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Due to the current obesity epidemic, nonalcoholic fatty liver disease (NAFLD) affects a significant portion of the US patient population, and it represents one of the most common causes of liver disease in the Western world. Over the last several years, significant progress has been made related to understanding the natural history, pathobiology, and treatment of this condition. It is recognized that NAFLD encompasses a spectrum of liver histology ranging from isolated fatty liver to steatohepatitis with cirrhosis. NAFLD may be present in both adults and children and can progress to end-stage liver disease with resultant cirrhosis, portal hypertension, and hepatocellular carcinoma. In addition, several extrahepatic conditions may be linked to NAFLD, including cardiovascular disease, insulin-requiring and type 2 diabetes mellitus, obstructive sleep apnea, colonic adenomas, and polycystic ovarian syndrome. In this issue of Clinics in Liver Disease, a group of distinguished experts in the field provide an update related to various aspects of NAFLD.


The epidemiology of NAFLD in the United States and the rest of the world is introduced by Drs M Sayiner, A Koenig, L Henry, and Z Younossi, and a discussion of racial and ethnic differences in NAFLD is provided by Drs H Kalia and P Gaglio. Next, the pathobiology of NAFLD related to the metabolic syndrome is reviewed by Drs P. Kanwar and K Kowdley, followed by a discussion of the effect of lipids and insulin resistance on this condition by Drs P Berk and E Verna. Emerging data related to the influence of the gut microbiome on NAFLD are presented by Drs J Boursier and AM Diehl. The next group of articles covers clinical aspects and natural history of NAFLD; Drs V Patel, A Sanyal, and R Sterling describe the clinical presentation and evaluation of patients with NAFLD, and the histology of NAFLD and NASH in adults and children is discussed by Drs D Kleiner and H Makhlouf. This is followed by a review of the progression and natural history of NAFLD in adults by Drs A Marengo, RI Jouness, and E Bugianesi, and in children, by Drs N Goyal and J Schwimmer.


Our understanding of optimal therapy for NAFLD is evolving rapidly; Drs W Hannah and S Harrison illustrate the effect of weight loss, diet, exercise, and bariatric surgery, and current pharmacologic therapies are reviewed by Drs S Ganesh and V Rustgi. NAFLD therapies on the horizon are introduced by Drs B Hameed and N Terrault. Several additional aspects of NAFLD are covered by Drs K Chacko and J Reinus, who present information on extrahepatic manifestations of NAFLD, including a discussion of a “mimic” of NAFLD, specifically, lysosomal acid lipase deficiency. Drs T Pham, T Dick, and M Charlton conclude this issue with an article on the present and future role of liver transplantation in managing patients with NAFLD.


It is hoped that this issue of Clinics in Liver Disease will provide health care providers and other interested individuals a convenient reference for understanding multiple aspects of NAFLD and provide a framework to facilitate patient diagnosis, and ultimately, treatment for this condition. Further advances in understanding the pathobiology, natural history, and optimal therapy for NAFLD are eagerly anticipated.










Epidemiology of Nonalcoholic Fatty Liver Disease and Nonalcoholic Steatohepatitis in the United States and the Rest of the World

Mehmet Sayiner, MDa, Aaron Koenig, MSa, Linda Henry, PhDa and Zobair M. Younossi, MD, MPHa,b,*,    aBetty and Guy Beatty Center for Integrated Research, Inova Fairfax Hospital, Claude Moore Health Education and Research Building, 3300 Gallows Road, Falls Church, VA 22042, USA,    bDepartment of Medicine, Center for Liver Diseases, Inova Fairfax Hospital, 300 Gallows Road, Falls Church, VA 22042, USA,    *Corresponding author. Betty and Guy Beatty Center for Integrated Research, Claude Moore Health Education and Research Building, 3300 Gallows Road, Falls Church, VA 22042, E-mail: zobair.younossi@inova.org






Nonalcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease with increasing prevalence, which can progress to cirrhosis and liver failure. Because of the obesity epidemic and increasing prevalence of metabolic syndrome, NAFLD and its progressive form, nonalcoholic steatohepatitis, are seen more commonly in different parts of the world. This article reviews the worldwide epidemiology of NAFLD and nonalcoholic steatohepatitis. The PubMed database was used to identify studies related to epidemiology of NAFLD in the adult population. It is estimated that the epidemic of obesity will continue to fuel the burden of NAFLD and its long-term complications.

