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Abstract. 
Nonalcoholic fatty liver disease (NAFLD) is the most common liver disease worldwide and it is associated with other medical conditions such as diabetes mellitus, metabolic syndrome, and obesity. The mechanisms of the underlying disease development and progression are not completely established and there is no consensus concerning the pharmacological treatment. In the gold standard treatment for NAFLD weight loss, dietary therapy, and physical activity are included. However, little scientific evidence is available on diet and/or physical activity and NAFLD specifically. Many dietary approaches such as Mediterranean and DASH diet are used for treatment of other cardiometabolic risk factors such as insulin resistance and type-2 diabetes mellitus (T2DM), but on the basis of its components their role in NAFLD has been discussed. In this review, the implications of current dietary and exercise approaches, including Brazilian and other guidelines, are discussed, with a focus on determining the optimal nonpharmacological treatment to prescribe for NAFLD.



1. Introduction
The term nonalcoholic fatty liver disease (NAFLD) is used to define a large spectrum of diseases related to hepatic fat deposition: hepatic steatosis (HS) is diagnosed when there is only fat accumulation; nonalcoholic steatohepatitis (NASH) is characterized when besides steatosis, there is inflammation, ballooning and moderate fibrosis; and the evolution from NASH to cirrhosis and hepatocellular carcinoma (HCC) [1, 2] (Figure 1). Even though it presents similar morphological findings when compared to the alcohol-induced lesion, NAFLD occurs in subjects with no significant alcohol consumption (<20–40 g/day) [3].




	
	
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
			
				
		
	


Figure 1: Spectrum of NAFLD. Obesity, genetic factors, and insulin resistance (IR) contribute to fat deposition in the liver. Approximately 30% of patients with NAFLD have NASH, which involves the presence of various degrees of inflammation and fibrosis, and can progress to cirrhosis in 20–25% of cases within 20 years. An unknown percentage of cases develop HCC. Adapted from Trauner et al., 2010 [9].


Currently, NAFLD is one of the more frequent causes of liver disease with an estimated prevalence of 20 to 30% in developed countries. Its incidence has significantly increased during the past years as a consequence of the raise of obesity in the Western world, due, mainly, to a sedentary lifestyle and inappropriate eating habits [2]. It is estimated that one-quarter of the American population is overweight, and 80% of these have NAFLD [4]. Among subjects with class III obesity [body mass index (BMI) BMI > 40 kg/m2] its incidence is 90%. When it comes to NASH, the prevalence is around 2-3% [4].
NAFLD is highly prevalent in patients with diabetes mellitus and increasing evidence suggests that patients with type-2 diabetes (T2DM) are at a particularly high risk for developing the progressive forms of NAFLD, NASH, advanced liver fibrosis, hepatocellular carcinoma development, and liver-related mortality [5]. In these individuals, prevalence of NAFLD ranges from 42.6% [6] to 79% [7]. It is noteworthy that these numbers vary from country to country and that nearly 13% of cases have already presented signs of cirrhosis [7]. In a sample of American persons with T2DM and normal serum levels of aminotransferases, prevalence of NAFLD and NASH was 76% and 56%, respectively [8].
Since there is no proven pharmacologic treatment for NAFLD, the aim of this review is to discuss the role of the diet and physical exercise as a nonpharmacologic treatment for NAFLD related to T2DM, metabolic syndrome, and other cardiometabolic risk factors, based on current evidence and guidelines.

2. Risk Factors and Pathophysiology
NAFLD is associated with the components of metabolic syndrome (MS): T2DM, insulin resistance (IR), hypertension (HTN), and, mainly, abdominal (visceral) obesity and dyslipidemia (hypertriglyceridemia, low levels of high density lipoprotein (HDL), and/or high levels of low density lipoprotein (LDL)). Besides, it also can be associated with surgical procedures (i.e., jejune-ileum bypass), protein-caloric malnutrition, prolonged parenteral nutrition, drug addiction, medications, toxins, and endocrine pathologies [10, 11].
Presently, most authors believe in the “multiple hits” theory, in which IR plays a central role as the inciting event for fatty acid accumulation in the hepatocyte: “the first hit.” The rationale is that IR favors lipogenesis and inhibits lipolysis, which drastically increases the influx of fatty acids in the liver. This, in turn, is followed by an increase in oxidative stress, endoplasmic reticulum and mitochondrial dysfunctions, and chronic endotoxemia: “multiple hits.” Once steatosis takes place, the liver becomes vulnerable to these “hits,” which leads to hepatocellular damage, inflammation, and fibrosis [12–14].
A more detailed look shows that IR is a key factor for stimulating the movement of free fatty acids (FFA) to β-oxidation, which depletes the mechanism of oxidative phosphorylation and the production of adenosine triphosphate (ATP) and incites the release of reactive oxygen species (ROS); this, in turn, leads to cell injury and activates the cascade to fibrosis. Similarly, IR also blocks the exportation of triglycerides from the hepatocyte by degrading and preventing the production of very low density lipoproteins (VLDL) [15, 16].
In the context of NAFLD, the excessive influx of FFA is directed towards the hepatocytes’ mitochondria in order to be oxidized, which promotes mitochondrial dysfunction by depletion of β-oxidation and leads to overproduction of ROS and increase of hepatic oxidative stress. In this scenario, of mitochondrial oxidation collapse, there is activation of alternative pathways (i.e., microsomes, peroxisomes) resulting in additional formation of ROS; this is possible because the balance between formation of ROS and antioxidant intracellular defenses is broken [17].
The byproducts of lipid peroxidation and cyclic formation of ROS are important proinflammatory agents that seem to activate hepatic stellate cells (HSC), thus leading to hepatic fibrosis [18, 19]. In this manner, progression from steatosis to NASH and fibrosis may occur by three different mechanisms: lipid peroxidation, induction of proinflammatory cytokines, and induction of Fas ligands [20].
Diabetes and NAFLD have mutual pathogenetic mechanisms and it is possible that genetic and environmental factors interact with metabolic derangements to accelerate NAFLD progression in diabetic patients [5].
Intestinal microbiome has an effect on obesity and RI, as well as hepatic fat content [21]. Patients with NAFLD and T2DM have significant changes in their microbiota composition and consequently higher prevalence of decompensated dysbiosis (about 72%) [22]. Individuals with obesity or NAFLD have more small intestinal bacterial overgrowth, which have been related (together with the intestinal permeability) to the degree of hepatic steatosis. Possible mediators of the link between the gut microbiome and the host include choline and endotoxins [21]. Choline deficiency, which can exist without a dietary deficiency, may be involved in the development of NAFLD and NASH [19]: high fat diets can induce an intestinal microbiota that converts dietary choline into methylamines, resulting in decreased levels of phosphatidylcholine. Phosphatidylcholine is important for the production of VLDL; thus, choline deficiency secondary to the intestinal microbiome may result in lower hepatic secretion of VLDL, with consequent triglyceride accumulation in hepatocytes [21, 23]. Intestinal permeability may lead to translocation of bacteria, increasing bacterial products such as lipopolysaccharide (LPS) and bacterial DNA. Subjects with NAFLD and increased intestinal permeability have increased hepatic exposure to endotoxins via the portal vein and it may lead to liver inflammation. Intestinal dysbiosis can also induce colonic inflammation, which accelerates the progression of simple steatosis to NASH. [21, 24].
Studies suggest that NAFLD can be associated with “idiopathic” cases of HCC. Most molecular events that lead to HCC need better clarification, but the main steps to cancer development (initiation, promotion, and progression) correlate with NAFLD physiopathology. Obesity is related to IR and augmentation of insulin-like growth factors, which act as a mitogen to stimulate cellular growth; in addition, obesity is associated with hyperestrogenemia, which is also implicated in the proliferation of hepatocytes. Increased production of ROS and DNA oxidative injury may also contribute to HCC development [25].
3. Diagnosis
NAFLD can occur at any age, although its prevalence is higher in the fourth and fifth decades. It is equally distributed between genders, but women have a tendency to develop advanced forms of the disease. Subjects with NAFLD are generally asymptomatic and find out about the disease because of elevated aminotransferases (ALT, AST) or during an abdomen ultrasonography (US) exam. Actually, fatty liver disease is an incidental finding during check-up exams or in the evaluation of persons with severe obesity, T2DM, and/or HTN (all these conditions are known risk factors for NAFLD). When present, symptoms are vague like right upper quadrant discomfort, fatigue, and dyspepsia; nausea, anorexia, and pruritus are rarely referred to by the patients.
On physical exam, subjects with NAFLD are frequently overweight (BMI > 25 kg/m2) and/or viscerally obese and have HTN. Hepatomegaly can be present at the time of diagnosis in 50% of patients with NAFLD (Table 1). Hepatic failure and portal hypertension stigma are less frequent than in other chronic liver diseases, although splenomegaly can be present in 25% of cases. Acanthosis nigricans (skin hyperpigmentation in dark plaques) is recognized as a clinical marker of IR and T2DM and can be identified in persons with NAFLD, mainly children.
Table 1: Clinical signs and symptoms and laboratory picture of NAFLD.
	

