). 

Interestingly, several recent studies have highlighted how the Jun N-terminal kinase, JNK1, 

signaling pathway may play a major role in the pathogenesis of both IR and NAFLD. JNK1 

is activated by circulating FFAs, cytokines and endoplasmic reticulum stress, and may be 

induced by a high-fat diet in wild-type mice. In turn, activated JNK1 may induce IR, directly 

via phosphorylation of IRS-1 at an inhibitory site and indirectly through induction of pro-

inflammatory cytokines in target cells such as macrophages. Healthy mice fed a high-fat diet 

have elevated levels of activated JNK1 in the liver, adipose tissue and skeletal muscle, 

together with IR (37,39,40). 

Mechanisms leading to NASH and fibrosis 
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The progression of NAFLD to its more worrisome necro-inflammatory complications 

occurring in NASH, involves the contribution of multiple mechanisms (Figure 2). Increased 

FFA fluxes in the liver and in other tissues (that influence NAFLD), trigger lipotoxicity via 

multiple pathways. Increased FFA fluxes cause increased oxidative stress, mitochondrial 

dysfunction, overproduction of cytokines (e.g. tumor necrosis factor-α, TNF-α) and growth 

factors (e.g. tumor growth factor- β , TGF-β), inhibition of adiponectin in adipocytes, 

activation of hepatic stellate cells (HSCs) and activation of the endotoxin-mediated innate 

immune response (41,42). Intrahepatic lipid accumulation may induce direct liver damage by 

activation of different intracellular pathways, including the Bax and Toll-like receptor 4 

(TLR4) pathways, resulting in up-regulation of several pro-inflammatory cytokines and 

apoptotic signals and a subsequent local necro-inflammatory response (43,44). Both human 

and animal models show that the close association between chronic hepatic inflammation and 

hepatic steatosis is mainly mediated by activation of pro-inflammatory transcription factors 

such as nuclear factor kappa beta (NF-κB). The nuclear translocation of NF-κB may lead to 

elevated hepatic expression of inflammatory cytokines such as TNF-α, interleukin-6 (IL-6) 

and IL-1β, and activation of Kupffer cells. FFAs may directly activate the Ikk-b/NF-κB 

pathway in hepatocytes (45). Feldstein et al, demonstrated that simply incubating HepG2 

cells in FFA-containing medium increased lysosomal permeability and triggered synthesis of 

TNF-α (46). TNF-α is a pleiotropic cytokine that activates signaling mechanisms that may 

culminate in hepatocyte apoptosis, activation of HSCs, and hepatic accumulation of 

inflammatory cells. In addition to its pro-inflammatory effects, TNF-α promotes IR. Elevated 

levels of TNF-α were detected in obese patients with IR and also in patients with NASH in 

whom TNF-α levels  correlated with histological severity (47). Finally, the excessive rate of 

lipid oxidation due to increased hepatic FFA load may promote an overproduction of reactive 
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oxygen species (ROS) with subsequent generation of toxic lipid peroxides leading to 

oxidative stress, activation of inflammatory pathways, and mitochondrial damage (48). For 

this reason, oxidative stress is considered one of the key second “hits” that plays an important 

role in the progression from steatosis to NASH and cirrhosis. Furthermore, electron 

microscopy of hepatocytes from patients with NAFLD shows the presence of significant 

mitochondrial structural abnormalities which may explain the alteration in mitochondrial 

respiratory chain activity in patients with NASH (49). It has been suggested that 

mitochondrial abnormalities may be the consequence of two events. From one perspective, 

FFA β-oxidation may take place within an environment of preexisting defects in 

mitochondrial oxidative phosphorylation. From another perspective, it is possible that 

impaired mitochondrial function may simply be a consequence of increased lipid 

peroxidation, since lipid peroxidation products alter both mitochondrial DNA and respiration. 

Finally, mitochondrial dysfunction increases TNF-α expression resulting in additional 

inhibition of mitochondrial electron transport and release of ROS that in turn stimulates lipid 

peroxidation and consequent hepatic injury (50). 
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Omega-3 fatty acid and lipid metabolism in NAFLD: effects in the liver and other 

relevant tissues 

Omega-3 and omega-6 polyunsaturated fatty acids are classified based on the location of the 

last double bond relative to the terminal methyl end of the molecule. Both fatty acids are 

obtained through the diet and metabolized in the liver (51). Omega-3 and omega-6 fatty acids 

are important components of cell membranes modulating microdomain composition, 

membrane fluidity, flexibility and permeability. Moreover, they also influence membrane 

receptor signaling, protein activity, lipid metabolism and are involved in the regulation of 

gene expression (52,53). The metabolic pathway for the biosynthesis of omega-3 and omega-

6 fatty acids involves several common enzymatic reactions including desaturation, elongation 

and oxidation (Figure 3). In the liver, dietary α-linolenic acid [ALA (18:3ω-3)] and linoleic 

acid [LA (18:2ω-6)] are metabolised by two key enzymes Δ6 and Δ5 desaturase to form 

eicosapentaenoic acid (EPA; 20:5ω-3) and docosahexaenoic acid (DHA; 22:6ω-3) or 

arachidonic acid (AA; 20:4ω-6), respectively. The first reaction involving Δ6-desaturase is a 

rate-limiting step and therefore the excess of one polyunsaturated fatty acid (e.g. ω-6 LA) can 

significantly affect the conversion of the alternative fatty acid (e.g. ω-3 ALA). Thus, the 

optimal ratio of omega-6 to omega-3 fatty acids should be 1-4:1 as importantly both Δ6 and 

Δ5 desaturases have greater affinity for omega-3 fatty acids (51,54). In the industrialized diet 

there is markedly higher consumption of omega-6 fatty acids compared with omega-3 fatty 

acids, with consequent increased production of ω-6 AA from ω-6 LA, and likely impaired 

production of ω-3 EPA and ω-3  DHA from ω-3 ALA. In healthy individuals, the conversion 

rate of ALA to EPA is less than 5% to 10% and to DHA is only 2 to 5% (55).  