Keywords

Epidemiology; NAFLD; NASH; Prevalence

Key points



• Nonalcoholic fatty liver disease (NAFLD) and its progressive form, nonalcoholic steatohepatitis (NASH), are common causes of chronic liver disease with an increasing worldwide prevalence.

• Because of the differences in diagnostic modalities, prevalence estimates of NAFLD/NASH differ widely across populations.

• Although histologic evaluation with liver biopsy is the gold standard for diagnosing NASH, emerging noninvasive modalities, such as transient elastography, are increasingly used for evaluation of fibrosis in patients with NASH.

• The population studied and their associated risk factors are potential reasons for the variances in prevalence rates.

• As the rate of obesity, diabetes, and metabolic syndrome continue to increase, NAFLD and NASH will bring a tremendous impact on health care in the upcoming years.





Background

Nonalcoholic fatty liver disease (NAFLD) is one of the most common causes of chronic liver disease in adults.1 NAFLD is a spectrum of liver disease ranging from simple steatosis to steatohepatitis, fibrosis, and cirrhosis.2 Although not all patients with NAFLD develop liver-related complications, patients with nonalcoholic steatohepatitis (NASH) are at an increased risk of developing fibrosis, cirrhosis, or hepatocellular carcinoma.3 NASH is currently the second indication for liver transplantation and will become the leading indication for liver transplantation in the next two decades.4 Known risk factors for NAFLD and NASH include metabolic conditions, such as diabetes and obesity, and age, gender, and race/ethnicity.5 Although the prevalence of NAFLD is well described in the Western World, the global epidemiology of NAFLD is less well described.


In this study, we reviewed the literature (2000-2015) to assess epidemiology of NAFLD in adults. Incidence, prevalence and risk factors were summarized.

Nonalcoholic fatty liver disease/nonalcoholic steatohepatitis diagnosis

There are several diagnostic modalities used in the diagnosis of NAFLD and NASH. The accuracy of of these modalities can vary, which can impact the assessment of epidemiology of NAFLD. For more information on this topic please see Kleiner DE and Makhlouf HR: Histology of Nonalcoholic Fatty Liver Disease and Nonalcoholic Steatohepatitis in Adults and Children, in this issue.

Nonalcoholic fatty liver disease/nonalcoholic steatohepatitis incidence

There is a paucity of data regarding the incidence of NAFLD. In the literature, the numbers differ widely, and the incidence rates are most likely underreported. In a Japanese study, Sung and colleagues6 followed up nearly 11,500 patients for 5 years to determine if a change in fatty liver status had an effect on incident hypertension. Fatty liver status was assessed at baseline and in the follow-up period by using ultrasound. In this study, 10% of participants developed fatty liver in 5 years and in 5% of the cohort, fatty liver at baseline resolved during follow-up. In another study from Israel, Zelber-Sagi and coworkers7 in a 7-year prospective study evaluated the incidence and remission of NAFLD. Their incidence rate was found to be 19%, almost double compared with the study by Sung and colleagues.6


In another Japanese study with a longer follow-up period, data from atomic bomb survivors were used. In this study, 1635 patients without NAFLD were followed for 11.6 years. The incidence of NAFLD was found to be 19.9 per 1000 person-years.8 In a recent study of Wong and colleagues9 565 patients were followed. The development of fatty liver was assessed by using MRI and transient elastography. The population incidence of NAFLD at 3 to 5 years was 13.5% (34 per 1000 person-years). The obvious variations in these incidence rates suggest that further studies, using consistent diagnostic modalities, are needed to provide a more accurate assessment of the incidence of NAFLD worldwide.



