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Abstract
Non-alcoholic liver fatty liver disease (NAFLD) is an umbrella term to describe the entire spectrum of this common liver disease. Patients with NAFLD, especially those with non-alcoholic steatohepatitis (NASH), most often have one or more components of the metabolic syndrome, but this is not universal. Although most patients with NAFLD share many clinical features, only a subset of patients develops significant liver inflammation and progressive fibrosis. On the other hand, not all patients with NASH exhibit insulin resistance. NASH can be seen in patients who are lean and have no identifiable risk factors. Many clinical studies tried numerous drugs and alternative medicine, but investigators have failed to present a safe and effective therapy for patients with NASH. As summarized, heterogeneity of pathogenic pathways in individual patients with NASH may warrant developing an individualized treatment according to the underlying pathogenic pathway. The differentiation of pathogenetic targets may require development of diagnostic, prognostic biomarkers and identification of genetic susceptibilities. For now, the evidence based medicine gives us only a few options including life-style modifications targeting weight loss, pioglitazone and vitamin E in non-diabetic patients with biopsy-proven NASH.
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Core tip: Many clinical studies tried numerous drugs and alternative medicine, but investigators have failed to present a safe and effective therapy for patients with non-alcoholic steatohepatitis (NASH). As summarized, heterogeneity of pathogenic pathways in individual patients with NASH may warrant developing an individualized treatment according to the underlying pathogenic pathway. The differentiation of pathogenetic targets may require development of diagnostic, prognostic biomarkers and identification of genetic susceptibilities. For now, the evidence based medicine gives us only a few options including life-style modifications targeting weight loss, pioglitazone and vitamin E in non-diabetic patients with biopsy-proven NASH. 
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INTRODUCTION
More than 30 years ago, Ludwig et al described an unnamed disease as non-alcoholic steatohepatitis (NASH) for the first time[1]. This initial report however did not reveal the full spectrum of this multifaceted disease. After three decades, numerous studies have been conducted which contributed to the better understanding of the epidemiology, etiology, pathophysiology, natural history and treatment of the disease. 
Non-alcoholic liver fatty liver disease (NAFLD) is an umbrella term to describe the entire spectrum of this common liver disease. NAFLD is among the causes of fatty liver and one of the leading etiologies of chronic liver disease. There are a number of factors associated with fatty liver and the diagnosis of NAFLD requires exclusion of secondary etiologies for hepatic fat accumulation such as heavy alcohol consumption  (Table 1)[2]. Histological features, which is predominantly macrovesicular steatosis, resembles alcohol-induced liver injury; however by definition it occurs in patients with little or no history of alcohol consumption. NAFLD is classically subdivided into non-alcoholic fatty liver or simple steatosis and NASH. In simple steatosis, fat accumulation in the liver is present without evidence of significant inflammation or liver fibrosis, whereas in NASH, liver steatosis is associated with hepatic inflammation, hepatocellular ballooning and fibrosis which may be indistinguishable with alcoholic steatohepatitis[3]. 
NAFLD is seen in every geographic region worldwide and it is considered the most common liver disorder in Western countries. Worldwide estimated prevalence of NAFLD ranges from 6.3% and 33% in general population with a median prevalence of 20%[4]. The estimated prevalence of NASH is much lower, that ranges from 3%-5%[4].  The disease is mostly silent and is often discovered by routine laboratory investigations incidentally showing elevated transaminases. 
The evidence indicates that although simple steatosis is a benign condition, NASH can progress to fibrosis and lead to end-stage liver disease[5]. Among patients with cryptogenic cirrhosis, up to 70% have risk factors for NAFLD[6]. The risk factors associated with the progression of the disease include elevated serum transaminases, inflammation in liver biopsy, older age, diabetes mellitus, high body mass index (≥28 kg/m2), presence of ballooning plus Mallory hyaline or fibrosis on biopsy and increased visceral adipose tissue[7-10]. However, mechanisms which drive the progression from simple steatosis to NASH are not fully elucidated yet.
Although the pathophysiological mechanisms behind the development of NASH are out of the scope of this review, a brief inspection over the recent understandings on the pathogenesis may improve the discussion of potential therapies. For decades, NAFLD has been thought to be a disease spectrum which progresses from simple steatosis to NASH and from NASH to advanced liver fibrosis. Therefore, variable clinical presentations of individuals with NAFLD have always been thought to be different stages of this pathophysiologic continuum. Under the influence of this idea, two-hit hypothesis was established to explicate the pathogenesis of the disease[11]. According to this well-known explanation for the mechanism behind disease progression, initial insult occurs by development of macrovesicular steatosis due to excessive triglyceride accumulation in the liver. There is a range of conditions associated with lipid deposition in hepatocytes. Excessive triglyceride accumulation in the liver can occur from the excessive importation of free fatty acids from adipose tissue, from diminished hepatic export of free fatty acids or from impaired beta-oxidation of free fatty acids[12]. Increases in visceral adipose tissue and intrahepatic fat correlate with increased gluconeogenesis, increased free fatty acid levels, and insulin resistance[13]. Insulin resistance and subsequent hyperinsulinemia seem to be the major factor behind the alterations in the hepatic pathways of uptake, synthesis, degradation, and secretion of free fatty acids which ultimately leads to accumulation of lipids in the hepatocytes[14]. These changes seem to make the liver susceptible to a second insult, resulting in an inflammatory response and progression of liver damage. The second hit occurs due to increased hepatic oxidative stress which is associated with increased free fatty acid metabolism, diminished antioxidant activity, increased proinflammatory cytokines, such as tumor necrosis factor alpha (TNFα) and endotoxin levels, and especially mitochondrial dysfunction and/or endoplasmic reticulum stress in the liver[14]. Mitochondrial dysfunction, generation of reactive oxygen species and inflammatory response enhance endoplasmic reticulum stress with subsequent activation of hepatocyte apoptotic pathways and eventually hepatic fibrogenesis. Other oxidative stressors that may contribute to inflammation and fibrogenesis in patients with NAFLD include, but not limited to, hepatic iron, leptin, depressed antioxidant levels and intestinal microbiota[15-18]. A very recent and important advancement in our understanding of hepatic fibrogenesis is the demonstration of the relationship between free cholesterol accumulation in hepatic stellate cells and progressive liver fibrosis in animal models[19]. Free cholesterol accumulation in hepatic stellate cells increases and further sensitizes these cells to transforming growth factor-beta induced activation of liver fibrogenesis in NASH[20].
Although the traditional “two-hit” hypothesis has been dominated the literature to explain NAFLD pathophysiology for more than a decade, it has been dethroned as the relationship and interaction between insulin resistance, adipokines, liver inflammation, hepatocyte apoptosis and other numerous pathogenetic components were further elucidated during the recent years. It is evident that numerous complex pathways which interacts each other are responsible in the pathogenesis of NASH and progression to advanced fibrosis. These pathways of pathogenesis may not exist together in every individual with NAFLD and additional pathways can supervene at any time during the course of the disease, which leads to a heterogeneous patient cohort with diverse clinical presentations[21]. Patients with NAFLD, especially those with NASH, most often have one or more components of the metabolic syndrome, but this is not universal[22, 23].  Although most patients with NAFLD share many clinical features, only a subset of patients develops significant liver inflammation and progressive fibrosis.  A fine example of this heterogeneity is that insulin resistance can be observed in NASH in the absence of obesity and glucose intolerance. On the other hand, not all patients with NASH exhibit insulin resistance.  NASH can be seen in patients who are lean and have no identifiable risk factors[24]. There is consistent evidence on the relationship between genetic factors and NAFLD pathogenesis[25, 26], which may partially explain the heterogeneity of the disease. The single nucleotide polymorphism (rs738409 C>G) in the human patatin-like phospholipase domain containing 3 gene (PNPLA3) is the best example of this genetic factors associated with NAFLD pathogeness. It has been shown to be a strong predictor of hepatic steatosis, inflammation and fibrosis independent of body mass index and insulin resistance[27]. With this insight, the traditional “two-hit” mechanism to  explain disease progression in NAFLD has been challenged by the novel “multiple parallel hits” hypothesis[28]. In this version of pathogenetic explanation, the initial insult to liver starts with insulin resistance and concurrent metabolic abnormalities (Figure 1). Hyperinsulinemia resultant of insulin resistance leads to above mentioned mechanisms of altered free fatty acid metabolism and fatty infiltration of the liver which makes liver susceptible to numerous injurious effects. A parallel interaction and intensification between these complex injurious mechanisms lead to mitochondrial dysfunction, subsequent induction of hepatocyte apoptotic pathways and fibrogenesis. Although the histopathological picture of steatohepatitis is universal, the evidence behind the “multiple parallel hits” theory indicates that each patient can have shared and distinct pathophysiological stories behind the progression from NAFLD to NASH. In this context, a need for individualized pathogenesis-based approach to medical therapy for patients with NAFLD has been conceptualized in the recent years.  With this review, we aimed to summarize the evolution and current status of different treatment regimens that have been studied in patients with NAFLD.

