Nutritional recommendations for patients with non-alcoholic fatty liver diseases
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[bookmark: _GoBack]Abstract

Fatty liver is the most common liver disease worldwide. Hyperglycemia and hyperinsulinemia induce lipogenesis, thereby increasing the hepatic pool of fatty acids[1]. Nutritional consultations and lifestyle modification are important in the treatment of non-alcoholic fatty liver disease (NAFLD) [2]. The usual management of NAFLD includes lifestyle counseling to achieve a gradual weight reduction and an increase in physical activity. An intensive lifestyle intervention focused on diet, exercise and behavior modification with a goal of 7–10% weight reduction that leads to significant improvement in liver histology in patients with NASH [19]. Indeed, weight loss improves steatosis [20], reduces hepatic inflammation and hepatocellular injury [21], [22] and improves cardiovascular risk profile. [23]. Several changes in dietary intake have occurred in the past few years, including increased energy intake (24%), and increases in added sugars, flour and cereal products, fruit, added fats and total fat intake[42]. Fatty liver disease in humans is an insulin-resistant condition and the liver over-produces glucose and triglycerides due to impaired insulin action[45]. Fatty liver is an independent predictor of diabetes and cardiovascular disease[46]. There are three major sources for increased liver fat accumulation: excessive delivery of free fatty acids from lipolysis of superficial and visceral fat depots (60%), increased de novo hepatic lipogenesis (30%), and increased nutritional intake (10%)[47]. 
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Introduction

Fatty liver is the most common liver disease worldwide. Patients with fatty liver disease die primarily from cardiovascular disease and not from chronic liver diseases. Hyperglycemia and hyperinsulinemia induce lipogenesis, thereby increasing the hepatic pool of fatty acids. This pool is also increased by increased delivery of fatty acids through the diet or lipolysis in adipose tissue. Nutritional consultations and lifestyle modification are important in the treatment of non-alcoholic fatty liver disease (NAFLD). Among the dietary constituents, combination of vitamin D, vitamin E, and omega-3 fatty acids shows promise for the treatment of NAFLD. Fatty liver is the most common cause of liver diseases in adults and children[1,18].

Non-alcoholic fatty liver disease (NAFLD) is the most common cause of liver disease 
worldwide, with a prevalence of 20%-40% in Western populations[1]. Non-alcoholic fatty liver (NAFL) is a part of the spectrum of liver disease called non-alcoholic fatty liver disease (NAFLD) [1]. The NAFLD includes steatohepatitis (NASH), fibrosis, cirrhosis and hepatocarcinoma (HCC). NAFLD is the most common cause of liver disease worldwide, with a prevalence of 20%-40% in Western populations [1]. In Europe, the prevalence of NAFLD varies between 20-30% [2]. The prevalence increases to 58% in overweight individuals and can be as high as 98% in non-diabetic obese individuals [3]. In healthy individuals, energy requirements represent the number of calories that a person needs to achieve certain weight goals - meaning to lose, or maintain weight. Nutrition guidelines for population with NAFLD recommended a hypocaloric diet based on individual needs to promote weight loss [4] in a professional review, McCarthy and Rinella recommended 1200-1500 kcal/ day [5]. If liver disease progresses to cirrhosis, the calorie requirements increase even more to prevent undesired weight loss and malnutrition[5].


Energy requirements

Energy requirements for patients with NAFLD are: 25 to 30 kcal/ kg, based on dry weight or an adjusted ideal weight, or add 20% to 40% to basal energy expenditure (BEE) by using the Harris-Benedict equation [6-8]. Energy deficit between 500 and 1000 kcal per day will lead to weight loss of 0.5–1 kg per week [9,10] but it should not exceed 1 kg per week. Rapid and uncontrolled weight loss can be detrimental for patients and may even worsen clinical symptoms of NAFLD [11,7].



Carbohydrates
AMDR for carbohydrates in adults ranges between 45-65% of total number of calories [11,12]. The best carbohydrate sources are fruits, vegetables, whole grains, legumes and low-glycemic index foods [12]. Data from literature reports that a diet high in carbohydrates might worsen the clinical conditions of patients with NAFLD [6].


