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Abstract

Nonalcoholic fatty liver disease (NAFLD) is quickly becoming one of the most prominent causes of liver disease worldwide. The increasing incidence of NAFLD is tied to the obesity epidemic and the subsequent metabolic derangements brought along with it. Current efforts to elucidate the mechanism and causes of the disease have answered some questions, but much remains unknown about NAFLD. The aim of this article is to discuss the current knowledge regarding the pathogenesis of the disease, as well as the current and future diagnostic, preventative, and therapeutic options available to clinicians for the management of NAFLD.
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Core tip: Given the increasing prevalence of the disease, Nonalcoholic fatty liver disease (NAFLD), adequate knowledge regarding the disease is becoming especially important for physicians and patients. Despite this, since its description in 1981 in pregnant women, NAFLD has been a difficult to understand and treat for both scientists and clinicians. Current efforts to elucidate the mechanism and causes of the disease have answered some questions, but much remains unknown about NAFLD. The aim of this article is to discuss the current knowledge regarding the pathogenesis of the disease, as well as the current and future diagnostic, preventative, and therapeutic options available to clinicians for the management of NAFLD.
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INTRODUCTION

The problem of obesity has grown tremendously through the 20th century and into the 21st century, slowly transforming into an epidemic. Along with it, nonalcoholic fatty liver disease (NAFLD) has become one of the major diseases plaguing the nation and world. In the United States, NAFLD is the most common cause of liver disease, representing over 75% of the chronic liver disease[1]. It also is one of the most common indications for liver transplantation, contributing a major burden to both the morbidity and mortality of the nation. NAFLD is a disease of all ages, and the disease has been reported in children as young as 2 years of age. The prevalence of fatty liver increases with age in adults, and while the exact incidence of the disease is unknown, In the United States National Health and Nutrition Examination Survey, 6% of overweight, and 10% of obese adolescents had an elevated alanine aminotransferase (ALT), although alcohol use was not excluded[2]. Results from prevalence studies done internationally have varied widely, with recent studies done in Japan[3,4] and England[5] indicating the prevalence of the disease has nearly doubled over the last twenty years[1]. This increase was even more dramatic in adolescent populations, where the incidence increased 174%[6].

Given the increasing prevalence of the disease, adequate knowledge regarding the disease is becoming especially important for physicians and patients. Despite this, since its description in 1980, nonalcoholic steatohepatitis (NASH) has been a difficult to understand and treat for both scientists and clinicians[7]. Current efforts to elucidate the mechanism and causes of the disease have answered some questions, but much remains unknown about NAFLD. The aim of this article is to discuss the current knowledge regarding the pathogenesis of the disease, as well as the current and future diagnostic, preventative, and therapeutic options available to clinicians for the management of NAFLD. 

The spectrum of NAFLD is a continuum ranging from simple steatosis to NASH and finally cirrhosis. The defining characteristic of the disease is the presence of greater than normal lipid deposition within the liver with the absence of excessive alcohol consumption defined as > 20 g/d for men and 10 g/d for women. Steatosis is the presence of lipid within the cytoplasm of hepatocytes, the criteria for which is defined in the literature as being either hepatic lipid levels above the 95th percentile for healthy individuals (about >55 mg/g liver)[8], greater than 5% of the liver’s weight[9], or found in greater than 5% of hepatocytes histologically[10]. NASH is defined as steatosis in the presence of hepatocyte damage, inflammation and/or subsequent scarring and replacement of the tissue with type Ⅰ collagen. Approximately 10%-29% of patients with NASH will develop cirrhosis within a 10 year period[11]. 

The implications for an individual who develops cirrhosis are grave no matter the cause. The liver is perhaps the most multifunctional solid organ in the body, and is involved in detoxification, nutrient storage, and glucose homeostasis. Insult to any of these processes can lead to liver disease. In the case of NAFLD numerous derangements can be found in the liver’s capacity to process lipid, and the cause of which has been linked to multifactorial alterations in genetics, intestinal flora, diet, adipose tissue, hormone regulation and the immune system.

PATHOGENESIS

Normal liver processing of lipid

The liver is one of the principle regulators of lipid in the body (Figure 1). Fatty acids in the liver used for triglyceride (TG) synthesis are provided by diet, adipose tissue or de novo synthesis from excess glucose. In the postprandial state, chylomicrons transport dietary fats into the lymphatics and eventually the systemic circulation, where they will be hydrolyzed by lipoprotein lipase (LPL) or delivered to the liver. Excess carbohydrates from the diet also promote the de novo synthesis of free fatty acids; acetyl-coenzyme A excess derived from glucose is shuttled into the lipogenesis pathways in the cytoplasm and mitochondria.

Insulin serves a regulator for this pathway by activating acetyl-CoA carboxylase (ACC) via sterol regulatory element-binding protein 1c (SREBP-1c)[12] and allowing the conversion of acetyl CoA into malonyl-CoA. Glucose itself at high levels can activate lipogenesis by binding the carbohydrate response element binding protein (ChREBP)[13]. ChREBP increases de novo synthesis of FFA through the regulation of numerous enzymes including pyruvate kinase, fatty acid synthase and ACC[14]. Another important regulator of lipid in the liver, liver x receptor (LXR), was uncovered in the last twenty years[15]. While the mechanisms of LXR are not fully understood, it is clear that it is involved in a positive feedback loop with SREBP-1c[16]. Mice with knockouts of LXR have substantial decreases in lipogenesis, and LXR has been shown to down regulate many enzymes involved in de novo lipogenesis[17]. 

In the fasting state, insulin and glucose levels drop off and lipogenesis slows. Glucagon and epinephrine levels increase subsequently increasing the activity of several lipases including hormone sensitive lipase (HSL) and adipocyte TG lipase (ATGL)[18]. The hydrolysis of TG by these lipases creates FFA for the liver to process having three different destinies: beta oxidation for energy creation, reesterification and storage within hepatocytes, or processed with lipoproteins or phospholipids and exported as cholesterol[8]. 

Genetics

Multiple rare genetic conditions, which cause dysfunction of the normal liver processing of nutrients and lipids, can result in steatosis (Table 1). In a 2011 review by Hooper et al[19] mutations which contributed to either an increase in lipid synthesis/uptake or a decrease in hydrolysis/export were associated with NAFLD. Examples of such diseases include: glycogen storage diseases[20], ATGL defects, or very-low-density lipoproteins mutations (such as those involving the surface protein apoB or its transfer protein MTTP) have been shown to cause steatosis[19]. However, many of the genetic mutations described in the study are rare single protein or enzyme mutations that do not explain the vast majority of the cases of NAFLD.

