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Abstract: Non-alcoholic fatty liver disease (NAFLD) incorporates an extensive spectrum of histologic
liver abnormalities, varying from simple triglyceride accumulation in hepatocytes non-alcoholic fatty
liver (NAFL) to non-alcoholic steatohepatitis (NASH), and it is the most frequent chronic liver disease
in the industrialized world. Beyond liver related complications such as cirrhosis and hepatocellular
carcinoma, NAFLD is also an emerging risk factor for type 2 diabetes and cardiovascular disease.
Currently, lifestyle intervention including strategies to reduce body weight and to increase regular
physical activity represents the mainstay of NAFLD management. Total caloric intake plays a very
important role in both the development and the treatment of NAFLD; however, apart from the
caloric restriction alone, modifying the quality of the diet and modulating either the macro- or
micronutrient composition can also markedly affect the clinical evolution of NAFLD, offering a more
realistic and feasible treatment alternative. The aim of the present review is to summarize currently
available evidence from randomized controlled trials on the effects of different nutrients including
carbohydrates, lipids, protein and other dietary components, in isocaloric conditions, on NAFLD in
people at high cardiometabolic risk. We also describe the plausible mechanisms by which different
dietary components could modulate liver fat content.

Keywords: NAFLD; NASH; isocaloric dietary changes; carbohydrates; monounsaturated fatty acids;
polyunsaturated fatty acids; polyphenols; vitamins

1. Introduction

For its critical position between the systemic circulation and the blood flow of the gastrointestinal
tract mediated by the portal vein, the liver plays an essential role in the intermediary metabolism,
transforming dietary nutrients into the major chemical elements crucial for life and human health.
Conversely, many nutrients and the overall dietary composition can influence liver function. In fact,
an excessive intake of refined carbohydrate and saturated fats, the increased consumption of fructose
and other simple sugars, and the progressive diffusion of high-calorie Western diets, the deleterious
eating habits typical of the last forty years, have been associated with a dramatic increase in
overweight/obesity and insulin resistance and, more recently, also with non-alcoholic fatty liver disease
(NAFLD) [1]. Noteworthy, the excess of adiposity, in particular abdominal adiposity, and insulin
resistance are the major contributors to the development of several cardiometabolic abnormalities
strictly related to the increased risk of cardiovascular disease (CVD) and type 2 diabetes mellitus
(T2DM). Interestingly, NAFLD itself can be considered as an independent cardiometabolic risk factor
beyond the classical cardiometabolic risk factors [2].
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NAFLD is characterized by an excessive accumulation of lipids in the liver, primarily in the form of
triglycerides, in the absence of a considerable alcohol ingestion (ethanol intake≤ 30 g/day for men and
≤20 g/day for women), and ruling out other causes of liver injury [3]. The term NAFLD incorporates
an extensive spectrum of histologic liver abnormalities, varying from simple triglyceride accumulation
in hepatocytes non-alcoholic fatty liver (NAFL) or steatosis to non-alcoholic steatohepatitis (NASH),
characterized by the additional presence of inflammation and tissue injury [4].

1.1. NAFLD and Cardiometabolic Risk

NAFLD is the most common chronic liver disease in the industrialized world with a 15–30%
prevalence reported in the general population [5]. In particular, the prevalence of NAFLD is very
high in individuals at high cardiometabolic risk. Cardiometabolic risk refers to a condition strongly
associated with an increased risk of developing CVD and T2DM as a consequence of the presence of
interrelated alterations in metabolic and vascular functions, as well as of dyslipidemia, hypertension,
abdominal obesity, insulin resistance and hyperglycemia. All these abnormalities identify the
metabolic syndrome; consequently, the close association between NAFLD and metabolic syndrome is
unsurprising [6,7]. In line with these observations, the prevalence of NAFLD is approximately 50%
in hypertensive subjects, 70% in people with T2DM, and up to 90% in severely obese patients [8–10].
Dramatically, NAFLD is also the most prevalent form of chronic liver disease in childhood and very
recent data indicate that nearly 70–80% of obese children may have NAFLD [11]. Given the increasing
prevalence of obesity and metabolic syndrome, NAFLD will become one of the most important public
health challenges in the next decades for its related complications. In particular, it should be considered
that simple NAFLD can progress to NASH in about 20–25% of cases, and nearly 20% of patients with
NASH can develop fibrosis and cirrhosis [12]; in patients with cirrhosis, the cumulative incidence
of hepatocellular carcinoma ranges from 2.4% to 12.8% over 3–7 years [13]. Beyond the liver-related
complications, it is important to underline that NAFLD is also an emerging risk factor for T2DM
and CVD [14,15], and that it has recently been associated with an increased risk of chronic kidney
disease [16].

1.2. Pathogenesis of NAFLD

The mechanisms involved in NAFLD development and progression are not completely clear. The
hypothesis of the “two-hit” model for the first time proposed by Day et al. in 1998 in the pathogenesis
of NAFLD has been accepted for about one decade [17]. According to this model, the “first hit”
is characterized by the accumulation of lipids primarily in the form of triglycerides derived from
esterification of free fatty acids and glycerol in the hepatocytes. [18]. In particular, Donelly et al. clearly
observed that 59% of the triglycerides present in the liver of patients with NAFLD derived from
free fatty acids released from adipose tissue, 26% from de novo lipogenesis, and 15% from dietary
lipids [19]. The low rate of β-oxidation of free fatty acids and the reduction in triglyceride export by
very low density lipoprotein particles in a liver with increased fat content is also important [20]. Insulin
resistance plays a pivotal role in the “first-hit” and in liver triglyceride accumulation. Increasing the
free fatty acids release from adipose tissue, reducing the glucose uptake from the skeletal muscle and
favoring the hepatic influx of these metabolites; furthermore, insulin resistance increases de novo
lipogenesis and reduces the synthesis and secretion of very low density lipoprotein [21].

The increase in liver triglyceride content is strongly associated with hepatocyte susceptibility to
the damage promoted by the “second hit”. The “second-hit” can be promoted by lipid peroxidation,
oxidative stress, inflammatory cytokines, and mitochondrial dysfunction. All together, these factors
induce steatohepatitis and can lead to fibrosis, which can evolve into cirrhosis [22].

In the last few years, based on a large body of knowledge, the hypothesis of the “two-hit” model
has been translated into the “multiple-hit” model. In fact, it appears reasonable that the simple “two
hit” mechanism is too reductive and inadequate to explain the complex mechanisms involved in
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NAFLD development and progression; furthermore, only a minority of patients with NAFLD progress
to NASH or cirrhosis [1], and, on the other hand, steatohepatitis can precede simple steatosis [23].

The “multiple-hit” model provides a comprehensive model that takes into account the multiple
factors and interactions involved in NAFLD [24]. Based on this model, dietary habits, insulin
resistance, visceral adiposity, inflammatory state, oxidative stress, alteration in microbiome, and
genetic predisposition, are all recognized risk factors for NAFLD development and progression.

In particular, the type of diet, other environmental factors and genetic predisposition play
an important role in the development of insulin resistance, visceral obesity, and gut microbiome
changes. Insulin resistance promotes steatosis with the mechanisms above discussed; adipose tissue
is involved beyond the free fatty acids efflux in the production and secretion of the inflammatory
cytokines and adipokines involved in NAFLD progression [25]. Changes in the gut microbiome
related to dietary habits can influence energy homeostasis and systemic inflammation [24]; all these
factors can aggravate oxidative stress and endoplasmic reticulum stress in hepatocytes, leading to
hepatic inflammation [26]. Furthermore, genetic predisposition of single nucleotide polymorphisms in
genes such as Patatin-Like Phospholipase 3 (PNPLA3) or in Transmembrane 6 Superfamily Member 2
(TM6SF2) can aggravate liver injury [27] (Figure 1).

Nutrients 2017, 9, 1065 3 of 29 

The “multiple-hit” model provides a comprehensive model that takes into account the multiple 
factors and interactions involved in NAFLD [24]. Based on this model, dietary habits, insulin 
resistance, visceral adiposity, inflammatory state, oxidative stress, alteration in microbiome, and 
genetic predisposition, are all recognized risk factors for NAFLD development and progression. 

In particular, the type of diet, other environmental factors and genetic predisposition play an 
important role in the development of insulin resistance, visceral obesity, and gut microbiome 
changes. Insulin resistance promotes steatosis with the mechanisms above discussed; adipose tissue 
is involved beyond the free fatty acids efflux in the production and secretion of the inflammatory 
cytokines and adipokines involved in NAFLD progression [25]. Changes in the gut microbiome 
related to dietary habits can influence energy homeostasis and systemic inflammation [24]; all these 
factors can aggravate oxidative stress and endoplasmic reticulum stress in hepatocytes, leading to 
hepatic inflammation [26]. Furthermore, genetic predisposition of single nucleotide polymorphisms 
in genes such as Patatin-Like Phospholipase 3 (PNPLA3) or in Transmembrane 6 Superfamily 
Member 2 (TM6SF2) can aggravate liver injury [27] (Figure 1). 

 
Figure 1. Pathogenesis of NAFLD. Based on the “multiple hit” model, dietary habits, insulin 
resistance, visceral adiposity, inflammatory state, oxidative stress, alteration in microbiome, and 
genetic predisposition, are all recognized risk factors for NAFLD. DNL: de novo lipogenesis; FFA: 
free fatty acids; IL-6: interleukin-6; IL-1β: interleukin-1β; LPS: lipopolysaccharide; NAFLD: non-
alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; TNF-α: tumor necrosis factor-α. 

With respect to the strong relation between genetic predisposition and dietary habits, NAFLD 
represents an optimal example of disease by which nutrigenomics has allowed us to understand how 
nutrients can influence its development and progression by altering the expression of genes involved 
in inflammation, glucose and lipid metabolism [28]. Nutrigenomics focuses on identifying and 
understanding molecular interactions between nutrients/dietary bioactive compounds with the 
genome [29]. With regard to NAFLD, the PNPLA3 I148M polymorphism is a clear example of these 
possible interactions: individuals with the PNPLA3 I148M polymorphism are more prone to develop 
steatosis when the intake of carbohydrates, in particular simple sugars, is elevated [30]. Briefly, 
PNPLA3 exerts a lipolytic activity on triglycerides and its up-regulation is mediated by 
carbohydrates [31]; in individuals with the PNPLA3 I148M polymorphism, the high intake of 
carbohydrates induces the accumulation of the pathological protein less able to hydrolyze the 
triglycerides on the surface of lipid droplets and a consequent decreased secretion of triglyceride-rich 
lipoproteins from the liver [32]. Based on these observations, individualized nutritional strategy 
considering also the genetic features of individuals may be more effective in clinical management of 
NAFLD. 

Figure 1. Pathogenesis of NAFLD. Based on the “multiple hit” model, dietary habits, insulin
resistance, visceral adiposity, inflammatory state, oxidative stress, alteration in microbiome, and
genetic predisposition, are all recognized risk factors for NAFLD. DNL: de novo lipogenesis; FFA: free
fatty acids; IL-6: interleukin-6; IL-1β: interleukin-1β; LPS: lipopolysaccharide; NAFLD: non-alcoholic
fatty liver disease; NASH: non-alcoholic steatohepatitis; TNF-α: tumor necrosis factor-α.

With respect to the strong relation between genetic predisposition and dietary habits, NAFLD
represents an optimal example of disease by which nutrigenomics has allowed us to understand
how nutrients can influence its development and progression by altering the expression of genes
involved in inflammation, glucose and lipid metabolism [28]. Nutrigenomics focuses on identifying
and understanding molecular interactions between nutrients/dietary bioactive compounds with
the genome [29]. With regard to NAFLD, the PNPLA3 I148M polymorphism is a clear example
of these possible interactions: individuals with the PNPLA3 I148M polymorphism are more prone
to develop steatosis when the intake of carbohydrates, in particular simple sugars, is elevated [30].
Briefly, PNPLA3 exerts a lipolytic activity on triglycerides and its up-regulation is mediated by
carbohydrates [31]; in individuals with the PNPLA3 I148M polymorphism, the high intake of
carbohydrates induces the accumulation of the pathological protein less able to hydrolyze the
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triglycerides on the surface of lipid droplets and a consequent decreased secretion of triglyceride-rich
lipoproteins from the liver [32]. Based on these observations, individualized nutritional strategy
considering also the genetic features of individuals may be more effective in clinical management
of NAFLD.

1.3. Diagnosis of NAFLD

Liver biopsy is still the gold standard for the diagnosis of NAFLD, and this invasive procedure
despite some limitation related to sampling variability and procedural potential risk discerns simple
NAFL from NASH [33]. However, in large population assessment or for disease monitoring, some
non-invasive markers have been proposed. In terms of biochemical markers, it should be considered
that serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are
inaccurate markers of NAFLD [33].

For NAFL evaluation the best validated scores are represented by: the fatty liver index [34], the
NAFLD liver fat score [35] and the Steato test [36], based on some biochemical markers and clinical
parameters. In terms of instrumental evaluation, the first-step is represented by ultrasonography
(US) [37,38], although it is limited by the possible interference of liver fibrosis on bright liver echo
pattern and the very low sensitivity and specificity in individuals with BMI > 40 kg/m2. CT presents
similar accuracy for NAFLD as US; however, it is limited by radiation exposure [33]. The proton
magnetic resonance spectroscopy (1H-MRS) can reveal a liver fat content as low as 1%, but it is limited
by its high cost [33]. In terms of biochemical markers, cytokeratin-18 (CK-18) fragments, derived from
hepatocytes apoptosis or death, are only modestly accurate; therefore, for the diagnosis of NASH, liver
biopsy is still the only diagnostic procedure [39]. Several scores based on biochemical parameters have
been proposed to evaluate liver fibrosis as NAFLD Fibrosis Score, Fibrosis 4 Calculator, Enhanced
Liver Fibrosis, and the Fibro Test [40]. Transient elastography is the instrumental imaging performed
for the evaluation of liver fibrosis, but it has a high rate of false positive results [41].

1.4. Management of NAFLD: Hypocaloric Diet and Physical Activity

At present, lifestyle intervention including strategies to reduce body weight and increase regular
physical activity represents the mainstay of NAFLD management. Recently, the Clinical Practice
Guidelines for the management of NAFLD proposed by a joint effort of the European Association
for the Study of the Liver, the European Association for the Study of Obesity, and the European
Association for the Study of Diabetes recommended a 7–10% body weight loss in overweight/obese
patients with NAFLD as a target to achieve [33,42]. A similar target is proposed by the American
Association for the Study of Liver Diseases [2].

Body weight loss in NAFLD can be achieved by hypocaloric diet alone or in combination with
increased physical activity.

Although total calorie intake plays a very important role in both the development and the
treatment of NAFLD, only modulating the quality of the diet, i.e., changing either the macro or the
micronutrient composition, can also markedly affect the clinical evolution of NAFLD offering a more
realistic and feasible treatment alternative. To this regard, the Mediterranean diet characterized by
high consumption of olive oil as source of added fat, legumes, whole grains, fruits, vegetables, and
fish; a low consumption of dairy products and meat; and a moderate alcohol assumption [43] could
represent an adequate therapeutic approach in NAFLD prevention and treatment and this dietary
pattern has been recently recommended as good for the management of NAFLD [33].

The beneficial effect of Mediterranean diet on many metabolic chronic disease is largely supported
by several epidemiological studies [44]. To date, some observational studies and few clinical trials
have investigated the effects of Mediterranean diet on NAFLD; recently, Zelber-Sagi et al. have
comprehensively reviewed the evidence on this aspect [45]. Nine studies are reported by the authors
three cross sectional studies, one case-control study and five intervention trials and the adherence
to the Mediterranean diet was significantly related to an improvement of NAFLD specific outcomes
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evaluated, i.e., reduction in liver enzymes in one study, reduction in liver fat content evaluated by
1H-MRS in three studies and by US in two studies, reduction in the fatty liver index in one study, and
a lower grade of steatosis in the two studies a cross-sectional and a case-control, respectively, in which
liver biopsy was performed [45].

The aim of the present review is to summarize the current evidence available on the effects of
different nutrients, lipids, carbohydrates, protein and other dietary components on NAFLD in people
at high cardiometabolic risk, in particular individuals with abdominal obesity and other metabolic
abnormalities as well as dyslipidemia, hypertension, and hyperglycemia.

We have comprehensively evaluated the evidence from randomized controlled trials performed
in humans to study the effects of different dietary components on NAFLD considering biochemical
markers, liver scores, liver imaging US, 1H-MRS or computed tomography (CT) or liver biopsy as
possible outcomes. It is important to underline that we have reported and discussed only trials
evaluating the effects of nutrients in isocaloric conditions, i.e., the dietary regimen was designed to be
neutral in energy balance compared with control. For n-3 polyunsaturated fatty acids (PUFA), vitamins
and other bioactive dietary components, randomized controlled trials with dietary supplementation
were considered. We also describe the plausible mechanisms by which different dietary components
could modulate liver fat content.

2. Diet Composition and Non-Alcoholic Fatty Liver Disease in Isocaloric Conditions

2.1. Dietary Fatty Acids

In NAFLD as well as in other conditions (insulin resistance, blood lipids, etc.), the quality of
different fatty acids seems to be more important than the total amount. Therefore, we will consider the
different types of dietary fat separately.

2.1.1. Saturated Fatty Acids

Saturated fatty acids (SFA) contain no double bonds in the straight-chain hydrocarbon with
varying length ranging from short chain length (volatile liquids) to chain lengths of 30 or more carbon
atoms (waxy solids). The main food sources are animal fat products such as cream, cheese, butter, other
whole milk dairy products and fatty meats and eggs, but also some vegetable fat, i.e., coconut and palm
kernel oils. The most consumed SFA are myristic (C14:0), palmitic (C16:0) and stearic (C18:0) acids.

Observational studies focusing on dietary habits of patients with NASH have suggested the
possible negative influence of SFA, since their diets were richer in SFA than in other fatty acids
compared to subjects with simple liver steatosis [46] or to the general population [47].

Along this line, controlled intervention studies demonstrated that increasing dietary SFA
in isocaloric substitution of carbohydrates [48] or PUFA [49] increased hepatic and visceral fat
accumulation in healthy subjects.

The detrimental effect of SFA on liver fat may be mediated by the increase in insulin
resistance and oxidative stress, both associated with NAFLD. To date, studies in vitro and in
animal models have shown that SFA could induce lipogenesis by promoting the transcription of
peroxisome proliferator-activated receptor-gamma (PPAR-γ) coactivator-1β and the sterol regulatory
element-binding transcription factor 1c (SREBP-1c). In addition, they promote oxidative stress, and
apoptosis of hepatocytes [50,51], possibly leading to the progression of NAFLD to NASH [52].