	Frequently asymptomatic 	High ALT (2–4x)
	Vague and unspecific symptoms	High GGT (2–6x)
	    Abdominal right upper quadrant discomfort	Mild elevation of AST (can be elevated  in cirrhosis)
	    Fatigue
	    Dyspepsia
	Overweight (BMI ≥ 25 kg/m2)	Blood glucose > 100 mg/dL
	High blood pressure	Triglycerides > 150 mg/dL
	Central adiposity	Total cholesterol > 200 mg/dL
	Hepatomegaly (in 50%)	LDL > 130 mg/dL
	Splenomegaly (in 25%)	HDL < 45 mg/dL
	


NAFLD: nonalcoholic fatty liver disease; BMI: body mass index; ALT: alanine aminotransferase; GGT: gamma-glutamyl transferase; AST: aspartate aminotransferase; LDL: low density lipoproteins; HDL: high density lipoprotein.


Typically, patients with NAFLD have high levels of alanine aminotransferase (ALT), usually less than four times the upper normal limit. As a matter of fact, NAFLD is the most common cause of persistent ALT elevation. Nevertheless, in some cases, even in the presence of histological evidence of steatohepatitis, enzymatic levels can be normal. The other aminotransferase, aspartate aminotransferase (AST), has a milder elevation than ALT in NAFLD (different from what happens in alcoholic steatohepatitis) and can also be elevated in cirrhosis. It is noteworthy that half of the individuals with NAFLD will have concomitant high levels of gamma-glutamyl transferase (GGT).
Elevation of serum glucose, cholesterol (and its fractions), and triglycerides is frequently seen in cases of NAFLD. Routinely, hepatitis B and hepatitis C, autoimmune hepatitis, Wilson’s disease, hemochromatosis, and alfa-1 antitrypsin deficiency must be excluded.
Although no noninvasive imaging method is able to distinguish simple steatosis to NASH or indicate the degree of liver fibrosis, US, computed tomography (CT), and magnetic resonance imaging (MRI) of the abdomen have been used as diagnostic tests for NAFLD. For its availability in most centers, low cost, and similar sensitivity to CT and MRI, US is the most used imaging method to detect NAFLD; however, it is a test that depends on the operator’s experience. US sensitivity and specificity in detecting fatty infiltration decrease with increasing BMI, ranging from 49 to 100% and from 75 to 95%, respectively.
An innovative method that aims to quantify more precisely the liver fatty infiltration is the magnetic resonance spectroscopy [26]. Another interesting technique involves the use of a transducer placed between the intercostal spaces, which measures the speed at which a transient elastic shear wave travels through the liver [27, 28]. Fibrosis promotes liver solidification, increasing the travel speed of the shear waves; when compared to other noninvasive methods, FibroScan was at least as accurate as other methods and able to predict severe fibrosis. Although it is easy to apply, there are technical problems which can impair the screening of some individuals, such as morbid obesity and subjects who had small intercostal spaces; it is suggested that the best approach may be to use FibroScan together with other indexes or biomarkers [27, 28]. In fact, the use of liver elastography associated with the controlled attenuation parameter (CAP), which is a software that detects the amount of the fat in the liver, may help in the diagnosis of steatosis [29].
4. Nutritional and Dietetic Recommendations in NAFLD
The influence of diet composition in terms of macronutrients values on the development and progression of fatty liver diseases is not clear, and there seems to be some differences according to gender. Among Oriental men, a diet composed of a higher protein and cholesterol levels was associated with increased risk of alcoholic fatty liver disease (AFLD), while a diet rich in carbohydrates and sweets was protective for this condition. In women, a diet with high carbohydrate and sweets consumption was related to risk for NAFLD. In this survey, which used abdominal US for fatty liver disease diagnosis, there was no association between a dietary pattern and NAFLD in men [30].
In general, dietetic recommendations for NAFLD are the same as those for the different conditions known to be risk factors for it, that is, obesity, IR/T2DM, dyslipidemia, and HTN.
4.1. Weight Loss
Interventions promoting weight loss are frequently necessary in patients with NAFLD. Obese persons with NASH often consume higher amounts of calories, saturated fat, and cholesterol and lower amounts of polyunsaturated fatty acids, fibers, and vitamins C and E when compared to healthy individuals. Considering the metabolic changes induced by inadequate alimentary habits and weight gain, studies have shown that weight loss can not only reduce the volume of hepatic fat but also attenuate NASH-related inflammation and fibrosis [31].
A study evaluating dietetic modulation (with reduced caloric and saturated fat intake) as exclusive form of treatment for NAFLD in 31 subjects showed that, after 6 months, those who were considered adherent to the protocol (loss ≥ 5% of baseline weight) had lower BMI, waist circumference, ALT and GGT levels, visceral fat and hepatic density (analyzed by computed tomography), and HOMA-IR index (Homeostasis Model Assessment-Insulin Resistance). The diet protocol consisted of caloric restriction (500–1000 kcal/day) and prespecified amounts of nutrients (55% carbohydrates, 15% proteins, 30% lipids (8–10% saturated fatty acids, >15% monounsaturated fatty acids, >10% polyunsaturated fatty acids, and <300 mg/day cholesterol), and 20–30 g of fibers/day) [32].
A survey with 31 individuals with overweight/obesity (BMI 25–40 kg/m2) and biopsy-detected NASH evaluated the effect of dietetic intervention (1,000–1,500 kcal/day, 25% lipids; other orientations according to the American Heart Association, American Diabetic Association, and American College of Sports Medicine) for 48 weeks. Compared to control group (standard orientations), those on the intervention group lost more weight (9.3% versus 0.2%) and had a reduction on the NAFLD Activity Score (NAS). It is noteworthy that those who lost ≥7% of baseline weight had a significative improvement on steatosis, lobular inflammation, ballooning, and NAS [33].
According to the American Gastroenterological Association (AGA), loss of 3–5% of baseline weight is necessary to improve steatosis, but a more substantial loss (>10%) may be necessary when necroinflammation is present [34].
4.2. Carbohydrates
Excessive ingestion of carbohydrates may be prejudicial to subjects with NAFLD, and this high intake seems to be related to the inflammatory state and disease progression. Diets with low levels of carbohydrates, low-carb (<45% of carbohydrates/day), show positive results regarding weight loss, reduction of intrahepatic triglyceride content, and improvement of metabolic parameters in obese subjects [35]. A meta-analysis evaluated solely randomized trials comparing low-carb and low-fat (≤25% lipids/day) diets in 2,800 persons; it demonstrated a significant reduction of triglycerides and increase of HDL with the low-carb diet [36].
However, in animal models, the maintenance of low-carb diets for long periods stimulates the development of NAFLD and glucose intolerance [35]; in humans, it is associated with discrete increments of total and LDL cholesterol [36]. Compared to diets with no carbohydrate restriction, low-carb diets seem to be more effective in terms of short-term weight loss (6 months), but this difference is not sustained after a year. Interestingly, a severe and quick weight loss may lead to disease progression in some patients with NAFLD [35].
In persons with this condition, modulation of the sort of carbohydrates seems to be more important than the amounts. Diets with high fructose content (added to food, mainly as corn syrup) are associated with development of MS and NAFLD; the ingestion of fructose stimulates de novo lipogenesis (resynthesis of fatty acids) and inhibits leptin secretion, which contributes to reducing satiety and increasing caloric intake [37]. However, a meta-analysis which evaluated both clinical trials and observational studies with adults and children showed that the apparent association between indexes of liver health (i.e., liver fat, hepatic de novo lipogenesis, ALT, AST, and GGT) and fructose or sucrose intake appear to be confounded by excessive energy intake. Besides, authors suggest that the available evidence is not sufficiently robust to draw conclusions regarding effects of fructose or sucrose consumption on NAFLD [38].
Recommendations of carbohydrate intake for persons with T2DM, dyslipidemia, and MS vary from 45 to 60% of daily total caloric ingestion ( 10% from caloric sweetener foods) mainly from fruits, vegetables, whole grains, legumes, and low-fat milk [39, 40].