Several factors can influence the activities of Δ5 and Δ6-desaturases, including diet, obesity, 

insulin resistance, oxidative stress, and liver disease. Araya et al. showed that Δ5 and Δ6-
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desaturase activities were lower in obese NAFLD patients, compared with non-obese non-

NAFLD subjects. Fatty acid desaturase 1 and 2 (FADS1 and FADS2) are the two genes that 

encode the enzymes Δ5 and Δ6 desaturase, respectively (56). Recent evidence indicates that 

the rs174547 allele variant in the FADS gene cluster is associated with decreased desaturase 

activity affecting plasma levels of both omega-3 and omega-6 fatty acids (57).  

Omega-3 fatty acids have beneficial effects in the regulation of hepatic lipid metabolism, 

adipose tissue function, and inflammation, reducing hepatic TG accumulation (54). In the 

liver, TGs are packaged into VLDLs and then transported to peripheral tissues. Newly 

formed VLDL contains only apolipoprotein B-100 that is a ligand for activation of the LDL-

R (58) and omega-3 fatty acids lower TG concentration by suppressing hepatic VLDL apoB 

production. DHA in particular, inhibits the secretion of apoB100 by promoting its autophagic 

degradation (59). Omega-3 fatty acids down-regulate gene expression of several 

transcriptional factors involved in lipogenesis and TG accumulation in NAFLD. At the 

transcriptional level, omega-3 fatty acids can down-regulate gene expression of SREBP-1c by 

inhibiting activation of the liver X receptor (LXR), thereby reducing lipogenesis (58,60). 

Interestingly, Jump et al. have shown that DHA has a specific role in down-regulating gene 

expression of SREBP-1c, through the 26S proteasomal degradation of nuclear SREBP-1c 

(61). High concentrations of blood glucose may also promote TG accumulation in the liver 

by increasing xylulose 5-phosphate (Xu5P) production (62). Xu5P activates a protein 

phosphatase that stimulates the translocation of ChREBP from the cytosol to the nucleus 

activating glycolytic and lipogenic gene expression that in turn promotes TG accumulation in 

the liver. 

Omega-3 fatty acids are activators of peroxisome proliferator-activated receptors (PPARs) 

that act as nuclear transcription factors and regulate the expression of genes involved in lipid, 
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carbohydrate, and protein metabolism (63,64). There are three PPARs: 1) PPARα is mainly 

expressed in the liver and it is involved in fatty acid -oxidation, 2) PPARβ/δ is expressed in 

adipose tissue and induces β-oxidation, and 3) PPARγ is expressed in adipose tissue and 

inflammatory cells and promotes TG storage in adipocytes. Omega-3 fatty acids activate 

PPARα and PPARβ/δ promoting mitochondrial and peroxisomal fatty acid oxidation, 

decreasing intrahepatic TG accumulation (53). Moreover, the activation of PPARγ by omega-

3 fatty acids decreases the production of pro-inflammatory cytokines such as TNF-α and IL-6 

that in turn reduces hepatic inflammation (54). 
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Omega-3 fatty acids and resolution of inflammation in NAFLD: evidence from in vitro, 

animal studies and man 

Adipose tissue produces a range of pro-inflammatory cytokines (e.g. TNF-α, IL-6 and IL-8) 

as well as chemokines and acute phase proteins, and production of these is increased in 

obesity, especially visceral obesity (65-67). Consequently obese subjects have elevated 

concentrations of inflammatory cytokines and chemokines, and reduced concentrations of 

anti-inflammatory adiponectin, in their bloodstream (68-71). These mediators may elicit 

metabolic and inflammatory changes in target tissues including the liver (72). In addition, 

exposure of the liver to enhanced levels of FFAs and generation of lipid-derived second 

messenger molecules such as diacylglycerols, activate hepatic inflammation through NF-κB 

and other inflammatory signaling pathways (72,73). Hepatic oxidative stress and 

inflammation may act together to induce hepatocyte damage in people with NAFLD. Another 

aspect of hepatic inflammation in NAFLD may be exposure to bacterial endotoxin (also 

known as lipopolysaccharide) as a result of gut “leakiness” (Figure 2). Endotoxin is a potent 

activator of the NF-κB pathway and the inflammatory response in all liver-resident cells. The 

control of the inflammatory response may be an important strategy for limiting the severity 

and progression of NAFLD. 

The omega-3 fatty acids EPA and DHA have a number of important roles in regulating 

inflammatory processes and in reducing damaging inflammation (reviewed in detail in 

74,75). When intake of EPA and DHA is increased, the contribution to these fatty acids 

within phospholipids of the membranes of cells involved in inflammation is increased. 