MANAGEMENT
General principles
Although the increasing prevalence of NASH has led to a great demand for a medical therapy, three decades of research on pharmacological treatment has provided limited options. The only management guideline could only be published recently by American Association of the Study of the Liver Diseases (AASLD)[2]. Since the definition of the disease, it was promptly recognized that obesity, glucose intolerance and type 2 diabetes, which are the conditions associated with insulin resistance, are frequently observed in patients with NAFLD. Due to the strong association between NAFLD and insulin resistance, there is a wide consensus to describe the condition as the hepatic component of the metabolic syndrome. Therefore, initial studies investigating treatment options in NAFLD focused on management of components of the metabolic syndrome (Table 2)[29]. Cardiovascular risk factors are highly prevalent among patients with NAFLD and general lifestyle interventions including dietary changes and physical exercise to achieve weight loss has been recommended as the backbone of the management of the disease. The rationale for recommending lifestyle modifications as a first line treatment was based on the pathophysiological evidence obtained in studies showing improvement of insulin resistance and fatty acid metabolism after significant weight loss (>5%-10% of body weight)[30, 31]. These modifications in lifestyle may also improve steatosis and hepatic inflammation, especially if patients can incorporate and maintain these changes into their life for a sufficient period of time[32]. However, most patients may experience problems regarding their adherence to lifestyle interventions in long-term. Only 15% of the patients may achieve greater than 10% weight loss, and even that patients may regain lost weight that leads recurrence of NASH[33-35]. In addition to targeting weight loss by caloric restriction and exercise, the contents of diet is increasingly recognized as having utmost importance in lifestyle modifications. In several studies it was suggested to avoid drinks and foods that contain high fructose and trans-fats in patients with NASH[36, 37].  Hepatic metabolism of fructose causes ATP depletion in hepatocytes, increase lipotoxicity and enhance TNF expression[38]. Fructose and trans-fats are responsible from altered insulin sensitivity, increased hepatic fat accumulation which is considered as initial insult in the pathogenesis of the disease[36, 37, 39]. 
Another important consideration regarding nutrition and lifestyle should focus on the metabolic benefits of coffee consumption which recently has drawn great interest among researchers and practitioners in gastroenterology. There are several studies that have associated coffee consumption to improvement of NASH[40, 41], however the biological mechanisms behind the protective effect is not elucidated yet. The possible mechanisms of hepato-protective effects of coffee were discussed in detail elsewhere[42]. Nonetheless, most studies investigating the effects of coffee consumption on NAFLD had methodological issues which necessitate careful explication of the results. There is a need for further investigations to explain the exact mechanisms and to unveil which compounds are responsible for the beneficial effects of coffee before having conclusions to recommend it as a treatment option. 
In summary, the current evidence suggests that lifestyle modifications including dietary changes and exercise targeting significant weight loss can improve components of NASH and should be recommended for all patients as a part of primary care. 

Pharmacologic therapies
Although many benefits may be accomplished with persistent lifestyle changes in patients with NASH, there is still an unmet need for pharmacological therapy to improve potentially progressive course of this disease. It has utmost importance to provide personalized treatment regimens for individual patients that can effectively target pathophysiological pathways of NAFLD. There are many studies that have been conducted for the treatment of the patients with NASH during the last 30 years. However, most studies were short in duration which made selection of an optimal endpoint as development of cirrhosis unfeasible. Previous studies have usually focused on surrogate outcomes including serum transaminase levels, markers of inflammation and histological findings. The management of patients with NAFLD consists of treating associated and co-morbid metabolic disturbances such as obesity, hyperlipidemia, hypertension, insulin resistance and type 2 diabetes mellitus. Initial choice of pharmacological treatments should focus on these associated conditions. It should be noted that there is evidence showing the superiority of diet and exercise than relying solely on pharmacological therapy[43]. Pharmacological treatment options are summarized in Table 3[2, 21].

INSULIN SENSITIZERS
The use of insulin-sensitizing agents in the treatment is based on the role of insulin resistance in the development of NAFLD. Metformin and thiazolidinediones including pioglitazone and rosiglitazone are insulin-sensitizing agents that have been broadly studied in patients with NASH. 

Metformin
Metformin has well-known beneficial effects on insulin resistance which contributes lowering of blood glucose by decreasing hepatic gluconeogenesis, inducing glucose uptake by muscles, and increasing fatty acid oxidation in adipose tissue. Several studies investigated the effect of metformin on aminotransferases and liver histology in patients with NASH. There is contradicting evidence regarding the improvement of aminotransferases under metformin therapy. Although many studies reported an improvement during treatment, some others did not provide similar results[44, 45]. The research evaluating histological improvement also provided conflicting results. A randomized placebo controlled study investigated the efficacy of metformin and failed to show an improvement in liver histology[44]. This result was confirmed in a meta-analysis that included three randomized controlled trials with available histological data. In this meta-analysis, there was no difference between the patients receiving metformin or placebo, regarding any of the histological parameters including steatosis, inflammation or fibrosis[46]. Therefore, metformin is not recommended as a primary treatment in guidelines, especially solely from the standpoint of NASH[2]. Nevertheless, it can be used in diabetic patients with NAFLD for other indications. 

Thiazolidinediones
Thiazolidinediones, including pioglitazone and rosiglitazone, are insulin-sensitizing agents that have been shown to improve liver biochemical and histologic parameters in patients with NASH[47, 48]. Insulin-sensitizing effects of thiazolidinediones work on adipose tissue, muscle, and liver by increasing glucose utilization and decreasing gluconeogenesis. Although the exact mechanism by which the thiazolidinediones improve insulin sensitivity is not fully elucidated, it is considered to be associated with their effects on several peroxisome proliferator-activated receptors (PPARs) which regulate expression of crucial genes modulating insulin effects[49]. The effects of thiazolidinediones on adipose tissue are particularly important to understand their potential benefits in patients with NAFLD. Thiazolidinediones are reported to enhance expression of genes that increase lipid storage and reduce expression of genes associated with inflammation including interleukin-6 and TNFα. In addition, thiazolidinediones have regulator effects through PPAR-gamma activation on the production of adipokines which have fundamental roles on the pathogenesis of NAFLD[50]. There are several studies that investigated rosiglitazone for treatment of NASH. In summary, it has been shown that rosiglitazone improves aminotransferases and inflammation in histology, but has no beneficial effects on fibrosis stage[48, 51]. Pioglitazone has also been investigated in several studies which reported improvement of aminotransferases, histological inflammation and steatosis[52].  In those studies a regression in fibrosis stage was not noticed, but there are also evidence indicating contrary. In a randomized placebo-controlled study in non-diabetic subjects with NASH demonstrated that pioglitazone therapy more than 12 month improved metabolic and histologic parameters including fibrosis stage[47]. There is also a meta-analysis including 4 randomized controlled studies showing that pioglitazone but not rosiglitazone improves fibrosis[53]. However, a large multicenter randomized controlled trial that randomized 247 patients with NASH into pioglitazone, vitamin E and placebo groups did not report a statistically significant improvement for fibrosis stage for either treatment arm[54]. Despite these promising results there are serious concerns regarding safety of long-term treatment with thiazolidinediones including but not limited to weight gain, congestive heart failure, cardiovascular morbidity, increased bone fracture risk and an increase in bladder cancers[49, 55, 56]. The benefits of therapy in patients with NASH are not durable after cessation of treatment as shown by Lutchman et al[57], and the need for long-term treatment without an endpoint makes routine application of thiazolidinedione therapy questionable. Nevertheless, there is a general consensus and a guideline recommendation suggesting that thiazolidinediones, especially pioglitazone, can be used to treat patients with biopsy-proven NASH who have not responded adequately to lifestyle modifications[2, 21]. However, safety issues should be monitored carefully during the treatment. 