2.1.2. Monounsaturated Fatty Acids and n-6 Polyunsaturated Fatty Acids

Monounsaturated fatty acids (MUFA) contain one double bond in their aliphatic hydrocarbon
chain. MUFA are mainly found in plant-based foods such as olive oil, canola oil, nuts, soy and avocado,
and to a lesser extent in red meat and whole milk products. The greatest source of dietary MUFA
(~90% of all MUFA) is oleic acid (C18:1 n9), followed by palmitoleic acid (C16:1 n9).
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PUFA contain more than one double bond in their chemical structure. There are two main PUFA
groups with relevant biological functions and they are classified by the position of their first double
bond counting from the methyl carbon: n-6 PUFA with their first unsaturated bond at carbon6 and n-3
PUFA at carbon 3. The most biologically relevant n-6 PUFA are linoleic acid (LA, 18:2) and arachidonic
acid (AA, 20:4); their main dietary sources are flaxseed and some nuts.

Albeit scant, the evidence available to date shows quite clearly the effectiveness of MUFA on
liver fat (Table 1). After an eight-week intervention with a high-MUFA diet (28% of total energy) vs.
a high-carbohydrate/high-fiber/low-glycemic index diet (MUFA 16% of total energy), a 29% reduction
of liver fat content, measured by 1H-MRS, was observed in a group of T2DM subjects without body
weight changes in comparison to a baseline diet moderately rich in SFA (13% of total energy) [53].

An even greater reduction (−39%) was observed in only six weeks by Ryan and colleagues [54] in
a group of T2DM subjects with NAFLD. The participants were assigned to an isocaloric Mediterranean
diet (MUFA intake 23% of total energy) where the main MUFA sources were extra-virgin olive oil,
olives and nuts, whereas the control diet was a low-fat/high-carbohydrate diet (MUFA intake 8%
of total fat). In a long-term intervention trial (24 weeks) [55], olive oil (MUFA 70%) and canola oil
(MUFA 61%) consumption was compared to control oil (soybean or safflower oil such as the most
common oil used in the habitual diet, MUFA 15–24%) in a group of Indian men. The two active groups
showed a remarkable reduction of fatty liver grading evaluated by US, with 66.7% and 76.7% of the
participants in the olive and canola oil groups, respectively, reverting to normal liver grading after
the intervention.

Although the evidence is rather convincing, the exact mechanism through which MUFA could
affect hepatic triglycerides content is not completely clear. In both in vitro and in vivo studies, MUFA
have been shown to activate peroxisome proliferator-activated receptor-alfa (PPARα) and PPARγ [56],
increasing lipid oxidation [57–59] and inhibiting lipogenesis [58,60], thus leading to a reduction in
hepatic steatosis (Figure 2). On the other hand, MUFA can promote fatty acid deposition in adipose
tissue rather than in the liver, enhancing the clearance of circulating triglyceride rich lipoproteins by
lipoprotein lipase [61]. In addition, clinical studies suggest that the beneficial effects of MUFA on
NAFLD may be driven also by an improvement in blood lipid profile (reduction of triglycerides,
VLDL, LDL and oxidized-LDL, and an increase in HDL), insulin resistance and obesity-related
inflammation [62,63].

As for the effect of n-6 PUFA on NAFLD, only one study met our inclusion criteria (Table 1).
In a 10-week isocaloric randomized and controlled trial [64], participants were assigned either a PUFA
diet or a saturated fat diet. Fat quality difference was obtained by the selection of specific foods:
sunflower oil and seeds for the PUFA diet (linoleic acid 15%), and butter for the saturated fat diet
group. After the intervention, liver steatosis assessed by 1H-MRS was significantly reduced with the
PUFA diet compared to the SFA diet (−26% vs. +8%, respectively). In this study as well as in other
studies with MUFA, no effects on liver enzymes were observed and no liver biopsies were performed.

Therefore, we can conclude that MUFA and n-6 PUFA seem to have beneficial effects on liver fat
content in individuals at high cardiometabolic risk.
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Table 1. Clinical trials on the effects of MUFA and n-6 PUFA on NAFLD in individuals at high cardiometabolic risk.

Author (Reference) Study Design Study Population
Participants Age BMI Intervention and Doses Duration

Weeks

Observed Effects with MUFA or n-6 PUFA

Liver
Imaging

Liver
Biomarkers

Liver
Scores

Liver
Biopsy

MUFA

Bozzetto et al., 2012 [53]
Randomized, controlled,
parallel group

36 M/F, T2DM MUFA diet (MUFA 28% TE) vs.
high-CHO/fiber/low GI diet ( MUFA 16% TE) 8

↓ LIVER
FAT

(1H-MRS)

AST =
n.a. n.a.58.7 years

ALT =29.7 kg/m2

Ryan et al., 2013 [54] Randomized, controlled,
crossover

12 M/F, T2DM Mediterranean diet (MUFA 23% TE) vs. low
fat-high CHO (MUFA 8% TE ) 6

↓ LIVER
FAT (US)

AST =
n.a. n.a.55.0 years

ALT =32.0 kg/m2

Nigam et al., 2014 [55] Randomized, controlled,
parallel group

93 M olive oil (MUFA 70%) vs. canola oil (MUFA 61%)
vs. soybean or safflower oil (MUFA 15–24% TE) 24

↓ LIVER
FAT (US)

AST =
n.a. n.a.37.0 years

ALT =27.4 kg/m2

n-6 PUFA

Bjermo et al., 2012 [64] Randomized, controlled,
parallel group

61 M/F
PUFA diet (linoleic acid 15% TE) vs. SFA diet
(butter 15% TE) 10

↓ LIVER
FAT

(1H-MRS)

AST n.a.
n.a. n.a.56.5 years

ALT =30.2 kg/m2

TE: total energy; = no changes; ↓ significant decrease. BMI: body mass index; MUFA: monounsaturated fatty acids; n-6 PUFA: n-6 polyunsaturated fatty acids; vs.: versus; T2DM: type 2
diabetes mellitus; M: male; F: female; CHO: carbohydrates; GI: glycemic index; SFA: saturated fatty acids; 1H-MRS: proton magnetic resonance spectroscopy; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; n.a.: not assessed; US: ultrasonography.
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Figure 2. Possible sites of action of dietary nutrients in the nutritional treatment and prevention of
NAFLD. Nutrients and dietary composition can modulate many key aspects in the pathophysiology of
NAFLD: simple sugars promote DNL, produce inflammation and activate cellular stress pathways.
Contrarily, LGI meals can improve insulin resistance and can positively modulate the microbiome.
SFA could induce lipogenesis, oxidative stress, and apoptosis of hepatocytes; conversely, MUFA
and PUFA can improve FFA β-oxidation and can reduce DNL, improve insulin sensitivity and
reduce inflammation. Polyphenols could inhibit DNL and increase FFA β-oxidation. Furthermore,
polyphenols can improve insulin sensitivity, reduce the transcription of inflammatory cytokines, and
can mitigate the oxidative stress involved in NAFLD progression. Vitamin C and vitamin E could
avoid the progression of NAFLD and improve NASH acting as powerful antioxidants; furthermore,
vitamin E could reduce plasma levels of cytokines involved in inflammation and liver fibrosis.
Vitamin D can reduce the transcription of inflammatory cytokines and improve FFA β-oxidation.
Furthermore, it has been observed that vitamin D increases adiponectin secretion, decreases lipolysis
in adipose tissue, and improves insulin resistance. DNL: de novo lipogenesis; LGI: low glycemic index;
MUFA: monounsaturated fatty acids; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic
steatohepatitis; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids.

As for the possible mechanisms, PUFA are key regulators of the transcription of genes associated
with lipid metabolism and mitochondrial β-oxidation (i.e., PPAR-α and SREBP-1). Thus, increasing
PUFA intake may lead to a reduction of lipogenesis in favor of an increased hepatic fatty oxidation [65]
(Figure 2).

2.1.3. n-3 Polyunsaturated Fatty Acids

As reported above, n-3 PUFA is one of the two main PUFA groups with relevant biological
functions. The most biologically relevant n-3 PUFA are α-linolenic acid (ALA, 18:3), eicosapentaenoic
acid (EPA, 19:5) and docosahexaenoic acid (DHA, 22:6). The main dietary sources of n-3 PUFA are fish
oil, flaxseed and some nuts; however, DHA and EPA are synthetized from ALA. Several studies on n-3
PUFA supplementation and NAFLD are available in individuals at high cardiometabolic risk. Overall,
the available evidence still produces conflicting results (Table 2).
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In a 24-week intervention trial, a complete fatty liver regression was observed after a 2 g/day
of n-3 PUFA supplementation in the context of an American Heart Association (AHA) diet in 33.4%
of the patients. The daily energy intake of the ADA diet was composed of 50% carbohydrates, 20%
protein and 30% fat, and an eating pattern including a variety of fruits and vegetables, whole grain
products, fat-free and low-fat dairy products, fish, peas, poultry and lean meats was recommended [66].
Interestingly, there was a significant improvement in the echogenicity score in the whole active group
(AHA diet +2 g/day n-3 PUFA) as compared with the control group (AHA diet alone), the former
displaying also a decrease in ALT concentration. These findings were further confirmed by the results of
the WELCOME study [67]. The supplementation with 4 g/day of PUFA (1 g containing 460 mg of EPA
and 380 mg of DHA) over 18 months significantly affected liver fat content in a dose-dependent manner
(1% DHA enrichment in erythrocytes was associated with a 3% reduction in liver fat percentage) as
compared with placebo.

Increasing the amount of n-3 PUFA to 6 g/day in the context of an AHA diet, Zhu et al. [68]
detected a full reversion of liver steatosis in 19.7% of their patients, and an overall improvement of fatty
liver grading in 53% of the study population after a 24-week intervention with no adverse events in
patients who completed the treatment. In addition, ALT decreased more significantly in the treatment
group than in the placebo group.

In contrast with the above studies, an eight-week supplementation with 9 g/day of fish oil (51.4%
EPA and 23.9% DHA) vs. placebo did not affect hepatic triglyceride content measured by 1H-MRS [69];
similarly, Argo et al. [70] did not detect any improvement of fatty liver or inflammation, ballooning, or
fibrosis scores in a group of subjects receiving 3 g/day of fish oil (35% of EPA and 25% of DHA) for
12 months as compared with the placebo group. On the same line, a 12-month supplementation with
EPA (1.8 mg/day or 2.7 g/day) had no significant effects on the key features of NASH (i.e., fibrosis,
lobular inflammation, and hepatocyte ballooning) [71].

Cussons and colleagues [72] compared the effects of the daily consumption of n-3 PUFA or MUFA
in a group of women with polycystic ovary syndrome, a condition associated with NAFLD. According
to an eight-week crossover randomized and controlled trial, they consumed 4 g/day of n-3 PUFA (56%
DHA and 27% EPA) and a placebo (4 g/day, 67% oleic acid). Both arms reduced liver fat measured by
hepatic 1H-MRS (n-3 PUFA: 18.2% vs. MUFA: 14.8%).

As reported above, the effectiveness of n-3 PUFA supplementation on liver fat content is still
controversial. This lack of concordance may be due, at least in part, to the largely different doses used
in the trials (ranging from 0.25 to 6 g/day), the length of the exposure (from 2 to 18 months), and
finally the imaging methods (US vs. 1H-MRS). Nevertheless, the only two studies looking at NASH
features on liver biopsies showed no effect of n-3 PUFA.

To date, evidence of the mechanisms linking n-3 PUFA supplementation and NAFLD derives
mainly from in vitro and animal studies. First of all, as reported for n-6 PUFA, increasing PUFA intake
may increase fatty oxidation in the liver through the modulation of PPAR-α and SREBP-1 [65]. On the
other hand, EPA and DHA are important modulators of the inflammatory pathway and, consequently,
may inhibit pro-inflammatory eicosanoid production by inflammatory cells related to hepatic injury in
NAFLD (Figure 2).

2.2. Carbohydrates

In the last few years, clear evidence has emerged that carbohydrates quality is more important
than quantity in determining metabolic effects, and this seems particularly relevant for the possible
effect on liver fat. Therefore, we evaluate the effects of the quality of carbohydrates on liver fat
especially in terms of glycemic index (GI) and simple sugars.
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Table 2. Clinical trials on the effects of n-3 PUFA on NAFLD in individuals at high cardiometabolic risk.

Author (Reference) Study Design Study Population
Participants Age BMI Intervention and Doses Duration

Weeks

Observed Effects with n-3 PUFA

Liver
Imaging

Liver
Biomarkers

Liver
Scores

Liver
Biopsy

Spadaro et al., 2008 [66] Parallel group
randomized, controlled

36 M/F
2 g/day vs. placebo 24

↓ LIVER FAT
(US)

AST =
n.a. n.a.50.1 years

ALT ↓
30.5 kg/m2

Scorletti et al., 2014 [67]
Double-blind,
placebo-controlled

103 M/F 4 g/day (EPA 1.8 g, DHA 1.5 g)
vs. placebo 72

↓ LIVER FAT
(MRI)

AST =
n.a. n.a.51.5 years

ALT =33.0 kg/m2

Zhu et al., 2008 [68]
Double-blind,
placebo-controlled

134 M/F
6 g/day vs. placebo 24

↓ LIVER FAT
(US)

AST =
n.a. n.a.44.5 years

ALT ↓
26.2 kg/m2

Vega et al., 2008 [69]
Crossover
placebo-controlled

16 M/F 9 g/day (EPA 51.4%, DHA 23.9%)
vs. placebo 8

= LIVER FAT
(1H-MRS)

AST n.a.
n.a. n.a.50.0 years

ALT n.a.36.2 kg/m2

Argo et al., 2015 [70] Double-blind,
placebo-controlled

34 M/F 3 g/day (EPA 35%, DHA 25%)
vs. placebo 48

= LIVER FAT
(MRI)

AST =
n.a. = NASH

score
46.8 years

ALT =32.5 kg/m2

Sanyal et al., 2014 [71] Double-blind,
placebo-controlled

243 M/F EPA 1.8 g/day vs. EPA 2.7 g/day
vs. placebo 48 n.a.

AST =
n.a. = NASH

score
48.7 years

ALT =34.8 kg/m2

Cussons et al., 2009 [72]
Crossover
placebo-controlled

25 F 4 g/day (EPA 27%, DHA 56%)
vs. placebo (oleic acid 67%) 8

= LIVER FAT
(1H-MRS)

AST n.a.
n.a. n.a.54.5 years

ALT =34.8 kg/m2

= no changes; ↓ significant decrease. BMI: body mass index; M: male; F: female; n-3 PUFA: n-3 polyunsaturated fatty acids; US: ultrasonography; n.a.: not assessed; MRI: magnetic
resonance imaging; ALT: alanine aminotransferase; AST: aspartate aminotransferase; DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; 1H-MRS: proton magnetic resonance
spectroscopy; NASH: non-alcoholic steatohepatitis.
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2.2.1. Low Glycemic-Index Carbohydrate and Fiber Rich Diets

The association among high carbohydrate intake, high GI carbohydrate consumption, insulin
resistance and liver fat accumulation has been found in animal models and observational studies [73,74].
In particular, in a cross-sectional study, the prevalence of high-grade liver steatosis increased significantly
across quartiles of high GI versus low GI diets [75]. In fact, available carbohydrates produce an increase
in serum levels of glucose that can be used for the synthesis of new triglycerides through de novo
lipogenesis in the liver [76]. The consumption of foods with high GI promotes insulin resistance,
a condition strongly related to NAFLD [77], and the negative effect of a high GI diet on liver fat content
can be observed in few days [78]. Conversely, low GI meals could have beneficial effect on NAFLD.
In fact, low GI foods, especially foods rich in fiber, can decrease glucose absorption, reducing hepatic
influx of glucose and de novo lipogenesis [79]; in addition, the fiber content of low GI foods can
positively act on the gut microbiome, a possible mediator by which nutrients may influence liver fat
content [80] (Figure 2).

Although GI seems to be an important factor in NAFLD prevention and treatment, few clinical
trials have investigated the effect of low GI or low glycemic load (GL) at isocaloric conditions on
NAFLD in patients at high cardiometabolic risk (Table 3).

It is important to underline that, in all of the above studies, the diets utilized were different
not only for GI but also for other dietary components which could influence per se the parameters
evaluated. Three studies evaluated the effects of low GI diets on liver fat compared to diets with higher
GI, and two of them found a significant reduction in liver fat evaluated by 1H-MRS in one and by
US in the other [81,82]; no change was observed in the third study performed in obese children [83].
In none of these three studies was there any change with respect to liver enzymes; on the other hand,
a reduction in ALT was reported after a low GI diet and a Mediterranean diet compared to a control
diet in one intervention trial performed in patients with T2DM in which only liver enzymes were
analyzed [84].

The fiber content of foods is one of the most important factors related to GI. Dietary fiber is
defined as a non-digestible food ingredient; based on solubility it can by classified into soluble pectins,
fructans, oligosaccharides and gums and insoluble hemicellulose, cellulose and lignin, and it is widely
found in fruits, vegetable, whole grains and legumes [85]. Some epidemiological studies have shown
that fiber intake in NAFLD patients is lower than in healthy individuals [86–88].

However, if we exclude the trials in which fiber was part of multifactorial dietary changes, only
limited research regarding the effects of fiber alone on NAFLD has been done. We have found only
one study evaluating the effects of a non-digestible carbohydrate, oligofructose (Table 3). In this trial,
a decrease in ALT and AST was found after 16 g of oligofructose compared to maltodextrine in patients
with NASH although no change in liver fat was detected at US [89].

Trying to draw some conclusions from the trials evaluating the effects of low GI diets on NAFLD,
the few data available indicate that the low GI may have some role within the context of a diet
characterized by other favorable changes such as, in primis, the reduction of saturated fatty acids.

2.2.2. Fructose/Other Simple Sugars

The intake of simple sugars increases liver fat content in animal models [90,91] and
epidemiological studies suggest an association between consumption of soft drinks and NAFLD
development in humans [92–94].

Simple sugars, in particular fructose, has been shown to promote hepatic lipogenesis by
stimulating SREBP-1c and carbohydrate response element-binding protein (ChREBP), the major
transcription factors of many enzymes involved in de novo lipogenesis [95–97]. Furthermore, it has
been observed that fructose and glucose consumption in addition to stimulating SREBP-1c and ChREBP
may produce inflammation and activate cellular stress pathways [98,99] (Figure 2).