4.3. Proteins
Little is known about the effect of quantity, quality, and composition of proteins in the development and treatment of NAFLD. In Brazilian subjects, a high protein-hypocaloric diet (1,200–1,400 kcal/day, 35% of mixed animal and vegetable protein) was associated with improvement of lipid profile, glucose homeostasis, and liver enzymes in NAFLD independently of BMI decrease or body fat mass reduction [41]. In another study, subjects with NAFLD were allocated to the following interventions for an 8-week period: (1) low-calorie diet (55% carbohydrates, 15% proteins, and 30% fat), (2) low-calorie/low-carb diet (45% carbohydrates, 20% protein, and 35% fat), and (3) low-calorie/low-carb and soy-rich diet (45% carbohydrates, 20% protein, and 35% fat plus 30 g of soy, in place of 30 g of red meat). The low-calorie/low-carb and soy-rich diet significantly reduced transaminases and fibrinogen compared to the other groups [42].
Malnutrition caused by protein deficiency leads to steatosis. On the other hand, excessive protein intake may cause glomerular sclerosis, hypertension, and kidney failure in persons susceptible to kidney disease [37]. In subjects with NAFLD, moderate protein intake (20–25% of total energetic value) may both be safe and have a positive impact in weight loss and improvement of IR [43]; for patients with T2DM, American Diabetes Association (ADA) suggests the prescription 15–20% of total daily energy intake from proteins [39].
4.4. Fats
Animal studies showed that a fat-rich diet induces steatosis and the accumulation of iron in the hepatocytes, which is favored by a high lipid intake, is a contributor for this process [44]. In obese humans, a diet with 55% fat increases the intrahepatic triglyceride levels in 35% and fasting serum insulin levels, regardless of weight [45]. Recommendations about the total amount of fat in the diet vary from 20 to 35% of total daily caloric intake [39, 40, 46].
Excessive consumption of saturated fatty acids (SFA: lard, milk, and coconut) promotes endoplasmic reticulum stress and hepatocyte injury; however, severe restriction may not be beneficial in cases of NAFLD. A study with subjects from the general subject evaluated diets with different percentages of total fat (TF) and SFA, (1) control diet (38% TF; 14% SFA), (2) National Cholesterol Education Program (NCEP) phase I diet (30% TF; 9% SFA), and (3) NCEP phase II diet (25% TF; 6% SFA), and showed that NCEP diets were related to a decrease in HDL and LDL cholesterol and an increase in triglycerides [37]. In persons with higher body fat and IR (characteristically of NAFLD), these alterations were more pronounced with NCEP phase II diet [37]. So, diets with <7% or >10% of SFA may not be adequate for NAFLD.
Monounsaturated fatty acids (MUFA), typically represented by olive oil, nuts, and avocado, may be extremely beneficial for subjects with NAFLD. Basically, they reduce LDL, oxidized LDL, and triglycerides levels; in specific populations, like diabetics, they reduce both serum glucose and VLDL and rise HDL levels. Diets in which MUFA are more than 20% of total daily caloric intake have shown benefits in NAFLD also because of the increased oxidation of other FA through activation of peroxisome proliferator-activated receptors (PPARs) alpha and gamma and reduction of lipogenesis through diminished activation of sterol regulatory element binding protein (SREBP) [37].
Persons with T2DM were randomized to four different interventions: (1) high-carb/high-fiber/low glycemic index diet, (2) high-MUFA diet, (3) high-carb/high-fiber/low glycemic index diet plus exercise, and (4) high-MUFA diet plus exercise. After eight weeks, subjects allocated to interventions 2 and 4, those with a high-MUFA diet, had significantly reduced liver fat content, independently of physical exercise levels [47].
Despite the underlying mechanism being not fully established, ingestion of large amounts of the so-called trans fatty acids (TFA, from hydrogenated oils) increases the levels of inflammatory markers and leads to endothelial dysfunction and deleterious alterations in lipid profile (increase in LDL/HDL and TC/HDL ratios). There is little evidence regarding the impact of these forms of FA in terms of hepatocyte injury and NAFLD [37]; a daily intake of <1% of calories in the form of TFA is suggested [40, 46].
For the general population and subjects with cardiovascular risk factors, recommendations regarding omega-6 polyunsaturated FA (PUFA), represented mostly by vegetable oils (soy, corn, cotton, and sunflower), ingestion are 5–10% of total daily calories and a varied ingestion of cholesterol from 200 to 300 mg/day [39, 40, 46]. Excessive ingestion of omega-6 PUFA is not encouraged because it alters the production of inflammatory markers and is more susceptible to lipid peroxidation and the consequent reduction of HDL [40]. In obese men with no liver disease who received 50 g/day of rapeseed/canola oil during four weeks, total cholesterol, LDL, and hepatic enzymes were in a healthier range than those who receive 50 g/day of olive oil [48].
Weight loss related to a hypocaloric/low-carb diet (approximately 46% of carbohydrates) seems to have a more significant impact in hepatic enzymes levels, regardless of the amount of MUFA or PUFA [49].
4.4.1. Omega-3 Polyunsaturated Fatty Acids
Omega-3 PUFA supplementation has been investigated as an adjunct therapy for NAFLD with uneven results. While some authors affirm that results in humans shall be interpreted with caution [50], others say that 1 g/day of omega-3 PUFA decreases fat infiltration in the liver and that 2 g/day diminishes hepatic enzymes levels, serum fasting glucose, triglycerides, and the degree of steatosis [51]. According to AGA, supplementation with omega-3 PUFA as a specific adjunct therapy for NAFLD is not indicated because of the heterogeneity of the studies, but it may be considered to reduce high triglycerides levels in subjects with confirmed NAFLD [34]. The use of marine omega-3 (2–4 g/day) for severe hypertriglyceridemia (>500 mg/dL), which is refractory to nonpharmacological and pharmacological therapies and has increased risk of pancreatitis, is recommended [46].
4.5. Fibers
Fibers can be classified by their solubility. Soluble ones are represented by pectin (fruits) and gums (oat, barley, beans, peas, lentils, and chickpeas), while insoluble ones are cellulose (wheat), hemicellulose (grains), and lignin (green vegetables). They must, preferentially, come from the diet (so supplementation is not recommended if the source foods are present in the daily alimentation). Insoluble fibers increase satiety (helping in the reduction of caloric intake) and contribute to intestinal regulation; and the soluble ones slow gastric emptying and absorption of glucose and cholesterol.
Considering the high prevalence of NAFLD in patients with dyslipidemia, T2DM, and MS, the use of fibers as therapeutic strategy for glycemic, lipid, and weight controls in subjects with steatosis seems reasonable. Recommendations regarding daily fibers intake vary from 20 to 40 g/day (5–15 g/day from soluble fibers) [39, 40].
4.5.1. Prebiotics and Probiotics
Prebiotics are nondigestible carbohydrates that stimulate probiotic (beneficial bacteria) growth and activity, mainly lactobacilli and bifidobacteria. Studies in animal models show promising evidence of prebiotic use in the treatment of hepatic steatosis; in humans, however, robust clinical studies are needed to determine the effects of these fibers in NASH histological markers, obesity, T2DM, and NAFLD. Furthermore, prebiotic supplementation with 30 g/day is associated with gastrointestinal side effects [52].
The definition of probiotics says it is a live microorganism that when ingested in adequate amounts promotes benefits to the host’s health. They have been used to treat and prevent hepatic steatosis and these effects may be related to a variety of direct and indirect mechanisms, including modification of local microbiota, improvement of epithelial barrier, and attenuation of intestinal inflammation and oxidative stress [53].
Persons with NAFLD were randomized to consume 300 g/day of conventional yogurt or 300 g/day of probiotic enriched yogurt (Lactobacillus acidophilus La5 and Bifidobacterium lactis Bb12) for 8 weeks; the latter group had significative improvement in liver enzymes and total and LDL cholesterol levels [54]. A meta-analysis evaluating clinical trials in patients with NASH and NAFLD concluded that probiotic therapy can reduce aminotransferases and total cholesterol and attenuate IR in these populations; it is noteworthy that analyzed studies had a considerable variability regarding length of follow-up (8 weeks to 6 months), used probiotic strains, and prescribed doses [55].