ANGIOTENSIN-CONVERTING ENZYME INHIBITORS AND ANGIOTENSIN RECEPTOR BLOCKERS
Renin-angiotensin-aldosterone system (RAAS) has a central role in the pathogenesis of hypertension which is a component of metabolic syndrome. Experimental evidence suggests that RAAS has an influence over intracellular insulin signaling by several mechanisms which may result in worsening of insulin resistance. Angiotensin II, the primary effector mediator of the RAAS, induces serine phosphorylation of insulin receptor beta-subunit and the p85 regulatory subunit of PI3-kinase that negatively modulates early components of the insulin signalling cascade[58]. Angiotensin II induced generation of reactive oxygen species which is mainly associated with activation of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase enzyme system, initiates and propagates the production of pro-inflammatory mediators including TNFα,  interleukin-6, and platelet activator inhibitor 1[59]. In animal models, it has been demonstrated that angiotensin II increases hepatic steatosis, impairs mitochondrial function, and contribute to progression of hepatic fibrosis[60]. Despite this cumulative evidence of in vitro and in vivo studies, human data on the effects of RAAS inhibition on liver fibrosis are lacking. Several studies evaluated effects of angiotensin-converting enzyme inhibitors (ACE-I) and angiotensin receptor blockers (ARBs) on hepatic fibrosis in patients with hepatitis C under different settings. Those studies were mostly retrospective and provided conflicted results[61-63]. In the NAFLD setting, no studies evaluated the effects of ACE-I, but there are a number of small scale studies that investigated effects of ARBs in this population. In summary, limited evidence suggested that ARBs including losartan, valsartan and telmisartan may improve transaminases, hepatic steatosis and inflammation in the NAFLD setting[64], however there is a need for larger randomized-controlled trials to assess long-term effects of ARBs on hepatic fibrosis in NASH. Currently, the treatment with ACE-I and ARBs can only be recommended in NALFD patients with an established indication of anti-hypertensive therapy. 

INCRETIN-BASED THERAPIES
The incretin hormones, glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP), which are secreted from intestinal endocrine cells in response to a meal, have been demonstrated to induce glucose-dependent insulin secretion, slow gastric emptying, inhibit inappropriate post-meal glucagon release and reduce food intake[65]. There are two groups of incretin mimetics which were developed to be used for the treatment of type 2 diabetes mellitus: GLP-1 analogs and dipeptidyl peptidase-4 (DPP-4) inhibitors[65, 66]. These drugs mimic the physiological effects of incretin hormones and improve glisemic control of the patients with type 2 diabetes mellitus. Growing pre-clinical evidence shows that incretin-based therapies have the potential to improve hepatic steatosis in the animal models of obesity and diabetes[67]. However, in the absence of human trials it is not appropriate to recommend treatment with incretin mimetics in patients with NAFLD, if this is the sole indication. 

VITAMIN E
Oxidative stress and depletion of endogenous antioxidants is essential in the pathogenesis of disease progression in NASH. Many drugs with antioxidant features were tried in studies for the treatment of NASH with variable conclusions. Vitamin E (α-tocopherol) is a well-known antioxidant which is the best studied feature of it beside many other biological functions. Vitamin E functions as a free radical scavenger which protects polyunsaturated fatty acids from peroxidation[68]. There are also other functions of vitamin E independent of antioxidant activity,  that may have some role in NAFLD pathogenesis, including inhibition of cell proliferation, platelet aggregation and monocyte adhesion[69]. With this context, vitamin E was investigated in several studies for the treatment of NASH with different results. The largest randomized controlled study on vitamin E, the PIVENS trial, demonstrated a greater histological improvement in inflammation in non-diabetic patients with biopsy-proven NASH compared with placebo and pioglitazone groups. However, only 42% of patients receiving a high dose vitamin E (800 IU/d) for 96 wk achieved an improvement in histological parameters compared with 19% in placebo-treated patients[54]. A newer study, the TONIC trial, included pediatric patients with biopsy-proven NASH which were randomized to vitamin E, metformin and placebo arms. In this study, patients treated with either medication did not achieve sustained ALT reductions, but histological improvement was significant in the children taking vitamin E[70]. In the line of these evidence, the recent guideline by AASLD recommends vitamin E at a daily dose of 800 IU/d in non-diabetic adult patients with biopsy-proven NASH as a first-line pharmacologic therapy[2]. However, it is crucial to note that there have been some serious concerns regarding the safety of long-term vitamin E treatment. There are meta-analyses that have reported an increase in all-cause mortality with vitamin E treatment while others reported against this association[71-73]. Moreover, vitamin E at a dose of 400 IU/d has been found to be associated with an increased risk of prostate cancer[74]. Physicians who choose to initiate vitamin E therapy should consider the potential risks of long-term treatment with this drug. Especially in patients with diabetes and significant cardiovascular risk factors, vitamin E treatment should be avoided until sufficient data for long-term safety and efficacy will be established. 

STATINS
There is convincing evidence showing that cardiovascular events are the most common cause for death in patients with NAFLD, which necessitates management and optimization of cardiovascular risks in every patient[75]. However, there is a considerable degree of preoccupation to avoid statins in patients with elevated transaminases and chronic liver diseases. Contrary to concerns about safety, there is substantial evidence demonstrating that statins are safe in patients with chronic liver disease including NAFLD and NASH. Therefore, patients with NAFLD and dyslipidemia should be treated by statins as indicated by relevant guidelines[76, 77]. Other than the management of dyslipidemia in patients with NAFLD, the evidence behind usage of statins to change the natural course of NAFLD is absent. Although there are several small-scale studies that found a benefit from statins on liver enzymes, data regarding histological improvement is lacking[78, 79]. Until more data showing histological benefit is available, there is no indication for statins to specifically treat NASH.

URSODEOXYCHOLIC ACID
Ursodeoxycolic acid decreases the cholesterol content of bile by reducing the secretion of cholesterol from the liver and the fractional reabsorption of cholesterol by the intestines. It is has also anti-apoptotic, cytoprotective and anti-inflammatory effects[80]. In a pilot study, a possible benefit of ursodeoxycolic acid was suggested in the treatment of NASH[81]. However, this was not confirmed in larger randomized controlled trials using histological assessment[82, 83]. According to the latest guideline issued by AASLD, ursodeoxycolic acid therapy is not recommended for the treatment of NAFLD or NASH[2].

ORLISTAT
Orlistat is a reversible inhibitor of gastric and pancreatic lipases which prevents lipid absorption throughout the small intestines. It is indicated in the treatment of obesity and type 2 diabetes mellitus. In combination with lifestyle modifications, orlistat was evaluated in treatment of NASH in several studies that reached variable conclusions. In a pilot study, 44 patients who participated in a weight loss program were randomized to receive orlistat or placebo. Orlistat improved ALT levels and liver steatosis significantly, however steatosis was assessed by ultrasound only, which is an unreliable method in the absence of histological confirmation[84]. In a well-desinged study, patients receiving caloric restriction and vitamin E (800 IU/d) with or without orlistat showed similar improvements in transaminases, liver steatosis and inflammation[85]. Only in patients who achieved significant weight loss (≥9%) histologic parameters were improved regardless of orlistat therapy. Based on these data, the efficacy of orlistat in treatment of patients with NASH is indefinite, and can only be used as an adjunct for weight loss in the treatment of obesity. 