Many clinic trials have investigated the effect of simple sugars mainly fructose, glucose and
sucrose on NAFLD in healthy individuals and in those at high cardiometabolic risk [100–107], and
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two meta-analyses on this issue were carried out [108,109]. Briefly, the first meta-analysis reported
that, in healthy subjects, using high doses of fructose in terms of 104–220 g/day in a hypercaloric diet
increased both liver fat content and serum ALT levels, while it did not produce any effect in isocaloric
conditions [108]. Similar findings were reported by the second meta-analysis where it was observed
that the excess of added sugar intake in a hypercaloric diet compared with a eucaloric control diet
increased liver fat content [109].

Only three trials have looked specifically at the effect of simple sugars intake as part of an isocaloric
diet in overweight/obese subjects (Table 3).

Johnston et al. investigated the effects of glucose- or fructose-sweetened beverages providing
25% of energy requirements during an isocaloric period of two weeks. At the end of treatment,
in overweight patients with NAFLD, serum ALT and AST levels, and liver fat content evaluated by
1H-MRS were unchanged [110]. Similar findings were reported by Bravo et al. who investigated
the effects of three different levels of sucrose or high-fructose corn syrup (55% fructose) at 8%, 18%,
or 30% of the calories required for weight maintenance in overweight patients with NAFLD. At the
end of a 10-week intervention, liver fat content evaluated by CT was unchanged [103]. On the other
hand, Maersk et al. compared the effects of four different drinks 1 L/day of regular cola, or isocaloric
semi-skim milk, or aspartame-sweetened diet cola or water in obese subjects with NAFLD. After
24 weeks of treatment, drinking regular cola resulted in a higher amount of liver fat content, evaluated
by 1H-MRS. In particular, in pairwise comparisons, the increment was 143% compared with milk,
139% compared with diet cola, and 132% compared with water, despite the fact that total energy intake
was not different between groups during the study, indicating that the consumption of regular cola
and milk was compensated for by reducing the energy intake from other sources [102].

In conclusion, even if data are still limited, it seems that simple sugars, at least within the context
of an isocaloric diet, do not have a marked deleterious influence on liver fat in overweight individuals,
while frankly obese subjects may be more sensitive to the exposure to simple sugars even within
an isocaloric diet.
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Table 3. Clinical trials on the effects of different types of carbohydrates (low glycemic index diet, oligofructose, and simple sugars) on NAFLD in individuals at high
cardiometabolic risk.

Author (Reference) Study Design Study Population
Participants Age BMI Intervention and Doses Duration

Weeks

Observed Effects with Carbohydrates,
Oligofructose and Simple Sugars

Liver
Imaging

Liver
Biomarkers

Liver
Scores

Liver
Biopsy

Low Glycemic Index Diet

Fraser et al., 2008 [84]
Open label,
quasi-randomized,
controlled

259 M/F ADA diet (CHO: 50–55%, fat: 30%, protein: 20%) or
LGI diet (CHO: 50–55%, fat: 30%, protein: 15–20%) or
MM diet (CHO: 35%, fat: 45%, protein: 15–20%)

52 n.a. ALT ↓ n.a. n.a.T2DM
56 years

31.5 kg/m2

Utzschneider et al., 2012 [81] Randomized parallel,
double-bind

35 M/F
LSAT diet (23% fat, 7% saturated fat, GI < 55) vs.
HSAT diet (43% fat, 24% saturated fat, GI > 70) 4

↓ LIVER FAT
(1H-MRS)

AST =
n.a. n.a.68.9 years

ALT =27.5 kg/m2

Ramon-Krauel et al., 2013 [83] Randomized parallel
16 M/F LGI diet (CHO: 40%, fat: 35–40%, protein: 15–20%)

vs. LF diet (CHO: 55–60%, fat: 30%, protein: 15–20%) 24
= LIVER FAT

(1H-MRS)

AST =
n.a. n.a.12.8 years

ALT =32.6 kg/m2

Misciagna et al., 2016 [82] Randomized
parallel-group, controlled

98 M/F LGI diet (CHO: 50%, fat: 30%, protein: 15–20%) vs.
control (diet based on INRAN guidelines) 24

↓ LIVER FAT
(US)

AST =
n.a. n.a.47.5 years

ALT =31.5 kg/m2

Oligofructose

Daubiol et al., 2005 [89]
Randomized
double-blind, crossover
controlled

7 M

Oligofructose (16 g/day) vs. maltodextrine 8
= LIVER FAT

(US)

AST ↓

n.a. n.a.NASH
ALT =54.5 years

29.1 kg/m2

Fructose/Simple Sugars

Johnston et al., 2011 [110] Randomized
double-blind

32 M
Fructose (25% TE) vs. Glucose (25% TE) 2

= LIVER FAT
(1H-MRS)

AST =
n.a. n.a.33.9 years

ALT =29.4 kg/m2

Bravo et al., 2013 [103]
Randomized
parallel-group

64 M/F HFCS (8%, 18% or 30% of the calories required for
weight maintenance) vs. Sucrose (8%, 18% or 30% of
the calories required for weight maintenance)

10
= LIVER FAT

(CT)
n.a. n.a. n.a.42.1 years

27.2 kg/m2

Maersk et al., 2012 [102]
Randomized
parallel-group

47 M/F Regular cola (1 L/day) or Milk (1 L/day) or Diet cola
(1 L/day) or Water (1 L/day) 24

↑ LIVER FAT
(1H-MRS)

n.a. n.a. n.a.38.7 years
32.0 kg/m2

TE: total energy; = no changes; ↓ significant decrease; ↑ significant increase. BMI: body mass index; M: male; F: female; T2DM: type 2 diabetes mellitus; ALT: alanine aminotransferase; AST:
aspartate aminotransferase; n.a.: not assessed; ADA: American Diabetes Association; CHO: carbohydrates; LGI: low glycemic index; MM: Mediterranean modified; US: ultrasonography;
1H-MRS: proton magnetic resonance spectroscopy; CT: computed tomography; LGI: low glycemic index; INRAN: Italian National Research Institute for Foods and Nutrition; LSAT:
low-fat/low-saturated fat/low-glycemic index diet; HSAT: high-fat/high-saturated fat/high-glycemic index diet; GI: glycemic index; LF: low fat; HFCS: high-fructose corn syrup.
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2.3. Proteins

Limited evidence on the effect of proteins on NAFLD is available. In animal models, a reduction
in liver fat content was observed when protein intake was increased [111].

A very recent analysis of The Rotterdam Study, a large epidemiological study, showed that total
protein intake, in particular proteins of animal origin, was associated with higher odds of NAFLD
in overweight subjects (OR = 1.50; 95% CI 1.17–1.92) [112]; similarly, a cross-sectional evaluation of
the Israeli National Health and Nutrition Survey showed that the intake of meat was significantly
associated with an increased risk for NAFLD (OR = 1.37, 95% CI 1.04–1.83) [113].

The effect of protein intake on NAFLD has been evaluated only in few controlled clinical trials,
generally adopting hypocaloric diets [114–116]. Therefore, it is not possible to draw any conclusion
about the possible effect of proteins per se on NAFLD.

2.4. Other Dietary Components

2.4.1. Polyphenols

Polyphenols represent a great variety of secondary plant metabolites and, based on their chemical
structure, they can be divided into two major categories: flavonoid and non-flavonoids. About
8000 phenolic compounds in the plant kingdom have been discovered. Vegetables, cereal grain,
fruits, and some beverages—tea, coffee, red wine, and beer—are good sources of polyphenols [117].
Mean total dietary intake of polyphenols was 1193 ± 510 mg/day in a French cohort [118]. These
natural compounds are powerful antioxidants, in addition to having many other properties such as
anti-inflammatory, anti-mutagenic, and immunomodulatory activities [117].

Phenolic compounds have received growing interest over the last few years and epidemiological
studies have shown an inverse correlation between high polyphenol consumption and incidence of
many chronic metabolic diseases, including obesity, insulin resistance, and CVD [119]. A randomized
controlled trial in individuals at high cardiometabolic risk showed that diets naturally rich in
polyphenols improved fasting and postprandial dyslipidemia and reduced oxidative stress [120].
Recently, beneficial effects of polyphenols on NAFLD have been reported in animal models [121].

Polyphenols could prevent liver fat accumulation and NAFLD progression through several
mechanisms. In both in vitro and animal models, it has been observed that polyphenols may reduce
hepatic lipogenesis and increase free fatty acid oxidation. In particular, polyphenols can decrease the
transcription of SREBP-1c [122] and increase transcription of PPAR-α. Moreover, polyphenols can
improve insulin sensitivity and reduce the transcription of inflammatory cytokines [123–125]. All
these molecular pathways can be indirectly modulated by the effect of polyphenols on the activation
of AMP-activated protein kinase [126]. Finally, the antioxidant properties of phenolic compounds in
reducing oxidative stress involved in NAFLD progression should be also considered [121] (Figure 2).
Whereas from these animal and in vitro studies it can be argued that polyphenols may have positive
influence on different aspects of NAFLD, the controlled intervention trials in humans have produced
discordant results (Table 4).

The effects of mixed phenolic compounds have been investigated by two trials [127,128].
Chang et al. [127] evaluated in overweight NAFLD patients the effects of 150 mg/day of polyphenols
composed of 1.43% flavonoids, 2.5% anthocyanins and 1.7% phenolic acids compared to placebo.
After 12 weeks of treatment, in the polyphenol group a significant 15% reduction in fatty liver score
was observed, with no changes in AST or ALT levels. In this group, a decrease in body weight,
BMI, body fat and waist-to-hip ratio was also observed, possibly accounting, at least in part, for the
reduction in fatty liver score. In a trial conducted by Guo et al. [128], young NAFLD patients evaluated
by US were given 250 mL of bayberry juice or placebo twice daily for four weeks. The amount of
polyphenols—anthocyanins and phenolic acids—was 1350 mg/day. No significant differences in the
serum levels of AST and ALT between the groups were observed; however, a reduction in serum
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levels of hepatocytes apoptosis biomarkers, namely CK-18 and tissue polypeptide-specific antigen,
was reported.

Two more trials evaluated the effects of specific polyphenols, anthocyanins and catechins,
respectively [129,130]. In the first one, overweight NAFLD men were assigned to consume two
bottles of purple sweet potato beverage or placebo. The amount of phenolic compounds represented
by acylated anthocyanins was 400 mg/day. After eight weeks, the intake of purple sweet potato
beverage induced a significant reduction in the serum levels of ALT versus placebo [129]. In the
second study, Sakata et al. [130] investigated the effects of green tea with high-density catechins in
overweight NAFLD patients evaluated with ultrasonography and computed tomography. Patients
were randomized to consume different amounts of catechins, 0, 200, or 1080 mg/day, for 12 weeks in
a cup of 700 mL/day. The consumption of the highest dose of catechins significantly decreased serum
ALT level by 42.1% and improved liver fat content with a liver-to-spleen CT attenuation ratio that
increased from 92% to 102%.

Resveratrol is currently one of the more studied polyphenols, and five trials have been conducted
on NAFLD. In two of these studies, resveratrol at the dose of 500 mg/day and 1500 mg/day,
respectively, did not induce any change in the different liver outcomes evaluated (liver fat content by
imaging, liver markers, histological changes) [131,132]. In another intervention trial, where a higher
dose of resveratrol was used 3000 mg/day a transient increase in ALT and AST was observed at
Week 6, with no change at the end of the intervention in liver enzymes or in liver fat [133]; conversely,
two trials showed some beneficial effects [123,134]. Chen et al. [123] observed a significant reduction
in serum ALT and AST, fibroblast growth factor-21 and CK-18 after three months of treatment with
600 mg/day of resveratrol versus placebo, while no significant differences in hepatic fat content
was found. Similarly, Faghihzadeh et al. [134] evaluated the effects of 500 mg/day of resveratrol
versus placebo in overweight patients for 12 weeks. After the intervention period, serum levels
of ALT and AST were significantly decreased in both groups, although in patients on resveratrol
a significantly greater reduction in ALT (−32.3%, p = 0.03) was found. Furthermore, in the resveratrol
group a significant reduction in CK-18 was observed as well as an improvement in the hepatic
tissue echogenicity. Nevertheless, the transient elastography did not show a reduction in hepatic
fibrosis grade.

Therefore, based on these data, catechins and antocianins seem to have some beneficial influence
on liver fat, but this needs to be corroborated by additional evidence. As for resveratrol, the results are
so discordant that no definite conclusion can be drawn.

2.4.2. Caffeine

Caffeine, an alkaloid xanthine derivate, represents the main compound of coffee, the most
consumed beverage worldwide, and can also be found in some food, tea and soft drinks.

Over the last few years, epidemiological studies have shown an inverse correlation between high
coffee or caffeine consumption and incidence of many chronic metabolic diseases, even if many studies
have been unable to evidence if the beneficial effect is related to coffee or caffeine [135]. In several
prospective and cross sectional studies, the relationship between coffee/caffeine consumption and
NAFLD has been investigated and we report the comprehensive results of three meta-analyses
published in the last year [136–138]. It should be considered that controlled clinical trials have
not been performed so far.
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Table 4. Clinical trials on the effects of polyphenols supplementation on NAFLD in individuals at high cardiometabolic risk.

Author [Reference] Study Design Study Population
Participants Age BMI Intervention and Doses Duration

Weeks

Observed Effects with Polyphenols

Liver Imaging Liver
Biomarkers

Liver
Scores

Liver
Biopsy

Suda et al., 2008 [129]
Double-blind, randomized,
placebo-controlled

38 M Anthocianins (400 mg/day)
vs. placebo 8 n.a.

AST n.a.
n.a. n.a.43.0 years

ALT ↓
25.4 kg/m2

Sakata et al., 2013 [130]
Double-blind, randomized,
placebo-controlled

17 M/F Cathechin (1.080 mg/day)
vs. placebo 12 ↓ LIVER FAT (CT)

AST n.a.
n.a. n.a.50.6 years

ALT ↓
29.0 kg/m2

Chang et al., 2013 [127] Double-blind, randomized,
placebo-controlled

36 M/F Flavonoids, anthocyanins,
phenolic acid (150 mg/day)
vs. placebo

12 ↓ LIVER FAT (US) AST = ↓ FS n.a.37.9 years
31.2 kg/m2 ALT =

Guo et al., 2014 [128]
Double-blind, randomized,
crossover, placebo-controlled

44 M/F

Phenolic acids, anthocyanins
(1350 mg/day) vs. placebo 4 n.a.

AST =

n.a. n.a.
21.2 years

25.4 kg/m2
ALT =
TPS ↓

CK-18 ↓

Poulsen et al., 2013 [131]
Double-blind, randomized,
placebo-controlled

24 M Resveratrol (500 mg/day)
vs. placebo 4

= LIVER FAT
(1H-MRS)

AST n.a.
n.a. n.a.38.3 years

ALT =34.2 kg/m2

Faghihzadeh et al., 2014 [134] Double-blind, randomized,
placebo-controlled

50 M/F Resveratrol (500 mg/day)
vs. placebo 12

↓ LIVER FAT (US)
= LIVER

FIBROSIS (TEL)

AST = ALT ↓
n.a. n.a.45.1 years

CK-18 ↓
28.5 kg/m2

Chychay et al., 2014 [133] Double-blind, randomized,
placebo-controlled

20 M Resveratrol (3000 mg/day)
vs. placebo 8

= LIVER FAT
(1H-MRS)

AST * ↑
n.a. n.a.48.1 years ALT * ↑

31.5 kg/m2 CK-18 =

Chen et al., 2014 [123]
Double-blind, randomized,
placebo-controlled

60 M/F

Resveratrol (600 mg/day)
vs. placebo 12 = LIVER FAT (US)

AST ↓

n.a. n.a.
44.3 years

25.7 kg/m2
ALT ↓

CK-18 ↓
FGF-21↓

Heebøll et al., 2016 [132]
Double-blind, randomized,
placebo-controlled

28 M
Resveratrol (1500 mg/day)
vs. placebo 24

= LIVER FAT
(1H-MRS)

AST =
n.a. = NASH

(46% NASH)
43.3 years

ALT =31.9 kg/m2

* at Week 6; = no changes; ↓ significant decrease; ↑ significant increase. BMI: body mass index; M: male; F: female; ALT: alanine aminotransferase; AST: aspartate aminotransferase;
n.a.: not assessed; US: ultrasonography; CT: computed tomography; 1H-MRS: proton magnetic resonance spectroscopy; TEL: transient elastography; FS: fatty liver score; TPS: tissue
polypeptide-specific antigen; CK-18: Cytokeratin-18; FGF-21: fibroblast growth factor 21; NASH: non-alcoholic steatohepatitis.
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Wijarnpreecha et al. reported a 29% significant reduction in the risk of developing NAFLD
in patients who drank coffee (RR, 0.71; 95% CI, 0.60–0.85) and a 30% decreased risk of developing
liver fibrosis [136]. Marventano et al. reported an inverse association of caffeine intake with fibrosis
levels in four of seven studies on NAFLD fibrosis [137], while Shen et al. reported that only regular
coffee/caffeine intake, i.e., ingestion of caffeine only from regular coffee, not including other caffeinated
beverages such as soda, tea, espresso, etc., was significantly associated with reduced hepatic fibrosis
in two out of three studies also analyzed by Marventano [138]. In conclusion, most of the evidence
on coffee/caffeine and NAFLD suggest that coffee more than caffeine may have beneficial effect
on fibrosis, however, it should be considered some limitations of these studies: the definition of
regular coffee consumption widely varied between studies; furthermore, these are meta-analyses of
observational studies that could only show an association, but not a causal relationship. With respect
to the plausible mechanisms, it has been reported that caffeine may reduce the progression of liver
fibrosis by inhibiting hepatic stellate cell adhesion and activation [139]. Furthermore, it is important to
underline that other coffee compounds present in coffee such as polyphenols and melanoidins could
positively influence NAFLD [140].

2.4.3. Vitamin E

The term vitamin E refers to eight lipid-soluble compounds four tocotrienols and four tocophenols
with powerful antioxidant properties. These essential vitamins are synthesized in vegetables and are
largely present in seeds, nuts, vegetable oils, green leafy vegetables and fortified cereals [141]. In terms
of vitamin E pharmacokinetics it is important to underline that all the eight isoforms reach the liver,
but only the α-tocopherol form for the selective binding offered by the α-tocopherol transfer protein is
retained at high levels in hepatocytes, whereas other vitamin E forms are preferentially metabolized
by microsomal P450 or excreted into the bile [142].

Vitamin E plays a key role in many physiological functions: it is one of the most powerful
antioxidant and acts as free radical scavenger; it is also involved in the regulation of platelet aggregation,
protein kinase C activation, immune function, gene expression, and other metabolic processes [143].