Despite this finding, the heritability of NAFLD has been demonstrated to be approximately 39% in a recent study comparing the presence of fatty liver in siblings and parents of patients[21]. Furthermore it has been demonstrated that men have an increased prevalence of NASH, and women typically develop the disease later than men (in the sixth decade of life vs the fourth)[22]. Hispanics have the highest prevalence of the disease, 45%, vs 33% for non-Hispanic whites and 24% for African Americans[23]. Further comparison between the groups showed different odds ratio for certain disease modifying risks in Latinos when compared to whites[24]. 

Efforts to elucidate the genetic cause for this difference has pointed towards a missense mutation, I148M, in the patatin-like phospholipase domain-containing 3 gene (PNPLA3)[25], which has been linked to susceptibility and progression of the disease. Studies have shown differences in the prevalence of the mutation among races, which may help explain the differences in risk between races[26,27]. PNPLA3 is a protein involved in the SREBP1c pathway[28], however the exact mechanism of its involvement in steatosis has not yet been elucidated. Recent studies have demonstrated the interaction of PNPLA3 as a regulator of lipid homeostasis[29]. Other genetic variants, with prevalence differences between ethnicities, such as NCAN, PPP1R3B, and GCKR have been linked to increases in hepatic steatosis[30]. The mechanisms of these differences has not been well elucidated to date, further research should be done to perhaps reveal the mechanisms leading to steatosis and NASH. 

Metabolic changes

The peroxisome proliferators activated receptors (PPAR) are a group of nuclear receptors involved in regulation of fatty acid metabolism and storage. PPAR is a regulator of -oxidation and PPAR is involved in insulin sensitivity and triglyceride storage. PPAR increases the -oxidation, uptake and clearance of fatty acids[31]. Knockout models of PPAR have shown a marked development of steatosis, implicating a possible role in the disease[32]. Studies have also documented the presence of certain SNPs (Leu162Va) and their correlation with progression of NAFLD[33], however other studies have contested this[34]. Further studies are still required to establish the importance of the genetic polymorphism. Fibrates act as agonists at PPAR and have shown some promise as a treatment option.

PPAR has also shown connection to NAFLD. In murine models of the disease, PPAR has been found at increased levels in the livers of mice[35]. Additionally a Pro12Ala SNP in the gene for PPAR has been shown to be protective against liver injury[33]. However, as was the case for the Leu162Va SNP in PPAR, other studies have contested this correlation including a recent meta-analysis by Wang et al[36] The effect of SNPs in the PPAR’s requires further investigation in order to conclusively determine their importance in NAFLD. The thiazolidinediones (TZDs) are the pharmacologic activators of PPAR.

Hormone changes

Insulin resistance, frequently found in those with metabolic syndrome, obesity and/or diabetes, is frequently considered the key factor in developing hepatic steatosis. The number of diabetic patients from 1988 to 2008 has nearly tripled[37] and the obesity rate has increased by about 56%[38]; it is therefore not surprising that over the same period the prevalence of NAFLD has nearly doubled. While the presence of peripheral, and specifically hepatic, insulin resistance in fatty liver is commonly accepted, there remains controversy whether the insulin resistance is caused by NAFLD or vice versa[39]. 

Studies of animal models for fatty liver have been observed to concurrently develop hepatic steatosis and insulin resistance, suggesting that steatosis is a factor in the development of insulin resistance[8,40]. However, mice with more specific mutations for hepatic steatosis do not develop insulin resistance[41]. Furthermore, patients with AKT2 mutations, a secondary messenger for insulin in glucoregulation, develop hepatic steatosis due to insulin resistance[42]. Other patients with mutations in apoB, ATGL, or CGI58 (a protein involved in the regulation of lipolysis and implicated in Chanarin-Dorfman syndrome) develop hepatic steatosis without insulin resistance[19,43-46]. The inconsistent associations between hepatic steatosis and insulin resistance in different mutations suggests a complex interaction between the two phenomena; these observations have led to the hypothesis that the presence of insulin resistance is dependent on the location of TG accumulation.

While further research is needed to determine the cause and effect relationship between insulin resistance and hepatic steatosis, a strong consensus remains that insulin resistance is frequently concurrently present with NAFLD. The pathogenesis of fatty liver in insulin resistance is strongly linked to the two major biochemical pathways insulin affects in the liver. The key factor in the progression of fatty accumulation is that the lipogenetic pathway remains sensitive to the effects of insulin, while the gluconeogenesis pathways, which are normally inhibited by insulin, become resistant. The result of this process is hyperglycemia, which stimulates the body to produce more insulin. This insulin hypersecretion stimulates lipogenesis, as the SREBP-1c mediated pathway maintains its response[47].

Inflammation

The progression of steatosis to NASH is a frequently encountered clinical scenario, associated with worse outcomes for patients. A key-defining feature of the NASH is the presence of inflammation and subsequent fibrosis. Change of concentration in several inflammatory cytokines has been implicated in this progression. A frequently implicated, and targeted, cytokine in this process is tumor necrosis factor alpha (TNF) which has been linked to both insulin resistance and progression to NASH[48,49]. TNF mediated insulin resistance has been correlated with increased levels of SREBP-1c and hepatic steatosis[50]. Serum and liver levels of TNF have been correlated to increased levels of inflammation, steatosis and histologic damage in patients with NASH[51-54]. Furthermore, anti-TNF therapy has shown promise in the management of NAFLD, this is discussed further in the treatment section. 

Interleukin-6 (IL-6) has also been shown to be increased in fatty liver disease. These increased levels have been correlated to the development of insulin resistance[55], diabetes[56] and fatty liver in both animals and humans[57,58]. Additionally, like TNF, expression of IL-6 has been correlated with severity of disease in patients with NASH[59]. While the mechanism of these correlations and whether chronic exposure is a primary or secondary effect of NAFLD is not clear, IL-6 has been identified early in liver disease as a regenerative factor and chronically as a mediator of inflammation, apoptosis and liver damage/scarring[60].

Diet and physical activity

The role of nutritional status and physical activity in the general health of the population is of growing interest in nearly all fields of medicine. While diet and physical activity are difficult measures to control precisely and study both prospectively and retrospectively, there appears to be a link between diet and physical activity and the pathogenesis of fatty liver disease. The link between increased calorie intake and sedentary lifestyle with metabolic syndrome and insulin resistance has been demonstrated in numerous studies[61], and the connection of metabolic syndrome and insulin resistance with NAFLD has also been established[4,10,62].