OMEGA-3 FATTY ACIDS
Observational and clinical studies that have examined the effects of the long-chain n-3 polyunsaturated fatty acids (n-3 PUFAs) on cardiovascular risk factors showed significant benefits on cardiovascular outcomes[86]. The favorable effects of n-3 PUFAs on lipids, blood pressure, atherosclerosis, and especially on inflammation provide hypothetical basis for research on patients with NAFLD. The experimental evidence suggest a potential benefit for omega-3 fatty acids in treatment of NAFLD, however results of human studies were inconclusive due to small sample size and methodological flaws[87]. A recent meta-analysis of 9 studies including 355 patients with NAFLD demonstrated that treatment with n-3 PUFAs improves the degree of hepatic steatosis, decreases aspartate aminotransferase levels and an insignificant trend for improvement alanine aminotransferase levels[88]. Considering the available evidence there is limited data for suggesting n-3 PUFAs for specific treatment of patients with NAFLD. 

PENTOXIFYLLINE
Pentoxifylline inhibits production of TNFα which has been associated with a possible role in progression of NAFLD[89]. A recent study also showed that pentoxifylline therapy significantly reduces oxidized lipid products which have been known to play a key role in the pathogenesis of NASH[90]. The largest placebo-controlled trial randomized 55 patients with biopsy-proven NASH to receive pentoxifylline 1200 mg/d or placebo[91]. The investigators reported that patients treated with pentoxifylline showed significant improvement in hepatic steatosis, lobular inflammation and fibrosis. Despite these results, the evidence regarding the benefits of pentoxifylline therapy in NASH is still inconclusive; however this drug may warrant further investigation in a larger patient population. 

CONCLUSION
Since the description of NASH three decades ago, our understanding regarding the pathophysiology of the disease evolved significantly, however reasons that shape the heterogeneity among patients and factors that influence the development and progression of inflammation are not yet well-understood. Although growing evidence achieved by basic research improved our knowledge on hepatic inflammation and fibrogenesis, translational studies have not been able to provide a solution from bench to bedside, to help clinicians who care for patients with NAFLD. Many clinical studies tried numerous drugs and alternative medicine, but investigators have failed to present a safe and effective therapy for patients with NASH. As summarized, heterogeneity of pathogenic pathways in individual patients with NASH may warrant developing an individualized treatment according to the underlying pathogenic pathway. The differentiation of pathogenetic targets may require development of diagnostic, prognostic biomarkers and identification of genetic susceptibilities. For now, the evidence based medicine gives us only a few options including life-style modifications targeting weight loss, pioglitazone and vitamin E in non-diabetic patients with biopsy-proven NASH. The current evidence is premature to provide a pathogenesis-based management algorithm, however it can be suggested to tailor initial management strategy according to individual patient characteristics including presence of obesity and/or insulin resistance. It seems life-style modifications should be the first step in NASH patients with obesity and/or insulin resistance. The components of metabolic syndrome should be targeted in those patients, particularly aiming to improve insulin resistance. Yet drug therapy, especially vitamin E, can be the initial choice in lean patients without insulin resistance. 