Fiber
Requirements for general population are set at 38 g/ day for men and 25 g/ day for women aged 19 to 50 years [13]. In many countries, this now includes the recommendation to eat at least half of all grain servings as whole grains, with gram recommendations ranging from at least 48 g/ d to at least 75 g/ 2000 kcal [14].
Lipids
AMDR for lipids is 20% to 35% of the total energy intake for adults [15]. For n-6 PUFAs, the AMDR is 5% to 10% of energy, which is expected to meet the adequate intake (AI) for linolenic acid (17 g/ day for young men and 12 g/ day for young women). The AMDR for alpha linolenic acid is 0.6% to 1.2% of energy, with up to 10% of the AMDR consumed as eicosapentaenoic acid (EPA) and/ or docosahexaenoic acid (DHA); the AI is 1.6 g/ day for men and 1.1 g/ day for women. The DHA and EPA deficiency can contribute to the development of NAFLD, which was confirmed by an experimental study on animals [15].
Protein
Protein intake must be adjusted for body weight and medical condition. According to the most recent data, normal protein intake in adults is around 16–17% of energy intake [16]. The requirement of protein in hepatitis is estimated minimally at 1.0 to 1.2 g/kg/day and may range up to 1.5 g/ kg if patients have cirrhosis.
The AASLD Guidelines [17] do not specifically address protein intake, and recommends a protein intake similar to the general population, based on the recommended dietary allowances (RDA) and dietary reference intake (DRI) [16].


There is no consensus as to what diet or lifestyle approach is the best for NAFLD patients. However, patients with NAFLD may benefit from a moderate- to low-carbohydrate (40%–45% of total calories) diet, coupled with increased dietary MUFA and n-3 PUFAs, reduced SFAs. More CRT are needed to clarify the specific effects of different diets and dietary components on the health of NAFLD patients[17].











NAFLD management
[bookmark: bbb0105][bookmark: bbb0110][bookmark: bbb0115][bookmark: bbb0120][bookmark: bbb0125][bookmark: bbb0130][bookmark: bbb0135][bookmark: bbb0140][bookmark: bbb0145]The usual management of NAFLD includes lifestyle counseling to achieve a gradual weight reduction and an increase in physical activity. Patients are encouraged to lose ≥8% of their body weight. An intensive lifestyle intervention focused on diet, exercise and behavior modification with a goal of 7–10% weight reduction that leads to significant improvement in liver histology in patients with NASH [19]. Indeed, weight loss improves steatosis [20], reduces hepatic inflammation and hepatocellular injury [21], [22] and improves cardiovascular risk profile. However, weight loss through energy restriction is difficult to achieve and sustain [23]. Physical activity and exercise also effectively decrease steatosis. Cross-sectional and prospective studies have shown that physical activity decreases intrahepatic lipids [24], [25]. Both aerobic and resistant exercises have been shown to improve liver function, independently of weight loss [26], [27], [28].
[bookmark: bbb0150][bookmark: bbb0155]In addition to total energy intake, the composition of the diet also affects the metabolic and endocrine functions and overall energy balance [29.30]. Most recommendations encourage the consumption of diets rich in fruits and vegetables for prevention of chronic disease, and NAFLD is not an exception. Such diets would provide significant amount of bioactive components with known beneficial effects due in part to their antiinflammatory properties [31].
[bookmark: bbb0160][bookmark: bbb0165][bookmark: bbb0170][bookmark: bbb0175][bookmark: bbb0180]General recommendations include a reduction in the intakes of total fat, saturated fatty acids, trans fatty acids and fructose. Indeed, high fructose intake has been associated with increased risk of NAFLD and liver damage [32], [33], [34]. Dietary fructose (consumed in the form of soft drinks) has been implicated in the pathogenesis of NAFLD [35]. Mice with ad libitum access to fructose solution showed significantly higher levels of hepatic lipid accumulation, lipid peroxidation and endotoxin levels in the portal blood compared to controls and mice fed with glucose solution [36].
Conversely, an increase in the intakes of polyunsaturated fatty acids (PUFAs) and monounsaturated fatty acids is advised. Moreover, there is recommendation to include long-chain n-3 fatty acids to reduce the risk of NAFLD.
[bookmark: bbb0185]A few trials were conducted to evaluate the impact of specific dietary patterns on liver damage in patients with NAFLD. In this regard, Mediterranean diet led to similar weight loss but induced a more marked reduction of liver enzymes and of IR compared to a low-fat high carbohydrate diet [30]. Indeed, the diet of patients with NASH is usually enriched in saturated fat and cholesterol, whereas it is poor in polyunsaturated fat, fibers and antioxidant vitamins C and E [31]. In addition to an imbalance in fat intake, higher odds of inflammation were associated with higher carbohydrate intake in NASH patients [37].
[bookmark: bbb0190][bookmark: bbb0195][bookmark: bbb0200][bookmark: bbb0205]Apart from lifestyle modification, statins (lipid-lowering drugs), glitazones (insulin sensitizers), antioxidants and metformin have been used as therapies for NAFLD [38], [39]. Glitazones improve steatosis at the expense of an increase of weight, and the long-term safety of their utilization is still not clear. Randomized clinical trials with antioxidants (Vitamin E and N-acetylcysteine) have given conflicting results, suggesting that their effect may be different depending on age, dosage and lifestyle modifications [39]. A few studies have tested metformin in nondiabetic patients but with inconsistent results [40], [41].
All these findings emphasize the difficulties to achieve success in NAFLD clinical setting and attract attention to the importance of alternative approaches for the prevention of liver damage progression in NAFLD.