Oxidative stress and inflammation are the major contributors to NAFLD progression, and
vitamin E could play an important role in mitigating oxidative stress. Vitamin E could avoid
the progression of NAFLD and improve NASH by virtue of its antioxidant capacity and as free
radical scavenger. It has been observed that vitamin E reduces the inflammatory pathway in NASH
by several mechanisms, beyond its “simple” antioxidant activity; in particular, vitamin E could
improve superoxide dismutase activity and could decrease the transcription of many genes related
to inflammation and liver fibrosis [144–147]; it has been also reported that vitamin E could improve
insulin sensitivity [148] (Figure 2).

The possible effects of vitamin E supplementation on NAFLD have been assessed in different
intervention trials and the results of these trials have been examined in two meta-analyses [149,150].
Briefly, vitamin E supplementation in patients with NAFLD reduces significantly liver enzymes, liver
steatosis, inflammation and hepatocellular ballooning compared to control treatments. Moreover, in
patients with NASH, vitamin E supplementation seems to reduce fibrosis as well. Despite the positive
results of these meta-analyses, it is important to underline some limitations such as the variability in
daily dosage of vitamin E, the length of treatment, and the small sample size of the studies, except for
the PIVENS and the TONIC studies [151,152]. Furthermore, some concerns must be underlined about
the possible negative effects of high doses of vitamin E (>400 IU/day) on all-cause mortality [153].

2.4.4. Vitamin C

Vitamin C is a soluble vitamin and its major dietary forms L-ascorbic and dehydroascorbic acids
are largely found in vegetables and fresh fruits [154]. Vitamin C plays a key role in many physiological
functions for human health; it is essential for the activity of the enzymes implicated in the synthesis
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of catecholamines, carnitine and collagen; and it is a powerful antioxidant and acts as a free radical
scavenger [155].

In the last few years, noteworthy epidemiological literature has shown an inverse correlation
between vitamin C deficiency and some chronic diseases, as obesity, hypertension, and CVD [156].
The results of epidemiological studies are conflicting about a possible relation between vitamin
C and NAFLD. In fact, Ferolla et al. [157] reported that patients with NAFLD were unable to
achieve the optimal intake of vitamin C, and similar findings were reported by Musso et al. [47]
and Canbakan et al. [158], who analyzed the intake of vitamin C in patients with NASH. Conversely, in
other cross-sectional studies no relation between dietary vitamin C intake and presence of NAFDL or
NASH was observed [159–161]. These conflicting results may be related to ethnicity and differences in
disease grade (NAFL or NASH); furthermore, it should be considered that in many studies the dietary
intake of vitamin C was considered with no evaluation of plasma vitamin C levels.

Theoretically, vitamin C could play a beneficial role in NAFLD by acting as powerful antioxidant
and as free radical scavenger. In in vitro models, vitamin C can reduce reactive oxygen species
formation and improve the activity of glutathione peroxidase and superoxide dismutase [162].
Furthermore, vitamin C can promote the production of adiponectin an adipose tissue protein
apparently able to decrease insulin resistance and inflammation in humans [163] (Figure 2).

To the best of our knowledge, no clinical trial has investigated the effect of vitamin C
supplementation alone on NAFLD, while some clinical trials have evaluated the effects of the
combination of vitamins C and E (Table 5). The results of these trials were not concordant, two
studies showing a reduction in fibrosis and NAFLD activity score evaluated on liver biopsy [164,165],
two studies showing no effects on liver fat [166,167].

2.4.5. Vitamin D

Vitamin D is a lipid-soluble compound found in few foods, such as fatty fish, fish liver oils, and
dairy products; it is also produced in the skin after ultraviolet irradiation. Vitamin D2 and vitamin D3,
also called ergocalciferol and cholecalciferol, are the two main forms of vitamin D. Vitamin D plays
a prominent role in calcium and phosphorus metabolism and is essential for bone health, promoting
bone growth and remodeling. In the last decade, it has become evident that vitamin D also presents
extra-skeletal effects, including metabolic effects, neuromuscular and immune functions [168].

A growing body of literature has shown that serum levels of vitamin D are inversely associated
with insulin resistance, metabolic syndrome, CVD, diabetes and NAFLD [169–171]. A meta-analysis
showed that subjects with NAFLD were 26% more likely to present vitamin D deficit than controls [172].
Vitamin D receptors are widely expressed in the liver and can explain the possible effect of vitamin D
on NAFLD. Vitamin D may down-regulate the expression of the NF-κB involved in the transcription
of inflammatory cytokines and improve the expression of PPAR-α in the liver [173]. Furthermore, it
has been observed that vitamin D increases adiponectin secretion and decreases lipolysis in adipose
tissue [174], improves the expression of GLUT-4 receptor in skeletal muscle [175] and promotes insulin
secretion [176]. All these effects mediated by the specific vitamin D receptor could reduce liver fat
content (Figure 2).

To date, very few clinical trials have investigated the effects of vitamin D supplementation on
NAFLD (Table 6).

Two of them [177,178] showed no effect of vitamin D supplementation on liver enzymes, liver
fat content or hepatic biomarkers of injury and fibrogenesis, i.e., CK-18 and N-terminal Procollagen
III Propeptide. In the third one [179], the effect of vitamin D supplemented to a hypocaloric diet was
evaluated compared to a hypocaloric diet. Liver enzymes and liver fat content evaluated by US were
significantly reduced by vitamin D independently of weight loss, which was similar in the two groups.
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Table 5. Clinical trials on the supplementation of vitamins C + E on NAFLD in individuals at high cardiometabolic risk.

Author (Reference) Study Design Study Population
Participants Age BMI Intervention and Doses Duration

Weeks

Observed Effects with Vitamin C Plus Vitamin E

Liver
Imaging

Liver
Biomarkers

Liver
Scores Liver Biopsy

Harrison et al., 2003 [164]
Double-blind,
randomized,
placebo-controlled

45 M/F, NASH Vitamin C (1000 mg/day) +
Vitamin E (1000 IU/day)
vs. placebo

24 n.a.
AST =

n.a. =NASH ↓ FIBROSIS51.3 years
ALT =32.7 kg/m2

Ersöz et al., 2005 [166] Open-label, randomized

57 M/F Vitamin C (500 mg/day) +
Vitamin E (600 IU/day) vs.
UDCA (10 mg/kg/day)

24
= LIVER
FAT (US)

AST =
n.a. n.a.(15% NASH)

47.1 years
ALT =28.4 kg/m2

Nobili et al., 2006 [167]
Double-blind,
randomized,
placebo-controlled

90 M/F Vitamin C (500 mg/day) +
Vitamin E (600 IU/day)
vs. placebo

52
= LIVER
FAT (US)

AST =
n.a. n.a.(26% NASH)

12.1 years
ALT =25.0 kg/m2

Nobili et al., 2008 [165]
Open-label, randomized,
placebo-controlled

53 M/F Vitamin C (500 mg/day) +
Vitamin E (600 IU/day)
vs. placebo

104 n.a. AST = n.a.
=LIVER FAT = NASH =

FIBROSIS ↓ NAFLD
activity score

11.9 years
25.8 kg/m2 ALT =

= no changes; ↓ significant decrease. BMI: body mass index; NASH: non-alcoholic steatohepatitis; M: male; F: female; ALT: alanine aminotransferase; AST: aspartate aminotransferase; n.a.:
not assessed; UDAC: ursodeoxycholic acid; IU: international unit; US: ultrasonography; NAFLD non-alcoholic fatty liver disease.

Table 6. Clinical trials on the effects of vitamin D supplementation on NAFLD in individuals at high cardiometabolic risk.

Author (Reference) Study Design Study Population
Participants Age BMI Intervention and Doses Duration

Weeks

Observed Effects with Vitamin D

Liver Imaging Liver
Biomarkers

Liver
Scores

Liver
Biopsy

Sharifi et al., 2014 [177]
Double-blind, randomized,
placebo-controlled, parallel

53 M/F Cholecalciferol (3570 IU/day)
vs. placebo 16 = LIVER FAT (US)

AST =
n.a. n.a.42.1 years

ALT =30.3 kg/m2

Barchetta et al., 2016 [178]
Double-blind, randomized,
placebo-controlled

65 M/F

Cholecalciferol (2000 IU/day)
vs. placebo 24

= LIVER FAT
(1H-MRS)

AST =

= FLI n.a.
T2DM

58.6 years ALT =
CK-18 =

30.0 kg/m2 P3NP =

Lorvand Amiri et al., 2016 [179]
Double-blind, randomized,
placebo-controlled

73 M/F Cholecalciferol (1000 IU/day) +
hypocaloric diet vs. placebo +
hypocaloric diet

12 ↓ LIVER FAT (US)
AST ↓

n.a. n.a.41.9 years
ALT ↓

30.3 kg/m2

= no changes; ↓ significant decrease; BMI: body mass index; M: male; F: female; T2DM: type 2 diabetes mellitus; ALT: alanine aminotransferase; AST: aspartate aminotransferase; n.a.: not
assessed; US: ultrasonography; 1H-MRS: proton magnetic resonance spectroscopy; IU: international unit; CK-18: Cytokeratin-18; P3NP: N-terminal Procollagen III Propeptide; FLI: fatty
liver index.
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3. Conclusions

NAFLD is the most common chronic liver disease in the industrialized world and will become one
of the most important public health challenges in the coming decades for its hepatic and extra-hepatic
related complications. At present, lifestyle intervention including hypocaloric diet and regular physical
exercise represents the mainstay of NAFLD management. Apart from the caloric restriction alone,
changes in the quality of the diet modulating either the macro- or the micronutrient composition can
also markedly affect the clinical evolution of NAFLD offering a more realistic and feasible alternative
for NAFLD treatment. We tried to review the relevant data available from intervention studies in
humans. Unfortunately, data are rather scant and characterized by methodological limitations, and the
results are often discordant.

Notwithstanding, the following conclusions can be drawn:

1. Data are reasonably convincing for the possible effects of dietary macronutrients on liver fat
content. In fact, SFA increase liver fat content and replacing SFA with MUFA or n-6 PUFA reduces
liver fat, while the effectiveness of n-3 PUFA supplementation is still controversial.

2. In terms of other dietary components (polyphenols) and micronutrients, data are not yet
convincing, and any effect would refer especially to liver inflammation and fibrosis more than
to fat content. Only for vitamin E supplementation, data are more convincing, even if concerns
may be present for high vitamin E supplementation considering possible negative effects on
all cause-mortality.

Similar conclusions can also be drawn for NAFLD in children and adolescents [180].
Therefore, based on the available evidence in humans, precise recommendations on the quality

of diet to be used for the prevention and treatment of NAFLD may not be given. More carefully
conducted intervention studies are needed: it is very likely that the “optimal diet” for NAFLD should
be based on different dietary modifications, i.e., a multifactorial diet, able to act both on the deposition
of excess fat in the liver and on the other pathways leading from liver fat deposition to NASH and
fibrosis. However, this hypothesis needs to be substantiated by appropriate intervention studies
in humans.
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Abbreviations

The following abbreviations are used in this manuscript:

AHA American Heart Association
ALA α-linolenic acid
ALT alanine aminotransferase
AST aspartate aminotransferase
BMI body mass index
ChREBP carbohydrate response element-binding protein
CK-18 cytokeratin-18
CT computed tomography
CVD cardiovascular disease
DHA docosahexaenoic acid
EPA eicosapentaenoic acid
GL glycemic load
GI glycemic index
1H-MRS Proton magnetic resonance spectroscopy
MUFA monounsaturated fatty acids
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NAFL non-alcoholic fatty liver
NAFLD non-alcoholic fatty liver disease
NASH non-alcoholic steatohepatitis
PNPLA3 patatin-like phospholipase 3
PPAR-α peroxisome proliferator-activated receptor-alfa
PPAR-γ peroxisome proliferator-activated receptor-gamma
PUFA polyunsaturated fatty acids
SFA saturated fatty acids
SREBP-1c sterol regulatory element-binding transcription factor-1c
TD2M type 2 diabetes mellitus
TM6SF2 transmembrane 6 superfamily member 2
US ultrasonography

References

1. Haas, J.T.; Francque, S.; Stael, B. Pathophysiology and mechanisms of nonalcoholic fatty liver disease.
Annu. Rev. Physiol. 2016, 78, 181–205. [CrossRef] [PubMed]

2. Francque, S.M.; van der Graaff, D.; Kwanten, W.J. Non-alcoholic fatty liver disease and cardiovascular risk:
Pathophysiological mechanisms and implications. J. Hepatol. 2016, 65, 425–443. [CrossRef] [PubMed]

3. Chalasani, N.; Younossi, Z.; Lavine, J.E.; Diehl, A.M.; Brunt, E.M.; Cusi, K.; Charlton, M.; Sanyal, A.J.
The Diagnosis and management of non-alcoholic fatty liver disease: practice guideline by the American
Association for the study of liver diseases, American College of Gastroenterology, and the American
Gastroenterological Association. Hepatology 2012, 55, 2005–2023. [CrossRef] [PubMed]

4. Neuschwander-Tetri, B.A.; Caldwell, S.H. Nonalcoholic steatohepatitis: Summary of an AASLD single topic
conference. Hepatology 2003, 37, 1202–1219. [CrossRef] [PubMed]

5. Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of
nonalcoholic fatty liver disease-meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology
2016, 64, 73–84. [CrossRef] [PubMed]

6. Yang, K.C.; Hung, H.F.; Lu, C.W.; Chang, H.H.; Lee, L.T.; Huang, K.C. Association of non-alcoholic fatty liver
disease with metabolic syndrome independently of central obesity and insulin resistance. Sci. Rep. 2016, 6,
27034. [CrossRef] [PubMed]

7. Bozzetto, L.; Annuzzi, G.; Ragucci, M.; Di Donato, O.; Della Pepa, G.; Della Corte, G.; Griffo, E.; Anniballi, G.;
Giacco, A.; Mancini, M.; et al. Insulin resistance, postprandial GLP-1 and adaptive immunity are the main
predictors of NAFLD in a homogeneous population at high cardiovascular risk. Nutr. Metab. Cardiovasc. Dis.
2016, 26, 623–629. [CrossRef] [PubMed]

8. López-Suárez, A.; Guerrero, J.M.; Elvira-Gonzáles, J.; Beltrán-Robles, M.; Cañas-Hormigo, F.;
Bascuñana-Quirell, A. Nonalcoholic fatty liver disease is associated with blood pressure in hypertensive and
nonhypertensive individuals from the general population with normal levels of alanine aminotransferase.
Eur. J. Gastroenterol. Hepatol. 2011, 23, 1011–1017. [CrossRef] [PubMed]

9. Blachier, M.; Leleu, H.; Peck-Radosavljevic, M.; Valla, D.C.; Roudot-Thoraval, F. The burden of liver disease
in Europe: A review of available epidemiological data. J. Hepatol. 2013, 58, 593–608. [CrossRef] [PubMed]

10. Yamazak, H.; Tsuboya, T.; Tsuji, K.; Dohke, M.; Maguchi, H. Independent association between improvement
of nonalcoholic fatty liver disease and reduced incidence of type 2 diabetes mellitus. Diabetes Care 2015, 38,
1673–1679. [CrossRef] [PubMed]

11. Bush, H.; Golabi, P.; Younossi, Z.M. Pediatric non-alcoholic fatty liver disease. Children 2017, 4, 48. [CrossRef]
[PubMed]

12. Angulo, P. Long-term mortality in nonalcholic fatty liver disease: Is liver histology of any prognostic
significance? Hepatology 2010, 51, 373–375. [CrossRef] [PubMed]

13. Bellentani, S. The epidemiology of non-alcoholic fatty liver disease. Liver Int. 2017, 37, S81–S84. [CrossRef]
[PubMed]

14. Byrne, C.D.; Targher, G. NAFLD: A multisystem disease. J. Hepatol. 2015, 62, S47–S64. [CrossRef] [PubMed]

http://dx.doi.org/10.1146/annurev-physiol-021115-105331
http://www.ncbi.nlm.nih.gov/pubmed/26667070
http://dx.doi.org/10.1016/j.jhep.2016.04.005
http://www.ncbi.nlm.nih.gov/pubmed/27091791
http://dx.doi.org/10.1002/hep.25762
http://www.ncbi.nlm.nih.gov/pubmed/22488764
http://dx.doi.org/10.1053/jhep.2003.50193
http://www.ncbi.nlm.nih.gov/pubmed/12717402
http://dx.doi.org/10.1002/hep.28431
http://www.ncbi.nlm.nih.gov/pubmed/26707365
http://dx.doi.org/10.1038/srep27034
http://www.ncbi.nlm.nih.gov/pubmed/27246655
http://dx.doi.org/10.1016/j.numecd.2016.01.011
http://www.ncbi.nlm.nih.gov/pubmed/27134062
http://dx.doi.org/10.1097/MEG.0b013e32834b8d52
http://www.ncbi.nlm.nih.gov/pubmed/21915061
http://dx.doi.org/10.1016/j.jhep.2012.12.005
http://www.ncbi.nlm.nih.gov/pubmed/23419824
http://dx.doi.org/10.2337/dc15-0140
http://www.ncbi.nlm.nih.gov/pubmed/26156527
http://dx.doi.org/10.3390/children4060048
http://www.ncbi.nlm.nih.gov/pubmed/28598410
http://dx.doi.org/10.1002/hep.23521
http://www.ncbi.nlm.nih.gov/pubmed/20101746
http://dx.doi.org/10.1111/liv.13299
http://www.ncbi.nlm.nih.gov/pubmed/28052624
http://dx.doi.org/10.1016/j.jhep.2014.12.012
http://www.ncbi.nlm.nih.gov/pubmed/25920090


Nutrients 2017, 9, 1065 22 of 30

15. Bozzetto, L.; Prinster, A.; Mancini, M.; Giacco, R.; De Natale, C.; Salvatore, M.; Riccardi, G.; Rivellese, A.A.;
Annuzzi, G. Liver fat in obesity: Role of type 2 diabetes mellitus and adipose tissue distribution. Eur. J.
Clin. Investig. 2011, 41, 39–44. [CrossRef] [PubMed]

16. Marcuccilli, M.; Chonchol, M. NAFLD and chronic kidney disease. Int. J. Mol. Sci. 2016, 17, 562. [CrossRef]
[PubMed]

17. Day, C.P.; James, O.F. Steatohepatitis: A tale of two “hits”? Gastroenterology 1998, 114, 842–845. [CrossRef]
18. Dowman, J.K.; Tomlinson, J.W.; Newsome, P.N. Pathogenesis of non-alcoholic fatty liver disease. Q. J. Med.

