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Abstract
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Nonalcoholic fatty liver disease (NAFLD) is a major cause of chronic liver disease and it encompasses a spectrum from simple steatosis to steatohepatitis, fibrosis, or cirrhosis. The mechanisms involved in the occurrence of NAFLD and its progression are probably due to a metabolic profile expressed within the context of a genetic predisposition and is associated with a higher energy intake. The metabolic syndrome (MS) is a cluster of metabolic alterations associated with an increased risk for the development of cardiovascular diseases and diabetes. NAFLD patients have more than one feature of the MS, and now they are considered the hepatic components of the MS. Several scientific advances in understanding the association between NAFLD and MS have identified insulin resistance (IR) as the key aspect in the pathophysiology of both diseases. In the multi parallel hits theory of NAFLD pathogenesis, IR was described to be central in the predisposition of hepatocytes to be susceptible to other multiple pathogenetic factors. The recent knowledge gained from these advances can be applied clinically in the prevention and management of NAFLD and its associated metabolic changes. The present review analyses the current literature and highlights the new evidence on the metabolic aspects in the adult patients with NAFLD.
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Core tip: In the recent years it has been reported that nonalcoholic fatty liver disease (NAFLD) pathogenesis is related with a multi hits theory where insulin resistance has a central role and renders hepatocytes susceptible to other pathogenetic factors including oxidative stress, dysregulation of cytokines production; increased intestinal permeability, intestinal dysbiosis, inflammation and fibrosis. In this context, numerous metabolic alterations are associated with NAFLD in the adult patients.

Abenavoli L, Milic N, Di Renzo L, Preveden T, Medić-Stojanoska M, De Lorenzo A. Metabolic aspects of adult patients with nonalcoholic fatty liver disease. World J Gastroenterol 2016; In press


INTRODUCTION
The term non-alcoholic fatty liver disease (NAFLD) was first introduced in 1986 by Schaffner and Thaler to define the spectrum of histological and clinical manifestations, ranging from simple steatosis, to nonalcoholic steatohepatitis (NASH), fibrosis and cirrhosis[1]. NAFLD distribution is global and affects both developed and developing world populations. The prevalence of NAFLD in Western world, is reported between 20%-40% in the general adult population, and between 10-20% in the Asian area, indeed it is increasing with the time[2,3]. However, the real prevalence is unknown and difficult to define, considering that NAFLD is often undiagnosed and that most patients have normal blood examinations, and therefore the clinicians do not suspect the potential presence of NAFLD.
The mechanisms involved in the occurrence of NAFLD and its progression are due to a genetic predisposition expressed in metabolic derangement context, and associated with an higher energy intake[4,5].
NAFLD has frequently been associated with many metabolic disorders and, in particular with insulin resistance (IR), type 2 diabetes mellitus (T2DM), hyperlipidemia and obesity which are the main features of the metabolic syndrome (MS)[6,7]. In particular obesity, if associated with central fat mass, is characterized by a subclinical systemic inflammation. This low-grade inflammatory status, influences the metabolism of lipids and induces adipokine changes production by adipose tissue, that interfere with normal insulin function and thereby induce IR. Not all the obese people develop NAFLD. It has been reported that about 30% of the obese male and 40% of the obese female have NAFLD. Nevertheless, if we consider only the obese patients with IR, and/or T2DM, the reported prevalence is increased and ranges from 30% to 100%[8,9].
Considering the epidemic border of NAFLD and the increased associated healthcare costs, better understanding of the metabolic aspects related to NAFLD is of great interest not only for the researchers and physicians, but also to improve the public health policy[10]. In this article, we have reviewed the current literature data, to highlight the newest evidences on metabolic profile of adult patients with NAFLD (Figure 1).