Furthermore, retrospective and observational data has suggested that individuals with NAFLD have lower activity levels[63]. Limited studies have shown a correlation between both dietary fat[64] and carbohydrate intake[65,66] with the level of fat deposition in patients. Similarly, the combination of both increased carbohydrate and fat intake was observed in patients with NASH[63]. Strong evidence exists for a significant link between soda and fructose consumption with NAFLD and NASH[67-69]. Low intake of antioxidants such as vitamin E, zinc and polyunsaturated fatty acids have also been shown to have a connection with NAFLD[65,70,71]. Recent studies have shown an inverse correlation of vitamin D levels and levels of fatty liver and NASH in children[72]. However despite these links, much of the evidence remains weak and it remains difficult to monitor healthy individuals and their diets long term and monitor the rates of progression to diseased states. Further controlled studies must be done to truly establish the risk of NAFLD with certain diets and activity levels.

Gut microbiota

Intestinal flora has been implicated in numerous diseases of the GI tract. Recent work has also suggested that the microbiota in the gut has a role in obesity. In a study by Bäckhed et al[73] mice were raised in a sterile environment and were observed to have 40% less body fat, the mice were subsequently transferred with the microbiota from the control mice and had a 60% increase in body fat. These mice also saw an increase in hepatic TG content. It has been postulated that this results via numerous mechanisms including: increased energy yield from food, increasing gut permeability and low grade inflammation, modulation of choline metabolism, regulation of bile acid metabolism, and/or increasing ethanol production from bacterial sources[74]. Several studies have been done reviewing the effects of modifying the intestinal flora on NAFLD; they are discussed further in the treatment section. 

Other factors

Obstructive sleep apnea (OSA) has also been connected to NAFLD and NASH. A 2012 meta-analysis demonstrated that patients with OSA had a pooled odds ratio of 2.01 for the presence of NAFLD by histological, radiological or biochemical criteria[75]. While the exact cause of this correlation is not clear, increased inflammation as well increased levels of hypoxia inducible factors have been proposed as explanations for the connection[76]. It has also been suggested that due to both OSA’s and NAFLD’s association with obesity that the connection between OSA and NAFLD are merely coincidental, however recent evidence in the pediatric population has demonstrated a link regardless of obesity[77]. Despite this link, the use of continuous positive airway pressure to treat OSA has not been shown to improve AST and ALT levels in OSA patients[78].

Choline, a micronutrient found in legumes and egg yolks, deficiency has also been shown to have an association with NAFLD. Mice genetically or dietarily deprived of choline develop fatty liver[79,80]. This connection has also been demonstrated in humans, however at this time it is unclear if choline supplementation can reverse the associated fatty liver[81,82].

Diagnosis

Initial evaluation

The diagnosis of NAFLD requires (1) there is hepatic steatosis by imaging or histology; (2) there is no significant alcohol consumption; (3) no competing etiologies are present for hepatic steatosis; and (4) there are no co-existing causes for chronic liver disease[83]. Patients with NAFLD are typically asymptomatic, and when present, manifest with vague symptoms such as fatigue and abdominal discomfort[84]. On physical exam, it is useful to examine risk factors for NAFLD such as an increased body mass index (BMI), weight, and elevated blood pressure[85]. Furthermore, as there exists an association between metabolic syndrome and NAFLD[86], clinical indications of insulin resistance should raise suspicion for NAFLD.

It is important to rule out common causes of liver injury, such as alcohol, drug use, and viral hepatitis as well as other co-existing etiologies for chronic liver disease including alpha-1 antitrypsin deficiency, hemochromatosis, autoimmune liver disease (types 1 and 2), chronic viral hepatitis, and Wilson’s disease[83,85]. Accordingly, laboratory tests for alpha-1 antitrypsin deficiency, antinuclear antibody, smooth muscle antibody, anti-liver/kidney microsomes antibody, anti-liver cytosol antigen, serum ferritin and transferrin levels, HFE genetic testing, as well as ceruloplasmin levels should be obtained[87].

Elevated alanine aminotransferase and aspartate aminotransferase levels may indicate the presence of hepatic steatosis, inflammation, or fibrosis, however their utility in the diagnosis of NASH is limited because of their low specificity, sensitivity, and prognostic value[88,89]. Even more, cohort studies have shown that ALT levels are within normal limits in nearly 80% of patients with fatty liver, and aminotransferase levels tend to fall over time, even with progressing fibrosis[23,90]. For these reasons, other diagnostic methods are needed for confirming the suspected diagnosis of NAFLD.

Screening 

NAFLD is often diagnosed incidentally following a routine lab panel or an imaging study done for other reasons. Despite this, screening for NAFLD is not recommended in the general population[91]. Even screening of higher-risk individuals such as those with diabetes[92] have not been recommended due to uncertainties surrounding diagnostic tests, treatment options, long-term benefits, as well as cost-effectiveness of screening[83]. Although recent findings suggest that family members of children with NAFLD demonstrate a higher risk for NAFLD[21,93], there have been no conclusive studies that prove the utility of screening of family members at the time being. Several attempts have been made at creating risk assessment scores, to stratify patients by their risk factors in order to screen only those with the highest likelihood of disease. However, to date none of these scores have gained widespread acceptance.

Prediction models

Numerous attempts have been made at creating a noninvasive scoring model to assess fibrosis in NAFLD. The most extensively researched model is the NAFLD Fibrosis Score, which incorporates age, BMI, AST/ALT ratio, platelet count, and albumin[94]. In a large cohort study of patients who were diagnosed with liver biopsy-proven NAFLD, the test was shown to have a AUROC of 0.84, sensitivity of 82%, specificity of 98%, PPV of 90% and NPV of 93%[94]. Furthermore, the NAFLD fibrosis scoring used two cutoff scores, thus dividing patients into low-probability fibrosis, high-probability fibrosis, and indeterminate. Of the determinable patients, 90% of patients were accurately diagnosed. However, one major limitation of the scoring system is that about 25% of patient were indeterminate[94]. Nevertheless, the NAFLD Fibrosis Score has proven clinical utility, which has been further validated by a metanalysis[89].

Another model that has also demonstrated promise in the assessment of fibrosis is Fibrotest which uses an undisclosed formula, which incorporates the age of a patient, 2 macroglobulin, total bilirubin, GGT, and apolipoprotein A1[95]. The AUROC score for fibrosis ranged from 0.75 to 0.86 with a sensitivity of 77%, specificity of 98%, PPV 90%, and NPV 73%. While validated by other studies[96], the model had some limitations, including an inability to classify one third of the patients, as well an inability to distinguish between mild to moderate fibrosis[95].