2010, 103, 71–83. [CrossRef] [PubMed]
19. Donnelly, K.L.; Smith, C.I.; Schwarzenberg, S.J.; Jessurun, J.; Boldt, M.D.; Parks, E.J. Sources of fatty acids

stored in liver and secreted via lipoproteins in patients with nonalcoholic fatty liver disease. J. Clin. Investig.
2005, 115, 1343–1351. [CrossRef] [PubMed]

20. Nguyen, P.; Leray, V.; Diez, M.; Serisier, S.; Le Bloc’h, J.; Siliart, B.; Dumon, H. Liver lipid metabolism. J. Anim.
Physiol. Anim. Nutr. 2008, 92, 272–283. [CrossRef] [PubMed]

21. Alam, S.; Mustafa, G.; Alam, M.; Ahmad, N. Insulin resistance in development and progression of
nonalcoholic fatty liver disease. World J. Gastrointest. Pathophysiol. 2016, 7, 211–217. [CrossRef] [PubMed]

22. Basaranoglu, M. From fatty liver to fibrosis: A tale of “second hit”. World J. Gastroenterol. 2013, 19, 1158–1165.
[CrossRef] [PubMed]

23. Tiniakos, D.G.; Vos, M.B.; Brunt, E.M. Nonalcoholic fatty liver disease: Pathology and pathogenesis.
Annu. Rev. Pathol. 2010, 5, 145–171. [CrossRef] [PubMed]

24. Buzzetti, E.; Pinzani, M.; Tsochatzis, E.A. The multiple–hit pathogenesis of non-alcoholic fatty liver disease
(NAFLD). Metabolism 2016, 65, 1038–1048. [CrossRef] [PubMed]

25. Kitade, H.; Chen, G.; Ni, Y.; Ota, T. Nonalcoholic fatty liver disease and insulin resistance: New insights and
potential new treatments. Nutrients 2017, 9, 387. [CrossRef] [PubMed]

26. Mokhtari, Z.; Gibson, D.L.; Hekmatdoost, A. Nonalcoholic fatty liver disease, the gut microbiome, and diet.
Adv. Nutr. 2017, 8, 240–252. [CrossRef] [PubMed]

27. Sookoian, S.; Pirola, C.J. Genetic predisposition in nonalcoholic fatty liver disease. Clin. Mol. Hepatol. 2017,
23, 1–12. [CrossRef] [PubMed]

28. Dongiovanni, P.; Valenti, L. A Nutrigenomic approach to non-alcoholic fatty liver disease. Int. J. Mol. Sci.
2017, 18, 1534. [CrossRef] [PubMed]

29. Naska, A.; Trichopoulou, A. Nutrigenomics: The Genome–Food Interface. Environ. Health Perspect. 2007, 115,
A582–A589.

30. Davis, J.N.; Le, K.A.; Walker, R.W.; Vikman, S.; Spruijt-Metz, D.; Weigensberg, M.J.; Allayee, H.; Goran, M.I.
Increased hepatic fat in overweight Hispanic youth influenced by interaction between genetic variation in
PNPLA3 and high dietary carbohydrate and sugar consumption. Am. J. Clin. Nutr. 2010, 92, 1522–1527.
[CrossRef] [PubMed]

31. Anstee, Q.M.; Day, C.P. The genetics of NAFLD. Nat. Rev. Gastroenterol. Hepatol. 2013, 10, 645–655. [CrossRef]
[PubMed]

32. Pirazzi, C.; Adiels, M.; Burza, M.A.; Mancina, R.M.; Levin, M.; Ståhlman, M.; Taskinen, M.R.;
Orho-Melander, M.; Perman, J.; Pujia, A.; et al. Patatin-like phospholipase domain-containing 3 (PNPLA3)
I148M (rs738409) affects hepatic VLDL secretion in humans and in vitro. J. Hepatol. 2012, 57, 1276–1282.
[CrossRef] [PubMed]

33. European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes
(EASD); European Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice
Guidelines for the management of non-alcoholic fatty liver disease. J. Hepatol. 2016, 64, 1388–1402.

34. Bedogni, G.; Bellentani, S.; Miglioli, L.; Masutti, F.; Passalacqua, M.; Castiglione, A.; Tiribelli, C. The fatty
liver index: A simple and accurate predictor of hepatic steatosis in the general population. BMC Gastroenterol.
2006, 6, 33. [CrossRef] [PubMed]

35. Kotronen, A.; Peltonen, M.; Hakkarainen, A.; Sevastianova, K.; Bergholm, R.; Johansson, L.M.; Lundbom, N.;
Rissanen, A.; Ridderstråle, M.; Groop, L.; et al. Prediction of non-alcoholic fatty liver disease and liver fat
using metabolic and genetic factors. Gastroenterology 2009, 137, 865–872. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/j.1365-2362.2010.02372.x
http://www.ncbi.nlm.nih.gov/pubmed/20825466
http://dx.doi.org/10.3390/ijms17040562
http://www.ncbi.nlm.nih.gov/pubmed/27089331
http://dx.doi.org/10.1016/S0016-5085(98)70599-2
http://dx.doi.org/10.1093/qjmed/hcp158
http://www.ncbi.nlm.nih.gov/pubmed/19914930
http://dx.doi.org/10.1172/JCI23621
http://www.ncbi.nlm.nih.gov/pubmed/15864352
http://dx.doi.org/10.1111/j.1439-0396.2007.00752.x
http://www.ncbi.nlm.nih.gov/pubmed/18477307
http://dx.doi.org/10.4291/wjgp.v7.i2.211
http://www.ncbi.nlm.nih.gov/pubmed/27190693
http://dx.doi.org/10.3748/wjg.v19.i8.1158
http://www.ncbi.nlm.nih.gov/pubmed/23483818
http://dx.doi.org/10.1146/annurev-pathol-121808-102132
http://www.ncbi.nlm.nih.gov/pubmed/20078219
http://dx.doi.org/10.1016/j.metabol.2015.12.012
http://www.ncbi.nlm.nih.gov/pubmed/26823198
http://dx.doi.org/10.3390/nu9040387
http://www.ncbi.nlm.nih.gov/pubmed/28420094
http://dx.doi.org/10.3945/an.116.013151
http://www.ncbi.nlm.nih.gov/pubmed/28298269
http://dx.doi.org/10.3350/cmh.2016.0109
http://www.ncbi.nlm.nih.gov/pubmed/28268262
http://dx.doi.org/10.3390/ijms18071534
http://www.ncbi.nlm.nih.gov/pubmed/28714900
http://dx.doi.org/10.3945/ajcn.2010.30185
http://www.ncbi.nlm.nih.gov/pubmed/20962157
http://dx.doi.org/10.1038/nrgastro.2013.182
http://www.ncbi.nlm.nih.gov/pubmed/24061205
http://dx.doi.org/10.1016/j.jhep.2012.07.030
http://www.ncbi.nlm.nih.gov/pubmed/22878467
http://dx.doi.org/10.1186/1471-230X-6-33
http://www.ncbi.nlm.nih.gov/pubmed/17081293
http://dx.doi.org/10.1053/j.gastro.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19524579


Nutrients 2017, 9, 1065 23 of 30

36. Poynard, T.; Lassailly, G.; Diaz, E.; Clement, K.; Caïazzo, R.; Tordjman, J.; Munteanu, M.; Perazzo, H.;
Demol, B.; Callafe, R.; et al. Performance of biomarkers FibroTest, ActiTest, SteatoTest, and NashTest in
patients with severe obesity: Meta-analysis of individual patient data. PLoS ONE 2012, 7, e30325. [CrossRef]
[PubMed]

37. Saadeh, S.; Younossi, Z.M.; Remer, E.M.; Gramlich, T.; Ong, J.P.; Hurley, M.; Mullen, K.D.; Cooper, J.N.;
Sheridan, M.J. The utility of radiological imaging in nonalcoholic fatty liver disease. Gastroenterology 2002,
123, 745–750. [CrossRef] [PubMed]

38. Mancini, M.; Prinster, A.; Annuzzi, G.; Liuzzi, R.; Giacco, R.; Medagli, C.; Cremone, M.; Clemente, G.;
Maurea, S.; Riccardi, G.; et al. Sonographic hepatic-renal ratio as indicator of hepatic steatosis: Comparison
with (1)H magnetic resonance spectroscopy. Metabolism 2009, 58, 1724–1730. [CrossRef] [PubMed]

39. Guo, J.; Friedman, S.L. Toll-like receptor 4 signaling in liver injury and hepatic fibrogenesis. Fibrogenes. Tissue
Repair 2010, 3, 21. [CrossRef] [PubMed]

40. European Association for the Study of the Liver; Asociacion Latinoamericana para el Estudio del Higado.
EASL-ALEH Clinical Practice Guidelines: Non-invasive tests for evaluation of liver disease severity and
prognosis. J. Hepatol. 2015, 63, 237–264.

41. Wong, V.W.; Vergniol, J.; Wong, G.L.; Foucher, J.; Chan, H.L.; Le Bail, B.; Choi, P.C.; Kowo, M.; Chan, A.W.;
Merrouche, W.; et al. Diagnosis of fibrosis and cirrhosis using liver stiffness measurement in nonalcoholic
fatty liver disease. Hepatology 2010, 51, 454–462. [CrossRef] [PubMed]

42. Toshimitsu, K.; Matsuura, B.; Ohkubo, I.; Niiya, T.; Furukawa, S.; Hiasa, Y.; Kawamura, M.; Ebihara, K.;
Onji, M. Dietary habits and nutrient intake in non-alcoholic steatohepatitis. Nutrition 2007, 23, 46–52.
[CrossRef] [PubMed]

43. Naska, A.; Trichopoulou, A. Back to the future: the Mediterranean diet paradigm. Nutr. Metab. Cardiovasc. Dis.
2014, 24, 216–219. [CrossRef] [PubMed]

44. Romagnolo, D.F.; Selmin, O.I. Mediterranean diet and prevention of chronic diseases. Nutr. Today 2017.
[CrossRef]

45. Zelber-Sagi, S.; Salomone, F.; Mlynarsky, L. The Mediterranean dietary pattern as the diet of choice for
non-alcoholic fatty liver disease: Evidence and plausible mechanisms. Liver Int. 2017, 37, 936–949. [CrossRef]
[PubMed]

46. Allard, J.P.; Aghdassi, E.; Mohammed, S.; Raman, M.; Avand, G.; Arendt, B.M.; Jalali, P.; Kandasamy, T.;
Prayitno, N.; Sherman, M.; et al. Nutritional assessment and hepatic fatty acid composition in non-alcoholic
fatty liver disease (NAFLD): A cross-sectional study. J. Hepatol. 2008, 48, 300–307. [CrossRef] [PubMed]

47. Musso, G.; Gambino, R.; De Michieli, F.; Cassader, M.; Rizzetto, M.; Durazzo, M.; Fagà, E.; Silli, B.;
Pagano, G. Dietary habits and their relations to insulin resistance and postprandial lipemia in nonalcoholic
steatohepatitis. Hepatology 2003, 37, 909–916. [CrossRef] [PubMed]

48. Westerbacka, J.; Lammi, K.; Häkkinen, A.M.; Rissanen, A.; Salminen, I.; Aro, A.; Yki-Järvinen, H. Dietary fat
content modifies liver fat in overweight nondiabetic subjects. J. Clin. Endocrinol. Metab. 2005, 90, 2804–2809.
[CrossRef] [PubMed]

49. Rosqvist, F.; Iggman, D.; Kullberg, J.; Cedernaes, J.; Johansson, H.E.; Larsson, A.; Johansson, L.; Ahlström, H.;
Arner, P.; Dahlman, I.; et al. Overfeeding polyunsaturated and saturated fat causes distinct effects on liver
and visceral fat accumulation in humans. Diabetes 2014, 63, 2356–2368. [CrossRef] [PubMed]

50. Cao, J.; Dai, D.L.; Yao, L.; Yu, H.H.; Ning, B.; Zhang, Q.; Cheng, W.H.; Shen, W.; Yang, Z.X. Saturated fatty acid
induction of endoplasmic reticulum stress and apoptosis in human liver cells via the PERK/ATF4/CHOP
signaling pathway. Mol. Cell. Biochem. 2012, 364, 115–129. [CrossRef] [PubMed]

51. Lin, J.; Yang, R.; Tarr, P.T.; Wu, P.H.; Handschin, C.; Li, S.; Yang, W.; Pei, L.; Uldry, M.; Tontonoz, P.; et al.
Hyperlipidemic effects of dietary saturated fats mediated through PGC-1beta coactivation of SREBP. Cell
2005, 120, 261–273. [CrossRef] [PubMed]

52. Leamy, A.K.; Egnatchik, R.A.; Young, J.D. Molecular mechanisms and the role of saturated fatty acids in the
progression of non-alcoholic fatty liver disease. Prog. Lipid Res. 2013, 52, 165–174. [CrossRef] [PubMed]

53. Bozzetto, L.; Prinster, A.; Annuzzi, G.; Costagliola, L.; Mangione, A.; Vitelli, A.; Mazzarella, R.;
Longobardo, M.; Mancini, M.; Vigorito, C.; et al. Liver fat is reduced by an isoenergetic MUFA diet in
a controlled randomized study in type 2 diabetic patients. Diabetes Care 2012, 35, 1429–1435. [CrossRef]
[PubMed]

http://dx.doi.org/10.1371/journal.pone.0030325
http://www.ncbi.nlm.nih.gov/pubmed/22431959
http://dx.doi.org/10.1053/gast.2002.35354
http://www.ncbi.nlm.nih.gov/pubmed/12198701
http://dx.doi.org/10.1016/j.metabol.2009.05.032
http://www.ncbi.nlm.nih.gov/pubmed/19716568
http://dx.doi.org/10.1186/1755-1536-3-21
http://www.ncbi.nlm.nih.gov/pubmed/20964825
http://dx.doi.org/10.1002/hep.23312
http://www.ncbi.nlm.nih.gov/pubmed/20101745
http://dx.doi.org/10.1016/j.nut.2006.09.004
http://www.ncbi.nlm.nih.gov/pubmed/17140767
http://dx.doi.org/10.1016/j.numecd.2013.11.007
http://www.ncbi.nlm.nih.gov/pubmed/24462051
http://dx.doi.org/10.1097/NT.0000000000000228
http://dx.doi.org/10.1111/liv.13435
http://www.ncbi.nlm.nih.gov/pubmed/28371239
http://dx.doi.org/10.1016/j.jhep.2007.09.009
http://www.ncbi.nlm.nih.gov/pubmed/18086506
http://dx.doi.org/10.1053/jhep.2003.50132
http://www.ncbi.nlm.nih.gov/pubmed/12668986
http://dx.doi.org/10.1210/jc.2004-1983
http://www.ncbi.nlm.nih.gov/pubmed/15741262
http://dx.doi.org/10.2337/db13-1622
http://www.ncbi.nlm.nih.gov/pubmed/24550191
http://dx.doi.org/10.1007/s11010-011-1211-9
http://www.ncbi.nlm.nih.gov/pubmed/22246806
http://dx.doi.org/10.1016/j.cell.2004.11.043
http://www.ncbi.nlm.nih.gov/pubmed/15680331
http://dx.doi.org/10.1016/j.plipres.2012.10.004
http://www.ncbi.nlm.nih.gov/pubmed/23178552
http://dx.doi.org/10.2337/dc12-0033
http://www.ncbi.nlm.nih.gov/pubmed/22723581


Nutrients 2017, 9, 1065 24 of 30

54. Ryan, M.C.; Itsiopoulos, C.; Thodis, T.; Ward, G.; Trost, N.; Hofferberth, S.; O’Dea, K.; Desmond, P.V.;
Johnson, N.A.; Wilson, A.M. The Mediterranean diet improves hepatic steatosis and insulin sensitivity in
individuals with non-alcoholic fatty liver disease. J. Hepatol. 2013, 59, 138–143. [CrossRef] [PubMed]

55. Nigam, P.; Bhatt, S.; Misra, A.; Chadha, D.S.; Vaidya, M.; Dasgupta, J.; Pasha, Q.M. Effect of a 6-month
intervention with cooking oils containing a high concentration of monounsaturated fatty acids (olive and
canola oils) compared with control oil in male Asian Indians with nonalcoholic fatty liver disease. Diabetes
Technol. Ther. 2014, 16, 255–261. [CrossRef] [PubMed]

56. Varela, L.M.; Ortega-Gomez, A.; Lopez, S.; Abia, R.; Muriana, F.J.; Bermudez, B. The effects of
dietary fatty acids on the postprandial triglyceride-rich lipoprotein/apoB48 receptor axis in human
monocyte/macrophage cells. J. Nutr. Biochem. 2013, 24, 2031–2039. [CrossRef] [PubMed]

57. DeLany, J.P.; Windhauser, M.M.; Champagne, C.M.; Bray, G.A. Differential oxidation of individual dietary
fatty acids in humans. Am. J. Clin. Nutr. 2000, 72, 905–911. [PubMed]

58. Ferramosca, A.; Savy, V.; Zara, V. Olive oil increases the hepatic triacylglycerol content in mice by a distinct
influence on the synthesis and oxidation of fatty acids. Biosci. Biotechnol. Biochem. 2008, 72, 62–69. [CrossRef]
[PubMed]

59. Bozzetto, L.; Costabile, G.; Luongo, D.; Naviglio, D.; Cicala, V.; Piantadosi, C.; Patti, L.; Cipriano, P.;
Annuzzi, G.; Rivellese, A.A. Reduction in liver fat by dietary MUFA in type 2 diabetes is helped by enhanced
hepatic fat oxidation. Diabetologia 2016, 59, 2697–2701. [CrossRef] [PubMed]

60. Hussein, O.; Grosovski, M.; Lasri, E.; Svalb, S.; Ravid, U.; Assy, N. Monounsaturated fat decreases hepatic
lipid content in non-alcoholic fatty liver disease in rats. World. J. Gastroenterol. 2007, 13, 361–368. [CrossRef]
[PubMed]

61. Rivellese, A.A.; Giacco, R.; Annuzzi, G.; De Natale, C.; Patti, L.; Di Marino, L.; Minerva, V.; Costabile, G.;
Santangelo, C.; Masella, R. Effects of monounsaturated vs. saturated fat on postprandial lipemia and adipose
tissue lipases in type 2 diabetes. Clin. Nutr. 2008, 27, 133–141. [CrossRef] [PubMed]

62. Zivkovic, A.M.; German, J.B.; Sanyal, A.J. Comparative review of diets for the metabolic syndrome:
Implications for nonalcoholic fatty liver disease. Am. J. Clin. Nutr. 2007, 86, 285–300. [PubMed]

63. Juárez-Hernández, E.; Chávez-Tapia, N.C.; Uribe, M.; Barbero-Becerra, V.J. Role of bioactive fatty acids in
nonalcoholic fatty liver disease. Nutr. J. 2016, 15, 72. [CrossRef] [PubMed]