INSULIN RESISTANCE AND HEPATIC FAT ACCUMULATION
Hepatic fat accumulation results from an imbalance between triglycerides (TG) accumulation and its removal, and represents the safest way to store the free fatty acids (FFA) in the hepatocytes[11]. The excess of TG in the liver, derives from several sources including dietary content of FFA, peripheral lipolysis secondary to IR in the adipose tissue, and increased hepatic de novo lipogenesis subsequent to hyperinsulinemia[12]. The major pathogenetic determinant of the NAFLD occurrence, is systemic IR that is independent of weight, percentage of body fat and visceral fat mass[13]. The reduction of lipid production through very low-density lipoprotein (VLDL) cholesterol, and the reduced oxidation of FFA, are also involved in the hepatocellular accumulation of the fat[14]. The NASH development within the context of simple hepatic steatosis, has been explained by the occurrence of multi-step pathogenetic mechanism. Day and James firstly proposed a direct pathogenetic link between IR and NAFLD, characterized by a “two hits” hypothesis[15]. The “first hit” is characterized by hepatic TG accumulation resulting in steatosis which increases susceptibility to the “second hit” represented by oxidative stress that causes the inflammation and necrosis. In the last years, this hypothesis has been revised and developed in a “multi parallel hits” theory, where IR the “central hit” in the development of NAFLD, renders susceptible the hepatocytes to other pathogenetic factors, including: free radicals produced by the oxidation of FFA; dysregulation of cytokines production; inflammation triggered by endotoxins due to the increased intestinal permeability of small intestine, and the changes in the gut microbiota composition; mitochondrial dysfunction, and hepatic stellate cells (HSC) activation[16]. Approximately 30% of simple fatty liver progresses to NASH, and about 20% of these develops cirrhosis.
IR is an usual condition in the patients with the MS[17]. Indeed, fasting and post-prandial hyperglycemia, are directly related to the liver fat accumulation. Otherwise, NAFLD worsens the state of IR that may lead on to T2DM in the predisposed subjects[18]. IR is clinically defined a condition in which the body becomes less sensitive to insulin and subsequently higher levels of this essential hormone, are requested to play the same metabolic functions. If additional insulin levels are insufficient, starts a dysregulation of the metabolism of lipids[19,20].
Various studies have shown that cell-derived extracellular vesicles are the cell-to-cell messengers, able to transfer bioactive molecules into the target cells, modulating the occurrence and evolution of NAFLD[21]. In particular, literature have shown that these mediators are involved in some of the key steps described in the pathogenetic mechanism of NAFLD, and in particular in lipotoxicity-associated inflammation and fibrosis[21]. 
The genetic background provides the basis where environmental factors express their potential pathological effects[22]. Evidence indicates that hepatic steatosis and fibrosis are both of heritable traits[23]. In this way, epidemiological studies have described an increasing gradient of steatosis clearly linked with ethnicity and, in particular: the African Americans < Caucasians < Hispanics < Asian-Indians[24].
The glucokinase regular protein receptor variants, neurocan, protein phosphatase 1 regulatory subunit 3B and lysophospholipase-like 1, have all been related with hepatic fat deposition. However, only patatin-like phospholipase domain-containing 3 (PNPLA3) and transmembrane 6 superfamily member 2 (TM6SF2), have been reported as the risk factors for the NASH progression and severity[25,26]. The PNPLA3 gene encodes a transmembrane polypeptide chain, with a TG hydrolase activity primarily expressed at level of adipocytes and hepatocytes. The variant I148M of PNPLA3, reduces the phospholipase activity leading to defective lipid catabolism, increases synthesis of phosphatidic acid and the leak of retinyl-palmitate lipase activity in the stellate cells[26,27]. All these mechanisms can explain the pathogenetic role played to PNPLA3 polymorphisms and NAFLD. The TM6SF2 activity is required for hepatic VLDL secretion, and the E167K amino-acidic substitution generates a functional impairment that promotes a fatty accumulation in the hepatocytes, as well as NAFLD progression.