Other scoring models for fibrosis include the FIB-4[97], European Liver Fibrosis Test (ELF)[98], BARD[99]. the NICE model[100], and NASH test[101]. Each of these predictive models incorporates various lab values and patient characteristics (Table 2). While each test has relative strengths statistically (Table 3), the most externally validated test remains the NAFLD Fibrosis Score. With a high specificity, the test has a good ability to rule-in NAFLD, making it a useful tool in deciding when to progress to liver biopsy. While many other models have shown some clinical utility, the studies have been limited by small sample sizes and currently lack repeat studies for validation. Therefore, currently the NAFLD Fibrosis Score is the most widely applicable model and has value in limiting the number of liver biopsies necessary to diagnose NAFLD[83].

Serum markers

There have been a number of serum markers that have been proposed for the diagnosis of NAFLD, but very few that have been extensively researched. In particular, cytokeratin-18 fragments have shown the most promise in the diagnosis of NASH[84,89]. CK18 is a major intermediate filament protein of the liver, which is cleaved by caspases during apoptosis. One meta-analysis showed that using enzyme assays of cleaved cytokeratin-18 fragments, specifically M30, which is an indicator of hepatocyte apoptosis, may have clinical utility showing a sensitivity of 66% and specificity of 82% in diagnosing NASH[102]. While CK18 has shown promising results as a potential biomarker, currently this assay is not commercially available and there is no established cut-off value for determining the presence of steatohepatitis[83]. 

Other serum biomarkers that have been evaluated for the diagnosis of NASH include various cytokines, acute phase proteins, and oxidative stress markers. Some of the cytokines that have been evaluated include IL-6, TNF, and CC-chemokine ligand-2. While some studies showed elevated IL-6 in the serum of NASH patients[59,103], others have showed no difference between NASH and steatosis[104]. Due to the lack of consistent correlation between studies, there is currently little clinical utility in the sole measurement of IL-6 at this time. 

Similarly, cytokines such as TNF and adiponectin have shown equivocal results in terms of their clinical utility. As mentioned, TNF is a proinflammatory cytokine, which plays a role in the pathogenesis of NAFLD. While several studies showed elevated levels of TNF in NASH patients and animal models[52,103,105,106], the clinical significance of these results has not yet been found. Adiponectin, which has been shown to have antilipogenic and anti-inflammatory effects and is thought to be reduced in NASH[52], has also shown conflicting results when studied as a marker[52,104,107,108]. 

One chemokine, CC-chemokine ligand-2 (CCL2), also known as monocyte chemoattractant protein-1 (MCP-1), is responsible for the recruitment of macrophages during liver inflammation, and contributes to the progression of NASH[109]. One study showed increased levels of CCL2 in those diagnosed with NAFLD by ultrasound, but these patients did not receive a liver biopsy, warranting the need for further evaluation of CCL2 as a biomarker[110].

Two acute phase reactants, C-reactive protein (CRP) and pentatrix-3, have been studied in the diagnosis of NASH. While Yoneda et al[111] did show elevation of high sensitivity CRP compared to cases of simple nonprogressive steatosis, other studies failed to show such results[53,112]. One study utilized biopsy-proven NAFLD patients to show increased levels of pentatrix-3 in NASH patients compared to non-NASH patients[113]. Even more, pentatrix-3 was also shown to be able to assess the degree of fibrosis. However, more extensive studies are needed at this time to prove the overall clinical utility of the acute phase reactant. 

There are many other less studied serum markers that still hold the potential to have clinical Utility. One such marker is serum prolidase enzyme activity (SPEA), which is involved in the breakdown of the final step of collagen[114]. SPEA was shown to be significantly elevated in patients with NASH compared with steatosis[114]. Another potential biomarker is the soluble receptor for advanced glycation end products (sRAGE), which is involved in a similar pathway as that of metabolic syndrome. One study showed a 0.77 AUROC for predicting NASH[115]. Currently, oxidative stress pathway markers have shown little evidence of utility in the diagnosis of NASH, despite its known involvement in the pathogenesis of NASH[116]. In fact, standard blood oxidative stress markers were shown to not predict the extent hepatic steatosis[117].

Radiological evaluation

Similar to serum markers, the radiologic evaluation of NAFLD is of wide interest as a possible noninvasive method for evaluating and diagnosing steatosis and NASH. Ultrasonography (US) is a cheap, fast, and widely available imaging technique with applications for fatty liver. US has been reported to have a sensitivity ranging from 60% to 94% and a specificity of 66% to 95%[118]; lower sensitivities are frequently observed in patients with mild disease[118]. Limitations of US include it being subject to interobserver variability, difficulty in obese patients, and the high proportion of NAFLD patients with coexisting obesity[118]. Contrast enhanced ultrasonography has been reported to have an increased sensitivity (in one study 65.8%) in finding fatty liver infiltrations[119], which nearly rivals that of a computed tomography scan (CT). Contrast-enhanced ultrasound, however it lacks clinical validation and is not commercially available at this time.

Transient elastography (TE) (Fibroscan®) is a tool developed in the last decade, designed to measure liver stiffness via ultrasound[120]. TE measures stiffness in kilopascals by introducing low frequency vibrations to the tissue and measuring the propagation of the energy. Presently TE has been thoroughly investigated for use in other diseases such as hepatitis C, however it has been less studied in steatosis and NASH[121]. Additionally, the use of TE is largely for staging of levels of fibrosis, but, as mentioned below, the results of TE can be of diagnostic utility in patients with inconclusive results in other tests. Like US, TE is subject to difficulties of use in obese patients, with one study reporting a 75% success rate in determining stiffness in obese patients vs a 97% success rate in patients with a BMI below 30 kg/m2[120]. Overall TE can be a beneficial tool, if available to the clinician, in monitoring disease status in NAFLD and NASH.

Incidental finding of hepatic steatosis is frequently found when a patient receives a CT. CT without contrast is a useful modality for assessing the presence and amount of steatosis, with a sensitivity ranging from 82% to 95% and a specificity approaching 100%[85,122]. One of three findings is diagnostic of steatosis on CT: absolute hepatic attenuation of less than 40 Hounsfield units (HU), a hepatic attenuation value <10 HU compared with the spleen and a spleen to liver attenuation ratio < 0.8[118]. Despite the clinical applicability, and being relatively well validated, CT scans are expensive, expose the patient to ionizing radiation and can provide less accurate results in patients with underlying liver disease. 

Magnetic resonance spectroscopy (MRS) represents the most sensitive and specific imaging modality, with both values being greater than 90% in most studies[93] and near 100% accuracy in detecting steatosis[123]. MRS is able to compare adjacent tissues by their differing hydrogen content. Using MRS, clinicians are able to calculate the fraction of the liver composed of fat. This so called fat fraction is said to be abnormal when it is greater than 5.56%[123]. Like CT, MRS has a high cost and also exposes patients to radiation (albeit a lower amount than CT), making its clinical utility relatively low.