A systematic review with randomized trials that evaluated the effects of probiotics prebiotics or both, in different doses, for treatment of NAFLD in adults concluded that there is no sufficient robust data to support the recommendation of their use as an alternative to NAFLD treatment [56].
4.6. Specific Diet Patterns: Mediterranean Diet and DASH Diet (Dietary Approaches to Stop Hypertension)
The benefits of Mediterranean diet (MeDiet) in risk factors also associated with NAFLD, as dyslipidemia, IR, T2DM, HTN, and visceral obesity, have been consolidated ever since [57] and higher Mediterranean diet scores are inversely related to ALT levels, IR, and NAFLD severity in observational studies [58]. It has been hypothesized that carotenoids, fibers, and folic acid, characteristic components of MeDiet, may have a central role in preventing or slowing oxidative stress. In addition, vegetables, important elements of the MeDiet, are important source of phytosterols, a natural cholesterol-lowering agent which reduces cardiovascular risk. MeDiet can improve adiponectin levels, a soluble matrix protein expressed by adipocytes and hepatocytes which is reduced in IR, T2DM, and obesity and linked with development of liver steatosis [59].
Clinical trials evaluating this dietary pattern specifically in patients with NAFLD are scarce [57]. One crossed randomized trial with 12 nondiabetic persons with biopsy-confirmed NAFLD evaluated the effect of Mediterranean diet in IR and hepatic steatosis. After 18 weeks of follow-up (6 for Mediterranean diet, 6 for wash-out, and 6 for control diet (low-fat)), there was no significant difference in weight loss; however, Mediterranean diet was able to reduce hepatic steatosis and improve insulin sensitivity [60]. The classic Mediterranean diet pattern is composed of fruits, vegetables, grains, nuts, moderate amounts of dairy products and fish, small amounts of poultry, red meat, and saturated fat, and emphasis on extra-virgin olive oil and red wine [37].
The DASH (Dietary Approaches to Stop Hypertension) diet is an adaptation from the USDA Dietary Guidelines and was originally tested in patients with hypertension. It is known, however, that adopting this diet pattern is highly effective in reducing the risk for fatal and nonfatal cardiovascular disease (considering coronary artery disease, stroke, and heart failure) [61]. It consists of vegetables, low-fat dairy products, fruits, integral cereals, fish, poultry, and nuts and advises against consumption of total and saturated fat, red meat, and sugars; additionally, daily sodium content is a maximum of 2.3 g/day, and the best results regarding blood pressure levels are observed with a maximum intake of 1.5 g/day [37].
It is speculated that DASH diet may be beneficial for subjects with NAFLD by directly acting on risk factors, with special emphasis for HTN, dyslipidemia, and IR. A meta-analysis evaluating randomized trials concluded that DASH diet may enhance insulin sensitivity regardless of weight loss, mainly when prescribed for more than 16 weeks [62].
4.7. Vitamin E Supplementation
Oxidative stress is considered one of the mechanisms of hepatocellular injury and fatty liver disease progression. For this reason, vitamin E, a known antioxidant, has been evaluated as a treatment option for NASH. Despite studies’ limitations, especially regarding different doses and analyzed outcomes, it is suggested that use of vitamin E may improve steatosis, inflammation and lowers aminotransferases levels. However, no effect on liver fibrosis was observed. A randomized trial with nondiabetic 250 subjects evaluated daily supplementation with 800 IU of α-tocopherol for 96 weeks and demonstrated a significant reduction of the NAS score regarding lobular inflammation and liver regeneration, compared to placebo [63]. A meta-analysis of randomized trials that evaluated different doses of vitamin E in persons with liver disease concluded that supplementation may improve AST and ALT levels in cases of NASH and chronic hepatitis C, but not in NAFLD [64].
AGA suggests the use of 800 IU/day of vitamin E in nondiabetic patients with NASH to improve histological liver patterns and retard disease progression; however, its use is not recommended in diabetic subjects with NASH, in cryptogenic or NASH-related cirrhosis, or in NAFLD [34].
4.8. Coffee and Phenolic Compounds
Coffee is composed of more than 1,000 substances, and caffeine is the main one. Chlorogenic acids are also present (phenolic compounds from esterification of hydroxycinnamic acids (i.e., coumaric, ferulic, and quinic acid) and diterpenes, as cafestol and kahweol. Caffeine alters the transforming growth factor beta (TGF-β) signaling pathway, increasing SMAD proteins levels which, consequently, reduce connective tissue growth factor (CTGF) gene transcription and the levels of CTGF, the major stimulus for liver fibrosis [65]. Moreover, phenolic compounds present in coffee have antioxidant and hypoglycemic properties. In fact, studies have indicated an inverse relationship between coffee intake and risk of developing T2DM; a meta-analysis with observational studies and more than 1 million subjects showed that 2 cups of coffee a day decrease the risk in 12%, 2 cups of decaffeinated coffee a day reduce it in 11%, and ingestion of 200 mg/day of caffeine is related to a 14% reduction in risk for T2DM [66].
This is why coffee consumption has been evaluated in persons with NASH and NAFLD, and results indicate an inverse relationship between coffee intake and aminotransferases levels, inflammation, hepatic fibrosis, and disease progression. Nevertheless, due to heterogeneity of studies regarding daily amounts of coffee intake, method of preparation, target population, concentration of caffeine, diterpenes, and phenolic compounds of the beverages, there is no formal indication of using coffee as an adjunct therapy for NAFLD [65].
A number of beneficial effects have been attributed to other phenolic compounds present in fruits, vegetables, cocoa, teas, grapes, and wines, with special attention to resveratrol. Although studies indicate a beneficial effect of isolated polyphenols (or in extract) in the capacity of reducing liver fat accumulation, it is still necessary to establish the adequate dose and needed time for treatment of steatosis with these substances. It is noteworthy that a large number of studies showing these liver-repairing properties were in animal models [67].
Subjects with NAFLD were randomized for the intervention group (2 capsules with 150 mg of resveratrol/day) and had significant reductions of AST, ALT, and LDL cholesterol and total cholesterol levels, as well as an improvement in glucose profile compared to control group (2 capsules of placebo/day) [68]. In another study, patients with NAFLD were allocated to control (placebo) or intervention (500 mg of resveratrol/day); both had recommendation of balanced diet and increase of exercise levels. Individuals in the intervention group (lifestyle modification and resveratrol supplementation) had significant improvement in steatosis, liver enzymes, and markers of apoptosis and inflammation [69].
4.8.1. Alcohol Consumption
Epidemiologic studies have shown a protective effect of light to moderate daily alcohol consumption on the development and progression of NAFLD, primarily through the improvement in peripheral IR [70]. Light (40–140 g of alcohol/week) and moderate alcohol intake (140–280 g/week) have been associated with lower prevalence of hepatic steatosis [71] and lower levels of serum transaminases activity [72]. Meta-analysis involving 43,175 adults (modest drinkers defined as <40 g alcohol/day) showed that moderate consumption of alcohol was associated with 31% lower risk of having NAFLD and 50% lower risk of developing an advanced disease stage [73].
In patients previously diagnosed with NAFLD, modest alcohol ingestion was associated with a lesser degree of severity of NASH as well as of fibrosis when nondrinkers were compared to modest drinkers with a normal BMI; after adjustment for other variables, individuals who had moderate alcohol intake showed 44% reduced odds of having a diagnosis of NASH, lower odds for fibrosis (OR 0.56, 95% CI 0.41–0.77), and ballooning hepatocellular injury (OR 0.66, 95% CI 0.48–0.92) [74]. However, those individuals who have underlying hepatic steatosis or NASH should not use ethanol chronically since the data available do not support a beneficial effect of alcohol in this situation [70].
4.8.2. Summary of Nutritional Recommendations