Nonalcoholic fatty liver disease/nonalcoholic steatohepatitis worldwide prevalence by continent


North America

Despite the limitation of the diagnostic modalities, it is clear that NAFLD and NASH have reached epidemic proportions in the United States and North America. In one recent study the US population prevalence of NAFLD was estimated using data from the National Health and Nutrition Examination Survey (NHANES) III database (Fig. 1). Patients were diagnosed with NAFLD if moderate to severe hepatic steatosis was found on the ultrasound in the absence of other causes of liver disease. Furthermore, NAFLD patients with elevated liver enzymes in the presence of diabetes mellitus (DM) or insulin resistance were presumed to have NASH. From these data, the prevalence of NAFLD in the United States was determined to be 18.8% and NASH was 2.6%, whereas the prevalence of NAFLD among overweight people was 28%.10 In another study also using NHANES III data, the prevalence of NAFLD according to ultrasonography was approximately the same at 19%. Additionally, in a study using the same database but establishing NAFLD with liver enzymes, the prevalence of NAFLD was reported to be 24%.11,12



[image: image]
Fig. 1 Global prevalence of NAFLD (Nigeria,28 Australia,32 Iran,56 Romania,57 Spain,22 Japan,33 Germany,58 Taiwan,37 South Korea,36 United States,10 Israel,7 Greece,25 Mexico,3 Netherlands,26 Brazil,18 and China45).






In general, it is not easy to establish the prevalence of NASH in the general population because of the need of histologic evaluation. Therefore, the prevalence of NASH has been usually reported from selected patient populations. A recent study that enrolled military personnel and their dependents revealed the prevalence of NAFLD as 46% with the highest rate in Hispanics (58.3%) followed by whites (44.4%) and African Americans (35.1%). In addition, all patients with a positive ultrasound that suggested hepatic steatosis were offered a liver biopsy. NASH prevalence was found to be 12.2% among the entire cohort and 29.9% among patients with a positive ultrasound.13 It is important to place these data in the context of rates reported from the autopsy series in which steatohepatitis was reported in 18.5% of the markedly obese patients and 2.7% of lean patients.14 In another study, the prevalence of NASH in the living donor liver transplantation donor population was found to be approximately 1.1%.15 Although both populations of study were highly selected, it seems reasonable to suggest that the prevalence of NASH in the US general population is between 1% and 3%.


One important demographic factor that may impact the prevalence of NAFLD is ethnicity. In a recent study by Fleischman and colleagues3 prevalence rates of NAFLD were assessed in 6814 patients according to their ethnic background. In this study, NAFLD was determined via computed tomography scans. Although the prevalence of NAFLD in the entire cohort was 29%, the subgroup analysis showed that Hispanics of Mexican origin had a significantly higher prevalence rate (33%) as compared with Hispanics of Dominican (16%) and Puerto Rican (18%) origins. A similar prevalence rate was reported by Foster and colleagues16 in which the prevalence of NAFLD among Hispanics was 28%. However, the prevalence of NAFLD in African Americans was only 11%, whereas it was 15% in whites. In another study, Browning and colleagues17 used proton nuclear magnetic resonance spectroscopy for NAFLD diagnosis and reported an overall prevalence of 31%. Again, Hispanics had the highest prevalence rate of 45% followed by whites (33%) and African Americans (24%).

South America

There are only a few epidemiologic studies of NAFLD from South America. In a study from Brazil, Karnikowski and colleagues18 reported that prevalence of NAFLD may be 35.2% among middle-aged patients. In another study, where asymptomatic men and women were evaluated with hepatic ultrasound, the prevalence of NAFLD was 36% in the total cohort but was 74% in patients with metabolic syndrome and 73% in obese patients.19 Finally, in a more recent study among obese patients undergoing bariatric surgery, NAFLD was found in 95% of patients and histologic diagnosis of NASH was 66.7%.20 In addition to the studies from Brazil, the prevalence of ultrasound-documented NAFLD in Chile has been reported to be around 23.4% with the rate increasing with age.21