Normally these cells contain a high proportion of the omega-6 , polyunsaturated fatty acid 

(PUFA) AA, which is the precursor for the synthesis of eicosanoids produced by the action of 

cyclooxygenases (prostaglandins, thromboxanes) and lipoxygenases (leukotrienes). AA-
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derived eicosanoids such as prostaglandin E2, leukotriene B4 and the 4-series cysteinyl 

leukotrienes are known to play central roles in inflammatory processes. Eicosanoids may 

affect hepatocyte metabolism directly (76), including promoting de novo lipogenesis and fat 

accumulation (77,78), or they can modulate the regulation of hepatocyte metabolism by 

hormones (79,80) or cytokines (81,82).  

Incorporation of EPA and DHA into inflammatory cells is largely at the expense of AA, thus 

decreasing the availability of the usual substrate for eicosanoid synthesis. In accordance with 

this, increased intake of EPA and DHA has been shown to decrease pro-inflammatory 

eicosanoid production by inflammatory cells (74,75). In addition, EPA is a substrate for 

cyclooxygenases and lipoxygenases, giving rise to eicosanoids which differ in structure from 

those produced from arachidonic acid (they have an additional double bond) and often with 

lower biological potency (74,75). Novel families of lipid mediators, termed resolvins, 

protectins and maresins, produced from EPA and DHA have been discovered (83,84). The 

key function of these mediators appears to be in the resolution of inflammation and so they 

have been termed “specialized pro-resolving lipid mediators”. Recent studies have begun to 

address the possible roles of resolvins and protectins in the liver and in NAFLD. Resolvin D1 

was able to attenuate hypoxia-induced expression of cyclooxygenase-2, IL-1β, IL-6, and C-C 

chemokine receptor type 7 in liver slices taken from mice with diet-induced obesity (85). 

This effect was not seen in liver slices depleted of macrophages, suggesting inflammatory 

macrophages as the target for resolvin D1. Treating diet-induced obese mice with resolvin D1 

increased adiponectin expression, reduced liver macrophage infiltration, skewed 

macrophages from an M1- to an M2-like anti-inflammatory phenotype, induced a specific 

hepatic miRNA signature, and reduced inflammatory adipokine expression (85). An earlier 

study had identified a possible protective role for the resolvin E1 receptor chemokine-like 
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receptor 1 (CMKLR1) in NAFLD (82). CMKLR1 was detected in primary human 

hepatocytes, Kupffer cells, bile-duct cells and hepatic stellate cells, but was decreased in 

human and rodent fatty liver and in fibrotic liver of mice. Adiponectin strongly upregulated 

CMKLR1 in primary human hepatocytes and in liver tissue while hepatic CMKLR1 was 

suppressed in the liver of adiponectin deficient mice (86). A recent study showed that 

pretreatment with resolvin D1 attenuated endoplasmic reticulum stress-induced apoptosis and 

decreased caspase 3 activity in HepG2 cells (87). These studies suggest that EPA and DHA 

derived pro-resolution mediators may have a role in reversing the metabolic and 

inflammatory disturbances seen in NAFLD and they support a role for cell and tissue 

enrichment in the precursor n-3 PUFAs. 

In addition to their effects on lipid mediators, EPA and DHA influence several other aspects 

of inflammatory processes including leukocyte migration and the production of inflammatory 

cytokines including TNF-α, IL-1 and IL-6 by monocytes, macrophages and endothelial cells 

(74,75) and by Kupffer cells (88). These effects also seem to involve incorporation of EPA 

and DHA into the membranes of inflammatory cells from where they influence cell signaling, 

transcription factor activation and gene expression (74,75). A key target for omega-3 PUFAs 

is the pro-inflammatory transcription factor NF-κB which is involved in up-regulation of the 

genes encoding a number of proteins involved in inflammation including many cytokines, 

adhesion molecules and cyclooxygenase-2. N-3 fatty acids have been shown to decrease 

activation of NF-κB in various cell types and this involved decreased phosphorylation of its 

inhibitory subunit (74,75). Wong et al. (89) demonstrated that DHA inhibited the ability of 

inflammatory stimuli to initiate recruitment of signaling proteins into raft regions of 

macrophage membranes, suggesting a membrane-mediated effect of omega-3 PUFAs in 

down-regulating NF-κB activation. 
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A second mechanism by which omega-3 PUFAs might influence NF-κB activation involves 

the anti-inflammatory transcription factor PPAR-γ. One of the actions of PPAR-γ is to 

physically interfere with the translocation of NF-κB to the nucleus. PPAR-γ can be activated 

by n-3 fatty acids and their derivatives and DHA induced PPAR-γ in dendritic cells, an effect 

associated with inhibition of NF-κB activation and reduced production of the pro-

inflammatory cytokines TNF-α and IL-6 (63). Furthermore, DHA induced a number of 

known PPAR-γ target genes in dendritic cells (90), suggesting that this is an important anti-

inflammatory mechanism of action of DHA and perhaps also of EPA. Lipid mediators 

produced from EPA and DHA can also bind and regulate PPAR-γ, this being an important 

mechanism by which n-3 fatty acids affect inflammatory processes. For example, the EPA 

derivatives prostaglandin D3 and 15-deoxy-prostaglandin D3 activate PPAR-γ in adipocytes, a 

process linked to the induction of the anti-inflammatory adipokine adiponectin (91). Thus, 

activation of PPAR-γ may itself be one of the anti-inflammatory mechanisms of action of n-3 

fatty acids and this may also link to the inhibition of NF-κB activation described above. 