REFERENCES
[bookmark: _ENREF_1]1 Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic steatohepatitis: Mayo Clinic experiences with a hitherto unnamed disease. Mayo Clin Pro 1980; 55: 434-438 [PMID: 7382552]
[bookmark: _ENREF_2]2 Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, Charlton M, Sanyal AJ. The diagnosis and management of non-alcoholic fatty liver disease: practice guideline by the American Gastroenterological Association, American Association for the Study of Liver Diseases, and American College of Gastroenterology. Gastroenterology 2012; 142: 1592-1609 [PMID: 22656328 DOI: 10.1053/j.gastro.2012.04.001]
[bookmark: _ENREF_3]3 Sheth SG, Gordon FD, Chopra S. Nonalcoholic steatohepatitis. Ann Intern Med 1997; 126: 137-145 [PMID: 9005748]
[bookmark: _ENREF_4]4 Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology and natural history of non-alcoholic fatty liver disease and non-alcoholic steatohepatitis in adults. Aliment Pharmacol Ther 2011; 34: 274-285 [PMID: 21623852 DOI: 10.1111/j.1365-2036.2011.04724.x]
[bookmark: _ENREF_5]5 Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G, Kechagias S. Long-term follow-up of patients with NAFLD and elevated liver enzymes. Hepatology 2006; 44: 865-873 [PMID: 17006923 DOI: 10.1002/hep.21327]
[bookmark: _ENREF_6]6 Poonawala A, Nair SP, Thuluvath PJ. Prevalence of obesity and diabetes in patients with cryptogenic cirrhosis: a case-control study. Hepatology 2000; 32: 689-692 [PMID: 11003611 DOI: 10.1053/jhep.2000.17894]
[bookmark: _ENREF_7]7 Ratziu V, Giral P, Charlotte F, Bruckert E, Thibault V, Theodorou I, Khalil L, Turpin G, Opolon P, Poynard T. Liver fibrosis in overweight patients. Gastroenterology 2000; 118: 1117-1123 [PMID: 10833486]
[bookmark: _ENREF_8]8 Hossain N, Afendy A, Stepanova M, Nader F, Srishord M, Rafiq N, Goodman Z, Younossi Z. Independent predictors of fibrosis in patients with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 2009; 7: 1224-9, 1229.e1-2 [PMID: 19559819 DOI: 10.1016/j.cgh.2009.06.007]
[bookmark: _ENREF_9]9 Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC, McCullough AJ. Nonalcoholic fatty liver disease: a spectrum of clinical and pathological severity. Gastroenterology 1999; 116: 1413-1419 [PMID: 10348825]
[bookmark: _ENREF_10]10 Petta S, Amato MC, Di Marco V, Camma C, Pizzolanti G, Barcellona MR, Cabibi D, Galluzzo A, Sinagra D, Giordano C, Craxi A. Visceral adiposity index is associated with significant fibrosis in patients with non-alcoholic fatty liver disease. Aliment Pharmacol Ther 2012; 35: 238-247 [PMID: 22117531 DOI: 10.1111/j.1365-2036.2011.04929.x]
[bookmark: _ENREF_11]11 Day CP, James OF. Steatohepatitis: a tale of two "hits"? Gastroenterology 1998; 114: 842-845 [PMID: 9547102]
[bookmark: _ENREF_12]12 Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J, Boldt MD, Parks EJ. Sources of fatty acids stored in liver and secreted via lipoproteins in patients with nonalcoholic fatty liver disease. J Clin Invest 2005; 115: 1343-1351 [PMID: 15864352 DOI: 10.1172/JCI23621]
[bookmark: _ENREF_13]13 Gastaldelli A, Cusi K, Pettiti M, Hardies J, Miyazaki Y, Berria R, Buzzigoli E, Sironi AM, Cersosimo E, Ferrannini E, Defronzo RA. Relationship between hepatic/visceral fat and hepatic insulin resistance in nondiabetic and type 2 diabetic subjects. Gastroenterology 2007; 133: 496-506 [PMID: 17681171 DOI: 10.1053/j.gastro.2007.04.068]
[bookmark: _ENREF_14]14 Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB, Contos MJ, Sterling RK, Luketic VA, Shiffman ML, Clore JN. Nonalcoholic steatohepatitis: association of insulin resistance and mitochondrial abnormalities. Gastroenterology 2001; 120: 1183-1192 [PMID: 11266382 DOI: 10.1053/gast.2001.23256]
[bookmark: _ENREF_15]15 Nelson JE, Wilson L, Brunt EM, Yeh MM, Kleiner DE, Unalp-Arida A, Kowdley KV. Relationship between the pattern of hepatic iron deposition and histological severity in nonalcoholic fatty liver disease. Hepatology 2011; 53: 448-457 [PMID: 21274866 DOI: 10.1002/hep.24038]
[bookmark: _ENREF_16]16 Cohen B, Novick D, Rubinstein M. Modulation of insulin activities by leptin. Science 1996; 274: 1185-1188 [PMID: 8895466]
[bookmark: _ENREF_17]17 Baskol G, Baskol M, Kocer D. Oxidative stress and antioxidant defenses in serum of patients with non-alcoholic steatohepatitis. Clin Biochem 2007; 40: 776-780 [PMID: 17477913 DOI: 10.1016/j.clinbiochem.2007.02.006]
[bookmark: _ENREF_18]18 Schnabl B, Brenner DA. Interactions between the intestinal microbiome and liver diseases. Gastroenterology 2014 [PMID: 24440671 DOI: 10.1053/j.gastro.2014.01.020]
[bookmark: _ENREF_19]19 Teratani T, Tomita K, Suzuki T, Oshikawa T, Yokoyama H, Shimamura K, Tominaga S, Hiroi S, Irie R, Okada Y, Kurihara C, Ebinuma H, Saito H, Hokari R, Sugiyama K, Kanai T, Miura S, Hibi T. A high-cholesterol diet exacerbates liver fibrosis in mice via accumulation of free cholesterol in hepatic stellate cells. Gastroenterology 2012; 142: 152-164.e10 [PMID: 21995947 DOI: 10.1053/j.gastro.2011.09.049]
[bookmark: _ENREF_20]20 Tomita K, Teratani T, Suzuki T, Shimizu M, Sato H, Narimatsu K, Okada Y, Kurihara C, Irie R, Yokoyama H, Shimamura K, Usui S, Ebinuma H, Saito H, Watanabe C, Komoto S, Kawaguchi A, Nagao S, Sugiyama K, Hokari R, Kanai T, Miura S, Hibi T. Free cholesterol accumulation in hepatic stellate cells: mechanism of liver fibrosis aggravation in nonalcoholic steatohepatitis in mice. Hepatology 2014; 59: 154-169 [PMID: 23832448 DOI: 10.1002/hep.26604]
[bookmark: _ENREF_21]21 Younossi ZM, Reyes MJ, Mishra A, Mehta R, Henry L. Systematic review with meta-analysis: non-alcoholic steatohepatitis - a case for personalised treatment based on pathogenic targets. Aliment Pharmacol Ther 2014; 39: 3-14 [PMID: 24206433 DOI: 10.1111/apt.12543]
[bookmark: _ENREF_22]22 Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R, Natale S, Vanni E, Villanova N, Melchionda N, Rizzetto M. Nonalcoholic fatty liver, steatohepatitis, and the metabolic syndrome. Hepatology 2003; 37: 917-923 [PMID: 12668987 DOI: 10.1053/jhep.2003.50161]
[bookmark: _ENREF_23]23 Yilmaz Y, Senates E, Ayyildiz T, Colak Y, Tuncer I, Ovunc AO, Dolar E, Kalayci C. Characterization of nonalcoholic fatty liver disease unrelated to the metabolic syndrome. Eur J Clin Invest 2012; 42: 411-418 [PMID: 21913918 DOI: 10.1111/j.1365-2362.2011.02597.x]
[bookmark: _ENREF_24]24 Souza MR, Diniz Mde F, Medeiros-Filho JE, Araujo MS. Metabolic syndrome and risk factors for non-alcoholic fatty liver disease. Arq Gastroenterol 2012; 49: 89-96 [PMID: 22481692]
[bookmark: _ENREF_25]25 Hernaez R. Genetic factors associated with the presence and progression of nonalcoholic fatty liver disease: a narrative review. Gastroenterol Hepatol 2012; 35: 32-41 [PMID: 22093607 DOI: 10.1016/j.gastrohep.2011.08.002]
[bookmark: _ENREF_26]26 Di Rosa M, Malaguarnera L. Genetic variants in candidate genes influencing NAFLD progression. J Mol Med (Berl) 2012; 90: 105-118 [PMID: 21894552 DOI: 10.1007/s00109-011-0803-x]
[bookmark: _ENREF_27]27 Trepo E, Nahon P, Bontempi G, Valenti L, Falleti E, Nischalke HD, Hamza S, Corradini SG, Burza MA, Guyot E, Donati B, Spengler U, Hillon P, Toniutto P, Henrion J, Franchimont D, Deviere J, Mathurin P, Moreno C, Romeo S, Deltenre P. Association between the PNPLA3 (rs738409 C>G) variant and hepatocellular carcinoma: evidence from a meta-analysis of individual participant data. Hepatology 2013 [PMID: 24114809  DOI: 10.1002/hep.26767]
[bookmark: _ENREF_28]28 Tilg H, Moschen AR. Evolution of inflammation in nonalcoholic fatty liver disease: the multiple parallel hits hypothesis. Hepatology 2010; 52: 1836-1846 [PMID: 21038418  DOI: 10.1002/hep.24001]
[bookmark: _ENREF_29]29 Alberti KG, Zimmet P, Shaw J. The metabolic syndrome--a new worldwide definition. Lancet 2005; 366: 1059-1062 [PMID: 16182882 DOI: 10.1016/S0140-6736(05)67402-8]
[bookmark: _ENREF_30]30 Marra F, Lotersztajn S. Pathophysiology of NASH: perspectives for a targeted treatment. Curr Pharm Des 2013; 19: 5250-5269 [PMID: 23394092]
[bookmark: _ENREF_31]31 Thoma C, Day CP, Trenell MI. Lifestyle interventions for the treatment of non-alcoholic fatty liver disease in adults: a systematic review. J Hepatol 2012; 56: 255-266 [PMID: 21723839 DOI: 10.1016/j.jhep.2011.06.010]