Europe

The prevalence of NAFLD also varies greatly among European countries. In a multicenter, cross-sectional population study from Spain, ultrasound-documented NAFLD was reported to be 33.4% in men and 20.3% in women (overall prevalence of 25.8%).22 In another study conducted in Spain, investigators evaluated the presence of NAFLD in patients with gallstones. After clinical examination, abdominal ultrasound, and applying exclusion criteria, liver biopsies from eligible patients were taken during laparoscopic cholecystectomy operation. These investigators reported that 51.6% of patients with gallstones had histologic evidence of NAFLD and 10.2% of the total cohort had NASH. It is noteworthy that 36.7% of the cohort was obese and 25.6% met the criteria for metabolic syndrome.23


In Italy, the prevalence of NAFLD was present in 78.8% of patients with metabolic syndrome.24 These high rates are similar to other countries where prevalence of NAFLD has been reported to be very high in a high-risk population.


In a Greek study, Zois and colleagues25 evaluated liver biopsies of 498 autopsies. They reported that hepatic steatosis was present in 31.3% of patients and steatohepatitis was present in 39.8% of cases.


In northern Europe, the prevalence of NAFLD among the elderly population was reported to be approximately 35.1%.26 Finally, in a large population-based study in the United Kingdom, Alazawi and colleagues27 evaluated the presence of NAFLD in patients with abnormal liver function test results. Although they stated that NAFLD affected 10% to 30% of United Kingdom population, it was found that, among the recorded liver-related diagnoses, NAFLD was the number one diagnosis with a prevalence of 42.9%. Furthermore, it was stated that not all patients with liver-related diagnosis had abnormal liver enzymes. In fact, 55.7% of NAFLD patients had normal liver enzyme tests.

Africa

There are even fewer publications about the prevalence of NAFLD in Africa. Nevertheless, the reported prevalence of NAFLD in African countries seems to be lower than those reported from other parts of the world. In a study in Nigeria, the prevalence of NAFLD was found to be 8.7%. In the same study, NAFLD was more common in people with diabetes but this difference was not statistically significant (9.5% vs 4.5%).28 It was stated that the reason for this lower prevalence may be attributed to lower intraperitoneal fat content.29 However, in contrast, another study conducted in the same geographic area reported the prevalence of fatty liver in 13.3% of human immunodeficiency virus–infected individuals. Obviously, this high prevalence is most likely related to other causes of fatty liver, such as highly active antiretroviral therapy in the region.30


In a South African study, Kruger and colleagues31 investigated the prevalence of NAFLD and NASH in obese patients. The rate of fatty infiltration on ultrasound was 87%. Among the NAFLD cohort who agreed to undergo liver biopsy, NASH prevalence was 36%. These rates are similar to those reported from the obese population undergoing weight reduction surgery in the other regions of the world.5,6

Australia

Again, there is a paucity of data about the epidemiology of NAFLD in NASH from Australia. In one study of 1170 participant, the prevalence of NAFLD was estimated to be 12.8%. NAFLD was significantly more prevalent in females and none of the participants had a diagnosis of diabetes.32

Asia

The prevalence of NAFLD/NASH was measured in different parts of Asia by community surveys using radiologic modalities. In Japan, the prevalence of NAFLD has shown an increasing trend over the last two decades, which has been attributed to changing lifestyle of the population. The rate increased from 13% before 1990 to 26.2% (32% in men, 17% in women) in 2008.33


In China, the prevalence of NAFLD has been estimated to be between 12% and 15% for the general adult population. Furthermore, in some parts of China where obesity is more common, NAFLD prevalence is 51%.34


In a recent study (2012) conducted in Hong Kong, Wong and colleagues35 assessed hepatic fat accumulation through proton magnetic resonance spectroscopy. Furthermore, all patients underwent a liver stiffness measurement by transient elastography. The authors reported the prevalence of NAFLD to be 27.3% with the prevalence rates higher in men (36.8%) compared with women (22.7%). Using elastography, 3.7% of NAFLD patients and 1% of non-NAFLD participants had advanced fibrosis.