            A summary of the main diet recommendations for NAFLD management can be obtained as follows: Total caloric intake (TCI): adjusted for weight loss, if necessary,  3 to 5% of the body weight in steatosis (HS),  10% of the body weight in steatohepatitis (NASH),  500–1,000 kcal/day, Mediterranean or DASH dietary patterns. Carbohydrates: 45 to 60% of TCI, preferably not refined,  45% to accelerate weight loss (6 months). Fibers: 20 to 40 g/day (5 to 15 g of soluble fiber). Total fat: 20 to 35% of TCI. Saturated fats: 7 to 10% of TCI. Polyunsaturated fats: 5 to 10% of TCI. Monounsaturated fats: 15 to 20% of TCI. Omega-3: preferably through the weekly intake of fish, 2 to 4 g/day (supplement of oil fish) if serum triglycerides ≥ 500 mg/dL. Dietary cholesterol: 200 to 300 mg/day. Trans fatty acids: <1% of TCI. Protein: 20% of TCI. Vitamin E: 800 IU/day (supplement) in NASH. Daily and moderate coffee consumption.DASH stands for Dietary Approaches to Stop Hypertension.
5. Physical Exercise and NAFLD
The use of exercise in the prevention and treatment of NAFLD has already been established, as it acts in different pathways involved in the pathophysiology of such condition [75].
The first pathway is through the effects of exercise on classic risk factors, mainly obesity and alterations in lipid and glucose metabolism. Exercise also acts in conjunction with diet modifications, leading to attenuation of NAFLD through weight loss. Previous studies demonstrated that patients with steatosis treated with a combination of diet and exercise, and loss of 5% of body weight, had a reduction in aminotransferases levels and sustained these reduction for at least 15 months after treatment [76, 77].
On the other hand, some studies were focused on the direct effects of exercise over NAFLD, independently of weight loss [78–81]. A study showed that both low- and moderate-intensity aerobic exercise reduced hepatic enzymes levels and improved insulin sensitivity in patients with NAFLD, after three months, regardless of weight changes [80].
Comparing the effect of three different exercise protocols (aerobics, resistance, and aerobics + resistance) visceral and hepatic fat, liver enzymes, and IR (according to the HOMA-IR index) in overweight adults, Slentz et al. also demonstrated that aerobic exercise was more effective, for it leads to significant reductions in abdominal (total and subcutaneous), visceral, and hepatic fat, ALT and HOMA-IR [82]. The first evidence that regular practice of aerobic exercise could, per se, reduce the amount of hepatic lipids in obese subjects was showed in a study using protons spectroscopy with magnetic resonance to verify the hepatic amount of triglyceride. After four weeks of aerobic exercise, with no significant weight change, this group of sedentary and obese volunteers had significant reductions of visceral adipose tissue (VAT) volume, hepatic triglycerides levels, and serum free fatty acids, showing that exercise may have beneficial effects on the liver independently of weight loss [79].
The same was demonstrated for resistance exercise. Hallsworth et al. demonstrated that regular practice of resistance exercise (3 times a week, for 8 weeks) was effective in reducing intrahepatic lipids in subjects with NAFLD [81]. Besides, this kind of physical activity helped to improve muscle mass and strength and insulin sensitivity in that group.
The main physiological mechanisms involved in the action of aerobic exercise in NAFLD encompass activation of adenosine monophosphate kinase (AMPK) protein, with the subsequent reduction of malonyl coenzyme A (malonyl CoA), which allows an enhanced action of carnitine acyl transferase 1 (CAT1), improving mitochondrial oxidation and transport of fatty acids [82, 83].
The mechanisms behind the reduction of intrahepatic lipids that accompanies physical exercise also seem to reflect changes in insulin sensitivity. Elevated circulating insulin levels lead to SREBP transcription factors “overexpression,” mainly hepatic SREBP-1c, stimulating de novo lipogenesis and increasing intrahepatic lipids [83, 84].
In subjects with NAFLD, de novo lipogenesis is continuously high, which contributes to intrahepatic lipid accumulation and elevated circulating triglycerides levels. This, in turn, leads to disease exacerbation for creating a vicious cycle in which the high intrahepatic lipid concentration inhibits insulin action in the liver, leading to high portal levels of insulin and increase in intrahepatic lipids [84]. There is data suggesting that physical exercise (both aerobics and resistance) may break this cycle by improving glucose control and lipid oxidation through augmentation of GLUT-4 glucose transporter in striate muscle, expression and activity of glycogen synthase enzyme, insulin receptors, and glycogen storage in muscle and liver [81, 85].
Therefore, resistance exercise seems to have a beneficial effect on NAFLD by enhancing circulating FA and glucose uptake, thus reducing the impact of hepatic insulin-stimulated de novo lipogenesis. On the other hand, aerobic exercise seems to increase muscular intracellular synthesis of triglycerides, decrease FA metabolites accumulation, and suppress the inflammatory state associated with IR [86, 87].
Another way by which exercise may be beneficial for patients with NAFLD is attenuation of the inflammatory state. This is, in part, due to the action of myokines (cytokines and other peptides produced and secreted by muscle fibers) which have paracrine and endocrine effects [88]. These substances are released with muscle contraction and may exert both direct and indirect (acting in fat metabolism) anti-inflammatory effects [88, 89].
The first myokine to be studied was interleukin-6 (IL-6), produced in response to contraction of oxidative and glycolytic muscle fibers [89]. In striate muscle, IL-6 acts through activation of AMPK and/or phosphatidylinositol-3-kinase (PI3K) increasing lipid oxidation and muscular glucose consumption; in fat tissue, it plays an important role in fat metabolism, increasing lipolysis; and in the liver, it increases gluconeogenesis [88, 89]. Therefore, differently from the proinflammatory action of IL-6 in obese subjects, when produced by muscle fiber in response to exercise it can have anti-inflammatory properties. In persons with abnormal liver function, exercise helps reducing high serum levels of ferritin and thiobarbituric acid-reactive substances (TBARS) and increasing adiponectin concentrations [90]. Considering that high levels of ferritin and TBARS are markers of hepatic inflammation and exacerbated lipid peroxidation, these findings show that exercise attenuates the inflammatory process and helps in the improvement of innate immunity and in balancing the proinflammatory signaling pathways in obese persons with NAFLD [90, 91]. Reduction of proinflammatory cytokines concentrations, as tumor necrosis factor alpha (TNF-α) and ROS, also attenuates oxidative stress and hepatic inflammation [90].
Although it is clear that each session of physical exercise induces an anti-inflammatory environment, additional research is needed to understand which type of exercise is more effective in controlling NAFLD-associated inflammation. To date, the adequate dose (intensity and load) of exercise is not determined once available studies used a large number of different and short-term protocols, which prevent the establishment of a consensual recommendation. Thereby, recent guidelines about NAFLD treatment indicate the following regarding exercise prescription [75, 78, 92]:(i)20 to 60 minutes (or more) of moderate intensity (45%–70%  max) aerobic exercise, using large muscle groups, at least 5 days a week.(ii)Moderate-high intensity resistance exercise 3 times a week.(iii)For additional indirect benefits related to weight loss, physical exercise more than 250 minutes a week.