[bookmark: _ENREF_32]32 Eckard C, Cole R, Lockwood J, Torres DM, Williams CD, Shaw JC, Harrison SA. Prospective histopathologic evaluation of lifestyle modification in nonalcoholic fatty liver disease: a randomized trial. Therap Adv Gastroenterol 2013; 6: 249-259 [PMID: 23814606 DOI: 10.1177/1756283X13484078]
[bookmark: _ENREF_33]33 Peng L, Wang J, Li F. Weight reduction for non-alcoholic fatty liver disease. Cochrane Database Syst Rev 2011: CD003619 [PMID: 21678341 DOI: 10.1002/14651858.CD003619.pub3]
[bookmark: _ENREF_34]34 Franz MJ, VanWormer JJ, Crain AL, Boucher JL, Histon T, Caplan W, Bowman JD, Pronk NP. Weight-loss outcomes: a systematic review and meta-analysis of weight-loss clinical trials with a minimum 1-year follow-up. J Am Diet Assoc 2007; 107: 1755-1767 [PMID: 17904936 DOI: 10.1016/j.jada.2007.07.017]
[bookmark: _ENREF_35]35 Centis E, Marzocchi R, Di Domizio S, Ciaravella MF, Marchesini G. The effect of lifestyle changes in non-alcoholic fatty liver disease. Dig Dis 2010; 28: 267-273 [PMID: 20460922 DOI: 10.1159/000282101]
[bookmark: _ENREF_36]36 Capanni M, Calella F, Biagini MR, Genise S, Raimondi L, Bedogni G, Svegliati-Baroni G, Sofi F, Milani S, Abbate R, Surrenti C, Casini A. Prolonged n-3 polyunsaturated fatty acid supplementation ameliorates hepatic steatosis in patients with non-alcoholic fatty liver disease: a pilot study. Aliment Pharmacol Ther 2006; 23: 1143-1151 [PMID: 16611275  DOI: 10.1111/j.1365-2036.2006.02885.x]
[bookmark: _ENREF_37]37 Petta S, Marchesini G, Caracausi L, Macaluso FS, Cammà C, Ciminnisi S, Cabibi D, Porcasi R, Craxì A, Di Marco V.. Industrial, not fruit fructose intake is associated with the severity of liver fibrosis in genotype 1 chronic hepatitis C patients. J Hepatol 2013; 59: 1169-1176 [PMID: 23933265 DOI: 10.1016/j.jhep.2013.07.037]
[bookmark: _ENREF_38]38 Ouyang X, Cirillo P, Sautin Y, McCall S, Bruchette JL, Diehl AM, Johnson RJ, Abdelmalek MF. Fructose consumption as a risk factor for non-alcoholic fatty liver disease. J Hepatol 2008; 48: 993-999 [PMID: 18395287 DOI: 10.1016/j.jhep.2008.02.011]
[bookmark: _ENREF_39]39 Simopoulos AP. Dietary omega-3 fatty acid deficiency and high fructose intake in the development of metabolic syndrome, brain metabolic abnormalities, and non-alcoholic fatty liver disease. Nutrients 2013; 5: 2901-2923 [PMID: 23896654 DOI: 10.3390/nu5082901]
[bookmark: _ENREF_40]40 Birerdinc A, Stepanova M, Pawloski L, Younossi ZM. Caffeine is protective in patients with non-alcoholic fatty liver disease. Aliment Pharmacol Ther 2012; 35: 76-82 [PMID: 22059453 DOI: 10.1111/j.1365-2036.2011.04916.x]
[bookmark: _ENREF_41]41 Molloy JW, Calcagno CJ, Williams CD, Jones FJ, Torres DM, Harrison SA. Association of coffee and caffeine consumption with fatty liver disease, nonalcoholic steatohepatitis, and degree of hepatic fibrosis. Hepatology 2012; 55: 429-436 [PMID: 21987293 DOI: 10.1002/hep.24731]
[bookmark: _ENREF_42]42 Yesil A, Yilmaz Y. Review article: coffee consumption, the metabolic syndrome and non-alcoholic fatty liver disease. Aliment Pharmacol Ther 2013; 38: 1038-1044 [PMID: 24024834 DOI: 10.1111/apt.12489]
[bookmark: _ENREF_43]43 Akyuz F, Demir K, Ozdil S, Aksoy N, Poturoglu S, Ibrisim D, Kaymakoglu S, Besisik F, Boztas G, Cakaloglu Y, Mungan Z, Cevikbas U, Okten A. The effects of rosiglitazone, metformin, and diet with exercise in nonalcoholic fatty liver disease. Dig Dis Sci 2007; 52: 2359-2367 [PMID: 17429734 DOI: 10.1007/s10620-006-9145-x]
[bookmark: _ENREF_44]44 Haukeland JW, Konopski Z, Eggesbø HB, von Volkmann HL, Raschpichler G, Bjøro K, Haaland T, Løberg EM, Birkeland K. Metformin in patients with non-alcoholic fatty liver disease: a randomized, controlled trial. Scand J Gastroenterol 2009; 44: 853-860 [PMID: 19811343 DOI: 10.1080/00365520902845268]
[bookmark: _ENREF_45]45 Loomba R, Lutchman G, Kleiner DE, Ricks M, Feld JJ, Borg BB, Modi A, Nagabhyru P, Sumner AE, Liang TJ, Hoofnagle JH. Clinical trial: pilot study of metformin for the treatment of non-alcoholic steatohepatitis. Aliment Pharmacol ther 2009; 29: 172-182 [PMID: 18945255 DOI: 10.1111/j.1365-2036.2008.03869.x]
[bookmark: _ENREF_46]46 Rakoski MO, Singal AG, Rogers MA, Conjeevaram H. Meta-analysis: insulin sensitizers for the treatment of non-alcoholic steatohepatitis. Aliment Pharmacol  Ther 2010; 32: 1211-1221 [PMID: 20955440 DOI: 10.1111/j.1365-2036.2010.04467.x]
[bookmark: _ENREF_47]47 Aithal GP, Thomas JA, Kaye PV, Lawson A, Ryder SD, Spendlove I, Austin AS, Freeman JG, Morgan L, Webber J. Randomized, placebo-controlled trial of pioglitazone in nondiabetic subjects with nonalcoholic steatohepatitis. Gastroenterology 2008; 135: 1176-1184 [PMID: 18718471 DOI: 10.1053/j.gastro.2008.06.047]
[bookmark: _ENREF_48]48 Ratziu V, Giral P, Jacqueminet S, Charlotte F, Hartemann-Heurtier A, Serfaty L, Podevin P, Lacorte JM, Bernhardt C, Bruckert E, Grimaldi A, Poynard T. Rosiglitazone for nonalcoholic steatohepatitis: one-year results of the randomized placebo-controlled Fatty Liver Improvement with Rosiglitazone Therapy (FLIRT) Trial. Gastroenterology 2008; 135: 100-110 [PMID: 18503774 DOI: 10.1053/j.gastro.2008.03.078]
[bookmark: _ENREF_49]49 Yki-Järvinen H. Thiazolidinediones and the liver in humans. Curr Opin  Lipidol 2009; 20: 477-483 [PMID: 19779336 DOI: 10.1097/MOL.0b013e3283321d37]
[bookmark: _ENREF_50]50 Sharma AM, Staels B. Review: Peroxisome proliferator-activated receptor gamma and adipose tissue--understanding obesity-related changes in regulation of lipid and glucose metabolism. J ClinEndocrinol Metab 2007; 92: 386-395 [PMID: 17148564 DOI: 10.1210/jc.2006-1268]
[bookmark: _ENREF_51]51 Neuschwander-Tetri BA, Brunt EM, Wehmeier KR, Oliver D, Bacon BR. Improved nonalcoholic steatohepatitis after 48 weeks of treatment with the PPAR-gamma ligand rosiglitazone. Hepatology 2003; 38: 1008-1017 [PMID: 14512888 DOI: 10.1053/jhep.2003.50420]
[bookmark: _ENREF_52]52 Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, Balas B, Gastaldelli A, Tio F, Pulcini J, Berria R, Ma JZ, Dwivedi S, Havranek R, Fincke C, DeFronzo R, Bannayan GA, Schenker S, Cusi K. A placebo-controlled trial of pioglitazone in subjects with nonalcoholic steatohepatitis. N Eng J Med 2006; 355: 2297-2307 [PMID: 17135584  DOI: 10.1056/NEJMoa060326]
[bookmark: _ENREF_53]53 Boettcher E, Csako G, Pucino F, Wesley R, Loomba R. Meta-analysis: pioglitazone improves liver histology and fibrosis in patients with non-alcoholic steatohepatitis. Aliment Pharmacol Therapeutics 2012; 35: 66-75 [PMID: 22050199 DOI: 10.1111/j.1365-2036.2011.04912.x]
[bookmark: _ENREF_54]54 Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM, Bass NM, Neuschwander-Tetri BA, Lavine JE, Tonascia J, Unalp A, Van Natta M, Clark J, Brunt EM, Kleiner DE, Hoofnagle JH, Robuck PR. Pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis. N Eng J Med 2010; 362: 1675-1685 [PMID: 20427778 DOI: 10.1056/NEJMoa0907929]
[bookmark: _ENREF_55]55 Bilik D, McEwen LN, Brown MB, Pomeroy NE, Kim C, Asao K, Crosson JC, Duru OK, Ferrara A, Hsiao VC, Karter AJ, Lee PG, Marrero DG, Selby JV, Subramanian U, Herman WH. Thiazolidinediones and fractures: evidence from translating research into action for diabetes. J Clin Endocrinol Metab 2010; 95: 4560-4565 [PMID: 20631021 DOI: 10.1210/jc.2009-2638]
[bookmark: _ENREF_56]56 Dormandy J, Bhattacharya M, van Troostenburg de Bruyn AR. Safety and tolerability of pioglitazone in high-risk patients with type 2 diabetes: an overview of data from PROactive. Drug Saf 2009; 32: 187-202 [PMID: 19338377 DOI: 10.2165/00002018-200932030-00002]
[bookmark: _ENREF_57]57 Lutchman G, Modi A, Kleiner DE, Promrat K, Heller T, Ghany M, Borg B, Loomba R, Liang TJ, Premkumar A, Hoofnagle JH. The effects of discontinuing pioglitazone in patients with nonalcoholic steatohepatitis. Hepatology 2007; 46: 424-429 [PMID: 17559148  DOI: 10.1002/hep.21661]
[bookmark: _ENREF_58]58 Folli F, Saad MJ, Velloso L, Hansen H, Carandente O, Feener EP, Kahn CR. Crosstalk between insulin and angiotensin II signalling systems. Exp Clin Endocrinol Diabetes 1999; 107: 133-139 [PMID: 10320054 DOI: 10.1055/s-0029-1212088]
[bookmark: _ENREF_59]59 Wei Y, Sowers JR, Nistala R, Gong H, Uptergrove GM, Clark SE, Morris EM, Szary N, Manrique C, Stump CS. Angiotensin II-induced NADPH oxidase activation impairs insulin signaling in skeletal muscle cells. J Biol Chem 2006; 281: 35137-35146 [PMID: 16982630 DOI: 10.1074/jbc.M601320200]