In South Korea, the prevalence of NAFLD was reported to be 27.3% in a large population survey. Again, the prevalence was significantly higher in men than women (34.4% vs 12.2%).36 Interestingly, a study from Taiwan among healthy elderly people reported a similar prevalence rate for NAFLD (27.2%).37 Finally, studies from India, Sri Lanka, Malaysia, Singapore, and Indonesia showed that the prevalence of NAFLD ranges from 9% to 45%. In these studies, the lowest estimates came from the rural areas where people were poorer and more physically active.33




Risk factors for nonalcoholic fatty liver disease/nonalcoholic steatohepatitis


Age

The prevalence of NAFLD and associated fibrosis increases with age (Fig. 2).5 In a recent study, Shima and colleagues38 studied the influence of age and lifestyle on the development and progression of NAFLD. In this study, multivariate analysis revealed that age was significantly associated with NASH in NAFLD patients.


[image: image]
Fig. 2 Risk factors for NAFLD.



In another study, Brea and Puzo39 reported that the prevalence of NAFLD increased with age, from less than 20% in people younger than age 20 to more than 40% in patients older than 60 years of age. In a retrospective study by Frith and colleagues40 among elderly patients, participants were categorized according to their age. An association between increasing age and the degree of fibrosis was described. NASH and cirrhosis were more common in patients greater than 50 years of age compared with younger group. Older age is not only a risk factor for hepatic steatosis, but also individuals with older age have a greater likelihood of mortality and disease progression to fibrosis and hepatocellular carcinoma.41 It is possible that the relationship between age and fibrosis progression may be attributable to the longer duration of disease in the elderly patients with NAFLD.

Gender

There are conflicting data about the association of gender with the prevalence of NAFLD. Although some studies suggest a higher prevalence in males, others suggest that NAFLD is more common among females.42 In a study of Stepanova and colleagues,43 although there was no significant difference of age or race among study population, NASH was significantly higher in females. In another study among younger-aged individuals, NAFLD was also more prevalent in females.32 In contrast, other studies suggest that male gender is a risk factor for NAFLD.5,41,44 In a study from Hong Kong among nearly 2500 patients, male gender was found to be associated with NAFLD. In this study, males constituted 53% of patients in NAFLD, whereas only 40% of control subjects without NAFLD were male.45 Furthermore, another study by Williams and colleagues13 reported that NAFLD patients were more likely to be male.46 Although the exact reason for these discrepancies is not known, the study definition and diagnostic modalities may explain some of the differences.

Race

Race is another risk factor for NAFLD/NASH and is discussed in Kalia HS and Gaglio PJ: The Prevalence and Pathobiology of Nonalcoholic Fatty Liver Disease in Patients of Different Races or Ethnicities, in this issue.

Metabolic Disorders

DM is a worldwide health problem, affecting nearly 350 million people.1–10 It is a metabolic disease caused by abnormalities either in insulin secretion, action, or both. DM and NAFLD are particularly closely related.47,48 NAFLD prevalence has been found to be increased in patients with type 2 DM with increasing evidence that those with DM are at increased risk for NASH development.46,49 It was previously shown in a NHANES study that type 2 DM is an independent predictor of NAFLD.50 Actually, there is evidence that the reverse scenario is also true. In persons with no diabetes, NAFLD can be a predictor of incident diabetes.51


The relationship of obesity and steatosis has been known for a long time. The rising epidemic of obesity has become associated with an increase in metabolic syndrome and NAFLD. Results from a study using NHANES data found that both obesity and NAFLD are increasing in the United States population.52 In a recent study, NAFLD was found in 65.7% and NASH in 33.6% of patients undergoing bariatric surgery, whereas a study by Lazo and Clark53 found an even higher prevalence of NAFLD and NASH in obese patients undergoing bariatric surgery (91% and 37%, respectively).


A study in Japan found that individuals who met the criteria for metabolic syndrome were more likely to develop NAFLD in the follow-up period.54 The association between NAFLD and metabolic syndrome can be the consequence of insulin resistance. It has been speculated that insulin resistance induces increased fatty acid transport from adipose tissue to liver, causing steatosis.55


The risk of NAFLD has been found to be increased in patients with polycystic ovarian syndrome, where more than 40% of patients with polycystic ovarian syndrome have NAFLD. The reason for this is thought to also be related to insulin resistance.46


Summary


It is increasingly clear that NAFLD and NASH are highly prevalent in the United States and the around the world. However, the prevalence of NAFLD and NASH differs significantly according to the diagnostic method used and the population studied. With the impact of different risk factors, the range for NAFLD prevalence varied from 4.5% in patients with no diabetes in Africa to 99% in patients undergoing bariatric surgery.