64. Bjermo, H.; Iggman, D.; Kullberg, J.; Dahlman, I.; Johansson, L.; Persson, L.; Berglund, J.; Pulkki, K.; Basu, S.;
Uusitupa, M.; et al. Effects of n-6 PUFAs compared with SFAs on liver fat, lipoproteins, and inflammation
in abdominal obesity: A randomized controlled trial. Am. J. Clin. Nutr. 2012, 95, 1003–1012. [CrossRef]
[PubMed]

65. Nobili, V.; Alisi, A.; Musso, G.; Scoreltti, E.; Calder, P.C.; Byrne, C.D. Omega-3 fatty acids: Mechanisms of
benefit and therapeutic effects in pediatric and adult NAFLD. Crit. Rev. Clin. Lab. Sci. 2016, 53, 106–120.
[CrossRef] [PubMed]

66. Spadaro, L.; Magliocco, O.; Spampinato, D.; Piro, S.; Oliveri, C.; Alagona, C.; Papa, G.; Rabuazzo, A.M.;
Purrello, F. Effects of n-3 polyunsaturated fatty acids in subjects with nonalcoholic fatty liver disease.
Dig. Liver Dis. 2008, 40, 194–199. [CrossRef] [PubMed]

67. Scorletti, E.; Bhatia, L.; McCormick, K.G.; Clough, G.F.; Nash, K.; Hodson, L.; Moyses, H.E.; Calder, P.C.;
Byrne, C.D.; WELCOME Study. Effects of purified eicosapentaenoic and docosahexaenoic acids in
non-alcoholic fatty liver disease: Results from the WELCOME study. Hepatology 2014, 60, 1211–1221.
[CrossRef] [PubMed]

68. Zhu, F.S.; Liu, S.; Chen, X.M.; Huang, Z.G.; Zhang, D.W. Effects of n-3 polyunsaturated fatty acids from
seal oils on nonalcoholic fatty liver disease associated with hyperlipidemia. World. J. Gastroenterol. 2008, 14,
6395–6400. [CrossRef] [PubMed]

69. Vega, G.L.; Chandalia, M.; Szczepaniak, L.S.; Grundy, S.M. Effects of n-3 fatty acids on hepatic triglyceride
content in humans. J. Investig. Med. 2008, 56, 780–785. [CrossRef] [PubMed]

70. Argo, C.K.; Patrie, J.T.; Lackner, C.; Henry, T.D.; de Lange, E.E.; Weltman, A.L.; Shah, N.L.; Al-Osaimi, A.M.;
Pramoonjago, P.; Jayakumar, S.; et al. Effects of n-3 fish oil on metabolic and histological parameters in NASH:
a double-blind, randomized, placebo-controlled trial. J. Hepatol. 2015, 62, 190–197. [CrossRef] [PubMed]

71. Sanyal, A.J.; Abdelmalek, M.; Suzuki, A.; Cummings, W.; Chojkier, M. No significant effects of
ethyl-eicosapentanoic acid on histologic features of nonalcoholic steatohepatitis in a phase 2 trial.
Gastroenterology 2014, 147, 377–384. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jhep.2013.02.012
http://www.ncbi.nlm.nih.gov/pubmed/23485520
http://dx.doi.org/10.1089/dia.2013.0178
http://www.ncbi.nlm.nih.gov/pubmed/24625239
http://dx.doi.org/10.1016/j.jnutbio.2013.07.004
http://www.ncbi.nlm.nih.gov/pubmed/24231096
http://www.ncbi.nlm.nih.gov/pubmed/11010930
http://dx.doi.org/10.1271/bbb.70369
http://www.ncbi.nlm.nih.gov/pubmed/18175925
http://dx.doi.org/10.1007/s00125-016-4110-5
http://www.ncbi.nlm.nih.gov/pubmed/27650287
http://dx.doi.org/10.3748/wjg.v13.i3.361
http://www.ncbi.nlm.nih.gov/pubmed/17230603
http://dx.doi.org/10.1016/j.clnu.2007.07.005
http://www.ncbi.nlm.nih.gov/pubmed/17765364
http://www.ncbi.nlm.nih.gov/pubmed/17684197
http://dx.doi.org/10.1186/s12937-016-0191-8
http://www.ncbi.nlm.nih.gov/pubmed/27485440
http://dx.doi.org/10.3945/ajcn.111.030114
http://www.ncbi.nlm.nih.gov/pubmed/22492369
http://dx.doi.org/10.3109/10408363.2015.1092106
http://www.ncbi.nlm.nih.gov/pubmed/26463349
http://dx.doi.org/10.1016/j.dld.2007.10.003
http://www.ncbi.nlm.nih.gov/pubmed/18054848
http://dx.doi.org/10.1002/hep.27289
http://www.ncbi.nlm.nih.gov/pubmed/25043514
http://dx.doi.org/10.3748/wjg.14.6395
http://www.ncbi.nlm.nih.gov/pubmed/19009658
http://dx.doi.org/10.2310/JIM.0b013e318177024d
http://www.ncbi.nlm.nih.gov/pubmed/18525453
http://dx.doi.org/10.1016/j.jhep.2014.08.036
http://www.ncbi.nlm.nih.gov/pubmed/25195547
http://dx.doi.org/10.1053/j.gastro.2014.04.046
http://www.ncbi.nlm.nih.gov/pubmed/24818764


Nutrients 2017, 9, 1065 25 of 30

72. Cussons, J.A.; Watts, G.F.; Mori, T.A.; Stuckey, B.G. Omega-3 fatty acid supplementation decreases liver fat
content in polycystic ovary syndrome: A randomized controlled trial employing proton magnetic resonance
spectroscopy. J. Clin. Endocrinol. Metab. 2009, 94, 3842–3848. [CrossRef] [PubMed]

73. Schugar, R.C.; Crawford, P.A. Low-carbohydrate ketogenic diets, glucose homeostasis, and nonalcoholic
fatty liver disease. Curr. Opin. Clin. Nutr. Metab. Care 2012, 15, 374–380. [CrossRef] [PubMed]

74. Da Silva-Santi, L.G.; Masetto Antunes, M.; Martins Caparroz-Assef, S.; Carbonera, F.; Nunes Masi, L.;
Curi, R.; Visentainer, J.V.; Barbosa Bazotte, R. Liver fatty acid composition and inflammation in mice fed
with high-carbohydrate diet or high-fat diet. Nutrients 2016, 8, 682. [CrossRef] [PubMed]

75. Valtuena, S.; Pellegrini, N.; Ardigo, D.; Del Rio, D.; Numeroso, F.; Scazzina, F.; Monti, L.; Zavaroni, I.;
Brighenti, F. Dietary glycemic index and liver steatosis. Am. J. Clin. Nutr. 2006, 84, 136–142. [PubMed]

76. Moon, Y.A. The SCAP/SREBP pathway: A mediator of hepatic steatosis. Endocrinol. Metab. 2017, 32, 6–10.
[CrossRef] [PubMed]

77. Shirani, F.; Zaribaf, F.; Esmaillzadeh, A. Dietary glycemic index and glycemic load in relation to
cardiovascular disease risk factors: A review of current evidence. J. Health Syst. Res. 2015, 10, 641–654.

78. Bawden, S.; Stephenson, M.; Falcone, Y.; Lingaya, M.; Ciampi, E.; Hunter, K.; Bligh, F.; Schirra, J.; Taylor, M.;
Morris, P.; et al. Increased liver fat and glycogen stores after consumptionof high versus low glycaemic index
food: A randomized crossover study. Diabetes Obes. Metab. 2017, 19, 70–77. [CrossRef] [PubMed]

79. Rusul, E.; Dragomir, A.; Posea, M. Metabolic effects of low glycaemic index diets. Nutr. J. 2009, 8, 5.
80. Parnell, J.A.; Reimer, A.R. Prebiotic fiber modulation of the gut microbiota improves risk factors for obesity

and the metabolic syndrome. Gut Microbes 2012, 3, 29–34. [CrossRef] [PubMed]
81. Utzschneider, K.M.; Bayer-Carter, J.L.; Arbuckle, M.D.; Tidwell, J.M.; Richards, T.L.; Craft, S. Beneficial effect

of a weight-stable, low-fat/low-saturated fat/low-glycaemic index diet to reduce liver fat in older subjects.
Br. J. Nutr. 2013, 109, 1096–1104. [CrossRef] [PubMed]

82. Misciagna, G.; Del Pilar Díaz, M.; Caramia, D.V.; Bonfiglio, C.; Franco, I.; Noviello, M.R.; Chiloiro, M.;
Abbrescia, D.I.; Mirizzi, A.; Tanzi, M.; et al. Effect of a low glycemic index mediterranean diet on
non-alcoholic fatty liver disease. A randomized controlled clinical trial. J. Nutr. Health Aging 2016, 21,
404–412. [CrossRef] [PubMed]

83. Ramon-Krauel, M.; Salsberg, S.L.; Ebbeling, C.B.; Voss, S.; Mulkern, M.R.; Cooke, E.A.; Sarao, C.; Jonas, M.M.;
Ludwig, D.S. Low-glycemic-load versus low-fat diet in the treatment of fatty liver in obese children.
Child. Obes. 2013, 9, 252–260. [CrossRef] [PubMed]

84. Fraser, A.; Abel, R.; Lawlor, D.A.; Fraser, D.; Elhayany, A. A modified Mediterranean diet is associated
with the greatest reduction in alanine aminotransferase levels in obese type 2 diabetes patients: results of
a quasi-randomised controlled trial. Diabetologia 2008, 51, 1616–1622. [CrossRef] [PubMed]

85. Dhingra, D.; Michael, M.; Rajput, H.; Patil, R.T. Dietary fibre in food: A review. J. Food Sci. Technol. 2012, 49,
255–266. [CrossRef] [PubMed]

86. Cortez-Pinto, H.; Jesus, L.; Barros, H.; Lopes, C.; Moura, M.C.; Camilo, M.E. How different is the dietary
pattern in non-alcoholic steatohepatitis patients? Clin. Nutr. 2006, 25, 816–823. [CrossRef] [PubMed]

87. Kim, C.H.; Kallman, J.B.; Bai, C.; Pawloski, L.; Gewa, C.; Arsalla, A.; Sabatella, M.E.; Younossi, Z.M.
Nutritional assessments of patients with non-alcoholic fatty liver disease. Obes. Surg. 2010, 20, 154–160.
[CrossRef] [PubMed]

88. Zolfaghari, H.; Askari, G.; Siassi, F.; Feizi, A.; Sotoudeh, G. Intake of nutrients, fiber, and sugar in patients
with nonalcoholic fatty liver disease in comparison to healthy individuals. Int. J. Prev. Med. 2016, 7, 98.
[PubMed]

89. Daubioul, C.A.; Horsmans, Y.; Lambert, P.; Danse, E.; Delzenne, N.M. Effects of oligofructose on glucose and
lipid metabolism in patients with nonalcoholic steatohepatitis: Results of a pilot study. Eur. J. Clin. Nutr.
2005, 59, 723–726. [CrossRef] [PubMed]

90. Rippe, J.M.; Angelopoulos, T.J. Fructose-containing sugars and cardiovascular disease. Adv. Nutr. 2015, 6,
430–439. [CrossRef] [PubMed]

91. Nunes, P.M.; Wright, A.J.; Veltien, A.; van Asten, J.J.; Tack, C.J.; Jones, J.G.; Heerschap, A. Dietary lipids do
not contribute to the higher hepatic triglyceride levels of fructose-compared to glucose-fed mice. FASEB J.
2014, 28, 1988–1997. [CrossRef] [PubMed]

92. Nseir, W.; Nassar, F.; Assy, N. Soft drinks consumption and nonalcoholic fatty liver disease. World J.
Gastroenterol. 2010, 16, 2579–2588. [CrossRef] [PubMed]

http://dx.doi.org/10.1210/jc.2009-0870
http://www.ncbi.nlm.nih.gov/pubmed/19622617
http://dx.doi.org/10.1097/MCO.0b013e3283547157
http://www.ncbi.nlm.nih.gov/pubmed/22617564
http://dx.doi.org/10.3390/nu8110682
http://www.ncbi.nlm.nih.gov/pubmed/27801862
http://www.ncbi.nlm.nih.gov/pubmed/16825687
http://dx.doi.org/10.3803/EnM.2017.32.1.6
http://www.ncbi.nlm.nih.gov/pubmed/28116873
http://dx.doi.org/10.1111/dom.12784
http://www.ncbi.nlm.nih.gov/pubmed/27593525
http://dx.doi.org/10.4161/gmic.19246
http://www.ncbi.nlm.nih.gov/pubmed/22555633
http://dx.doi.org/10.1017/S0007114512002966
http://www.ncbi.nlm.nih.gov/pubmed/22849970
http://dx.doi.org/10.1007/s12603-016-0809-8
http://www.ncbi.nlm.nih.gov/pubmed/28346567
http://dx.doi.org/10.1089/chi.2013.0022
http://www.ncbi.nlm.nih.gov/pubmed/23705885
http://dx.doi.org/10.1007/s00125-008-1049-1
http://www.ncbi.nlm.nih.gov/pubmed/18597068
http://dx.doi.org/10.1007/s13197-011-0365-5
http://www.ncbi.nlm.nih.gov/pubmed/23729846
http://dx.doi.org/10.1016/j.clnu.2006.01.027
http://www.ncbi.nlm.nih.gov/pubmed/16677739
http://dx.doi.org/10.1007/s11695-008-9549-0
http://www.ncbi.nlm.nih.gov/pubmed/18560947
http://www.ncbi.nlm.nih.gov/pubmed/27625763
http://dx.doi.org/10.1038/sj.ejcn.1602127
http://www.ncbi.nlm.nih.gov/pubmed/15770222
http://dx.doi.org/10.3945/an.114.008177
http://www.ncbi.nlm.nih.gov/pubmed/26178027
http://dx.doi.org/10.1096/fj.13-241208
http://www.ncbi.nlm.nih.gov/pubmed/24500922
http://dx.doi.org/10.3748/wjg.v16.i21.2579
http://www.ncbi.nlm.nih.gov/pubmed/20518077


Nutrients 2017, 9, 1065 26 of 30

93. Abdelmalek, M.F.; Suzuki, A.; Guy, C.; Unalp-Arida, A.; Colvin, R.; Johnson, R.J.; Diehl, A.M. Increased
fructose consumption is associated with fibrosis severity in patients with nonalcoholic fatty liver disease.
Hepatology 2010, 5, 1961–1971. [CrossRef] [PubMed]

94. Ma, J.; Fox, C.S.; Jacques, P.F.; Speliotes, E.K.; Hoffmann, U.; Smith, C.E.; Saltzman, E.; McKeown, N.M.
Sugar-sweetened beverage, diet soda, and fatty liver disease in the Framingham Heart Study cohorts.
J. Hepatol. 2015, 63, 462–469. [CrossRef] [PubMed]

95. Dekker, M.J.; Su, Q.; Baker, C.; Rutledge, A.C.; Adeli, K. Fructose: A highly lipogenic nutrient implicated in
insulin resistance, hepatic steatosis, and the metabolic syndrome. Am. J. Physiol. Endocrinol. Metab. 2010, 299,
E685–E694. [CrossRef] [PubMed]

96. Rebollo, A.; Roglans, N.; Alegret, M.; Laguna, J.C. Way back for fructose and liver metabolism: Bench side to
molecular insights. World J. Gastroenterol. 2012, 18, 6552–6559. [CrossRef] [PubMed]

97. Basaranoglu, M.; Basaranoglu, G.; Bugianesi, E. Carbohydrate intake and nonalcoholic fatty liver disease:
Fructose as a weapon of mass destruction. Hepatobiliary Surg. Nutr. 2015, 4, 109–116. [PubMed]

98. Bernardes, N.; Ayyappan, P.; De Angelis, K.; Bagchi, A.; Akolkar, G.; da Silva Dias, D.; Belló-Klein, A.
Excessive consumption of fructose causes cardiometabolic dysfunctions through oxidative stress and
inflammation. Can. J. Physiol. Pharmacol. 2017, 10, 1–13. [CrossRef] [PubMed]

99. Mohamed, J.; Nazratun Nafizah, A.H.; Zariyantey, A.H.; Budin, S.B. Mechanisms of diabetes-induced liver
damage the role of oxidative stress and inflammation. Sult. Qaboos Univ. Med. J. 2016, 16, e132–e141.
[CrossRef] [PubMed]

100. Ngo Sock, E.T.; Le, K.A.; Ith, M.; Kreis, R.; Boesch, C.; Tappy, L. Effects of a short-term overfeeding with
fructose or glucose in healthy young males. Br. J. Nutr. 2010, 103, 939–943. [CrossRef] [PubMed]

101. Silbernagel, G.; Machann, J.; Unmuth, S.; Schick, F.; Stefan, N.; Haring, H.U.; Fritsche, A. Effects of 4-week
very-high-fructose/glucose diets on insulin sensitivity, visceral fat and intrahepatic lipids: An exploratory
trial. Br. J. Nutr. 2011, 106, 79–86. [CrossRef] [PubMed]

102. Maersk, M.; Belza, A.; Stodkilde-Jorgensen, H.; Ringgaard, S.; Chabanova, E.; Thomsen, H.; Pedersen, S.B.;
Astrup, A.; Richelsen, B. Sucrose-sweetened beverages increase fat storage in the liver, muscle, and visceralfat
depot: A6-mo randomized intervention study. Am. J. Clin. Nutr. 2012, 95, 283–289. [CrossRef] [PubMed]

103. Bravo, S.; Lowndes, J.; Sinnett, S.; Yu, Z.; Rippe, J. Consumption of sucrose and high-fructose corn syrup
does not increase liver fat or ectopic fat deposition in muscles. Appl. Physiol. Nutr. Metab. 2013, 38, 681–688.
[CrossRef] [PubMed]

104. Lecoultre, V.; Egli, L.; Carrel, G.; Theytaz, F.; Kreis, R.; Schneiter, P.; Boss, A.; Zwygart, K.; Le, K.-A.;
Bortolotti, M. Effects of fructose and glucose overfeeding on hepatic insulin sensitivity and intrahepatic
lipids in healthy humans. Obesity 2013, 21, 782–785. [CrossRef] [PubMed]

105. Aeberli, I.; Gerber, P.A.; Hochuli, M.; Kohler, S.; Haile, S.R.; Gouni-Berthold, I.; Spinas, G.A.; Berneis, K. Low
to moderate sugar-sweetened beverage consumption impairs glucose and lipid metabolism and promotes
inflammation in healthy young men: A randomized controlled trial. Am. J. Clin. Nutr. 2011, 94, 479–485.
[CrossRef] [PubMed]