Fairly recently a further mechanism by which n-3 fatty acids can affect NF-κB activation has 

been revealed. G-protein coupled receptor (GPR)120 is expressed on adipocytes and 

macrophages (92). One function of GPR120 is that it can bind long chain fatty acids and is 

involved in anti-inflammatory signaling. Both EPA and DHA enhanced GPR120-mediated 

gene activation. More detailed examination of the effects of DHA revealed that its ability to 

inhibit macrophage inflammation (i.e. such as inhibition of IκB kinase phosphorylation, of 

IκB phosphorylation and degradation, and of TNF, IL-6 and MCP-1 production) was 

abolished in GPR120 knockdown cells (92). These findings suggest that the inhibitory effect 

of DHA (and probably also of EPA) on NF-κB might occur via GPR120 which induces 

signaling that interferes with the pathway that activates NF-κB. 
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Omega-3 fatty acids as a treatment for NAFLD in man 

Clinical evidence in the adult population 

The effects of omega-3 fatty acid treatment in NAFLD have recently been summarized in a 

meta-analysis and systematic review (93). Parker and colleagues reviewed the use of omega-

3 fatty acid supplementation in adults with NAFLD. Included studies employed trials 

involving oral administration of omega-3 fatty acids in male and/or female adults 

(⩾18 years), including both NAFLD and NASH cohorts where this was specified. In this 

review, the median duration of treatment with omega-3 fatty acids was 6 months (range: 

8 weeks to 12 months) and the median dose of PUFAs was 4 g/day (range: 0.8–13.7 g/day). 

Six studies specified the dosage of EPA and DHA (range: 0.375–4.626 g of EPA per day; 

0.24–2.24 g of DHA per day) and the authors found no reports of adverse effects of omega-3 

PUFA supplementation in the studies reviewed. 

Studies were excluded if they addressed alcoholic, drug-induced, total parenteral nutrition-

induced, viral or genetic causes of liver injury. Outcome measures used were: liver fatness 

quantified by needle biopsy and histological assessment, proton magnetic resonance 

spectroscopy (1H MRS), or inferred by ultrasonography; and plasma alanine aminotransferase 

(ALT) and aspartate aminotransferase. The authors performed three analyses to compare the 

effect of (i) PUFA vs. control on liver fat change, (ii) PUFA vs. control on ALT change, and 

(iii) PUFA vs. control on AST change. Sub-analyses were also performed a priori for studies, 

which used randomized clinical trial (RCT) design. Only four of the included studies were 

RCTs and not all these four studies included objective assessments of change in NAFLD 

severity obtained by either imaging modalities or biopsy (94-97).   

One problem in assessing the effects of omega-3 fatty acid treatment in NAFLD has been the 

use of imprecise, low sensitivity measures to assess effects of treatment on disease severity. 
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For example, Capanni et al. tested the effects of 1 g per day of EPA in 42 patients with 

NAFLD for a period of 12 months. Using the semi-quantitative technique of ultrasound to 

assess improvements in liver fat, following treatment there was an improvement in liver fat 

quantity in the treatment group compared to the control group (97). Additionally, Spadaro et 

al. compared the effects of 2 g per day of omega-3 fatty acids combined with AHA diet 

recommendations versus the effects of AHA diet recommendations alone, in patients with 

NAFLD. After 6 months, there was an improvement of liver fat content measured by 

ultrasound, as well as decreased serum TG levels, decreased alanine aminotransferase and 

TNF-α levels, and an improvement in insulin sensitivity in the omega-3 fatty acid group (98). 

Also Zhu et al. studied the effects of 6 g per day of EPA plus docosapentaenoic acid (DPA; 

22:5ω-3) and DHA in subjects with NAFLD and hypertriglyceridemia; 144 patients were 

randomly assigned to treatment or placebo. The duration of the intervention was 6 months 

and there was an improvement in liver fat content also measured by liver ultrasound in the 

treatment group compared with placebo group (96). Thus several studies to date that have 

assessed the effects of omega-3 fatty acids in NAFLD have used imprecise non-specific tests 

(such as liver ultrasound) to assess change in NAFLD severity with treatment. Additionally, 

several of the studies to date have been non-randomized studies or not placebo controlled 

(Table 1).  

In contrast, very recently Sanyal et al. have tested the effects of two different doses of the 

ethyl ester of eicosapentaenoic acid (EPA-E) EPANDEL for 12 months in a high quality trial 

of 243 patients with NAFLD, and used histological end-points to determine whether there 

was a benefit of omega-3 fatty acid treatment (99). EPADEL is highly purified EPA ethyl 

ester (EPA-E; ethyl eicosapentaenoate) and has been on the market in Japan for 

approximately 20 years for the treatment of hyperlipidemia. The study was performed at 37 
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sites in North America and included subjects with NASH and NAFLD activity scores ≥ 4, 

with minimum scores of 1 for steatosis and inflammation, along with either ballooning or at 

least stage 1a fibrosis. A total of 243 subjects were randomly assigned to groups given 

placebo (n = 75), low-dosage EPA-E (1800 mg/d; n = 82), or high-dosage EPA-E (2700 

mg/d; n = 86) for 12 months. The primary efficacy end point was NAFLD activity score 