Studies within the last 10 to 20 years have led clinicians to understand this common problem. Yet, it is obvious that the prevalence of NAFLD and NASH is still increasing despite the known risk factors. As the rate of obesity, diabetes, and metabolic syndrome continue to increase, NAFLD and NASH may significantly impact health care use in the upcoming years and with the development of long-term complications, such as cirrhosis and hepatocellular carcinoma. Although there are numerous questions to be solved in this topic, ongoing studies will help clinicians to understand how to cope with the emerging effects of NAFLD in the near future.
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Nonalcoholic fatty liver disease (NAFLD) is emerging as the most common cause of liver disease in the United States. The prevalence varies dramatically when comparing individuals of different races and ethnicities. Rates are highest in Hispanic patient populations compared with non-Hispanic whites and African Americans, despite similar rates of the metabolic syndrome and risk factors. This observation remains poorly characterized; variations in genes that effect lipid metabolism may play a role. This article describes the prevalence of NAFLD in patients of different races or ethnicities, and discusses pathophysiologic mechanisms that may explain why these differences exist.
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Key points



• The prevalence of nonalcoholic fatty liver disease (NAFLD) is higher in Hispanics compared with non-Hispanic whites and African Americans.

• Several components of the metabolic syndrome exist at higher rates when comparing Hispanic with non-Hispanic white patients.

• The increase prevalence of NAFLD in Hispanics is not explained by differences in rates of the metabolic syndrome.

• Genetic polymorphisms in genes that influence lipid metabolism, such as patatin-like phospholipase domain-containing protein-3, may play a role in effecting both the amount of hepatic triglyceride content and injury, and may influence the prevalence of NAFLD in different patient populations.





Introduction

During the last several decades, nonalcoholic fatty liver disease (NAFLD) has emerged as an important cause of liver dysfunction. It is currently one of the most common causes of liver disease in the United States and is rapidly increasing as an indication for liver transplantation. At present, most data related to NAFLD, including histology, risk factors, and natural history, have been garnered from studies in white subjects. However, it is becoming increasingly apparent that multiple aspects of NAFLD differ when analyzing subjects of different races or ethnicities. Several recently published manuscripts demonstrate a nonuniform distribution of NAFLD in different subject populations. This article discusses the prevalence of NAFLD in patients of different races or ethnicities, and examines the pathophysiologic mechanisms that may explain why these differences exist.

Differences in the metabolic syndrome based on race or ethnicity

It is clear that the metabolic syndrome, which includes insulin resistance (IR), obesity, dyslipidemia, and hypertension, has been identified as a significant risk factor for the development of NAFLD. When analyzing the presence of various components of the metabolic syndrome, it is apparent that its prevalence exists at a higher rate in African American and Hispanic patients. Multiple publications have documented a greater frequency of obesity and diabetes in US African American and Hispanic patient populations.1–3 A recent publication comparing non-Hispanic blacks with Mexican Americans identified overweight and obesity rates of 70% and 73%, respectively, compared with 62% in whites.4 An analysis of self-reported rates of obesity in the United States revealed an overall rate of 26.7%; however, 36.8% of non-Hispanic blacks and 30.7% of Hispanics identified themselves as obese.5 In addition to obesity, diabetes has been reported to be more prevalent in African Americans and Hispanics compared with non-Hispanic whites.6,7 Finally, multiple additional components of the metabolic syndrome, including dyslipidemia, have also been reported to be more prevalent in US minority populations,8 with initial presentation when these patients enter adolescence.9


Based on the increased rates of the various components of the metabolic syndrome in African American and Hispanic patients, it could be assumed that the prevalence of NAFLD in these patient populations is increased compared with non-Hispanic whites. However, despite increased rates of obesity, diabetes, and other components of the metabolic syndrome in African Americans, data suggest that the incidence of NAFLD is lower than expected in this patient population compared with other patient demographics, specifically non-Hispanic white and Hispanic patients (Fig. 1).