The role of the genetic variants of PNPLA3 and TM6SF2 in NAFLD, has extensively been validated for population, however the data are a today insufficient to stratify accurately the risk for single subject. In the recent study by Lin et al., it has been shown that the combination of the PNPLA3 rs738409 variant and the GCKR rs780094 genotypes confer NAFLD susceptibility[28]. In particular, the subjects with the GCKR rs780094 TT genotype would have 1997 times higher odds to have NAFLD. In addition, this study has shown a significant association of the GCKR rs780094 genotypes with the higher transaminase levels, TG and cholesterol serum concentration. Further research are required to clarify the full role of the genetic variants, their interaction with the environmental factors, the metabolic implications and the prognostic values in the NAFLD picture.

ADIPOKINES CHANGES
Mammals are two types of adipose tissue: the white adipose tissue (WAT), considered as an endocrine organ secreting different hormones and protein called adipokines, and the brown adipose tissue that transfers the energy from food into heat[29]. In the last two decades, the discovery of adipokines and the definition of their activities and involvement in various pathophysiological functions have challenged the researchers[30-32]. The WAT produces more than 50 cytokines and other molecules with endocrine, paracrine and autocrine actions involved in various physiological processes such as inflammation, immunity, vascular sclerotic processes and insulin sensitivity. Different studies have reported that adipokines are involved in the development of simple liver steatosis and to the progression of NAFLD until cirrhosis and its complications (Figure 2).

Adiponectin and leptin
Adiponectin is insulin-sensitizing and an anti-inflammatory hormone produced by adipocytes, and its circulating levels are inversely related to visceral adiposity. Its expression is regulated by peroxisome proliferator-activated receptor-ɣ, a transcription factor also expressed in the adipocytes[33]. Adiponectin is present in the blood circulation, as three oligomeric complexes: trimer, hexamer and high molecular weight (HMW) multimers. In particular, HMW multimers have more biological activity than other two forms. Adiponectin has anti-inflammatory properties, and is able to significantly impair the production of the proinflammatory cytokines as a tumor necrosis factor (TNF)-α and interleukin (IL)-6[34]. Adiponectin has anti-steatotic effects because it increases FFA oxidation and decreases gluconeogenesis, FFA influx and de novo lipogenesis in the liver. Importantly, adiponectin protects hepatocytes from apoptosis, a hallmark in NAFLD[35]. Furthermore, adiponectin exerts an antifibrotic action, achieved via reducing the HSCs activation and proliferation inducing their apoptosis[36,37].
In a recent meta-analysis of 27 studies, which included 2243 individuals (1545 NAFLD patients and 698 controls), Polyzos et al. described that lower circulating adiponectin levels were observed in the simple steatosis patients than in the controls, in the NASH patients than in the controls and in NASH than in the simple steatosis patients[38]. When NASH progresses to severe fibrosis and to cirrhosis, circulating adiponectin levels increase. There are two possible mechanisms proposed for this mechanism: (1) the hepatic decrease of adiponectin clearance and/or a compensatory increase toward the uncontrolled secretion of proinflammatory cytokines; (2) adiponectin mediates a reduction to the point of complete hepatic fat loss, in the advanced stages of fibrosis and cirrhosis, independent of metabolic or liver dysfunction (the paradox of burnt-out NASH)[39]. Notable, that serum adiponectin has been included in some noninvasive algorithms for diagnosis and prognosis of NAFLD[40].