(NAS) ≤ 3, without worsening of fibrosis, or a decrease in NAS by ≥ 2 with contribution 

from >1 parameter, without worsening of fibrosis. Similar proportions of subjects in each 

group met the primary end point (40%, 37%, and 35.9% for placebo, low-dosage, and high-

dosage EPA-E, respectively). EPA-E had no significant effects on steatosis, inflammation, 

ballooning, or fibrosis scores. Most surprisingly, in this study, high dose EPA-E had only a 

small beneficial effect in lowering serum TG concentrations by 6.5 mg/dL (0.07 mmol/L) 

from a baseline concentration of 153 mg/dL (1.74 mmol/L). Although there was no 

significant difference in the between groups TG-lowering effect of EPA-E treatment, a paired 

comparison between the high dose EPA-E group and the placebo group showed a significant 

difference (-6.5 mg/dL high dose EPA-E vs an increase of 12 mg/dL (0.14 mmol/L) in the 

placebo group; P = 0.03). As to why there was a very minimal effect of EPA-E treatment to 

reduce serum TG is uncertain and although the results of this well conducted and important 

phase 2 trial, showed that EPA-E had no significant effect on the histologic features of 

NASH, it is important to note that EPA only (and not DHA) was tested, and whether a higher 

dose of EPA would have produced any benefit is unclear. 

In the liver EPA can be further elongated to form DPA by the enzyme fatty acid elongase-2 

and 5. DPA can also be retroconverted to EPA by peroxisomal acyl-CoA oxidase and one 

cycle of β-oxidation while Δ6-desaturase converts DPA to DHA (100,101). There are several 

factors that can influence the activity of Δ6-desaturases, including diet, insulin concentration, 
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oxidative stress and liver disease. Notably, decreased activity of both Δ5-desaturase and Δ6-

desaturase has been shown in the liver of obese NAFLD patients (56). High omega-6 fatty 

acid intake in the diet also alters the activity of Δ5-desaturase and Δ6-desaturase, increasing 

the production of AA and decreasing that of EPA. It has been suggested that an alteration in 

the omega-6 fatty acid to omega-3 fatty acid ratio and the consequent increase of AA-derived 

eicosanoids may be important in the pathogenesis of NAFLD (102). In hepatocytes, DPA has 

additional effects: interfering with PPARα in the regulation of β-oxidation and suppression of 

lipogenic genes in cultured liver cells. Nevertheless, it is thought that the effects of DPA in 

the liver are not as pronounced as those of EPA and DHA which are known to have greater 

affinity for PPARα and a more significant impact on the regulation of lipogenesis (103).  

Interesting new data suggest a role for impaired hepatic fatty acid desaturation and an 

unbalanced omega-6 to omega-3 ratio in the pathogenesis of NASH. In a study integrating 

gene expression profiling of liver biopsies from patients with NASH together with 

translational studies in mouse hepatocytes, it has been shown that increased expression of Δ5 

and Δ6 desaturases (at both mRNAs and protein levels) occurred in the livers of obese mice 

fed a high fat diet (104). Gas chromatography analyses confirmed impaired fluxes towards 

the omega-3 fatty acids resulting in an increased omega-6 to omega-3 ratio and a reduced 

omega-3 index in both the human and mouse livers. Restoration of hepatic omega-3 content 

in a transgenic mouse model expressing Caenorhabditis elegans fat-1 gene (which 

specifically encodes an omega-3 desaturase capable of generating omega-3 fatty acids from 

omega-6 fatty acids) reduced hepatic insulin resistance, steatosis, macrophage infiltration, 

necro-inflammation and lipid peroxidation, accompanied by attenuated expression of genes 

involved in inflammation, fatty acid uptake and lipogenesis. Additionally, this mouse was 

resistant to the effects of a high fat diet and did not develop hepatic steatosis or significant 
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hepatic insulin resistance on the diet, emphasising that increasing endogenous omega-3 fatty 

acids may be important to ameliorate liver disease in NASH.  

A comprehensive analysis of plasma lipids and eicosanoid metabolites quantified by mass 

spectrometry has been performed in 25 people with NAFLD and 50 people with NASH and 

the data compared with 50 lean normal control subjects (105). The key findings of this study 

were that there was markedly increased total plasma monounsaturated fatty acids palmitoleic 

(16:1 n-7) and oleic (18:1 n-9) acids in patients with both simple steatosis and NASH. The 

levels of palmitoleic acid, oleic acid, and the palmitoleic acid to palmitic acid (16:0) ratio 

were significantly increased in NAFLD across multiple lipid classes. Interestingly, the DHA 

to DPA ratio was significantly decreased within phosphatidylcholine, and 

phosphatidylethanolamine pools, and this finding was most marked in subjects with NASH. 

However, whether all long chain omega-3 PUFAs have the same effect in NAFLD is 

uncertain. 

It is possible that DHA and EPA have different effects in NAFLD. In contrast to the study by 

Puri et al. described above, Scorletti et al. have shown in 103 patients that there was a benefit 

of 4 g of omega-3 fatty acid treatment/day to decrease liver fat percentage in patients in 

whom there was good tissue enrichment with DHA (106,107). In this randomized, double 

blind placebo-controlled trial patients with NAFLD were randomized to DHA+EPA as ethyl 

esters (n=51), or to olive oil placebo (n=52)]. Liver fat percentage was quantified by 

magnetic resonance spectroscopy in three liver zones and liver fibrosis was measured using 

two validated scores (108,109). Adherence to the intervention (Omacor group) and 

contamination (with DHA and EPA) (placebo group) was assessed by measuring erythrocyte 