106. Lê, K.A.; Faeh, D.; Stettler, R.; Ith, M.; Kreis, R.; Vermathen, P.; Boesch, C.; Ravussin, E.; Tappy, L. A 4-wk
high-fructose diet alters lipid metabolism without affecting insulin sensitivity or ectopic lipids in healthy
humans. Am. J. Clin. Nutr. 2006, 84, 1374–1379. [PubMed]

107. Taskinen, M.R.; Söderlund, S.; Bogl, L.H.; Hakkarainen, A.; Matikainen, N.; Pietiläinen, K.H.; Räsänen, S.;
Lundbom, N.; Björnson, E.; Eliasson, B.; et al. Adverse effects of fructose on cardiometabolic risk factors and
hepatic lipid metabolism in subjects with abdominal obesity. J. Intern. Med. 2017, 282, 187–201. [CrossRef]
[PubMed]

108. Chiu, S.; Sievenpiper, J.L.; de Souza, R.J.; Cozma, A.I.; Mirrahimi, A.; Carleton, A.J.; Ha, V.; Di Buono, M.;
Jenkins, A.L.; Leiter, L.A.; et al. Effect of fructose on markers of non-alcoholic fatty liver disease (NAFLD):
A systematic review and meta-analysis of controlled feeding trials. Eur. J. Clin. Nutr. 2014, 68, 416–423.
[CrossRef] [PubMed]

109. Ma, J.; Karlsen, M.C.; Chung, M.; Jacques, P.F.; Saltzman, E.; Smith, C.E.; Fox, C.S.; McKeown, N.M. Potential
link between excess added sugar intake and ectopic fat: A systematic review of randomized controlled trials.
Nutr. Rev. 2015, 74, 18–32. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/hep.23535
http://www.ncbi.nlm.nih.gov/pubmed/20301112
http://dx.doi.org/10.1016/j.jhep.2015.03.032
http://www.ncbi.nlm.nih.gov/pubmed/26055949
http://dx.doi.org/10.1152/ajpendo.00283.2010
http://www.ncbi.nlm.nih.gov/pubmed/20823452
http://dx.doi.org/10.3748/wjg.v18.i45.6552
http://www.ncbi.nlm.nih.gov/pubmed/23236229
http://www.ncbi.nlm.nih.gov/pubmed/26005677
http://dx.doi.org/10.1139/cjpp-2016-0663
http://www.ncbi.nlm.nih.gov/pubmed/28187269
http://dx.doi.org/10.18295/squmj.2016.16.02.002
http://www.ncbi.nlm.nih.gov/pubmed/27226903
http://dx.doi.org/10.1017/S0007114509992819
http://www.ncbi.nlm.nih.gov/pubmed/19930762
http://dx.doi.org/10.1017/S000711451000574X
http://www.ncbi.nlm.nih.gov/pubmed/21396140
http://dx.doi.org/10.3945/ajcn.111.022533
http://www.ncbi.nlm.nih.gov/pubmed/22205311
http://dx.doi.org/10.1139/apnm-2012-0322
http://www.ncbi.nlm.nih.gov/pubmed/23724887
http://dx.doi.org/10.1002/oby.20377
http://www.ncbi.nlm.nih.gov/pubmed/23512506
http://dx.doi.org/10.3945/ajcn.111.013540
http://www.ncbi.nlm.nih.gov/pubmed/21677052
http://www.ncbi.nlm.nih.gov/pubmed/17158419
http://dx.doi.org/10.1111/joim.12632
http://www.ncbi.nlm.nih.gov/pubmed/28548281
http://dx.doi.org/10.1038/ejcn.2014.8
http://www.ncbi.nlm.nih.gov/pubmed/24569542
http://dx.doi.org/10.1093/nutrit/nuv047
http://www.ncbi.nlm.nih.gov/pubmed/26518034


Nutrients 2017, 9, 1065 27 of 30

110. Johnston, R.D.; Stephenson, M.C.; Crossland, H.; Cordon, S.M.; Palcidi, E.; Cox, E.F.; Taylor, M.A.; Aithal, G.P.;
Macdonald, I.A. No difference between high-fructose and high-glucose diets on liver triacylglycerol or
biochemistry in healthy overweight men. Gastroenterology 2013, 145, 1016–1025. [CrossRef] [PubMed]

111. Pichon, L.; Huneau, J.F.; Fromentin, G.; Tome, D. A high-protein, high-fat, carbohydrate-free diet reduces
energy intake, hepatic lipogenesis, and adiposity in rats. J. Nutr. 2006, 136, 1256–1260. [PubMed]

112. Alferink, L.; Kiefte-deJong, J.C.B.; Schoufour, J.D.; Taimr, P.; Ikram, A.M.; Janssen, H.L.A.; Metselaar, H.J.;
Franco, O.H.; Murad, S.D. Animal protein is the most important macronutrient associated with non-alcoholic
fatty liver disease in overweight participants: The Rotterdam Study. J. Hepatol. 2017, 66, S50. [CrossRef]

113. Zelber-Sagi, S.; Nitzan-Kaluski, D.; Halpern, Z.; Oren, R. Long term nutritional intake and the risk for
non-alcoholic fatty liver disease (NAFLD): A population based study. J. Hepatol. 2007, 47, 711–717. [CrossRef]
[PubMed]

114. Bortolotti, M.; Maiolo, E.; Corazza, M.; Van Dijke, E.; Schneiter, P.; Boss, A.; Carrel, G.; Giusti, V.; Lê, K.A.;
Chong, D.G.Q.; et al. Effects of a whey protein supplementation on intrahepatocellular lipids in obese female
patients. Clin. Nutr. 2011, 30, 494–498. [CrossRef] [PubMed]

115. Duarte, S.M.B.; Faintuch, J.; Stefano, J.T.; Oliveira, M.B.S.D.; Mazo, D.F.D.C.; Rabelo, F.; Vanni, D.;
Nogueira, M.A.; Carhillo, F.J.; Oliveira, C.P.M.S.D. Hypocaloric high-protein diet improves clinical and
biochemical markers in patients with nonalcoholic fatty liver disease (NAFLD). Nutr. Hosp. 2014, 29, 94–101.

116. Kani, A.H.; Alavian, S.M.; Esmaillzadeh, A.; Adibi, P.; Azadbakht, L. Effects of a novel therapeutic diet
on liver enzymes and coagulating factors in patients with non-alcoholic fatty liver disease: A parallel
randomized trial. Nutrition 2014, 30, 814–821. [CrossRef] [PubMed]

117. Lima, G.P.P.; Vianello, F.; Corrêa, C.R.; da Silva Campos, R.A.; Borguini, M.G. Polyphenols in fruits and
vegetables and its effect on human health. Food Nutr. Sci. 2014, 5, 1065–1082. [CrossRef]

118. Pérez-Jiménez, J.; Fezeu, L.; Touvier, M.; Arnault, N.; Manach, C.; Hercberg, S.; Galan, P.; Scalbert, A. Dietary
intake of 337 polyphenols in French adults. Am. J. Clin. Nutr. 2011, 93, 1220–1228. [CrossRef] [PubMed]

119. Del Rio, D.; Rodriguez-Mateos, A.; Spencer, J.P.; Tognolini, M.; Borges, G.; Crozier, A. Dietary (poly)phenolics
in human health: Structures, bioavailability, and evidence of protective effects against chronic diseases.
Antioxid. Redox Signal. 2013, 18, 1818–1892. [CrossRef] [PubMed]

120. Annuzzi, G.; Bozzetto, L.; Costabile, G.; Giacco, R.; Mangione, A.; Anniballi, G.; Vitale, M.; Vetrani, C.;
Cipriano, P.; Della Corte, G.; et al. Diets naturally rich in polyphenols improve fasting and postprandial
dyslipidemia and reduce oxidative stress: a randomized controlled trial. Am. J. Clin. Nutr. 2014, 99, 463–471.
[CrossRef] [PubMed]

121. Salomone, F.; Godos, J.; Zelber-Sagi, S. Natural anti-oxidants for nonalcoholic fatty liver disease: Molecular
targets and clinical perspectives. Liver Int. 2016, 36, 5–20. [CrossRef] [PubMed]

122. Liu, J.F.; Ma, Y.; Wang, Y.; Du, Z.; Shen, J.K.; Peng, H.L. Reduction of lipid accumulation in HepG2 cells by
luteolin is associated with activation of AMPK and mitigation of oxidative stress. Phytother. Res. 2011, 25,
588–596. [CrossRef] [PubMed]

123. Chen, S.; Zhao, X.; Ran, L.; Wan, J.; Wang, X.; Qin, J.; Shu, F.; Gao, Y.; Yuan, L.; Zhang, Q.; et al. Resveratrol
improves insulin resistance, glucose and lipid metabolism in patients with non-alcoholic fatty liver disease:
A randomized controlled trial. Dig. Liver Dis. 2015, 47, 226–232. [CrossRef] [PubMed]

124. Rodriguez-Ramiro, I.; Vauzour, D.; Minihane, A.M. Polyphenols and non-alcoholic fatty liver disease: Impact
and mechanisms. Proc. Nutr. Soc. 2016, 75, 47–60. [CrossRef] [PubMed]

125. Bozzetto, L.; Annuzzi, G.; Pacini, G.; Costabile, G.; Vetrani, C.; Vitale, M.; Griffo, E.; Giacco, A.; De Natale, C.;
Cocozza, S.; et al. Polyphenol-rich diets improve glucose metabolism in people at high cardiometabolic risk:
A controlled randomised intervention trial. Diabetologia 2015, 58, 1551–1560. [CrossRef] [PubMed]

126. Shang, J.; Chen, L.L.; Xiao, F.X.; Sun, H.; Ding, H.C.; Xiao, H. Resveratrol improves non-alcoholic fatty liver
disease by activating AMP-activated protein kinase. Acta Pharmacol. Sin. 2008, 29, 698–706. [CrossRef]
[PubMed]

127. Chang, H.C.; Peng, C.H.; Yeh, D.M.; Kao, E.S.; Wang, C.J. Hibiscus sabdariffa extract inhibits obesity and fat
accumulation, and improves liver steatosis in humans. Food Funct. 2014, 5, 734–739. [CrossRef] [PubMed]

128. Guo, H.; Zhong, R.; Liu, Y.; Jiang, X.; Tang, X.; Li, Z.; Xia, M.; Ling, W. Effects of bayberry juice on
inflammatory and apoptotic markers in young adults with features of non-alcoholic fatty liver disease.
Nutrition 2014, 30, 198–203. [CrossRef] [PubMed]

http://dx.doi.org/10.1053/j.gastro.2013.07.012
http://www.ncbi.nlm.nih.gov/pubmed/23872500
http://www.ncbi.nlm.nih.gov/pubmed/16614413
http://dx.doi.org/10.1016/S0168-8278(17)30363-X
http://dx.doi.org/10.1016/j.jhep.2007.06.020
http://www.ncbi.nlm.nih.gov/pubmed/17850914
http://dx.doi.org/10.1016/j.clnu.2011.01.006
http://www.ncbi.nlm.nih.gov/pubmed/21288612
http://dx.doi.org/10.1016/j.nut.2013.11.008
http://www.ncbi.nlm.nih.gov/pubmed/24984998
http://dx.doi.org/10.4236/fns.2014.511117
http://dx.doi.org/10.3945/ajcn.110.007096
http://www.ncbi.nlm.nih.gov/pubmed/21490142
http://dx.doi.org/10.1089/ars.2012.4581
http://www.ncbi.nlm.nih.gov/pubmed/22794138
http://dx.doi.org/10.3945/ajcn.113.073445
http://www.ncbi.nlm.nih.gov/pubmed/24368433
http://dx.doi.org/10.1111/liv.12975
http://www.ncbi.nlm.nih.gov/pubmed/26436447
http://dx.doi.org/10.1002/ptr.3305
http://www.ncbi.nlm.nih.gov/pubmed/20925133
http://dx.doi.org/10.1016/j.dld.2014.11.015
http://www.ncbi.nlm.nih.gov/pubmed/25577300
http://dx.doi.org/10.1017/S0029665115004218
http://www.ncbi.nlm.nih.gov/pubmed/26592314
http://dx.doi.org/10.1007/s00125-015-3592-x
http://www.ncbi.nlm.nih.gov/pubmed/25906754
http://dx.doi.org/10.1111/j.1745-7254.2008.00807.x
http://www.ncbi.nlm.nih.gov/pubmed/18501116
http://dx.doi.org/10.1039/c3fo60495k
http://www.ncbi.nlm.nih.gov/pubmed/24549255
http://dx.doi.org/10.1016/j.nut.2013.07.023
http://www.ncbi.nlm.nih.gov/pubmed/24377455


Nutrients 2017, 9, 1065 28 of 30

129. Suda, I.; Ishikawa, F.; Hatakeyama, M.; Miyawaki, M.; Kudo, T.; Hirano, K.; Ito, A.; Yamakawa, O.; Horiuchi, S.
Intake of purple sweet potato beverage affects on serum hepatic biomarker levels of healthy adult men with
borderline hepatitis. Eur. J. Clin. Nutr. 2008, 62, 60–67. [CrossRef] [PubMed]

130. Sakata, R.; Nakamura, T.; Torimura, T.; Ueno, T.; Sata, S. Green tea with high-density catechins improves
liver function and fat infiltration in non alcoholic fatty liver disease (NAFLD) patients: A double-blind
placebo-controlled study. Int. J. Mol. Med. 2013, 32, 989–994. [CrossRef] [PubMed]

131. Poulsen, M.M.; Vestergaard, P.F.; Clasen, B.F.; Radko, Y.; Christensen, L.P.; Stødkilde-Jørgensen, H.;
Møller, N.; Jessen, N.; Pedersen, S.B.; Jørgensen, J.O.L. High-dose resveratrol supplementation in obese
men: An investigator-initiated, randomized, placebo-controlled clinical trial of substrate metabolism, insulin
sensitivity, and body composition. Diabetes 2013, 62, 1186–1195. [CrossRef] [PubMed]

132. Heebøll, S.; Kreuzfeldt, M.; Hamilton-Dutoit, S.; Poulsen, M.P.; Stødkilde-Jørgensen, H.; Møller, H.J.;
Jessen, N.; Thorsen, K.; Hellberg, Y.K.; Pedersen, S.B.; et al. Placebo-controlled, randomised clinical trial:
high dose resveratrol treatment for non-alcoholic fatty liver disease. Scand. J. Gastroenterol. 2016, 51, 456–463.
[CrossRef] [PubMed]

133. Chachay, V.S.; Macdonald, G.A.; Martin, J.H.; Whitehead, J.P.; O’Moore–Sullivan, T.M.; Lee, P.; Franklin, M.;
Klein, K.; Taylor, P.J.; Ferguson, M.; et al. Resveratrol Does Not Benefit Patients With Nonalcoholic Fatty
Liver Disease. Clin. Gastroenterol. Hepatol. 2014, 12, 2092–2103. [CrossRef] [PubMed]

134. Faghihzadeh, F.; Adibi, P.; Rafiei, R.; Hekmatdoost, A. Resveratrol supplementation improves inflammatory
biomarkers in patients with nonalcoholic fatty liver disease. Nutr. Res. 2014, 34, 837–843. [CrossRef]
[PubMed]

135. Kwok, M.K.; Leung, G.M.; Schooling, C.M. Habitual coffee consumption and risk of type 2 diabetes, ischemic
heart disease, depression and Alzheimer’s disease: A Mendelian randomization study. Sci. Rep. 2016, 6,
36500. [CrossRef] [PubMed]

136. Wijarnpreecha, K.; Thongprayoon, C.; Ungprasert, P. Coffee consumption and risk of nonalcoholic fatty liver
disease: A systematic review and meta-analysis. Eur. J. Gastroenterol. Hepatol. 2017, 29, e8–e12. [CrossRef]
[PubMed]

137. Marventano, S.; Salomone, F.; Godos, J.; Pluchinotta, F.; Del Rio, D.; Mistretta, A.; Grosso, G. Coffee and tea
consumption in relation with non-alcoholic fatty liver and metabolic syndrome: A systematic review and
meta-analysis of observational studies. Clin. Nutr. 2016, 35, 1269–1281. [CrossRef] [PubMed]

138. Shen, H.; Rodriguez, A.C.; Shiani, A.; Lipka, S.; Shahzad, G.; Kumar, A.; Mustacchia, P. Association between
caffeine consumption and nonalcoholic fatty liver disease: A systemic review and meta-analysis. Ther. Adv.
Gastroenterol. 2016, 9, 113–120. [CrossRef] [PubMed]

139. Chen, S.; Teoh, N.C.; Chitturi, S.; Farrell, G.C. Coffee and non-alcoholic fatty liver disease: Brewing evidence
for hepatoprotection? J. Gastroenterol. Hepatol. 2014, 29, 435–441. [CrossRef] [PubMed]

140. Vitaglione, P.; Morisco, F.; Mazzone, G.; Amoruso, D.C.; Ribecco, M.T.; Romano, A.; Fogliano, V.; Caporaso, N.;
D’Argenio, G. Coffee reduces liver damage in a rat model of steatohepatitis: The underlying mechanisms
and the role of polyphenols and melanoidins. Hepatology 2010, 52, 1652–1661. [CrossRef] [PubMed]

141. Niki, E.; Traber, M.G. A history of vitamin E. Ann. Nutr. Metab. 2012, 61, 207–212. [CrossRef] [PubMed]
142. Traber, M.G. Vitamin E regulatory mechanisms. Annu. Rev. Nutr. 2007, 27, 347–362. [CrossRef] [PubMed]
143. Rizvi, S.; Raza, S.T.; Ahmed, F.; Ahmad, A.; Abbas, S.; Mahdi, F. The Role of Vitamin E in Human Health and

Some Diseases. Sult. Qaboos Univ. Med. J. 2014, 14, e158–e165.
144. Nan, Y.M.; Wu, W.J.; Fu, N.; Liang, B.L.; Wang, R.Q.; Li, L.X.; Zhao, S.X.; Zhao, J.M.; Yu, J. Antioxidants

vitamin E and 1-aminobenzotriazole prevent experimental non-alcoholic steatohepatitis in mice. Scand. J.
Gastroenterol. 2009, 44, 1121–1131. [CrossRef] [PubMed]

145. Phung, N.; Pera, N.; Farrell, G.; Leclercq, I.; Hou, J.Y.; George, J. Pro-oxidant-mediated hepatic fibrosis and
effects of antioxidant intervention in murine dietary steatohepatitis. Int. J. Mol. Med. 2009, 24, 171–180.
[PubMed]