Leptin is a peptide hormone mainly expressed in adipose tissues, although its expression has been highlighted in other tissues including skeletal muscle, stomach, placenta and ovaries. It is involved in the regulation of energy homeostasis and in metabolic, reproductive and neuroendocrine functions[41]. Leptin secretion is directly proportional to fat mass and provides anti-obesity signals by the activation of hypothalamic cell populations. Leptin is able to decrease food intake and to increase energy consumption, then to regulate sympathetic tone and energy expenditure in the conditions of energy excess inducing anorexigenic factors and its levels are negatively correlated with glucocorticoids and positively with insulin[42]. Leptin synthesis reflects the body energy stores and acute changes in caloric intake. A systematic review and meta-analysis, which included 2612 individuals (775 controls and 1837 NAFLD patients), reported that circulating leptin levels were observed more in steatosis than in the controls, more in NASH than in the controls and in NASH than in simple steatosis[43]. Leptin serum levels are also high in obese patients with NASH. This finding suggests that these patients are resistant to the action of this adipokine. It is hypothesized that leptin participates in pathogenetic hits of the NASH development, in fact, leptin contributes to the development of IR by the dephosphorylation of the insulin-receptor-substrate (IRS)-1 and the down-regulation of gluconeogenesis inducing liver steatosis. Moreover, leptin has a proinflammatory action; in fact, it is able to enhance the secretion of tumor necrosis factor-α (TNF-α), interleukin (IL)-6, and IL-12 with the consequent amplification of inflammation and the development of liver fibrosis[31,43].
Finally, the leptin/adiponectin ratio has been proposed as a potential surrogate biomarker, more accurate than leptin or adiponectin alone for the diagnosis of cardiometabolic diseases or occurrence of MS[44].

Resistin
Resistin is a dimeric protein secreted by adipose tissue and macrophages[45]. Resistin circulates in two distinct forms, the more predominant high-molecular-mass hexamers and the more bioactive low-molecular-mass complex. Resistin is involved in glucose and lipid metabolism, and it appears to have a central role in the IR development[46]. Moreover, the preclinical studies have shown that resistin has a proinflammatory action, in fact, it stimulates TNF-α and IL-12 in macrophages and regulates the secretion of IL-6 and IL-1β. In human studies, it has been reported that the serum resistin levels are higher in the patients with NAFLD as compared with the controls[47]. It has also been found in the literature that the NAFLD patients have increased circulating resistin and that it is correlated with IR, obesity and histological severity of the disease[48]. 

TNF-α and IL-6
TNF-α is an important cytokine characterized by metabolic, inflammatory, and proliferative effects, but also necrotic with enhanced expression in the adipose tissue and liver, thus making it an optimal causative agent for NAFLD[49]. TNF-α is produced by macrophages infiltrated in adipose tissue, hepatocytes, and Kupffer cells, as a response to a chronic inflammatory activity. Is well reported that TNF-α can mediate IR by affecting insulin receptor substrate-1 and insulin receptor kinase in the insulin signal transduction pathways, and can promote decomposition of adipocyte and FFA release. The polymorphisms of TNF-α have been shown by a meta-analysis, to be associated with the high risk of developing NAFLD, especially in Chinese population. TNF-α polymorphisms and in particular the 238 gene polymorphism, have been found to be related with the presence of NAFLD, and the 1031C and 863A polymorphisms are more frequent in the NASH patients[50,51]. Extensive literature reports that TNF-α production is related with presence of IR, enhanced peripheral lipolysis, hepatic fat accumulation, inflammation, necrosis, apoptosis and fibrosis.
IL-6 is an important proinflammatory cytokine secreted by adipocytes, immune system and endothelial cells[52]. The WAT contributes about 30% to the circulating IL-6, particularly the visceral WAT produces higher levels of IL-6 in respect to the subcutaneous WAT. Circulating levels of IL-6 are increased in presence of obesity and IR, and is a predictor factor of T2DM development[53]. IL-6 has a hepatoprotective role, in fact, it is able to suppress the oxidative stress reaction and to prevent mitochondrial dysfunction. However, a long exposure to IL-6 may sensitize the liver to injury and contribute to inflammation[54]. IL-6 circulating levels are increased in patients with NAFLD compared to the control groups, and the higher levels of IL-6 are associated with the advanced histopathology findings. In this way, IL-6 can be useful as a single noninvasive biomarker for distinguishing NASH, from simple steatosis[55]. Literature also reports the data on noninvasive panels of serological biomarkers that include the IL-6 values[56].