Liver biopsy

Currently, liver biopsy remains the gold-standard for the diagnosis of NASH as it serves as the only means of distinguishing hepatic steatosis from steatohepatitis through examination of liver histology[85]. In hepatic steatosis, is characterized by the presence of intracellular fat in more than 5% of hepatocytes. Steatohepatitis, on the other hand, has distinctive morphological features similar to that of alcoholic hepatitis including Mallory hyaline, hepatocyte ballooning, as well as the presence of polymorphonuclear leukocytes and perisinusoidal fibrosis in zone 3 of the acinus[124]. However, there are limitations to the use of a liver biopsy including cost, sampling error, and interobserver/intraobserver variability. One study showed that overall interobserver and intraobserver agreement scores for the diagnosis of NASH ranged from only 0.66 to 0.90 and 0.61 to 0.62, respectively[125]. Furthermore, the rate of sampling error complicates the ability to diagnose the histological changes of NASH as a biopsy only samples 0.00002% of the liver[126]. Some studies have shown that NASH may be incorrectly missed in up to 24% of cases, and the fibrosis stage is discordant in 22%-37% of cases[125,127]. In addition, a liver biopsy also carries some morbidity and very rare mortality risk, with a 1-3 risk for major complications and death in 0.01%[128].

According to current AGA guidelines, a liver biopsy should only be considered in patients with NAFLD who are at increased risk to have steatohepatitis and advanced fibrosis, such as those who have metabolic syndrome[83]. Furthermore, a liver biopsy should also be considered in patients with suspected NAFLD that may also have other explaining etiologies for steatosis and co-existing chronic liver diseases[83]. Currently, the most externally validated non-invasive method for determining when to obtain a liver biopsy is the NAFLD Fibrosis Score[94]. It incorporates factors including age, glycemia, BMI, platelet count, albumin, and AST/ALT to predict the presence for advanced fibrosis[89]. In one proposed algorithm, if the patient has a high probability for advanced fibrosis (> 0.676) based on the NAFLD Fibrosis Score, then a liver biopsy is indicated unless there exists clinical evidence of cirrhosis[84]. In the case of an intermediate score (-1.455 to 0.676), an alternative non-invasive method such as a transient ultrasonography (Fibroscan®) to determine the presence of advanced fibrosis, in which case a liver biopsy would be indicated[84]. If the NAFLD Fibrosis Score suggested a low probability for advanced fibrosis (< -1.455), a liver biopsy would most likely be unnecessary as the NAFLD Fibrosis score has a NPV of 93%, but could potentially be confirmed by an alternative method such as an assessment of CK18 fragments[84].

Natural History

The natural history of patients with NAFLD has a mixed picture. In a large cohort study, it was demonstrated that liver related illness was the third leading cause of death in liver patients, and the hazard ratio for general mortality and liver related mortality was 1.038 and 9.32, respectively[129]. As in the general population, the leading cause of death in patients with NAFLD is cardiovascular disease[129]. This highlights the need for patients with NAFLD to have extensive risk management therapy for the prevention of cardiovascular disease, however to date no concrete guidelines have been made for the prevention of adverse cardiac events in these patients[130].

Data regarding the progression of NAFLD from simple steatosis to steatohepatitis is conflicting. One monitoring the outcomes for 40 patients over a median time of 11 years showed no progression to NASH or cirrhosis, and only 12 of the patients had abnormal liver tests at the conclusion of the study[131]. Another more recent study in 2010 followed 52 NAFLD patients for 3 years and found that at the conclusion, of the 13 that began with simple steatosis 15% had normal livers, 23% remained at baseline, 39% developed borderline NASH and 23% developed NASH. Among the 22 subject who began with borderline NASH, 18% had simple steatosis, 59% remained at borderline NASH and 23% had NASH[132]. While the data is inconsistent, it is clear that NAFLD is a slowly progressing disease, and may regress or stay at baseline for years.

Studies have estimated the overall risk of a patient with simple steatosis advancing to clinically significant cirrhosis at approximately 1%-2%[133]. However, patients who have progressed to or presented with NASH are at increased risk of developing hepatic decompensation and liver failure[134]. The risk of cirrhosis in patients with NASH varies from 0% at five years to 12% at 8 years[135,136]. While another study, which followed 129 patients for a mean of 13.7 years, reported 5.4% of the patients developing end-stage liver disease, including hepatocellular carcinoma (HCC)[137]. The development of subsequent development of HCC represents another significant concern for clinicians managing patients with especially NASH. In a study of 46 patients with bridging fibrosis and 43 patients with cirrhosis, 20% had developed HCC after 5 years[138].

Prevention and Management

Prevention

With the increasing prevalence and incidence of NAFLD in the world, the role of preventing the disease has become a hot topic. Due to the lack of understanding of the pathogenesis of the disease, the prevention of NAFLD remains a difficult problem. General prevention of NAFLD involves a modification of the risk factors for the disease. The largest risk controllable risk factors for NAFLD are weight, insulin resistance and metabolic syndrome[139]. Therefore, general education on lifestyle modifications, such as diet and exercise, which can reduce the risk for the development of insulin resistance, weight gain and metabolic syndrome can be seen as the mainstay for prevention of NAFLD. 

While other interventions, such as alcohol consumption and dietary supplementation, have been suggested for disease prevention, at this time none are recommended by the AGA[83]. Similarly, other interventions have been shown to prevent the progression of steatosis to NASH, these are described in detail below. It is important to note, that NAFLD without steatohepatitis is not an indication for treatment, however management options are directed towards either those with steatohepatitis or managing the associated comorbidities present in those with steatosis alone. Furthermore, it is important to note that the use of preventative vaccines, such as the hepatitis A and B vaccines, is recommended in patients suffering from NAFLD and NASH, in order to prevent further insult to the already damaged liver. 

Lifestyle modifications

The cornerstone to the management of steatosis and NASH to date has been lifestyle changes, with the two most central components being diet and exercise. Diet and exercise have been proposed as a treatment option for steatosis and NASH, however study data is limited to date. Studies have been held back by the lack of consensus in regards to the methodology used to determine whether the disease progressed or improved. While histologic comparison (the NAFLD Activity Score is a frequently used histologic grade for studies) would be the ideal measure, the difficulty and risks in obtaining biopsies remain a hurdle. For this reason, studies vary in their monitoring of steatohepatitis in the study subjects, other measures used include insulin resistance and AST/ALT.