[bookmark: _ENREF_60]60 Matthew Morris E, Fletcher JA, Thyfault JP, Rector RS. The role of angiotensin II in nonalcoholic steatohepatitis. Mol Cell Endocrinol 2013; 378: 29-40 [PMID: 22579612 DOI: 10.1016/j.mce.2012.04.013]
[bookmark: _ENREF_61]61 Cholongitas E, Vibhakorn S, Lodato F, Burroughs AK. Angiotensin II antagonists in patients with recurrent hepatitis C virus infection after liver transplantation. Liver Int 2010; 30: 334-335 [PMID: 19515217 DOI: 10.1111/j.1478-3231.2009.02059.x]
[bookmark: _ENREF_62]62 Corey KE, Shah N, Misdraji J, Abu Dayyeh BK, Zheng H, Bhan AK, Chung RT. The effect of angiotensin-blocking agents on liver fibrosis in patients with hepatitis C. Liver Int 2009; 29: 748-753 [PMID: 19220742 DOI: 10.1111/j.1478-3231.2009.01973.x]
[bookmark: _ENREF_63]63 Abu Dayyeh BK, Yang M, Dienstag JL, Chung RT. The effects of angiotensin blocking agents on the progression of liver fibrosis in the HALT-C Trial cohort. Dig Dis Sci 2011; 56: 564-568 [PMID: 21136163 DOI: 10.1007/s10620-010-1507-8]
[bookmark: _ENREF_64]64 Paschos P, Tziomalos K. Nonalcoholic fatty liver disease and the renin-angiotensin system: Implications for treatment. World J Hepatol 2012; 4: 327-331 [PMID: 23355909 DOI: 10.4254/wjh.v4.i12.327]
[bookmark: _ENREF_65]65 Koliaki C, Doupis J. Incretin-based therapy: a powerful and promising weapon in the treatment of type 2 diabetes mellitus. Diabetes Ther 2011; 2: 101-121 [PMID: 22127804 DOI: 10.1007/s13300-011-0002-3]
[bookmark: _ENREF_66]66 McIntosh CH. Dipeptidyl peptidase IV inhibitors and diabetes therapy. Front Biosci 2008; 13: 1753-1773 [PMID: 17981665]
[bookmark: _ENREF_67]67 Samson SL, Bajaj M. Potential of incretin-based therapies for non-alcoholic fatty liver disease. J Diabetes Complications 2013; 27: 401-406 [PMID: 23352496 DOI: 10.1016/j.jdiacomp.2012.12.005]
[bookmark: _ENREF_68]68 Burton GW, Joyce A, Ingold KU. Is vitamin E the only lipid-soluble, chain-breaking antioxidant in human blood plasma and erythrocyte membranes? Arch Biochem Biophys  1983; 221: 281-290 [PMID: 6830261]
[bookmark: _ENREF_69]69 Zingg JM, Azzi A. Non-antioxidant activities of vitamin E. Curr Med Chem 2004; 11: 1113-1133 [PMID: 15134510]
[bookmark: _ENREF_70]70 Lavine JE, Schwimmer JB, Van Natta ML, Molleston JP, Murray KF, Rosenthal P, Abrams SH, Scheimann AO, Sanyal AJ, Chalasani N, Tonascia J, Unalp A, Clark JM, Brunt EM, Kleiner DE, Hoofnagle JH, Robuck PR. 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 [PMID: 21521847 DOI: 10.1001/jama.2011.520]
[bookmark: _ENREF_71]71 Miller ER 3rd, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel LJ, Guallar E. Meta-analysis: high-dosage vitamin E supplementation may increase all-cause mortality. Ann Intern Med 2005; 142: 37-46 [PMID: 15537682]
[bookmark: _ENREF_72]72 Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. Mortality in randomized trials of antioxidant supplements for primary and secondary prevention: systematic review and meta-analysis. JAMA 2007; 297: 842-857 [PMID: 17327526 DOI: 10.1001/jama.297.8.842]
[bookmark: _ENREF_73]73 Gerss J, Kopcke W. The questionable association of vitamin E supplementation and mortality--inconsistent results of different meta-analytic approaches. Cell Mol Biol (Noisy-le-grand) 2009; 55 Suppl: OL1111-1120 [PMID: 19267994]
[bookmark: _ENREF_74]74 Klein EA, Thompson IM, Jr., Tangen CM, Crowley JJ, Lucia MS, Goodman PJ, Minasian LM, Ford LG, Parnes HL, Gaziano JM, Karp DD, Lieber MM, Walther PJ, Klotz L, Parsons JK, Chin JL, Darke AK, Lippman SM, Goodman GE, Meyskens FL, Jr., Baker LH. Vitamin E and the risk of prostate cancer: the Selenium and Vitamin E Cancer Prevention Trial (SELECT). JAMA 2011; 306: 1549-1556 [PMID: 21990298 DOI: 10.1001/jama.2011.1437]
[bookmark: _ENREF_75]75 Targher G, Day CP, Bonora E. Risk of cardiovascular disease in patients with nonalcoholic fatty liver disease. N Eng J Med 2010; 363: 1341-1350 [PMID: 20879883 DOI: 10.1056/NEJMra0912063]
[bookmark: _ENREF_76]76 Stone NJ, Robinson J, Lichtenstein AH, Merz CN, Blum CB, Eckel RH, Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM, McBride P, Schwartz JS, Shero ST, Smith SC, Jr., Watson K, Wilson PW. 2013 ACC/AHA Guideline on the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults: A Report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation 2013 [PMID: 24222016 DOI: 10.1161/01.cir.0000437738.63853.7a]
[bookmark: _ENREF_77]77 Cooper A, O'Flynn N. Risk assessment and lipid modification for primary and secondary prevention of cardiovascular disease: summary of NICE guidance. BMJ 2008; 336: 1246-1248 [PMID: 18511800 DOI: 10.1136/bmj.39554.624086.AD]
[bookmark: _ENREF_78]78 Georgescu EF, Georgescu M. Therapeutic options in non-alcoholic steatohepatitis (NASH). Are all agents alike? Results of a preliminary study. J Gastrointestin liver Dis 2007; 16: 39-46 [PMID: 17410287]
[bookmark: _ENREF_79]79 Hyogo H, Tazuma S, Arihiro K, Iwamoto K, Nabeshima Y, Inoue M, Ishitobi T, Nonaka M, Chayama K. Efficacy of atorvastatin for the treatment of nonalcoholic steatohepatitis with dyslipidemia. Metabolism 2008; 57: 1711-1718 [PMID: 19013295 DOI: 10.1016/j.metabol.2008.07.030]
[bookmark: _ENREF_80]80 Bellentani S. Immunomodulating and anti-apoptotic action of ursodeoxycholic acid: where are we and where should we go? Eur J Gastroenterol Hepatol 2005; 17: 137-140 [PMID: 15674088]
[bookmark: _ENREF_81]81 Laurin J, Lindor KD, Crippin JS, Gossard A, Gores GJ, Ludwig J, Rakela J, McGill DB. Ursodeoxycholic acid or clofibrate in the treatment of non-alcohol-induced steatohepatitis: a pilot study. Hepatology 1996; 23: 1464-1467 [PMID: 8675165 DOI: 10.1002/hep.510230624]
[bookmark: _ENREF_82]82 Lindor KD, Kowdley KV, Heathcote EJ, Harrison ME, Jorgensen R, Angulo P, Lymp JF, Burgart L, Colin P. Ursodeoxycholic acid for treatment of nonalcoholic steatohepatitis: results of a randomized trial. Hepatology 2004; 39: 770-778 [PMID: 14999696 DOI: 10.1002/hep.20092]
[bookmark: _ENREF_83]83 Leuschner UF, Lindenthal B, Herrmann G, Arnold JC, Rossle M, Cordes HJ, Zeuzem S, Hein J, Berg T. High-dose ursodeoxycholic acid therapy for nonalcoholic steatohepatitis: a double-blind, randomized, placebo-controlled trial. Hepatology 2010; 52: 472-479 [PMID: 20683947 DOI: 10.1002/hep.23727]
[bookmark: _ENREF_84]84 Zelber-Sagi S, Kessler A, Brazowsky E, Webb M, Lurie Y, Santo M, Leshno M, Blendis L, Halpern Z, Oren R. A double-blind randomized placebo-controlled trial of orlistat for the treatment of nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 2006; 4: 639-644 [PMID: 16630771 DOI: 10.1016/j.cgh.2006.02.004]
[bookmark: _ENREF_85]85 Harrison SA, Fecht W, Brunt EM, Neuschwander-Tetri BA. Orlistat for overweight subjects with nonalcoholic steatohepatitis: A randomized, prospective trial. Hepatology 2009; 49: 80-86 [PMID: 19053049 DOI: 10.1002/hep.22575]
[bookmark: _ENREF_86]86 De Caterina R. n-3 fatty acids in cardiovascular disease. N Eng J Med 2011; 364: 2439-2450 [PMID: 21696310 DOI: 10.1056/NEJMra1008153]
[bookmark: _ENREF_87]87 Masterton GS, Plevris JN, Hayes PC. Review article: omega-3 fatty acids - a promising novel therapy for non-alcoholic fatty liver disease. Aliment Pharmacol Ther 2010; 31: 679-692 [PMID: 20415840 DOI: 10.1111/j.1365-2036.2010.04230.x]
[bookmark: _ENREF_88]88 Parker HM, Johnson NA, Burdon CA, Cohn JS, O'Connor HT, George J. Omega-3 supplementation and non-alcoholic fatty liver disease: a systematic review and meta-analysis. J Hepatol 2012; 56: 944-951 [PMID: 22023985 DOI: 10.1016/j.jhep.2011.08.018]
[bookmark: _ENREF_89]89 Tilg H. The role of cytokines in non-alcoholic fatty liver disease. Dig Dis 2010; 28: 179-185 [PMID: 20460908 DOI: 10.1159/000282083]
[bookmark: _ENREF_90]90 Zein CO, Lopez R, Fu X, Kirwan JP, Yerian LM, McCullough AJ, Hazen SL, Feldstein AE. Pentoxifylline decreases oxidized lipid products in nonalcoholic steatohepatitis: new evidence on the potential therapeutic mechanism. Hepatology 2012; 56: 1291-1299 [PMID: 22505276 DOI: 10.1002/hep.25778]
[bookmark: _ENREF_91]91 Zein CO, Yerian LM, Gogate P, Lopez R, Kirwan JP, Feldstein AE, McCullough AJ. Pentoxifylline improves nonalcoholic steatohepatitis: a randomized placebo-controlled trial. Hepatology 2011; 54: 1610-1619 [PMID: 21748765 DOI: 10.1002/hep.24544]
P-Reviewers: Ahmed M, Ballestri S, Liu QG, Mikolasevic I, Peltec A  S-Editor: Ding Y   L-Editor:   E-Editor:



	Table 1  Common causes of secondary liver steatosis

	Macrovesicular steatosis
	Microvesicular steatosis

	Alcohol consumption
	Reye’s syndrome

	Parenteral nutrition
	Acute fatty liver of pregnancy

	Hepatitis C
	HELLP syndrome

	Starvation/Malnutrition
	Genetic metabolic diseases (e.g., LCAT deficiency, cholesterol ester storage disease)

	Abetalipoproteinemia
	Heat stroke

	Lipodistrophy
	Drugs (valproate, anti-retroviral drugs)

	Celiac disease
	

	Wilson’s disease
	

	Drugs (e.g., corticosteroids, tamoxifen, amiodarone)
	


HELLP syndrome: Hemolysis, elevated liver enzymes and low platelets syndrome; LCAT: lecithin-cholesterol-acyltransferase.


	Table 2  International Diabetes Federation definition of the metabolic syndrome

	Increased waist circumference [≥94 cm (men) or ≥80 cm (women)], with ethnic-specific waist circumference1 cut-points; plus any two of the following:

	Triglycerides >150 mg/dL (1.7 mmol/L) or treatment for elevated triglycerides

	HDL cholesterol <40 mg/dL (1.03 mmol/L) in men or <50 mg/dL (1.29 mmol/L) in women, or treatment for low HDL

	Systolic blood pressure >130, diastolic blood pressure >85 mmHg, or treatment for hypertension

	Fasting plasma glucose >100 mg/dL (5.6 mmol/L) or previously diagnosed type 2 diabetes; an oral glucose tolerance test is recommended for patients with an elevated fasting plasma glucose, but not required

	1For South Asia and Chinese patients, waist ≥90 cm (men) or ≥80 cm (women); for Japanese patients, waist ≥90 cm (men) or ≥80 cm (women). HDL: High density lipoprotein.





	Table 3  Summary of treatment options in patients with non-alcoholic steatohepatitis

	Intervention
	Recommendation
	Notes

	Weight loss
	Highly recommended
	Diet and exercise should target significant weight loss
5% weight loss reduces hepatic steatosis
Greater weight loss may be needed to improve hepatic inflammation

	Metformin
	Not recommended
	Not recommended for specific therapy of NASH
Should be used when indicated for treatment of type 2 diabetes mellitus

	Thiazolidinediones
	Recommended in selected patients
	There is evidence for pioglitazone usage in non-diabetic patients with biopsy-proven NASH
There are questions regarding long-term safety 

	RAAS inhibition (ACE-I/ARBs)
	Not recommended
	Not recommended for specific therapy of NASH
Can be used when indicated for treatment of hypertension

	Incretin mimetics
	Not recommended
	Not recommended for specific therapy of NASH
Can be used when indicated for type 2 diabetes mellitus

	Vitamin E
	Recommended in selected patients
	Vitamin E 800 IU/day 
Evidence in non-diabetic biopsy-proven NASH
There is evidence regarding increased all-cause mortality associated with vitamin E usage.

	Statins
	Not recommended
	Not recommended for specific therapy of NASH
Can be used safely when indicated for dyslipidemia

	Ursodeoxycholic acid
	Not recommended
	A RCT showed no benefit of UDCA

	Orlistat
	Not recommended
	Can be used as an adjunct for weight loss in selected cases.

	Omega-3 fatty acids
	Not recommended
	Can be used to treat hypertrigliseridemia

	Pentoxifylline
	Not recommended
	Inconclusive evidence
May warrant further investigation


NASH: Non-alcoholic steatohepatitis; ACE-I: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blocker; UDCA: Ursodeoxycholic acid; RCT: Randomized-controlled trial.





Figure 1  Pathogenesis of non-alcoholic liver fatty liver disease. FFA: free fatty acid; ER: endoplasmic reticulum; NASH: non-alcoholic steatohepatitis; HSCs: hepatic stellate cells.
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