Other adipokines 
Visfatin is an adipokine with insulin-mimicking effects, able to activate the insulin receptor. It is expressed in skeletal muscles, bone marrow, liver and visceral adipose tissue[32]. The visfatin mRNA levels increase during the adipocyte differentiation and the circulating levels are correlated with the WAT accumulation, and its synthesis is regulated by several factors such as growth hormone, TNF-α and IL-6[57]. The visfatin serum levels increase in association with obesity and T2DM. The human data on visfatin in NAFLD are contradictory today, and most authors have reported similar circulating levels in simple steatosis, NASH and the controls[32,57].
Apelin, a bioactive peptide, correlates positively with the oxidative stress, leptin levels, inflammation status and angiogenesis[58]. Moreover, the hepatic expression of apelin and its receptor increase during the chronic toxic damage. The apelin serum levels were significantly higher and positively correlated with weight and IR in the NAFLD patients[58].
Obestatin is a pleiotropic adipokine which may have a role in the regulation of the β-cell survival and insulin secretion, involved in the glucose and lipid metabolism[59]. It also exhibits regulatory effect on the energy metabolism and the gastrointestinal system. The obestatin levels seem to be decreased in human obesity and negatively associated with IR. However, similar obestatin levels have been observed in the NAFLD patients and the controls, such as in the simple steatosis and NASH patients. 
Retinol-binding protein (RBP)-4 is an adipokine predominantly expressed in visceral rather than in the subcutaneous adipose tissue and the liver. Its blood levels are high in the IR states, including obesity and T2DM[60]. The limited data have reported that RBP-4 seems to be positively correlated with the liver fat deposition and inflammation.
Chemerin is an adipokine secreted by the WAT that contributes to the inflammation status which is associated with the TNF-α production and is involved in the enrolment of hepatic Kupffer cells[61]. However, the studies on the role of chemerin in the NAFLD pathogenesis are controversial and it seems that circulating chemerin levels do not reflect the hepatic condition.

METABOLIC SYNDROME
NAFLD is regarded as a hepatic component of the MS[62]. On the basis of the National Cholesterol Education Program Adult Treatment Panel III, MS can be diagnosed in the presence of three out of five criteria which include a high waist circumference, high TG or reduced high-density lipoprotein (HDL)-cholesterol levels, elevated blood pressure, and high fasting-glucose levels or a diagnosis of T2DM[63]. Approximately 90% of the NAFLD patients present more than one component of the MS, and about 33% of the patients meet the criteria of the MS[2].
The prevalence of NAFLD ranges from 57% in the overweight patients attending the outpatient clinics, to 98% in the nondiabetic obese subjects[8]. In the obese people, the median prevalence of NASH is 33%, and ranging from 10% to 56%. The waist circumference, a marker of visceral adipose tissue, is an independent risk factor linked to the MS and NAFLD[64]. However, fat distribution is also the main factor determining metabolic alterations with the NAFLD individuals. The ectopic fat accumulation is defined by the presence of lipid droplets, within the non-adipose tissues that are not rich in lipids[64,65]. The visceral adipose tissue produces FFA and the adipokines involves in the NAFLD pathogenesis. Via adipokines secretion, hypertrophied adipocytes promote the accumulation of macrophages in the visceral fat[65]. These macrophages produce proinflammatory cytokines with subsequent chronic low-grade inflammation, that further exacerbates IR. These data reveal the central role played by obesity in the development and progression of both IR and NAFLD[65,66].
The ectopic accumulation of TG results from the failure of the adipose tissue to expand and store the excess of calories. Once the capacity of the adipocytes to store TG is exceeded, the fat overflows to other tissues, mainly to the muscles and liver[67]. The intracellular TG deposition interferes with insulin signaling and therefore contributes to IR. The liver is the key visceral organ affected by the ectopic fat accumulation[4]. The accumulation of the hepatic fat is due to the increased delivery of the FFA to the liver, the increased VLDL synthesis, decreased TG export through VLDL and reduced FFA β-oxidation. An increase in the liver fat is associated with IR and this is the pathophysiological feature of NAFLD[68]. 
