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Abstract
[bookmark: OLE_LINK538][bookmark: OLE_LINK539][bookmark: OLE_LINK540][bookmark: OLE_LINK541][bookmark: OLE_LINK606][bookmark: OLE_LINK607][bookmark: OLE_LINK424][bookmark: OLE_LINK425][bookmark: OLE_LINK426][bookmark: OLE_LINK427][bookmark: OLE_LINK429][bookmark: OLE_LINK430][bookmark: OLE_LINK431][bookmark: OLE_LINK432][bookmark: OLE_LINK369][bookmark: OLE_LINK370]We provide a concise review of the main epidemiological literature on fatty liver (FL) published between January 2011 and October 2013. The findings from such literature will be considered in light of the already available knowledge. We discuss the limitations inherent into the dichotomization of FL into non-alcoholic and alcoholic FL, the potential relevance of FL as independent predictor of cardiometabolic disease, and recent research addressing the role of FL as independent predictor of mortality. This review is organized as a series of answers to relevant questions about the epidemiology of fatty liver.
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Core tip: We discuss the limitations inherent into the dichotomization of FL into non-alcoholic and alcoholic FL, the potential relevance of FL as independent predictor of cardiometabolic disease, and recent research addressing the role of FL as independent predictor of mortality.
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INTRODUCTION
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[bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK207][bookmark: OLE_LINK549][bookmark: OLE_LINK550][bookmark: OLE_LINK208][bookmark: OLE_LINK209][bookmark: OLE_LINK563][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK146]Magnetic resonance spectroscopy of the liver (LMRS) has also been used to perform population studies of FL[15] but is less portable and more expensive than LUS[8]. However, a clear advantage of LMRS over LUS is that it offers a continuous rather than an ordinal measure of FL[16].
[bookmark: OLE_LINK441][bookmark: OLE_LINK442][bookmark: OLE_LINK371][bookmark: OLE_LINK435][bookmark: OLE_LINK436][bookmark: OLE_LINK443][bookmark: OLE_LINK444][bookmark: OLE_LINK493][bookmark: OLE_LINK494][bookmark: OLE_LINK551][bookmark: OLE_LINK552][bookmark: OLE_LINK555][bookmark: OLE_LINK556][bookmark: OLE_LINK564][bookmark: OLE_LINK565][bookmark: OLE_LINK566][bookmark: OLE_LINK567][bookmark: OLE_LINK568][bookmark: OLE_LINK569][bookmark: OLE_LINK570][bookmark: OLE_LINK583][bookmark: OLE_LINK584][bookmark: OLE_LINK585][bookmark: OLE_LINK586][bookmark: OLE_LINK553][bookmark: OLE_LINK554][bookmark: OLE_LINK439][bookmark: OLE_LINK440][bookmark: OLE_LINK581][bookmark: OLE_LINK582][bookmark: OLE_LINK437][bookmark: OLE_LINK438][bookmark: OLE_LINK26][bookmark: OLE_LINK40]A further option to study FL in the general population is the use of surrogate markers. A discussion of such markers is beyond the scope of this article and the interested reader is referred to a recent review on this topic[8]. We wish however to briefly mention the fatty liver index (FLI), which we developed in about 500 adult citizens of Campogalliano (Modena, Northern Italy) during the Dionysos Nutrition and Liver Study[9,17]. FLI is based on four common anthropometric and biochemical measures (body mass index, waist circumference, gamma-glutamyl-transferase and triglycerides) and has gained much attention because of its association with prevalent cardiovascular disease, incident type 2 diabetes mellitus (T2DM), and liver-related mortality[18-22]. More importantly for its ability to serve as surrogate marker of FL, FLI has been successfully cross-validated in external populations[23,24].
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[bookmark: OLE_LINK212][bookmark: OLE_LINK213][bookmark: OLE_LINK214][bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK446][bookmark: OLE_LINK497][bookmark: OLE_LINK168][bookmark: OLE_LINK169][bookmark: OLE_LINK195][bookmark: OLE_LINK196][bookmark: OLE_LINK189][bookmark: OLE_LINK190][bookmark: OLE_LINK326][bookmark: OLE_LINK327]NAFL is however just one part of the spectrum of liver disease that falls under the umbrella term of non-alcoholic fatty liver disease (NAFLD)[3]. It should be noted that we are using the term NAFL in a broader sense than that recently suggested by the American Gastroenterological Association (AGA), i.e., the finding of “steatosis without steatohepatitis” at LB[26].
[bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK221][bookmark: OLE_LINK222][bookmark: OLE_LINK226][bookmark: OLE_LINK227][bookmark: OLE_LINK228][bookmark: OLE_LINK229][bookmark: OLE_LINK336][bookmark: OLE_LINK447][bookmark: OLE_LINK498][bookmark: OLE_LINK499][bookmark: OLE_LINK201][bookmark: OLE_LINK202][bookmark: OLE_LINK219][bookmark: OLE_LINK220][bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK175][bookmark: OLE_LINK176][bookmark: OLE_LINK223][bookmark: OLE_LINK224][bookmark: OLE_LINK225][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK502][bookmark: OLE_LINK503][bookmark: OLE_LINK504][bookmark: OLE_LINK500][bookmark: OLE_LINK501][bookmark: OLE_LINK199][bookmark: OLE_LINK200]Besides NAFL, the NAFLD spectrum includes steato-hepatitis (NASH), fibrosis, cirrhosis and hepatocarcinoma (HCC). The idea behind NAFLD as a spectrum of liver disease was that simple steatosis might progress to NASH and then to chronic liver disease. However, this idea has been increasingly challenged in the last decade[27]. Studies performed in Liver Centers have shown that, whereas about 20% of cases of NASH will develop liver fibrosis, simple steatosis will virtually never progress to NASH[1,2,28]. There is indeed the possibility that NAFL and NASH are twin but independent conditions and that triglyceride accumulation alone is protective, at least up to a certain degree and as long as liver outcomes are concerned[27,29].
[bookmark: OLE_LINK573][bookmark: OLE_LINK574][bookmark: OLE_LINK505][bookmark: OLE_LINK506][bookmark: OLE_LINK337][bookmark: OLE_LINK338][bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK339][bookmark: OLE_LINK340][bookmark: OLE_LINK374][bookmark: OLE_LINK448][bookmark: OLE_LINK451][bookmark: OLE_LINK452][bookmark: OLE_LINK507][bookmark: OLE_LINK508][bookmark: OLE_LINK575][bookmark: OLE_LINK449][bookmark: OLE_LINK450][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK183][bookmark: OLE_LINK184][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK234][bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK453][bookmark: OLE_LINK454]NAFL(D) and AFL(D) cannot be distinguished at LB and their differentiation is based on the assessment of ethanol intake[3,25]. After exclusion of other causes of FL (mostly hepatitis B or hepatitis C virus infection and use of steatogenic drugs), the guidelines of the European Association for the Study of the Liver (EASL) suggest that NAFLD should be diagnosed when ethanol intake is ≤ 20 g/d in women and ≤ 30 g/d in men[30]. AGA guidelines suggest that NAFLD should be diagnosed when men consume ≤ 21 drinks per week and women consume ≤ 14 drinks per week[26]. Although the EASL and AGA cut-points are roughly equivalent, the former have the advantage of focusing on actual ethanol intake, possibly avoiding the problems associated with the choice of different “drink units”[31].
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[bookmark: OLE_LINK275][bookmark: OLE_LINK276][bookmark: OLE_LINK279][bookmark: OLE_LINK377][bookmark: OLE_LINK378][bookmark: OLE_LINK520][bookmark: OLE_LINK521][bookmark: OLE_LINK352][bookmark: OLE_LINK353][bookmark: OLE_LINK277][bookmark: OLE_LINK278][bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK280][bookmark: OLE_LINK281][bookmark: OLE_LINK282][bookmark: OLE_LINK283][bookmark: OLE_LINK284]In the general population of the Dionysos Nutrition and Liver Study, 45% of individuals had (any degree of) FL at LUS[9,17]. Using a cut-point of 20 g/d for ethanol intake, 25% of them had NAFLD and 20% had AFLD[9]. A recent study performed in a large primary care practice has shown that nearly one every three patients with persistently elevated alanine transaminase has NAFLD[37,38].
[bookmark: OLE_LINK469][bookmark: OLE_LINK470][bookmark: OLE_LINK471]Systematic reviews estimate that about 20%-30% of individuals in Western countries have NAFLD[26] and similar figures are being increasingly provided for Eastern countries[39]. The prevalence of NAFLD increases with age, is highest in males between 40 and 65 years and is higher in Hispanics and lower in African-Americans[26,30,35]. The prevalence of NAFLD is increasing rapidly among children in parallel with the current epidemic of obesity[36].
[bookmark: OLE_LINK379][bookmark: OLE_LINK380][bookmark: OLE_LINK287][bookmark: OLE_LINK288][bookmark: OLE_LINK289][bookmark: OLE_LINK292][bookmark: OLE_LINK349][bookmark: OLE_LINK381][bookmark: OLE_LINK382][bookmark: OLE_LINK383][bookmark: OLE_LINK523][bookmark: OLE_LINK524][bookmark: OLE_LINK527][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK384][bookmark: OLE_LINK385][bookmark: OLE_LINK290][bookmark: OLE_LINK291][bookmark: OLE_LINK525][bookmark: OLE_LINK526][bookmark: OLE_LINK181][bookmark: OLE_LINK182]LUS data from the third edition of the National Health and Nutrition Examination Survey (NHANES III) (1988-1994) have recently been used to provide an estimate of the prevalence of FL in the general United States population[40]. Although these data were collected more than 20 years ago and may underestimate the present prevalence of FL, they are unique because they were obtained in a representative sample of the general population. The age-adjusted prevalence of FL in NHANES III, defined as moderate to severe FL at LUS, was 21% while that of NAFLD was 20%[40].