146. Soden, J.S.; Devereaux, M.W.; Haas, J.E.; Gumpricht, E.; Dahl, R.; Gralla, J.; Traber, M.G.; Sokol, R.J.
Subcutaneous vitamin E ameliorates liver injury in an in vivo model of steatocholestasis. Hepatology 2007,
46, 485–495. [CrossRef] [PubMed]

147. Hasegawa, T.; Yoneda, M.; Nakamura, K.; Makino, I.; Terano, A. Plasma transforming growth factor-beta1
level and efficacy of alpha-tocopherol in patients with non-alcoholic steatohepatitis: A pilot study. Aliment.
Pharmacol. Ther. 2001, 15, 1667–1672. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/sj.ejcn.1602674
http://www.ncbi.nlm.nih.gov/pubmed/17299464
http://dx.doi.org/10.3892/ijmm.2013.1503
http://www.ncbi.nlm.nih.gov/pubmed/24065295
http://dx.doi.org/10.2337/db12-0975
http://www.ncbi.nlm.nih.gov/pubmed/23193181
http://dx.doi.org/10.3109/00365521.2015.1107620
http://www.ncbi.nlm.nih.gov/pubmed/26784973
http://dx.doi.org/10.1016/j.cgh.2014.02.024
http://www.ncbi.nlm.nih.gov/pubmed/24582567
http://dx.doi.org/10.1016/j.nutres.2014.09.005
http://www.ncbi.nlm.nih.gov/pubmed/25311610
http://dx.doi.org/10.1038/srep36500
http://www.ncbi.nlm.nih.gov/pubmed/27845333
http://dx.doi.org/10.1097/MEG.0000000000000776
http://www.ncbi.nlm.nih.gov/pubmed/27824642
http://dx.doi.org/10.1016/j.clnu.2016.03.012
http://www.ncbi.nlm.nih.gov/pubmed/27060021
http://dx.doi.org/10.1177/1756283X15593700
http://www.ncbi.nlm.nih.gov/pubmed/26770272
http://dx.doi.org/10.1111/jgh.12422
http://www.ncbi.nlm.nih.gov/pubmed/24199670
http://dx.doi.org/10.1002/hep.23902
http://www.ncbi.nlm.nih.gov/pubmed/21038411
http://dx.doi.org/10.1159/000343106
http://www.ncbi.nlm.nih.gov/pubmed/23183290
http://dx.doi.org/10.1146/annurev.nutr.27.061406.093819
http://www.ncbi.nlm.nih.gov/pubmed/17439363
http://dx.doi.org/10.1080/00365520903114912
http://www.ncbi.nlm.nih.gov/pubmed/19606393
http://www.ncbi.nlm.nih.gov/pubmed/19578790
http://dx.doi.org/10.1002/hep.21690
http://www.ncbi.nlm.nih.gov/pubmed/17659596
http://dx.doi.org/10.1046/j.1365-2036.2001.01083.x
http://www.ncbi.nlm.nih.gov/pubmed/11564008


Nutrients 2017, 9, 1065 29 of 30

148. Williams, D.B.; Wan, Z.; Frier, B.C.; Bell, R.C.; Field, C.J.; Wright, D.C. Dietary supplementation with
vitamin E and C attenuates dexamethasone-induced glucose intolerance in rats. Am. J. Physiol. Regul. Integr.
Comp. Physiol. 2012, 302, 49–58. [CrossRef] [PubMed]

149. Sato, K.; Gosho, M.; Yamamoto, T.; Kobayashi, Y.; Ishii, N.; Ohashi, T.; Nakade, Y.; Ito, K.; Fukuzawa, Y.;
Yoneda, M. Vitamin E has a beneficial efficacy on nonalcoholic fatty liver disease: A meta-analysis of
randomized controlled trials. Nutriton 2015, 31, 923–930.

150. Ji, H.F.; Sun, Y.; Shen, L. Effect of vitamin E supplementation on aminotransferase levels in patients with
NAFLD, NASH and CHC: Results from a meta-analysis. Nutrition 2014, 30, 986–991. [CrossRef] [PubMed]

151. Sanyal, A.J.; Chalasani, N.; Kowdley, K.V.; McCullough, A.; Diehl, A.M.; Bass, N.M.; Neuschwander-Tetri, B.A.;
Lavine, J.E.; Tonascia, J.; Unalp, A.; et al. Pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis.
N. Engl. J. Med. 2010, 362, 1675–1685. [CrossRef] [PubMed]

152. Lavine, J.E.; Schwimmer, J.B.; Van Natta, M.L.; Molleston, J.P.; Murray, K.F.; Rosenthal, P.; Abrams, S.H.;
Scheimann, A.O.; Sanyal, A.J.; Chalasani, N.; et al. Nonalcoholic steatohepatitis clinical research network.
effect of vitamin E or metformin for treatment of nonalcoholic fatty liver disease in children and adolescents:
The TONIC randomized controlled trial. JAMA 2011, 305, 1659–1668. [CrossRef] [PubMed]

153. Miller, E.R.; Pastor-Barriuso, R.; Dalal, D.; Riemersma, R.A.; Appel, L.J.; Guallar, E. Meta-analysis:
High-dosage vitamin E supplementation may increase all-cause mortality. Ann. Intern. Med. 2005, 42,
37–46. [CrossRef]

154. Duarte, T.L.; Lunec, J. Review: When is an antioxidant not an antioxidant? A review of novel actions and
reactions of vitamin C. Free Radic. Res. 2005, 39, 671–686. [CrossRef] [PubMed]

155. Naidu, K.A. Vitamin C in human health and disease is still a mystery? Nutr. J. 2003, 2, 7. [CrossRef]
[PubMed]

156. Lykkesfeldt, J.; Poulsen, H.E. Is vitamin C supplementation beneficial? Lessons learned from randomized
controlled trials. Br. J. Nutr. 2010, 103, 1251–1259. [CrossRef] [PubMed]

157. Ferolla, S.M.; Ferrari, T.C.; Lima, M.L.; Reis, T.O.; Tavares, W.C., Jr.; Couto, O.F.; Vidigal, P.V.; Fausto, M.A.;
Couto, C.A. Dietary patterns in brazilian patients with nonalcoholic fatty liver disease: A cross-sectional
study. Clinics 2013, 68, 11–17. [CrossRef]

158. Canbakan, B.; Senturk, H.; Tahan, V.; Hatemi, I.; Balci, H.; Toptas, T.; Sonsuz, A.; Velet, M.; Aydin, S.;
Dirican, A.; et al. Clinical, biochemical and histological correlations in a group of non-drinker subjects with
non-alcoholic fatty liver disease. Acta Gastronterol. Belg. 2007, 70, 277–284.

159. Da Silva, H.E.; Arendt, B.M.; Noureldin, S.A.; Therapondos, G.; Guindi, M.; Allard, J.P. A cross-sectional
study assessing dietary intake and physical activity in Canadian patients with nonalcoholic fatty liver disease
vs. healthy controls. J. Acad. Nutr. Diet. 2014, 114, 1181–1194. [CrossRef] [PubMed]

160. Madan, K.; Bhardwaj, P.; Thareja, S.; Gupta, S.D.; Saraya, A. Oxidant stress and antioxidant status among
patients with nonalcoholic fatty liver disease (NAFLD). J. Clin. Gastroenterol. 2006, 40, 930–935. [CrossRef]
[PubMed]

161. Mager, D.R.; Patterson, C.; So, S.; Rogenstein, C.D.; Wykes, L.J.; Roberts, E.A. Dietary and physical activity
patterns in children with fatty liver. Eur. J. Clin. Nutr. 2010, 64, 628–635. [CrossRef] [PubMed]

162. Valdecantos, M.P.; Perez-Matute, P.; Quintero, P.; Martinez, J.A. Vitamin C, resveratrol and lipoic acid actions
on isolated rat liver mitochondria: All antioxidants but different. Redox Rep. 2010, 15, 207–216. [CrossRef]
[PubMed]

163. Rose, F.J.; Webster, J.; Barry, J.B.; Phillips, L.K.; Richards, A.A.; Whitehead, J.P. Synergistic effects of ascorbic
acid and thiazolidinedione on secretion of high molecular weight adiponectin from human adipocytes.
Diabetes Obes. Metab. 2010, 12, 1084–1089. [CrossRef] [PubMed]

164. Harrison, S.A.; Torgerson, S.; Hayashi, P.; Ward, J.; Schenker, S. Vitamin E and vitamin C treatment improves
fibrosis in patients with nonalcoholic steatohepatitis. Am. J. Gastroenterol. 2003, 98, 2485–2490. [CrossRef]
[PubMed]

165. Nobili, V.; Manco, M.; Devito, R.; di Ciommo, V.; Comparcola, D.; Sartorelli, M.R.; Piemonte, F.; Marcellini, M.;
Angulo, P. Lifestyle intervention and antioxidant therapy in children with nonalcoholic fatty liver disease:
A randomized, controlled trial. Hepatology 2008, 48, 119–128. [CrossRef] [PubMed]

166. Ersöz, G.; Gunsar, F.; Karasu, Z.; Akay, S.; Batur, Y.; Akarca, U.S. Management of fatty liver disease with
vitamin E and C compared to ursodeoxycholic acid treatment. Turk. J. Gastroenterol. 2005, 16, 124–128.
[PubMed]

http://dx.doi.org/10.1152/ajpregu.00304.2011
http://www.ncbi.nlm.nih.gov/pubmed/22031784
http://dx.doi.org/10.1016/j.nut.2014.01.016
http://www.ncbi.nlm.nih.gov/pubmed/24976430
http://dx.doi.org/10.1056/NEJMoa0907929
http://www.ncbi.nlm.nih.gov/pubmed/20427778
http://dx.doi.org/10.1001/jama.2011.520
http://www.ncbi.nlm.nih.gov/pubmed/21521847
http://dx.doi.org/10.7326/0003-4819-142-1-200501040-00110
http://dx.doi.org/10.1080/10715760500104025
http://www.ncbi.nlm.nih.gov/pubmed/16036346
http://dx.doi.org/10.1186/1475-2891-2-7
http://www.ncbi.nlm.nih.gov/pubmed/14498993
http://dx.doi.org/10.1017/S0007114509993229
http://www.ncbi.nlm.nih.gov/pubmed/20003627
http://dx.doi.org/10.6061/clinics/2013(01)OA03
http://dx.doi.org/10.1016/j.jand.2014.01.009
http://www.ncbi.nlm.nih.gov/pubmed/24631112
http://dx.doi.org/10.1097/01.mcg.0000212608.59090.08
http://www.ncbi.nlm.nih.gov/pubmed/17063114
http://dx.doi.org/10.1038/ejcn.2010.35
http://www.ncbi.nlm.nih.gov/pubmed/20216561
http://dx.doi.org/10.1179/135100010X12826446921464
http://www.ncbi.nlm.nih.gov/pubmed/21062536
http://dx.doi.org/10.1111/j.1463-1326.2010.01297.x
http://www.ncbi.nlm.nih.gov/pubmed/20977580
http://dx.doi.org/10.1111/j.1572-0241.2003.08699.x
http://www.ncbi.nlm.nih.gov/pubmed/14638353
http://dx.doi.org/10.1002/hep.22336
http://www.ncbi.nlm.nih.gov/pubmed/18537181
http://www.ncbi.nlm.nih.gov/pubmed/16245220


Nutrients 2017, 9, 1065 30 of 30

167. Nobili, V.; Manco, M.; Devito, R.; Ciampalini, P.; Piemonte, F.; Marcellini, M. Effect of vitamin E on
aminotransferase levels and insulin resistance in children with non-alcoholic fatty liver disease. Aliment.
Pharmacol. Ther. 2006, 24, 1553–1561. [CrossRef] [PubMed]

168. Cianferotti, L.; Bertoldo, F.; Bischoff-Ferrari, H.A.; Bruyere, O.; Cooper, C.; Cutolo, M.; Kanis, J.A.;
Kaufman, J.M.; Reginster, J.Y.; Rizzoli, R.; et al. Vitamin D supplementation in the prevention and
management of major chronic diseases not related to mineral homeostasis in adults: Research for evidence
and a scientific statement from the European society for clinical and economic aspects of osteoporosis and
osteoarthritis (ESCEO). Endrocrine 2017, 56, 245–261.

169. Pittas, A.G.; Chung, M.; Trikalinos, T.; Mitri, J.; Brendel, M.; Patel, K.; Lichtenstein, A.H.; Lau, J.; Balk, E.M.
Systematic review: Vitamin D and cardiometabolic outcomes. Ann. Intern. Med. 2010, 152, 307–314.
[CrossRef] [PubMed]

170. Barchetta, I.; Angelico, F.; Ben, M.D.; Baroni, M.G.; Pozzilli, P.; Morini, S.; Cavallo, M.G. Strong association
between non-alcoholic fatty liver disease (NAFLD) and low 25 (OH) vitamin D levels in an adult population
with normal serum liver enzymes. BMC Med. 2011, 9, 85. [CrossRef] [PubMed]

171. Annuzzi, G.; Della Pepa, G.; Vetrani, C. Vitamin D and cardiovascular disease: Is there evidence to support
the bandwagon? Curr. Atheroscler. Rep. 2012, 14, 525–534. [CrossRef] [PubMed]

172. Eliades, M.; Spyrou, E.; Agrawal, N.; Lazo, M.; Brancati, F.L.; Potter, J.J.; Koteish, A.A.; Clark, J.M.; Guallar, E.;
Hernaez, R. Meta-analysis: Vitamin D and non-alcoholic fatty liver disease. Aliment. Pharmacol. Ther. 2013,
38, 246–254. [CrossRef] [PubMed]

173. Ning, C.; Liu, L.; Lv, G.; Yang, Y.; Zhang, Y.; Yu, R.; Wang, Y.; Zhu, J. Lipid metabolism and inflammation
modulated by Vitamin D in liver of diabetic rats. Lipids Health Dis. 2015, 14, 31. [CrossRef] [PubMed]

174. Shi, H.; Norman, A.W.; Okamura, W.H.; Sen, A.; Zemel, M.B. 1alpha,25-Dihydroxyvitamin D3 modulates
human adipocyte metabolism via nongenomic action. FASEB J. 2011, 15, 2751–2753.

175. Zhou, Q.G.; Hou, F.F.; Guo, Z.J.; Liang, M.; Wang, G.B.; Zhang, X. 1,25-Dihydroxyvitamin D improved the
free fatty-acid-induced insulin resistance in cultured C2C12 cells. Diabetes Metab. Res. Rev. 2004, 24, 459–464.
[CrossRef] [PubMed]

176. Nagpal, J.; Pande, J.N.; Bhartia, A. A double-blind randomized placebo controlled trial of the short-term
effect of vitamin D3 supplementation on insulin sensitivity in apparently healthy, middle-aged, centrally
obese men. Diabet. Med. 2009, 26, 19–27. [CrossRef] [PubMed]

177. Sharifi, N.; Amani, R.; Hajiani, E.; Cheraghian, B. Does vitamin D improve liver enzymes, oxidative stress,
and inflammatory biomarkers in adults with non-alcoholic fatty liver disease? A randomized clinical trial.
Endocrine 2014, 47, 70–80. [CrossRef] [PubMed]

178. Barchetta, I.; Del Ben, M.; Angelico, F.; Di Martino, M.; Fraioli, A.; La Torre, G.; Saulle, R.; Perri, L.; Morini, S.;
Tiberti, C.; et al. No effects of oral vitamin D supplementation on non-alcoholic fatty liver disease in
patients with type 2 diabetes: A randomized, double-blind, placebo-controlled trial. BMC Med. 2016, 14, 92.
[CrossRef] [PubMed]

179. Lorvand Amiri, H.; Agah, S.; Mousavi, S.N.; Hosseini, A.F.; Shidfar, F. Regression of non-alcoholic fatty liver
by vitamin D supplement: A double-blind randomized controlled clinical trial. Arch. Iran. Med. 2016, 19,
631–638. [PubMed]

180. Gibson, P.S.; Lang, S.; Dhawan, A.; Fitzpatrick, E.; Blumfield, M.L.; Truby, H.; Hart, K.H.; Moore, J.B.
Systematic review: Nutrition and physical activity in the management of paediatric nonalcoholic fatty liver
disease. J. Pediatr. Gastroenterol. Nutr. 2017, 65, 141–149. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1365-2036.2006.03161.x
http://www.ncbi.nlm.nih.gov/pubmed/17206944
http://dx.doi.org/10.7326/0003-4819-152-5-201003020-00009
http://www.ncbi.nlm.nih.gov/pubmed/20194237
http://dx.doi.org/10.1186/1741-7015-9-85
http://www.ncbi.nlm.nih.gov/pubmed/21749681
http://dx.doi.org/10.1007/s11883-012-0281-9
http://www.ncbi.nlm.nih.gov/pubmed/22961073
http://dx.doi.org/10.1111/apt.12377
http://www.ncbi.nlm.nih.gov/pubmed/23786213
http://dx.doi.org/10.1186/s12944-015-0030-5
http://www.ncbi.nlm.nih.gov/pubmed/25899686
http://dx.doi.org/10.1002/dmrr.873
http://www.ncbi.nlm.nih.gov/pubmed/18551686
http://dx.doi.org/10.1111/j.1464-5491.2008.02636.x
http://www.ncbi.nlm.nih.gov/pubmed/19125756
http://dx.doi.org/10.1007/s12020-014-0336-5
http://www.ncbi.nlm.nih.gov/pubmed/24968737
http://dx.doi.org/10.1186/s12916-016-0638-y
http://www.ncbi.nlm.nih.gov/pubmed/27353492
http://www.ncbi.nlm.nih.gov/pubmed/27631178
http://dx.doi.org/10.1097/MPG.0000000000001624
http://www.ncbi.nlm.nih.gov/pubmed/28737568
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	NAFLD and Cardiometabolic Risk 
	Pathogenesis of NAFLD 
	Diagnosis of NAFLD 
	Management of NAFLD: Hypocaloric Diet and Physical Activity 

	Diet Composition and Non-Alcoholic Fatty Liver Disease in Isocaloric Conditions 
	Dietary Fatty Acids 
	Saturated Fatty Acids 
	Monounsaturated Fatty Acids and n-6 Polyunsaturated Fatty Acids 
	n-3 Polyunsaturated Fatty Acids 

	Carbohydrates 
	Low Glycemic-Index Carbohydrate and Fiber Rich Diets 
	Fructose/Other Simple Sugars 

	Proteins 
	Other Dietary Components 
	Polyphenols 
	Caffeine 
	Vitamin E 
	Vitamin C 
	Vitamin D 


	Conclusions 