These aims can be achieved through different types of activities, but all subjects should have an objective evaluation so possible contraindications may be identified and the appropriate exercise intensity may be prescribed. In general, available data support physical exercise, mainly aerobics, as beneficial for NAFLD. However, broader clinical trials are necessary to better define the role of resistance exercise and combination of different exercise modalities so an ideal exercise protocol can be established.
6. Final Considerations
Treatment of NAFLD implies multidisciplinary care. Combined therapies using exercise, medications, and dietetic interventions can be more effective than each prescription alone. Individualized approaches are important to increase adhesion to treatment.
Conflict of Interests
The authors declare that there is no conflict of interests regarding the publication of this paper.
References
	G. C. Farrell and C. Z. Larter, “Nonalcoholic fatty liver disease: from steatosis to cirrhosis,” Hepatology, vol. 43, supplement 1, no. 2, pp. S99–S112, 2006.
	M. Masarone, A. Federico, L. Abenavoli, C. Loguercio, and M. Persico, “Non alcoholic fatty liver: epidemiology and natural history,” Reviews on Recent Clinical Trials, vol. 9, no. 3, pp. 126–133, 2014.
	E. M. Brunt, C. G. Janney, A. M. Di Bisceglie, B. A. Neuschwander-Tetri, and B. R. Bacon, “Nonalcoholic steatohepatitis: a proposal for grading and staging the histological lesions,” American Journal of Gastroenterology, vol. 94, no. 9, pp. 2467–2474, 1999.
	S. Bellentani, F. Scaglioni, M. Marino, and G. Bedogni, “Epidemiology of non-alcoholic fatty liver disease,” Digestive Diseases, vol. 28, no. 1, pp. 155–161, 2010.
	N. C. Leite, C. A. Villela-Nogueira, C. R. L. Cardoso, and G. F. Salles, “Non-alcoholic fatty liver disease and diabetes: from physiopathological interplay to diagnosis and treatment,” World Journal of Gastroenterology, no. 26, pp. 8377–8392, 2014.
	R. M. Williamson, J. F. Price, S. Glancy et al., “Prevalence of and risk factors for hepatic steatosis and nonalcoholic fatty liver disease in people with type 2 diabetes: the Edinburgh type 2 diabetes study,” Diabetes Care, vol. 34, no. 5, pp. 1139–1144, 2011.
	K. Dvorak, R. Hainer, J. Petrtyl et al., “The prevalence of nonalcoholic liver steatosis in patients with type 2 diabetes mellitus in the Czech Republic,” Biomedical Papers, 2014.
	P. Portillo Sanchez, F. Bril, M. Maximos et al., “High prevalence of nonalcoholic fatty liver disease in patients with type 2 diabetes mellitus and normal plasma aminotransferase levels,” The Journal of Clinical Endocrinology & Metabolism, 2014.
	M. Trauner, M. Arrese, and M. Wagner, “Fatty liver and lipotoxicity,” Biochimica et Biophysica Acta, vol. 1801, no. 3, pp. 299–310, 2010.
	F. Angelico, M. Del Ben, R. Conti et al., “Insulin resistance, the metabolic syndrome, and nonalcoholic fatty liver disease,” Journal of Clinical Endocrinology and Metabolism, vol. 90, no. 3, pp. 1578–1582, 2005.
	W. I. Youssef and A. J. McCullough, “Steatohepatitis in obese individuals,” Bailliere's Best Practice and Research in Clinical Gastroenterology, vol. 16, no. 5, pp. 733–747, 2002.
	C. P. Day and O. F. W. James, “Steatohepatitis: a tale of two ‘hits’?” Gastroenterology, vol. 114, no. 4, pp. 842–845, 1998.
	A. E. Feldstein, “Novel insights into the pathophysiology of nonalcoholic fatty liver disease,” Seminars in Liver Disease, vol. 30, no. 4, pp. 391–401, 2010.
	S. Petta, C. Muratore, and A. Craxì, “Non-alcoholic fatty liver disease pathogenesis: the present and the future,” Digestive and Liver Disease, vol. 41, no. 9, pp. 615–625, 2009.
	C. A. Nagle, E. L. Klett, and R. A. Coleman, “Hepatic triacylglycerol accumulation and insulin resistance,” Journal of Lipid Research, vol. 50, supplement, pp. S74–S79, 2009.
	C. D. Byrne, R. Olufad, K. D. Bruce, F. R. Cagampang, and M. H. Ahmed, “Metabolic disturbances in non-alcoholic fatty liver disease,” Clinical Science, vol. 116, no. 7, pp. 539–564, 2009.
	M. Georgoulis, E. Fragopoulou, M. D. Kontogianni et al., “Blood redox status is associated with the likelihood of nonalcoholic fatty liver disease irrespectively of diet's total antioxidant capacity,” Nutrition Research, vol. 35, no. 1, pp. 41–48, 2015.
	E. Albano, E. Mottaran, M. Vidali et al., “Immune response towards lipid peroxidation products as a predictor of progression of non-alcoholic fatty liver disease to advanced fibrosis,” Gut, vol. 54, no. 7, pp. 987–993, 2005.
	C. P. M. S. Oliveira, L. C. Da Costa Gayotto, C. Tatai et al., “Oxidative stress in the pathogenesis of nonalcoholic fatty liver disease, in rats fed with a choline-deficient diet,” Journal of Cellular and Molecular Medicine, vol. 6, no. 3, pp. 399–406, 2002.
	E. Zamara, E. Novo, F. Marra et al., “4-hydroxynonenal as a selective pro-fibrogenic stimulus for activated human hepatic stellate cells,” Journal of Hepatology, vol. 40, no. 1, pp. 60–68, 2004.
	A. Abdul-Hai, A. Abdallah, and S. D. H. Malnick, “Influence of gut bacteria on development and progression of non-alcoholic fatty liver disease,” World Journal of Hepatology, vol. 7, no. 12, pp. 1679–1684, 2015.
	K. O. Lytvynenko, P. M. Bodnar, T. O. Lysiana, I. H. Ponomar'ova, and O. A. Koval'chuk, “State of intestinal microbiota in patients with type 2 diabetes mellitus and non-alcoholic fatty liver disease,” Likars'ka Sprava's, no. 5-6, pp. 82–87, 2014.
	X.-C. Jiang, Z. Li, R. Liu et al., “Phospholipid transfer protein deficiency impairs apolipoprotein-B secretion from hepatocytes by stimulating a proteolytic pathway through a relative deficiency of vitamin E and an increase in intracellular oxidants,” Journal of Biological Chemistry, vol. 280, no. 18, pp. 18336–18340, 2005.
	L. Miele, V. Valenza, G. La Torre et al., “Increased intestinal permeability and tight junction alterations in nonalcoholic fatty liver disease,” Hepatology, vol. 49, no. 6, pp. 1877–1887, 2009.
	L. Kikuchi, C. P. Oliveira, and F. J. Carrilho, “Nonalcoholic fatty liver disease and hepatocellular carcinoma,” BioMed Research International, vol. 2014, Article ID 106247, 6 pages, 2014.
	J.-W. Chai, Y.-C. Lin, J.-H. Chen et al., “In vivo magnetic resonance (MR) study of fatty liver: importance of intracellular ultrastructural alteration for MR tissue parameters change,” Journal of Magnetic Resonance Imaging, vol. 14, no. 1, pp. 35–41, 2001.
	L. Castéra, J. Vergniol, J. Foucher et al., “Prospective comparison of transient elastography, fibrotest, APRI, and liver biopsy for the assessment of fibrosis in chronic hepatitis C,” Gastroenterology, vol. 128, no. 2, pp. 343–350, 2005.
	B. E. Van Beers, R. Materne, L. Annet et al., “Capillarization of the sinusoids in liver fibrosis: noninvasive assessment with contrast-enhanced MRI in the rabbit,” Magnetic Resonance in Medicine, vol. 49, no. 4, pp. 692–699, 2003.
	R. Kwok, K. C. Choi, G. L.-H. Wong et al., “Screening diabetic patients for non-alcoholic fatty liver disease with controlled attenuation parameter and liver stiffness measurements: a prospective cohort study,” Gut, 2015.