DHA and EPA enrichment (gas chromatography). In the fully adjusted regression model 

there was a not statistically significant trend towards improvement in liver fat% with 
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DHA+EPA treatment but there was evidence of contamination with omega-3 fatty acid 

consumption in the placebo group. Further regression analysis showed that DHA enrichment 

was independently associated with a decrease in liver fat% (for each 1% enrichment, β=-1.70 

(95%CI -2.9,-0.5); p=0.007). No improvement in the fibrosis scores occurred. Additionally, 

in a further analysis of the treatment effects in this cohort, although the numbers of subjects 

with the PNPLA3 148MM genotype was small, there was a suggestion that there was no 

effect of DHA enrichment to decrease liver fat in patients with this specific PNPLA3 

genotype (110). These data provide intriguing evidence for a DHA treatment-PNPLA3 

genotype effect, to modify the impact of the treatment with omega-3 fatty acids to decrease 

liver fat in NAFLD. 

Recently, Argo et al. have assessed the effects of n-3 polyunsaturated fatty acids vs. placebo 

while adjusting for the impact of age and weight change on the histological and metabolic 

effects in NASH patients (ClinicalTrials.gov: NCT00681408) (111). The omega-3 fatty acid 

dose of 3 g/day is the safe dose recommended by the FDA and is the American Heart 

Association’s upper dose for triglyceride reduction (112). Each 1000 mg capsule contained 

70% total omega-3 fatty acids in form of TGs: 35% EPA, 25% DHA, 10% other omega-3 

fatty acids, and a little amount of lemon oil. The placebo therapy consisted of identical 

appearing capsules, containing predominantly soybean oil but also small amounts of fish and 

lemon oils (only 8% omega-3 fatty acid) to protect blinding. Forty-one subjects with non-

cirrhotic NASH were enrolled, and 34 completed the study. 17 received omega-3 fatty acid 

and 17 received placebo daily for 1 year, with typical counselling on caloric intake and 

physical activity for all subjects. Whilst omega-3- and placebo-treated groups showed no 

significant difference for the primary end point of NAS reduction ≥2points without fibrosis 

progression, among subjects with increased or stable weight, those treated with omega-3 fatty 
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acids showed a larger decrease in liver fat content by magnetic resonance imaging than 

placebo-treated subjects. Omega-3 fatty acid treatment also showed significant fat reduction 

on the paired analysis of image-assisted fat morphometry regardless of weight loss or gain.  

Since CVD is very common in people with NAFLD (17, 113) and people with NAFLD are at 

increased risk of CVD (114, 115), the optimal dose of omega-3 PUFA is likely to be much 

higher than 0.83 g/day (93). In a large-scale intervention trial of secondary prevention after 

myocardial infarction, GISSI-Prevenzione investigators identified a substantial reduction in 

all-cause and cardiovascular mortality with 1 g per day of n-3 PUFAs as ethyl esters (116). 

However, omega-3 PUFA supplementation may be beneficial for decreasing CVD in NAFLD 

(117), at a dose of 2 to 4 g per day (118) and the results of numerous clinical trials suggest 

that omega-3 PUFAs could act as beneficial pleiotropic agents to prevent CVD (117). That 

said, the mode of administration of the omega-3 fatty acid remains is uncertain. For example, 

a FFA form of omega-3 PUFA has been found to produce a four-fold higher area under the 

plasma omega-3 PUFA curve than prescription omega-3-acid ethyl esters in patients on a 

low-fat diet (119).  

 

Clinical evidence in children population 

To date, only two clinical trials have reported data about the outcome of disease in children 

with NAFLD under treatment with omega-3 fatty acids (Table 1). The first study, by Nobili 

et al., is a double-blind RCT that evaluated in 60 children with biopsy-proven NAFLD the 

efficacy of 250 mg/day or 500 mg/day DHA versus placebo after 6 months of therapy (120). 

The authors found that DHA supplementation to the diet and exercise ameliorated the body 

mass index, the insulin sensitivity index, serum ALT and TG levels, and steatosis at 

ultrasound. Interestingly, both doses of DHA appeared to be equally effective in reducing 
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lives steatosis. During a long-term follow-up (12, 18 and 24 months) patients maintained the 

improvement of metabolic and biochemical parameters, but more importantly there was 

persistence of the liver fat decrease evaluated via ultrasound and liver biopsy (121, 122). In 

particular, the follow-up study demonstrated that DHA may improve liver steatosis, 

hepatocellular ballooning and inflammation even if it is ineffective on fibrosis (123). One 

postulated mechanism for the effect of DHA on NAFLD-related liver damage is a reduction 

of ductular reaction and hepatic progenitor cell activation, that was previously found 

activated in pediatric NAFLD, and down-sizing of pro-inflammatory liver resident 

macrophages by a mechanism mediated by GPR120 (123, 124). 

A second multicenter, double-blind, RCT in children was performed by Janczyk et al. (125). 

In this study 76 children with hyperechogenicity of the liver on ultrasound or liver histology 

consistent with NAFLD were treated for 24 weeks with 450-1300 mg omega-3 fatty acids 

daily (DHA:EPA=3:2) or with an equal dose of sunflower oil containing omega-6 fatty acids. 

At the follow-up visit after 6 months of a low-calorie diet and physical exercise after 

discontinuation of study treatment, the data on 64 children that completed the study revealed 

that supplementation with DHA and EPA reduced the levels of ALT and lipids and improved 

liver steatosis at ultrasound and insulin resistance to the same extent as placebo (126). 