A 2010 study by Promrat et al[140] showed an improvement in NAFLD Activity Scores (NAS) as well as ALT in patients who lost 7%-10% of their body weight vs control. Another randomized study[141] showed an improvement in insulin sensitivity and NAS in patients using orlistat who lost > 5% of their body weight, and there was a more significant improvement in subjects who lost > 9% of their weight. Additional prospective and case control studies have shown that diet, including one study focusing on the Mediterranean Diet, combined with weight loss can help reduce disease burden measured by varying measures[142-144].

Other studies have shown an improvement in the disease through exercise alone[143]. Finally, studies have shown that diet and exercise have been successful in preventing steatosis progression to NASH[145]. Currently the American Gastroenterology Association recommends both exercise and healthy weight loss, either separately or in combination therapy, as interventions for NASH[83]. While both interventions are indicated from a general health perspective and from numerous studies, it is important to note that presently the Cochrane Review is unable to make a recommendation regarding weight loss in NAFLD due to the lack of quality data at this time, highlighting the need for further research in the area[146].

Alcohol use is another life style modification that has been investigated. While the deleterious effects of heavy alcohol use on the liver are well established, the moderate use of alcohol has been investigated in relation to NAFLD. A 2014 retrospective study demonstrated patients who were moderate alcohol users had a decrease in severity of disease histologically[147]. Other studies have showed modest wine drinking[148] was correlated with a decreased prevalence of NAFLD. Additionally comparison between nondrinkers and moderate drinkers with NAFLD demonstrated lower rates of steatohepatitis in the moderate drinkers[149]. While some benefit may exist for moderate alcohol consumption, based on the data no recommendation can be made regarding alcohol consumption, other than heavy drinking should be avoided.

Dietary supplementation 

Antioxidant supplementation has been widely hypothesized to have benefits in patients with NASH, as oxidative stress is a central component to liver injury and damage. Vitamin E is perhaps the most well researched of the proposed antioxidants. Following up on early work done as proof of concept in animal models, several studies have demonstrated consistent decreases in ALT and improvement in liver histology[150,151]. The most recent major randomized control trial (RCT) in 2010, the PIVENS trial, showed a decrease in inflammation and ALT, however did not show a decrease in liver fibrosis scores[152], sufficient evidence, therefore, exists for nondiabetic patients to receive 800 IU daily of Vitamin E as an early treatment for NASH. It is important to note that studies have suggested that Vitamin E supplementation has been linked to an increase in all-cause mortality[153] (although conflicting data has since been published)[154], as well as prostate cancer[155]. While these risks are low, it is important for clinicians consider these risks and discuss them with their patients before recommending Vitamin E.

Caffeine and coffee use has also been linked to decreased fibrosis, decreased progression to steatohepatitis as well as decreased incidence of the disease amongst its users[156-159]. On the other hand, a recent study demonstrated the protective effects of coffee in women with NAFLD, however the same effect was not observed in patients who used espresso[160]. While this may suggest that coffee itself may have protective effect vs caffeine alone, further studies have found an increased activity of the autophagy-lysosomal pathways in mice fed caffeine, inferring a biochemical explanation for the protective role of caffeine[161].

Several other supplements have also been suggested as treatment options for NAFLD, none currently embrace enough evidence to be recommended for widespread therapeutic use at this time. In a recent meta-analysis probiotics have been shown to lower aminotransferases, total cholesterol, TNF and improve insulin resistance in NAFLD[162]. Given the relatively benign nature of probiotics and their availability over the counter, clinicians should be aware of their potential benefit in NAFLD. Ursodeoxycholic acid has been demonstrated in numerous small studies to have a benefit on liver enzymes and other measurable outcomes, however larger studies did not demonstrate significant histologic improvement[163-165]. Omega-3 fatty acids have also shown promise for treating NASH, several studies have shown measurable decreases in ALT and hepatic fat content in patients[166-168]. However despite these trials, the efficacious dose has not been established, histopathologic data is sparse and high quality randomized controlled trials have not been done, although one is in process[169]. High dose niacin therapy has also been shown to prevent steatohepatitis and liver deposition in rats, showing promise as a potential future therapeutic treatment modality with further research[170]. 

Metformin

Due to the link between insulin resistance and NAFLD, several studies have investigated the use of oral insulin sensitizing agents for the treatment of the disease. One of the most studied insulin sensitizing drugs is metformin. While several studies have demonstrated a decrease in ALT and increases in insulin sensitivity in patients with fatty liver[171-173], few have established histologic improvement[174]. Another study established that metformin is less effective at decreasing liver enzymes and hepatic content than exercise alone[175]; furthermore in a 2010 study, metformin was observed to have only a weak improvement over diet alone[176]. In a study looking specifically at patients with insulin resistances, without diabetes, metformin was found to have little to no histopathologic improvement when compared to controls, however it should be noted that this study included small number of patients and had a significant dropout rate[177]. Another study comparing metformin, vitamin E and diet similarly showed no histologic difference, despite ALT improvement[178]. While there is one small study showing histologic improvement in NASH patients following a 48 wk treatment period[179], the inconclusive and conflicting evidence lead to the conclusion that further investigations are necessary before recommending the use of metformin for NASH without coexisting diabetes.

TZDs

Another insulin sensitizing agent widely investigated for the treatment of NASH are the TZDs, specifically pioglitazone and rosiglitazone. As described earlier, the TZDs are activators of PPAR, which has been observed to be down regulated in models of NAFLD. One of the earliest RCTs on rosiglitazone, the FLIRT trial done in 2008, demonstrated a 31% improvement in steatosis and transaminase levels respectively when compared to placebo[180]; a follow up FLIRT 2 trial in 2010, solidified these results[181]. Another study demonstrated a significant decrease in transaminase levels and histopathologic damage in nondiabetic patients treated with pioglitazone vs placebo[182]. Follow up studies showed that pioglitazone, when compared to metformin, decreased hepatic steatosis in diabetics with NASH[183], and rosiglitazone alone performed similarly when compared with the addition of metformin or losartan[184]. 

A meta-analysis demonstrated similar improvements in histopathologic outcomes in patients with NASH, and showed statistical significance to pioglitazone improving fibrosis in NASH[185]. It is important to note that all studies noted the side effect of weight gain in patients taking TZDs. There have been numerous studies investigating TZDs and their risk of significant cardiovascular events. A recent meta-analysis showed rosiglitazone had significantly higher odds of congestive heart failure (CHF), myocardial infarction, and death when compared to pioglitazone[186]. Pioglitazone itself has also been shown to have a 0.5% higher rate of CHF when compared to control groups in another study[187]. For this reason rosiglitazone is largely unavailable in most markets. Further research is needed to assess the long-term risks and benefits of pioglitazone in diabetic patients before further recommendations can be made, as most of the data to date is in the nondiabetic population.