	Q. Jia, Y. Xia, Q. Zhang et al., “Dietary patterns are associated with prevalence of fatty liver disease in adults,” European Journal of Clinical Nutrition, vol. 69, no. 8, pp. 914–921, 2015.
	A. R. Moschen and H. Tilg, “Nutrition in pathophysiology and treatment of nonalcoholic fatty liver disease,” Current Opinion in Clinical Nutrition and Metabolic Care, vol. 11, no. 5, pp. 620–625, 2008.
	M. C. Elias, E. R. Parise, L. D. Carvalho, D. Szejnfeld, and J. P. Netto, “Effect of 6-month nutritional intervention on non-alcoholic fatty liver disease,” Nutrition, vol. 26, no. 11-12, pp. 1094–1099, 2010.
	K. Promrat, D. E. Kleiner, H. M. Niemeier et al., “Randomized controlled trial testing the effects of weight loss on nonalcoholic steatohepatitis,” Hepatology, vol. 51, no. 1, pp. 121–129, 2010.
	N. Chalasani, Z. Younossi, J. E. Lavine et al., “The diagnosis and management of non-alcoholic fatty liver disease: practice guideline by the American Association for the Study of Liver Diseases, American College of Gastroenterology, and the American Gastroenterological Association,” Hepatology, vol. 55, no. 6, pp. 2005–2023, 2012.
	R. C. Schugar and P. A. Crawford, “Low-carbohydrate ketogenic diets, glucose homeostasis, and nonalcoholic fatty liver disease,” Current Opinion in Clinical Nutrition and Metabolic Care, vol. 15, no. 4, pp. 374–380, 2012.
	T. Hu, K. T. Mills, L. Yao et al., “Effects of low-carbohydrate diets versus low-fat diets on metabolic risk factors: a meta-analysis of randomized controlled clinical trials,” American Journal of Epidemiology, vol. 176, no. supplement 7, pp. S44–S54, 2012.
	A. M. Zivkovic, J. B. German, and A. J. Sanyal, “Comparative review of diets for the metabolic syndrome: implications for nonalcoholic fatty liver disease,” The American Journal of Clinical Nutrition, vol. 86, no. 2, pp. 285–300, 2007.
	M. Chung, J. Ma, K. Patel, S. Berger, J. Lau, and A. H. Lichtenstein, “Fructose, high-fructose corn syrup, sucrose, and nonalcoholic fatty liver disease or indexes of liver health: a systematic review and meta-analysis,” American Journal of Clinical Nutrition, vol. 100, no. 3, pp. 833–849, 2014.
	 American Diabetes Association, “Nutrition recommendations and interventions for diabetes: a position statement of the American Diabetes Association,” Diabetes Care, vol. 31, supplement 1, pp. S61–S78, 2007.
	 European Association for Cardiovascular Prevention & Rehabilitation, Z. Reiner, A. L. Catapano et al., “ESC/EAS guidelines for the management of dyslipidaemias: the task force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS),” European Heart Journal, vol. 32, no. 14, pp. 1769–1818, 2011.
	S. M. B. Duarte, J. Faintuch, J. T. Stefano et al., “Hypocaloric high-protein diet improves clinical and biochemical markers in patients with Nonalcoholic Fatty Liver Disease (NAFLD),” Nutricion Hospitalaria, vol. 29, no. 1, pp. 94–101, 2014.
	A. H. Kani, S. M. Alavian, A. Esmaillzadeh, P. Adibi, and L. Azadbakht, “Effects of a novel therapeutic diet on liver enzymes and coagulating factors in patients with non-alcoholic fatty liver disease: a parallel randomized trial,” Nutrition, vol. 30, no. 7-8, pp. 814–821, 2014.
	A. Kargulewicz, H. Stankowiak-Kulpa, and M. Grzymisławski, “Dietary recommendations for patients with nonalcoholic fatty liver disease,” Przeglad Gastroenterologiczny, vol. 9, no. 1, pp. 18–23, 2014.
	P. Dongiovanni, C. Lanti, S. Gatti et al., “High fat diet subverts hepatocellular iron uptake determining dysmetabolic iron overload,” PLoS ONE, vol. 10, no. 2, Article ID e0116855, 2015.
	J. Westerbacka, K. Lammi, A.-M. Häkkinen et al., “Dietary fat content modifies liver fat in overweight nondiabetic subjects,” Journal of Clinical Endocrinology and Metabolism, vol. 90, no. 5, pp. 2804–2809, 2005.
	R. D. Santos, A. C. M. Gagliardi, H. T. Xavier et al., “Sociedade Brasileira de Cardiologia. I Diretriz sobre o consumo de Gorduras e Saúde Cardiovascular,” Arquivos Brasileiros de Cardiologia, vol. 100, no. 1, supplement 3, pp. 1–40, 2013.
	L. Bozzetto, A. Prinster, G. Annuzzi et al., “Liver fat is reduced by an isoenergetic MUFA diet in a controlled randomized study in type 2 diabetic patients,” Diabetes Care, vol. 35, no. 7, pp. 1429–1435, 2012.
	M. Kruse, C. von Loeffelholz, D. Hoffmann et al., “Dietary rapeseed/canola-oil supplementation reduces serum lipids and liver enzymes and alters postprandial inflammatory responses in adipose tissue compared to olive-oil supplementation in obese men,” Molecular Nutrition & Food Research, vol. 59, no. 3, pp. 507–519, 2015.
	R. Aller, D. A. de Luis, O. Izaola, B. de la Fuente, and R. Bachiller, “Effect of a high monounsaturated vs high polyunsaturated fat hypocaloric diets in nonalcoholic fatty liver disease,” European Review for Medical and Pharmacological Sciences, vol. 18, no. 7, pp. 1041–1047, 2014.
	G. S. Masterton, J. N. Plevris, and P. C. Hayes, “Review article: omega-3 fatty acids—a promising novel therapy for non-alcoholic fatty liver disease,” Alimentary Pharmacology and Therapeutics, vol. 31, no. 7, pp. 679–692, 2010.
	M. Capanni, F. Calella, M. R. Biagini et al., “Prolonged n-3 polyunsaturated fatty acid supplementation ameliorates hepatic steatosis in patients with non-alcoholic fatty liver disease: a pilot study,” Alimentary Pharmacology and Therapeutics, vol. 23, no. 8, pp. 1143–1151, 2006.
	J. A. Parnell, M. Raman, K. P. Rioux, and R. A. Reimer, “The potential role of prebiotic fibre for treatment and management of non-alcoholic fatty liver disease and associated obesity and insulin resistance,” Liver International, vol. 32, no. 5, pp. 701–711, 2012.
	A. Iacono, G. M. Raso, R. B. Canani, A. Calignano, and R. Meli, “Probiotics as an emerging therapeutic strategy to treat NAFLD: focus on molecular and biochemical mechanisms,” Journal of Nutritional Biochemistry, vol. 22, no. 8, pp. 699–711, 2011.
	S. Nabavi, M. Rafraf, M. H. Somi, A. Homayouni-Rad, and M. Asghari-Jafarabadi, “Effects of probiotic yogurt consumption on metabolic factors in individuals with nonalcoholic fatty liver disease,” Journal of Dairy Science, vol. 97, no. 12, pp. 7386–7393, 2014.
	Y.-Y. Ma, L. Li, C.-H. Yu, Z. Shen, L.-H. Chen, and Y.-M. Li, “Effects of probiotics on nonalcoholic fatty liver disease: a meta-analysis,” World Journal of Gastroenterology, vol. 19, no. 40, pp. 6911–6918, 2013.
	C. Buss, C. Valle-Tovo, S. Miozzo, and A. A. de Mattos, “Probiotics and synbiotics may improve liver aminotransferases levels in non-alcoholic fatty liver disease patients,” Annals of Hepatology, vol. 13, no. 5, pp. 482–488, 2014.
	N. Velasco, A. Contreras, and B. Grassi, “The mediterranean diet, hepatic steatosis and nonalcoholic fatty liver disease,” Current Opinion in Clinical Nutrition & Metabolic Care, vol. 17, no. 5, pp. 453–457, 2014.
	M. D. Kontogianni, N. Tileli, A. Margariti et al., “Adherence to the Mediterranean diet is associated with the severity of non-alcoholic fatty liver disease,” Clinical Nutrition, vol. 33, no. 4, pp. 678–683, 2014.
	L. Abenavoli, “Non-alcoholic fatty liver disease and beneficial effects of dietary supplements,” World Journal of Hepatology, vol. 7, no. 12, pp. 1723–1724, 2015.
	M. C. Ryan, C. Itsiopoulos, T. Thodis et al., “The Mediterranean diet improves hepatic steatosis and insulin sensitivity in individuals with non-alcoholic fatty liver disease,” Journal of Hepatology, vol. 59, no. 1, pp. 138–143, 2013.