The hepatic fat accumulation is a factor that induces hypertriglyceridemia associated with visceral obesity. The overproduction of VLDL particles rich in TG is the main mechanism for the increase in the TG concentration associated with the MS[69]. The increased synthesis of the large VLDL particles leads to the decrease of the HDL concentration and to the production of small, dense low-density lipoprotein (LDL). The LDL particles are more atherogenic because they bind less efficiently to the LDL receptors, thereby increasing their residence time and a number in the circulation. In addition, IR worsens the LDL clearance by reducing the insulin ability to stimulate the expression of the LDL receptor, which favors the deposition of LDL particles to the arterial wall[29,69]. Conformational changes in apolipoprotein B on the surface of LDL particles, make them more likely to interact with the surface of endothelial cells lining the arteries which facilitates their entry into the vascular intima. Once inside the arterial wall, the small LDL, particles are sensitive to the chemical modification such as oxidation[70]. The macrophage receptors recognize and take up the oxidized LDL which turns these macrophages into the foam cells, an early step in the development of the atherosclerotic plaque. HDL is more sensitive to the degradation and increased clearance from the blood, and low HDL-cholesterol levels were found in the subjects with the MS[71]. Experimental and clinical data have shown that the increased flux of the FFA from the visceral fat mass, leads to hepatic steatosis and IR[68-70]. Furthermore, the liver fat accumulation is strongly associated with the impaired lipid metabolism, independent of whole body adiposity. Between 57%-68% of the NAFLD patients have disturbed lipid profiles[62,72]. In addition to their central role in TG synthesis and storage, the hepatocytes contain lipid droplets in the lumen of the endoplasmic reticulum, where are assembled the VLDL particles[73]. Subsequently, the liver secretes into the blood the apolipoprotein B-containing VLDL particles. Moreover, NAFLD induces the intrahepatic VLDL production by changes in the rate of the apolipoprotein B synthesis and degradation, or by de novo lipogenesis. Many studies have shown the critical role of visceral obesity as a source of the FFA, that feeds into the portal blood circulation and induces NAFLD[74]. The theory of portal-FFA flux denotes that the visceral fat mass has a high lipolytic activity, and that the FFA derived from it increases the intrahepatocytes fat content[11]. The FFA also appears to induce the c-Jun N-terminal protein kinase activation leading to IR by IRS-1 and IRS-2 serine phosphorylation[75]. Thus, atherogenic dyslipidemia implicated in NAFLD pathogenesis, has a pivotal role also in the development and progression of cardiometabolic disorders through various pathways.
It is also interesting to note that the overweight/obese NAFLD patients have a reduced basal whole-body and hepatic fat oxidation, inversely related to severity of the hepatic disease, independently of the visceral fat mass and body mass index (BMI)[76]. This observation suggests that the reduced fat oxidation may contribute to the liver steatosis development, and may induce IR the cornerstone in the pathogenesis of NAFLD[76].