Fibrates and other PPAR agonists

The fibrates are agonists of PPAR and are used clinically for the management of dyslipidemias. They have also been shown to decrease hepatic triacylglycerol content in rats, via the upregulation of triglyceride lipase[188]. A small (27 patient) study in 2010, demonstrated a minimal and statistically insignificant decrease in intrahepatic triglyceride content in obese patients taking fenofibrate when compared to placebo[189]. Another small study demonstrated a significant decrease in ALT in patients taking fenofibrate; additionally histologic improvement was observed in the amount of hepatocellular ballooning degeneration but not in the amount of steatosis or fibrosis[190]. At this time, fibrates need further investigation with RCTs, however the lack of data on histopathologic improvement is a cause for pause at the moment.

New data published in 2013 regarding a recently developed dual PPAR/ agonist (GFT505), has been shown to decease hepatic and peripheral insulin sensitivity in obese patients[191]. Data from this study also saw a 20.5% decrease in ALT levels over the study period. Another 2013 study has demonstrated GFT505’s efficacy in improving steatosis, lowering liver enzymes and decreasing inflammation in rodent models of NAFLD and NASH[192]. While human data on GFT505’s effects on NAFLD does not currently exist, early results are promising.
Statins

The cardiovascular manifestations of liver diseases, including NAFLD are commonly seen and contribute significantly to the morbidity and mortality of liver disease patients[193-196]. Statins are a commonly prescribed preventative treatment for patients with cardiovascular risk factors and disease. The use of statins in patients with liver disease including NAFLD has been established as safe and can be used in the treatment of cardiovascular disease in these patients[83,197,198]. The use of statins as a therapy targeted specifically at NASH has shown promise in recent studies. The results have been mixed, with one early study showing no improvement in serologic markers[199], and other studies showing benefit[200-202].

The prospective GREACE study in 2010 included a large patient population (1600) with abnormal liver enzymes and coronary artery disease, and compared several outcomes between groups treated with statins[203]. Significant reductions in liver enzymes were found in the statin group, as well as a 68% relative risk reduction in the chance of having an adverse cardiovascular event. Data in the St Francis Heart Study showed a decrease in hepatic steatosis (visualized via CT) in 455 patients receiving combination therapy of atorvastatin and vitamins C and E when compared to placebo[204]. Despite this data, the use of combination therapy in the St Francis Heart Study makes it difficult to determine the significance of the statin on the results. Additionally, histopathologic data on the contribution of statins to the treatment of NASH alone is scarce. The use of statins specifically for NASH is cannot be recommended at this time and requires further research. Patients who need statins due to coexisting cardiac risk factors, should not, however, have a statin withheld from their treatment due to NASH[205].

Surgery

Weight loss has been established as a viable therapy for patients with NAFLD[140,146]. It is therefore reasonable to infer the benefit for bariatric surgery for patients with NASH. Studies have demonstrated that the presence of NASH does not increase complications of bariatric surgery[206] and have observed a significant decrease in steatohepatitis in patients following bariatric surgery[207,208]. Two recent meta-analyses have likewise concluded that by nearly all measurable outcomes, NASH improves following bariatric surgery[209,210]. Despite this data, there remains a lack of controlled evidence as well as long term data to indicate bariatric surgery exclusively for NASH[211]. Other, less invasive options for bariatric therapy, such as intragastric balloons, have shown benefits in improving liver function, insulin resistance, and histopathologic measures in obese patients with and without NASH[212-214].

Patients with NAFLD can progress to end-stage liver disease, with the only remaining option is liver transplantation. Transplants for cirrhosis due to NAFLD have had results comparable to patients without NAFLD[215]. NAFLD can recur after transplant or develop de novo. Steroid therapy, obesity, hyperlipidemia and diabetes are the best predictors for the development of NAFLD post-transplant. Unfortunately weight gain is a known side effect of immunosuppressant agents. The use of Vitamin E and insulin sensitizers has not been studied in post-transplant patients, and therefore diet and exercise remain the only recommendations at the time being.

Miscellaneous potential treatment modalities

Several novel therapies for NAFLD have emerged over the past several years given the increasing prevalence of the disease. While none are ready for use for widespread use, they represent potential future therapeutic options for a growing population of those suffering from NAFLD. A mixture of high molecular weight beeswax alcohols, D-002, has been shown to improve ultrasonographic findings, insulin resistance and well as symptoms in patients with NAFLD[216]. In a phase 2 trial (NCT00501592) obeticholic acid, a farnesoid X receptor agonist, has been shown to increase insulin sensitivity and reduce markers of liver inflammation and fibrosis in patients with diabetes and NAFLD[217]. The FLINT trial of obeticholic acid was ended early, due to earlier than expected improvements in the treatment group (NCT01265498).

The use of pentoxifylline as anti-TNF therapy in NAFLD has also been investigated. Early small studies have demonstrated a benefit in aminotransferases and histopathologically[218]. The use of therapeutic phlebotomy is also in phase 2 clinical trials (NCT00641524) and has shown moderate improvement in liver histology in NAFLD[219]. In another study, a plant supplement Chlorella vulgaris was seen to decrease levels of transaminases and increase insulin sensitivity[220]. While all of these therapies are still in their infancy, with future investigations they may become another tool used in the management of fatty liver.

Special Considerations for Children and Adolescents

With increasing rates of diabetes and obesity among children and adolescents in the United States and worldwide, NAFLD has also been seen more frequently in younger age groups. Children as young as 2 years old have been reported to have NAFLD and associated steatohepatitis has been seen at age 8[221]. In a study of 742 children undergoing autopsy, fatty liver was found in 13% of the subjects[221]. For this reason it is important for clinicians to keep fatty liver in mind when working up a patient with incidental findings of elevated transaminases.

There are several special considerations to consider when diagnosing and treating children with suspected fatty liver disease. First, when diagnosing steatosis and NASH in very young children, it is especially important to rule out inheritable metabolic disorders such as hemochromatosis and lysosomal storage disease. It is important to keep in mind that children can have significant histologic abnormalities despite normal to moderately elevated ALT levels[222]. Additionally, when considering the use of imaging, it is important to consider the added lifetime risk of radiation, as well as the tendency for children to have phobias regarding the confined enclosure used in CT and magnetic resonance imaging. If the diagnosis of NAFLD is in doubt, the use of liver biopsy is still indicated. Consideration should be made for the potential risk of complications, one studies have shown a 2.4%-4.5% risk of major complications in children undergoing percutaneous liver biopsy[223,224]. However most of these complications were seen in patients with other comorbidities. The histopathologic appearance of NAFLD in children can also differ from adults. Macrovesicular hepatocellular steatosis with portal inflammation and fibrosis is often seen, with the absence of ballooning degeneration[225].