[bookmark: OLE_LINK386][bookmark: OLE_LINK387][bookmark: OLE_LINK388][bookmark: OLE_LINK528][bookmark: OLE_LINK347][bookmark: OLE_LINK348][bookmark: OLE_LINK350]Because LB can be performed only in Liver Centers, it is unknown how many individuals in the general population have NASH or liver fibrosis. Projections made mostly on the basis of autopsy data suggest that 3%-5% of individuals in the general population might have NASH[2,41]. Using surrogate markers of liver fibrosis, it has been postulated that about 3% of individuals in the general population might have liver fibrosis[42].
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[bookmark: OLE_LINK331][bookmark: OLE_LINK410][bookmark: OLE_LINK396][bookmark: OLE_LINK397][bookmark: OLE_LINK312][bookmark: OLE_LINK313][bookmark: OLE_LINK314][bookmark: OLE_LINK317][bookmark: OLE_LINK398][bookmark: OLE_LINK399]A recent longitudinal analysis of about 11000 individuals from NHANES III has shown that LUS-determined NAFLD alone is not an independent predictor of mortality[45]. However, when considered together with advanced fibrosis – as detected by surrogate markers – NAFLD was associated with increased mortality independently of known risk factors[45]. Another recent analysis of the same NHANES III data (with a different number of subjects because of different inclusion criteria) has shown that NAFLD may be an independent predictor of liver-related mortality in Whites[46]. Considering the different effect measures and statistical methods employed by these studies[45,46], their results are not necessarily at odds if one considers that the effect size of the “positive” study was highly variable (relative risk of death attributable to NAFLD = 10.74, 95%CI: 1.17-98.54).
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[bookmark: OLE_LINK400][bookmark: OLE_LINK401][bookmark: OLE_LINK293][bookmark: OLE_LINK294][bookmark: OLE_LINK297][bookmark: OLE_LINK300][bookmark: OLE_LINK298][bookmark: OLE_LINK299][bookmark: OLE_LINK49][bookmark: OLE_LINK56][bookmark: OLE_LINK203][bookmark: OLE_LINK204][bookmark: OLE_LINK57][bookmark: OLE_LINK103]There is no doubt that NAFLD is more common among obese individuals and those with the metabolic syndrome (MS)[26,30]. Because of this association, it has become common to state that NAFLD is the “hepatic component” of the MS[46]. However, this hypothesis has not undergone formal testing until very recently[47]. A confirmatory factor analysis of NHANES III cross-sectional data has indeed shown that NAFLD is more likely to be a separate entity rather than an additional component of MS[47]. Even if NAFLD is not the “hepatic component” of MS, however, it remains to be tested whether MS and NALFD contribute independently to “hard outcomes” in the general population. This is important also in view of the ongoing controversy about the clinical relevance of the MS concept[48-50].
[bookmark: OLE_LINK594][bookmark: OLE_LINK595][bookmark: OLE_LINK600][bookmark: OLE_LINK413][bookmark: OLE_LINK472][bookmark: OLE_LINK587][bookmark: OLE_LINK588][bookmark: OLE_LINK589][bookmark: OLE_LINK590][bookmark: OLE_LINK591][bookmark: OLE_LINK592][bookmark: OLE_LINK593][bookmark: OLE_LINK598][bookmark: OLE_LINK599][bookmark: OLE_LINK601][bookmark: OLE_LINK602][bookmark: OLE_LINK603]Although NAFLD is most commonly associated with obesity, it is by no means uncommon in lean individuals. A recent analysis of NHANES III data has shown that the prevalence of NAFLD in lean individuals – defined as those with body mass index ≤ 25 kg/m2 – is one fourth of that observed in overweight-obese individuals (7% vs 28%)[35]. As compared to its overweight-obese counterpart, “lean NAFLD” is characterized by younger age, higher insulin sensitivity and lower frequency of MS[35].
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[bookmark: OLE_LINK403][bookmark: OLE_LINK404]Much of the popularity of NAFLD among researchers and clinicians outside the field of hepatology stems from its association with cardiometabolic disease[51-53]. 
[bookmark: OLE_LINK320][bookmark: OLE_LINK321][bookmark: OLE_LINK356][bookmark: OLE_LINK357][bookmark: OLE_LINK205][bookmark: OLE_LINK206]In the last few years, an increasing number of cohort studies performed in the general population of Western and Eastern countries has shown that NAFLD – as diagnosed by LUS or by surrogate markers such as the FLI – is independently associated with incident T2DM[18,21,54,55]. The available evidence pointing to an association between NAFLD and incident cardiovascular disease (CVD) is presently of lower quality than that available for incident T2DM[54]. In a recent study performed in a tertiary CVD care center, NAFLD was associated with coronary artery disease but not with cardiovascular mortality[56]. Likewise, a recent analysis of NHANES III cohort data showed that NAFLD was associated with incident CVD but not with CVD mortality[57]. 
[bookmark: OLE_LINK322][bookmark: OLE_LINK323]The availability of long-term follow-up data in more or less representative samples of the general population will be central in coming years to improve our understanding of the NAFLD-CVD relationship.
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