Moreover, the authors reported a minimal significant reducing effect on aspartate 

aminotransferase and gammaglutamyl transpeptidase and an increase in circulating 

adiponectin. 

As stated by Alkhouri et al. (127) there are several potential explanations for discrepant 

results obtained with omega-3 supplementation in children with NAFLD. Specifically, the 

biological activities of the different omega-3 fatty acids vary according to their structure and 

each compound could exert different effects in NAFLD. Although the reason for a 
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discrepancy in findings between the effects of DHA and EPA in NAFLD is uncertain, there is 

considerable evidence that EPA and DHA have different biological roles in humans (128). 

The variable response to omega-3 fatty acid treatment could also be influenced by the broad 

spectrum of liver disease in NAFLD. Furthermore, the pathogenesis of NAFLD, and perhaps 

the response to treatment, is also influenced by different genetic and epigenetic factors, and 

these factors may profoundly influence the efficacy of specific treatments (129). In support of 

this assertion, that is supported by the data discussed earlier from adults with NAFLD in the 

WELCOME study (110), Nobili et al. (130) found that in children with NAFLD, the presence 

of the PNPLA3 I148M gene polymorphism, may reduce the efficacy of DHA on fatty liver.  

 

Future directions 

The growing obesity epidemic is believed to be a key player involved in the increasing 

prevalence of NAFLD. The first line of NAFLD treatment to date has been lifestyle 

interventions such as changes in dietary habits and in physical activity. However, due to poor 

patient compliance to lifestyle interventions, effective nutritional supplementations and/or 

targeted drugs are urgently needed to counteract the epidemic of NAFLD that is affecting the 

health of the public, and is likely to affect the economies of many nations. In this setting, 

dietary supplementation is very attractive because supplements of omega-3 fatty acids appear 

to be simple, safe and inexpensive treatments to recover NAFLD-related liver damage. 

Despite the strong basic science evidence, only a few studies, conducted in a limited number 

of patients, have tested the effects of high dose omega-3 fatty acids in high quality 

randomised double blind placebo controlled trials. A few of these studies have suggested 

beneficial effects of omega-3 fatty acids (specifically DHA) but very few studies have 

examined genotype-treatment interactions or effects, whereby the effects of omega-3 
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treatment to ameliorate liver disease, may be increased, attenuated or even abolished. 

Nevertheless, we suggest that there is now convincing evidence that high dose omega-3 fatty 

acid treatment and, in particular DHA, may be useful to decrease liver fat content, 

particularly in individuals who achieve high levels of omega-3 fatty acid tissue enrichment. 

The evidence shows no convincing effect of omega-3 fatty acid treatment on liver fibrosis or 

measures of liver inflammation in NAFLD. Therefore, we suggest further studies are urgently 

needed to test whether high dose early treatment with DHA ameliorates liver fat, and 

subsequently retards progression of the liver disease to NASH, and NASH-cirrhosis, as there 

is now good recent evidence that liver fat per se is not a harmless condition in NAFLD and 

progresses at the same rate over time as steatohepatitis diagnosed on initial liver biopsy (131). 

In conclusion, certain omega-3 fatty acids may exert a benefit on the liver and on several 

metabolic syndrome features in NAFLD, highlighting the therapeutic potential of these 

molecules in this common condition. Although it is possible that there has been a potential 

benefit conferred by other fat soluble bioactive molecules in some of the fish oil studies in 

NAFLD, we suggest that, pending further data on the effects of omega-3 treatment in 

NAFLD, nutritional strategies for patients with NAFLD, should be based on an adequate 

intake of omega-3-rich foods. 
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Figure legends 

Figure 1. Overview of hepatic fatty acid metabolism during NAFLD. 

Intra-hepatic TG accumulation occurs by four key pathways: (i) increased intake of dietary 

fats; (iia) increased influx of FFAs from enhanced lipolysis in subcutaneous or visceral 

adipose tissue, or (iib) high hepatic de novo lipogenesis (DNL) from non-lipid dietary 

precursors (e.g. carbohydrates); (iii) inadequate fatty acid (FA) oxidation; or (iv) impaired 

hepatic export of triglycerides (TGs) within very low density lipoprotein-triglyceride 

(VLDL).  

 

Figure 2. Main mechanisms involved in NAFLD pathogenesis. 

Two main predisposing factors contribute to NAFLD pathogenesis: a particular genetic 

background that confers to a subject a susceptibility to disease and an unhealthy lifestyle 

(inadequate diets and lacks of physical exercise). NAFLD is a multi-phenotype disease that 

may evolve from a benign form (steatosis) to a more severe histological pattern (NASH, non-

alcoholic steatohepatitis). The development of steatosis and its progression to NASH involves 

gut and adipose tissue, besides the liver. These organs contribute in different ways to produce 

metabolic and molecular derangements that cause the activation of the liver response that 

determines steatosis or further triggers of NASH and fibrosis. 

 

Figure 3. Synthesis and metabolites of omega-6 and omega-3 fatty acids.  