Treatments for NASH in children do not differ significantly from those recommended for adults. Data has shown lifestyle modification is the mainstay of treatment[22]. The largest study of pharmacotherapy for NASH in children to date was the TONIC trial in 2011[226]. It demonstrated no difference in children between metformin or vitamin E and placebo, however the primary outcome of the study was reduction in ALT. When stratified for reduction in steatohepatitis in children with NASH, a 58% improvement was seen in the vitamin E treatment group (p = 0.006). The TZDs have not been investigated in children sufficiently for recommendation.

CONCLUSION

Finally, NAFLD is a growing problem worldwide and with the increasing prevalence and incidence of obesity NAFLD could soon become an epidemic. Despite the positive strides made over the last several years, much remains to be understood regarding the mechanism of the disease. Our incomplete understanding of the pathogenesis is a major hurdle in the path towards developing methods for preventing and treating the disease. Additionally, the lack of awareness of the disorder and absence of reliable noninvasive diagnostic tools, has likely left many patients undiagnosed. For these reasons, there is a pressing need for further research into developing additional diagnostic tools and therapeutic modalities. Until then, education regarding lifestyle modifications for at risk populations is imperative. In NAFLD, as is the case in many diseases, an ounce of prevention is worth a pound of cure.
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FIGURE LEGENDS

Figure 1  Schematic of protein and gene pathways involved in lipid processing and implicated in non-alcoholic fatty liver disease. LXR: Liver X receptor; PNPLA3: Patatinlike phospholipase domain-containing 3 gene; PPAR: Peroxisome proliferators activated receptors; SREBP-1c: Sterol regulatory element-binding protein.
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Table 1  Genes and proteins Implicated in non-alcoholic fatty liver disease


Gene�
Protein�
Function�
�
APOc3�
Apolipoprotein C3�
Surface component of VLDL and inhibits LPL[227]�
�
ATGL�
Adipose triglyceride lipase�
Catalyzes the initial step in triglyceride hydrolysis[228]�
�
CGI-58�
Comparative Gene Identification-58�
Activator of triglyceride hydroxylases (including ATGL)[228]�
�
GCKR�
Glucokinase regulatory Protein�
Downregulation of glucokinase[229]�
�
LXR�
Liver X Receptor�
Transcription factor for numerous target genes involved in glucose and lipid metabolism[230]�
�
PNPLA3�
Palatin-like phospholipase-containing protein 3�
Unknown, possible triglyceride hydroxylase[16]�
�
PPAR�
Peroxisome proliferator-activated receptor �
Nuclear receptor that promotes the catabolism of fatty acids[231]�
�
PPAR�
Peroxisome Proliferator-Activated Receptor �
Nuclear receptor that promotes storage and processing of fatty acids[232]�
�
PPP1R3B�
Glycogen Binding Subunit of Protein Phosphatase 1�
Subunit in Protein Phosphatase which activates glycogen synthase[233]�
�
SBERP1c�
Sterol regulatory element-binding protein�
Transcription factor for genes involved in de novo lipogenesis[234]�
�
ATGL: Adipocyte TG lipase; LPL: Lipoprotein lipase; VLDL: Very-low-density lipoproteins.





Table 2  Summary of included variables in scoring methods for non-alcoholic fatty liver disease


�
NAFLD Fibrosis Score�
Fibrotest�
FIB-4�
ELF�
BARD�
NICE�
NASH test�
�
Age�
×�
×�
×�
×�
�
�
×�
�
BMI�
×�
�
�
�
×�
�
�
�
AST�
×�
�
×�
�
×�
�
×�
�
ALT�
×�
�
×�
�
×�
x�
×�
�
Platelet Count�
×�
�
×�
�
�
�
�
�
Albumin�
×�
�
�
�
�
�
�
�
2-MG�
�
×�
�
�
�
�
×�
�
Total bilirubin�
�
×�
�
�
�
�
×�
�
Apo A1�
�
×�
�
�
�
�
×�
�
GGT�
�
×�
�
�
�
�
×�
�
PIIINP�
�
�
�
×�
�
�
�
�
HA�
�
�
�
×�
�
�
�
�
TIMP�
�
�
�
×�
�
�
�
�
DM�
�
�
�
�
×�
�
�
�
MS�
�
�
�
�
�
×�
�
�
CK-18�
�
�
�
�
�
×�
�
�
Sex�
�
�
�
�
�
�
×�
�
Height�
�
�
�
�
�
�
×�
�
Weight�
�
�
�
�
�
�
×�
�
HG�
�
�
�
�
�
�
×�
�
TGL�
�
�
�
�
�
�
×�
�
CL�
�
�
�
�
�
�
×�
�
2-MG: 2 macroglobulin; ALT: Alanine aminotransferase; ApoA1: Apolipoprotein A1; AST: Aspartate aminotransferase; BMI: Body mass index; CK-18: Cytokeratin-18; CL: Cholesterol levels; DM: Diabetes mellitus; ELF: European Liver Fibrosis Test; GGT: Gamma-glutamyl transpeptidase; HA: Hyaluronic acid; HG: Haptoglobin; MS: Metabolic syndrome; PⅢNP: Aminoterminal propeptide of type Ⅲ collagen; TGL: Triglyceride levels; TIMP: Tissue inhibitor of metalloproteinases; NASH: Nonalcoholic steatohepatitis.





Table 3  Statistical analysis of various scoring methods for non-alcoholic fatty liver disease


�
NAFLD fibrosis score�
Fibrotest�
FIB-4�
ELF�
BARD�
NICE�
NASH test�
�
AUROC�
0.84�
0.75-0.86�
0.86�
0.87�
0.81�
0.88�
0.79�
�
Sens (%)�
82�
77�
85�
89�
�
84�
33�
�
Spec (%)�
98�
98�
65�
96�
�
86�
94�
�
PPV (%)�
90�
90�
36�
80�
43�
44�
66�
�
NPV (%)�
93�
73�
95�
98�
96�
98�
81�
�
NAFLD: Nonalcoholic fatty liver disease; AUROC: Area under the receiver operating characteristic curve; ELF: European Liver Fibrosis Test; PPV: Positive predictive value; NPV: Negative predictive value; Sens: Sensitivity; Spec: Specificity; NASH: Nonalcoholic steatohepatitis.
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