Results
Several changes in dietary intake have occurred in the past few years, including increased energy intake (24%), and increases in added sugars, flour and cereal products, fruit, added fats and total fat intake[42]. Use of high fructose corn syrup (HFCS), which is used as sweetener in soft drinks, has increased to comprise 41% of total added sweeteners. Sucrose accounts for 45% of the remainder. These changes have certainly contributed to the increase in prevalence of NAFLD, by increasing obesity and by direct fructose ingestion from soft drinks[43].
The review by Zelberg-Sagi describes elegantly the data regarding the association between dietary intake and NAFLD, and has focused on the dietary treatment of NAFLD beyond weight loss and physical activity. She has shown clearly that “good food may be a good medicine”. The dietary interventions that seem to be beneficial in NAFLD are: nutritional counseling with a multidisciplinary team including a dietitian, psychologist, and physical activity supervisor (behavior, educational, and motivational therapy); aerobic exercise (walking 30 min daily, or > 5 km/d three times weekly); restriction of calorie intake to < 30 kcal/kg per day, with a balanced diet that includes low levels of saturated and trans fats and simple sugars; gradual weight loss (10% within 6 mo); avoid rapid weight loss (> 1.6 kg/wk) as this can increase the progression of NAFLD; management of accompanying conditions such as diabetes, obesity, and metabolic syndrome; avoid foods with HFCS (soft drink), fast food (trans fats, and reduce red and processed meats), and genetically modified crops; morbid obese patients [body mass index (BMI) > 40 or BMI > 35 with comorbidity] may be considered for referral for bariatric surgery; use of vitamin E (400-800 IU/d), vitamin D (1000 IU/d), omega-3 fatty acids (1 g/d fish oil), and omega-9 fatty acids (olive oil) is recommended; and trial of orlistat in patients who fail diet therapy. Use of metformin/pioglitazone if insulin resistance index (HOMA) > 2, with or without ursodeoxycholic acid (15 mg/kg per day) [44].
However, whether any type of diet including weight loss diets can prevent steatohepatitis or fibrosis is uncertain because data on histology before and after dietary intervention are lacking. It is also uncertain whether bariatric surgery can prevent fibrosis and decrease the metabolic risk factors for CAD. It is important to establish the effects of diet composition on the natural course of NAFLD. Such data are not available at present. Of the dietary constituents, combination of vitamin D, vitamin E, and omega-3 fatty acids shows promise for the treatment of NAFLD[51].


Conclusion 


Fatty liver disease in humans is an insulin-resistant condition and the liver over-produces glucose and triglycerides due to impaired insulin action[45]. Fatty liver is an independent predictor of diabetes and cardiovascular disease[46]. There are three major sources for increased liver fat accumulation: excessive delivery of free fatty acids from lipolysis of superficial and visceral fat depots (60%), increased de novo hepatic lipogenesis (30%), and increased nutritional intake (10%)[47]. Recently, an increase in dietary cholesterol has been suggested to induce de novo fatty acid synthesis in hepatocytes via the LXRa-SREBP-1c pathway[48]. The most common cause of death in patients with non-alcoholic fatty liver disease (NAFLD) is coronary artery disease (CAD), and not chronic liver disease[49]. Fatty liver increases cardiovascular risk by classical (dyslipidemia, hypertension or diabetes) and by less conventional mechanisms. New emerging risk factors include leptin, adiponectin, pro-inflammatory cytokines such as interleukin-6, C-reactive protein and plasminogen activator inhibitor-1, which together lead to increased oxidative stress, lipotoxicity and endothelial dysfunction, which finally promote CAD[50]. When classical risk factors are superimposed on fatty liver accumulation, they may further increase the new metabolic risk factors, thus exacerbating CAD[51].
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