In the liver, dietary α-linolenic acid is metabolised to stearidonic acid by Δ6-desaturase; this 

first reaction is a rate-limiting step and competes with the conversion of linoleic acid to 

arachidonic acid in omega-6 fatty acid metabolism. In omega-3 fatty acid metabolism, Δ6-

desaturase participates twice, once in the first step in which α-linolenic acid is desaturated to 
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stearidonic acid and subsequently in the conversion of DPA to DHA; on the other hand, Δ6-

desaturase activity is utilised for omega-6 fatty acid metabolism only once. Δ5-desaturase and 

Δ6-desaturase compete to metabolise these two polyunsaturated fatty acids. Omega-6 acids 

produce 2- and 4-series prostaglandins, thromboxanes and leukotrienes, whereas omega-3 

fatty acids produce 3- and 5-series prostaglandins and leukotrienes and also resolvins and 

protectins. DHA and EPA can form new endocannabinoid products docosahexaenoyl 

ethanolamide (DHEA) and eicosapentaenoyl ethanolamide (EPEA). 
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Table 1: Summary of randomized placebo controlled trials using non-invasive imaging (ultrasound-excepted) or liver histology to assess 

effects of omega-3 polyunsaturated fatty acid treatment on NAFLD. 

Ref 
No 

Diagnosis of 
NAFLD 

Popul
ation 

Intervention Comparator Follow-up Primary outcomes to assess 
improvement in NAFLD 
severity 

Conclusion  

95 Increase in 
ALT ≥ 6 
months 
Ultrasound 
diagnosis of 
fatty liver 

n=11 Omega-3 
fatty acids 
0.83 g/day as 
dietary 
supplementat
ion to olive 
oil 

Placebo 12 months Improvement of liver echo-
texture and of the Doppler 
Perfusion Index (DPI) 

A significant reduction in ALT, AST, 
GGT, serum TG, increase in HDL-C with 
a significant benefit on the liver 
ultrasonographic pattern (regression of 
bright echo-texture and increase of DPI) 

99 Liver biopsy n=243 Omega-3 
fatty acids, 
EPA-E 1800 
mg/day 

Placebo 12 months NAFLD progression:  
• Proportion of responders 
(NAS ≤3 with fibrosis 
unchanged and a ≥2 decrease 
in NAS with fibrosis 
unchanged) 
• Proportion meeting criteria 
(NAS ≤3 with fibrosis 
unchanged) 
• Proportion meeting criteria 
(≥2 decrease in NAS with 
fibrosis 
unchanged) 
NAFLD progression; NAS; 
Body weight; AST ALT 

No improvement or worsening of NAS 
score 
No improvements in LFTs 
4% improvement in serum TG 
No change in body weight 

105 
106 

Liver biopsy 
or non-
invasive 
imaging 

n=103 Purified 
omega-3 
polyunsaturat
ed fatty acid 

Olive oil 
4g/day 

15-18 
months 

• Change in liver fat 
percentage identified by 
MRS spectroscopy (mean 
difference of change in liver 

ITT analyses: Non significant trend 
toward improvement in liver fat % 
10% improvement in liver fat % (placebo) 
35% improvement in liver fat % with 
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evidence of 
fatty liver + 
features of 
MetS with 
exclusion of 
other causes of 
liver fat   

4g/day 
(Omacor/Lov
aza) 

fat percentage in three 
regions of the liver)  
• Change in liver fibrosis 
biomarkers 

Omacor 
Secondary pre-specified analyses: DHA 
enrichment associated with decrease in 
liver fat % (p=0.007) (adjusting for all 
confounders) 

111 NASH 
diagnosed by 
liver biopsy 
and exclusion 
of other causes 
of 
steatohepatitis 

n=41 Omega-3 
fish oil 
3g/day 
Nordic 
Natural  

Soybean oil 
but also 
small 
amounts of 
fish and 
lemon oils 
(only 8% n-
3) to protect 
blinding 

12 months Primary outcome was a 
decrease of at least 2 points 
in the NAS at the end-of the 
study as compared to the 
baseline liver biopsy 
(without fibrosis 
progression). 
 

Omega-3 treatment did not show more 
histologic fat reduction by NAS scoring, 
but the fish oil group did show a greater 
fat reduction in the subgroup of subjects 
with a baseline histologic steatosis 
score >2 (p = 0.009). Among subjects who 
either gained or had stable weight, n-3 
treated subjects showed a larger difference 
in liver fat content by MRI than placebo 
treated subjects (p=0.014 for the 2nd 
quartile and p=0.003 for the 3rd quartile, 
for change in weight (n-3 group). 

120 
121 
123 

NAFLD 
diagnosed by 
liver biopsy 
and exclusion 
of other causes 
of liver disease 

n=60 250 mg/day 
or 500 
mg/day DHA 

Placebo 24 months Improvements at : 
• ALT levels 
• Liver ultrasound 
• Liver biopsy 
 
 

The treatment with DHA caused a 
significant reduction of BMI and in ALT 
and TG levels and improvement of liver 
ultrasound compared to control group. 
DHA also ameliorated liver histology in 
terms of steatosis, inflammation and 
ballooning. 

125 
126 

NAFLD 
diagnosed by 
ultrasound or 
liver biopsy 
and exclusion 
of other causes 
of liver disease 

n=64 450-1300 mg 
omega-3 
fatty acids 
daily 
(DHA:EPA=
3:2) 

Placebo 24 weeks Observed improvements 
(ALT and liver steatosis at 
ultrasound) in the treatment 
arm were similar to those 
observed in the placebo 
group. 

Supplementation with DHA + EPA was 
not superior to placebo in achieving the 
primary outcome. A significant 
improvement of secondary outcomes 
(aspartate aminotransferase and 
gammaglutamyl transpeptidase and 
adiponectin levels) was reported. 
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Figure 1 
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Figure 2 
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Figure 3 

 