INTESTINAL DYSBIOSIS
Gastrointestinal diseases, such as inflammatory bowel disease, celiac disease and gut impairment, like short bowel syndrome and bypass surgery for obesity, have been associated with the NAFLD development[77]. The gut harbours microbiota as an integrated ecosystem of at least 1013-1014 microbial cells characterized by four main phyla of bacteria: Firmicutes (65%), Bacteroidetes (16%), Proteobacteria (9%) and Actinobacteria (5%), and they present more than 100 times the number of the overall genes of human genomes[77,78]. An innovative hypothesis recently proposed involves the gut-liver axis as the central pathogenetic component, that influences the differences in the body weight, insulin sensitivity, and other metabolic risk factors. In particular, recent data in the field suggest that, the increased consumption of obesogenic foods especially if enriched with fructose and fat, may unbalance the gut microbiota and alter the intestinal barrier function with the predisposition to a metabolic endotoxemia and a subclinical inflammatory status[9]. The gut microbiota is involved in the development and progression of NAFLD via several mechanisms: (1) increasing the intestinal permeability that promotes endotoxemia[77]; (2) enhancing the energy harvest with weight gain[79]; (3) causing choline deficiency with lower secretion of VLDL[80]; (4) producing endogenous ethanol; and (5) decreasing the secondary bile acid production and increasing the primary bile acid concentration that promote dietary lipid emulsification, digestion and absorption[77,80]. 
The derangement of the microbiota, in particular a small intestinal bacterial overgrowth, occurs in patients with chronic liver disease, and in particular in the NASH patients with a prevalence of 50%[77]. The microbiota of obese people presents a different microbial diversity if compared to the lean controls. Indeed these subjects have less Bacteroides and more Firmicutes, with a higher intestinal Firmicutes/Bacteroidetes ratio[81]. The obesogenic diet, changes the proportion of Gram-negative to Gram-positive bacteria, and results in the increased synthesis of lipopolysaccharide, with a higher liver exposure to endotoxins via the portal vein with the consequent hepatic inflammation[76]. Within this metabolic context, the obese patients have an increased ability to extract energy from food. The bacterial enzymes extract the calories from otherwise indigestible dietary polysaccharides. The enteric bacteria suppress the synthesis and secretion of a small intestinal fasting-induced adipocyte factor, and resulting in the activation of lipoprotein lipase and increased of TG accumulation in the hepatocytes[82]. The existing literature data have reported that the NAFLD patients compared with the healthy controls have increased Lactobacillus and a decreased family of Ruminococcaceae (both phylum: Firmicutes). On the association with Lactobacillus, it is interesting to note that many species from this genus are used to produce probiotic formulations[76,77]. In particular, Lactobacillus is a lactic acid bacterium that can enhance the intestinal barrier function, modulate immune response with subsequent inhibition of pathogens, all skills that protect to the pathogenesis of NAFLD[83]. However, Lactobacillus may be associated with the synthesis of volatile organic compounds, such as acetate and ethanol, involved in the pathogenesis of obesity and liver steatosis. The genus of Lactobacillus comprises over 180 species, while some can make lactic acid from the fermentation of sugars, others can also produce ethanol. On the other hand, the decrease of the Ruminococcaceae family induces a decrease in the production of a short chain fatty acid, as a butyrate, that has been associated with NASH. Some species of Ruminococcaceae are pro-inflammatory and can produce ethanol, two mechanisms involved in the progression of NAFLD[84]. The NAFLD patients have also shown an increased percentage of bacteria from the Escherichia genera (phylum: Proteobacteria), and the Streptococcus genera (phylum: Firmicutes), both known to be involved in the persistent inflammation of the gut mucosa.

VITAMIN D DEFICIENCY
Vitamin D is a fat-soluble vitamin which exists in several forms, but two forms, ergocalciferol and cholecalciferol, are most expressed[85]. The different vitamins D mediate their signals via vitamin D receptor (VDR), which is expressed in the hepatocyetes. It is known that this binding between vitamins D and their receptor leads to the regulation of over 200 genes involved in the lipid and glucose metabolism[85,86]. Several studies have shown that vitamin D deficiencies, and in particular the low levels of cholecalciferol, are strongly associated with MS and may increase the risk of cardiometabolic outcomes such as T2DM, hypertension and cardiovascular diseases, as well as with an increased mortality risk[87]. A recent systematic review has found that the cholecalciferol levels higher than 25 ng/mL, are associated with 43% lower risk of T2DM, if compared to the levels less than 14 ng/mL, and that the vitamin D treatment can improve IR in the patients with baseline IR[88]. A meta-analysis has shown that the supplementation of vitamin D, improves slightly IR if compared to placebo. Another meta-analysis has reported that the NAFLD patients are 26% more likely to be deficient of vitamin D, compared to controls[89]. In particular, it has been showed that the concentrations of cholecalciferol is lower in the NAFLD subjects compared to the lean controls, and that these levels predict the histological severity of the disease[89].