	A. Salehi-Abargouei, Z. Maghsoudi, F. Shirani, and L. Azadbakht, “Effects of Dietary Approaches to Stop Hypertension (DASH)-style diet on fatal or nonfatal cardiovascular diseases-Incidence: a systematic review and meta-analysis on observational prospective studies,” Nutrition, vol. 29, no. 4, pp. 611–618, 2013.
	F. Shirani, A. Salehi-Abargouei, and L. Azadbakht, “Effects of Dietary Approaches to Stop Hypertension (DASH) diet on some risk for developing type 2 diabetes: a systematic review and meta-analysis on controlled clinical trials,” Nutrition, vol. 29, no. 7-8, pp. 939–947, 2013.
	A. J. Sanyal, N. Chalasani, K. V. Kowdley et al., “Pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis,” The New England Journal of Medicine, vol. 362, no. 18, pp. 1675–1685, 2010.
	H.-F. Ji, Y. Sun, and L. Shen, “Effect of vitamin E supplementation on aminotransferase levels in patients with NAFLD, NASH, and CHC: results from a meta-analysis,” Nutrition, vol. 30, no. 9, pp. 986–991, 2014.
	B. M. Attar and D. H. Van Thiel, “Current concepts and management approaches in nonalcoholic fatty liver disease,” The Scientific World Journal, vol. 2013, Article ID 481893, 10 pages, 2013.
	X. Jiang, D. Zhang, and W. Jiang, “Coffee and caffeine intake and incidence of type 2 diabetes mellitus: a meta-analysis of prospective studies,” European Journal of Nutrition, vol. 53, no. 1, pp. 25–38, 2014.
	L. Aguirre, M. P. Portillo, E. Hijona, and L. Bujanda, “Effects of resveratrol and other polyphenols in hepatic steatosis,” World Journal of Gastroenterology, vol. 20, no. 23, pp. 7366–7380, 2014.
	S. Chen, X. Zhao, L. Ran et al., “Resveratrol improves insulin resistance, glucose and lipid metabolism in patients with non-alcoholic fatty liver disease: a randomized controlled trial,” Digestive and Liver Disease, vol. 47, no. 13, pp. 226–232, 2015.
	F. Faghihzadeh, P. Adibi, R. Rafiei, and A. Hekmatdoost, “Resveratrol supplementation improves inflammatory biomarkers in patients with nonalcoholic fatty liver disease,” Nutrition Research, vol. 34, no. 10, pp. 837–843, 2014.
	H. K. Seitz, S. Mueller, C. Hellerbrand, and S. Liangpunsakul, “Effect of chronic alcohol consumption on the development and progression of non-alcoholic fatty liver disease (NAFLD),” Hepatobiliary Surgery and Nutrition, vol. 4, no. 3, pp. 147–151, 2015.
	T. Gunji, N. Matsuhashi, H. Sato et al., “Light and moderate alcohol consumption significantly reduces the prevalence of fatty liver in the Japanese male population,” The American Journal of Gastroenterology, vol. 104, no. 9, pp. 2189–2195, 2009.
	A. Suzuki, P. Angulo, J. St. Sauver, A. Muto, T. Okada, and K. Lindor, “Light to moderate alcohol consumption is associated with lower frequency of hypertransaminasemia,” American Journal of Gastroenterology, vol. 102, no. 9, pp. 1912–1919, 2007.
	S. Sookoian, G. O. Castaño, and C. J. Pirola, “Modest alcohol consumption decreases the risk of nonalcoholic fatty liver disease: a meta-analysis of 43 175 individuals,” Gut, vol. 63, no. 3, pp. 530–532, 2014.
	W. Dunn, A. J. Sanyal, E. M. Brunt et al., “Modest alcohol consumption is associated with decreased prevalence of steatohepatitis in patients with non-alcoholic fatty liver disease (NAFLD),” Journal of Hepatology, vol. 57, no. 2, pp. 384–391, 2012.
	V. Martín-Domínguez, R. Gonzálezs Casas, J. Mendoza-Jiménez-Ridruejo, L. García-Buey, and R. Moreno-Otero, “Pathogenesis, diagnosis and treatment of non-alcoholic fatty liver disease,” Revista Espanola de Enfermedades Digestivas, vol. 105, no. 7, pp. 409–420, 2013.
	I. J. Hickman, J. R. Jonsson, J. B. Prins et al., “Modest weight loss and physical activity in overweight patients with chronic liver disease results in sustained improvements in alanine aminotransferase, fasting insulin, and quality of life,” Gut, vol. 53, no. 3, pp. 413–419, 2004.
	A. Suzuki, K. Lindor, J. S. Saver et al., “Effect of changes on body weight and lifestyle in nonalcoholic fatty liver disease,” Journal of Hepatology, vol. 43, no. 6, pp. 1060–1066, 2005.
	N. A. Johnson and J. George, “Fitness versus fatness: moving beyond weight loss in nonalcoholic fatty liver disease,” Hepatology, vol. 52, no. 1, pp. 370–381, 2010.
	N. A. Johnson, T. Sachinwalla, D. W. Walton et al., “Aerobic exercise training reduces hepatic and visceral lipids in obese individuals without weight loss,” Hepatology, vol. 50, no. 4, pp. 1105–1112, 2009.
	A. St. George, A. Bauman, A. Johnston, G. Farrell, T. Chey, and J. George, “Independent effects of physical activity in patients with nonalcoholic fatty liver disease,” Hepatology, vol. 50, no. 1, pp. 68–76, 2009.
	K. Hallsworth, G. Fattakhova, K. G. Hollingsworth et al., “Resistance exercise reduces liver fat and its mediators in non-alcoholic fatty liver disease independent of weight loss,” Gut, vol. 60, no. 9, pp. 1278–1283, 2011.
	C. A. Slentz, L. A. Bateman, L. H. Willis et al., “Effects of aerobic vs. Resistance training on visceral and liver fat stores, liver enzymes, and insulin resistance by HOMA in overweight adults from STRRIDE AT/RT,” American Journal of Physiology—Endocrinology and Metabolism, vol. 301, no. 5, pp. E1033–E1039, 2011.
	J.-M. Lavoie and M.-S. Gauthier, “Regulation of fat metabolism in the liver: link to non-alcoholic hepatic steatosis and impact of physical exercise,” Cellular and Molecular Life Sciences, vol. 63, no. 12, pp. 1393–1409, 2006.
	R. Taylor, “Pathogenesis of type 2 diabetes: tracing the reverse route from cure to cause,” Diabetologia, vol. 51, no. 10, pp. 1781–1789, 2008.
	M. K. Holten, M. Zacho, M. Gaster, C. Juel, J. F. P. Wojtaszewski, and F. Dela, “Strength training increases insulin-mediated glucose uptake, GLUT4 content, and insulin signaling in skeletal muscle in patients with type 2 diabetes,” Diabetes, vol. 53, no. 2, pp. 294–305, 2004.
	J. J. Dubé, F. Amati, M. Stefanovic-Racic, F. G. S. Toledo, S. E. Sauers, and B. H. Goodpaster, “Exercise-induced alterations in intramyocellular lipids and insulin resistance: the athlete's paradox revisited,” The American Journal of Physiology—Endocrinology and Metabolism, vol. 294, no. 5, pp. E882–E888, 2008.
	S. Schenk and J. F. Horowitz, “Acute exercise increases triglyceride synthesis in skeletal muscle and prevents fatty acid-induced insulin resistance,” The Journal of Clinical Investigation, vol. 117, no. 6, pp. 1690–1698, 2007.
	C. Brandt and B. K. Pedersen, “The role of exercise-induced myokines in muscle homeostasis and the defense against chronic diseases,” Journal of Biomedicine and Biotechnology, vol. 2010, Article ID 520258, 6 pages, 2010.
	N. P. Walsh, M. Gleeson, R. J. Shephard et al., “Position statement part one: immune function and exercise,” Exercise Immunology Review, vol. 17, pp. 6–63, 2011.
	S. Oh, K. Tanaka, E. Warabi, and J. Shoda, “Exercise reduces inflammation and oxidative stress in obesity-related liver diseases,” Medicine & Science in Sports & Exercise, vol. 45, no. 12, pp. 2214–2222, 2013.
	K. V. Kowdley, P. Belt, L. A. Wilson et al., “Serum ferritin is an independent predictor of histologic severity and advanced fibrosis in patients with nonalcoholic fatty liver disease,” Hepatology, vol. 55, no. 1, pp. 77–85, 2012.
	C. Finelli and G. Tarantino, “Have guidelines addressing physical activity been established in nonalcoholic fatty liver disease?” World Journal of Gastroenterology, vol. 18, no. 46, pp. 6790–6800, 2012.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Risk Factors and Pathophysiology

		  3. Diagnosis

		  4. Nutritional and Dietetic Recommendations in NAFLD

		  5. Physical Exercise and NAFLD

		  6. Final Considerations

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