The experimental evidence has established different mechanisms by which vitamin D may influence NAFLD development. First, it has been proposed that the liver VDR expression is inversely related with the histological spectrum of NAFLD on histopathology, independently from other metabolic features such as BMI[90,91]. Vitamin D presents antiproliferative and antifibrotic properties and has an important role in the regulation of extracellular matrix in the liver by VDR signaling that can suppress the fibrotic gene expression, as the TNF-α and transforming growth factor β, and it can inhibit the HSC proliferation[92]. Second, the role of vitamin D in the adipokines modulation is an active research topic. In this way, a direct association between cholecalciferol and adiponectin serum levels, independently of the BMI, has been reported[93].

HYPERCORTICOLISM
Hypercortisolism shares metabolic features, and in particular liver steatosis and IR. It Is known that cortisol, impairs insulin sensitivity by interfering with the receptor pathway of insulin, and by stimulating lipolysis and proteolysis, with subsequent increasing of amino acid and FFA release[94]. The prevalence of NAFLD in patients with Cushing syndrome, is estimated around 20%. The hypothesis is that the enzyme 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1), expressed in adipose tissue and liver, increases intracellular glucocorticoid levels, by converting inert cortisone to active cortisol, which is able to promote metabolic alterations[95]. In fact, in obese people, the increased regeneration of cortisone to cortisol, is present mediated by the activity of 11β-HSD1. However, the studies on the activity of 11β-HSD1 in obese subjects are contradictory. In the pathogenesis of NAFLD in course of Cushing syndrome, another possible factor involved, is the decreased clearance of cortisol via the A-ring reductases (5α- and 5β-reductase). The role of the A-ring reductase has recently been explored. In the early stages of NAFLD, the 5α-reductase activity is increased to protect the liver from cortisol exposure, with increasing cortisol clearance[94,95]. A the same time, 11β-HSD1 activity is decreased, and the decreasing cortisol production produces the activation of hypothalamic-pituitary-adrenal axis, with increase in urinary free cortisol concentrations. To the contrary in patients with NASH, there is an increase in the expression of 11β-HSD1, with elevation of intrahepatic glucocorticoid levels[95]. The over expression of receptor α- and the reduced activity of 5α-reductase, produces also lipid accumulation in the hepatocytes.

CONCLUSION
In the last years, epidemiology supports the idea that NAFLD is the most common cause of a chronic liver disease worldwide, and the progression from simple steatosis to steatohepatitis and cirrhosis presents an emerging and urgent problem for the global public health[96]. It is important to highlight that one of the major hallmarks of NAFLD is the association with various metabolic features of the MS that is the keystone physiopathological mechanism of the IR. In this way, the growing body of evidence suggests that NAFLD should be considered the hepatic border of the MS[6]. In the last years several scientific advances in understanding the association between NAFLD and metabolic changes have been observed. We believe that the knowledge gained owing to this progress can be applied in the clinical practice to improve the prevention of the condition, to help the management and its metabolic sequelae and to discover the new potential therapies for NAFLD.
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Figure 1 Metabolic changes associated with nonalcoholic fatty liver disease in adult patients. NAFLD: Nonalcoholic fatty liver disease.
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Figure 2 Balance of apipokine changes involved in the pathogenesis and progression of nonalcoholic fatty liver disease. NAFLD: Nonalcoholic fatty liver disease; IL-6: Interleukin 6; TNF-α: Tumor necrosis factor α; RBP4: Retinol-binding protein 4.
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