[image: image]
Fig. 1 NAFLD prevalence in the US population (%).



Demographics of Nonalcoholic Fatty Liver Disease in Non-Hispanic White, African American, and Hispanic Patients

Published data assessing NAFLD vary significantly based on how NAFLD is defined. As an example, some studies use either laboratory, radiologic, or histologic criteria, or different combinations of these parameters, to demonstrate the prevalence of NAFLD.

Laboratory assessment of nonalcoholic fatty liver disease

A recently published study in 181 children attending a pediatric obesity clinic (147 non-Hispanic black and 33 non-Hispanic white) revealed that non-Hispanic white children were significantly more likely to have an abnormal alanine aminotransferase (ALT), a surrogate marker for NAFLD compared with black children.10 Several additional studies of note, including more than 100 children and 832 adults, revealed abnormal ALT and concern for the presence of NAFLD in up to 23% of Hispanic subjects compared with less than 10% of the general population.11,12 Another study performed with 333 US subjects revealed significant differences in ALT when comparing patients of different races or ethnicities with a mean ALT of 60, 53, and 39 IU/L, and a corresponding diagnosis of “definite or probable NAFLD,” in 28%, 18%, and 3% of Hispanic, non-Hispanic white, and African American subjects, respectively.13

Radiologic assessment of nonalcoholic fatty liver disease

Radiologic studies have also revealed differences when comparing rates of NAFLD in subjects of various races or ethnicities. Radiologic techniques used to diagnose NAFLD in these studies include ultrasonography, computed tomography (CT), or MRI scanning including MR spectroscopy. The distribution of hepatic triglyceride content using proton MR spectroscopy was assessed in 2287 subjects from a multiethnic patient population. The frequency of hepatic steatosis varied significantly based on ethnicity. The highest rates were found in Hispanics (45%), followed by non-Hispanic white (33%) and African American patients (24%).14 A recent study by Wagenknecht and colleagues15 evaluated 1142 adults of Hispanic and African American descent in the Insulin Resistant Atherosclerosis (IRAS) Family Study. CT scans of the abdomen were used to evaluate liver-spleen density ratio and abdominal fat distribution. The prevalence of NAFLD in Hispanics was 24% compared with 10% in African Americans. A recently published study that performed ultrasonography as a modality to assess abnormal liver tests in 442 subjects revealed that 52% of Mexican Americans in the study population met radiologic criteria for NAFLD.16

Liver biopsy assessment of nonalcoholic fatty liver disease in patients of different races or ethnicities

Despite limitations related to sampling error and morbidity associated with the procedure, liver biopsy remains the gold standard for diagnosing NAFLD. In addition, liver biopsy can differentiate more benign forms of NAFLD (isolated fatty liver disease) from more advanced forms of NAFLD, including nonalcoholic steatohepatitis (NASH) and NASH with fibrosis. Solga and colleagues17 prospectively studied 189 subjects who had liver biopsies performed during bariatric surgery. African Americans assessed in this study were younger (mean age 37 vs 44) and had a higher body mass index (BMI), 61.5 versus 54.4 kg/m2, compared with non-Hispanic whites. However, liver biopsy results revealed that African American had lower rates of moderate or severe steatosis, inflammation, and fibrosis compared with non-Hispanic whites.17 In a retrospective analysis of liver biopsy data in 238 adults with NAFLD, Mohanty and colleagues18 evaluated the influence of ethnicity related to the presence of liver histology in subjects with NAFLD. In this study, African Americans had lower grades of steatosis compared with non-Hispanic whites, and a trend toward lower grades of inflammation and lower stages of fibrosis. A study by Kallwitz and colleagues19 revealed that African-American subjects who underwent liver biopsy at the time of bariatric surgery displayed a decreased amount of steatosis and fibrosis compared with non-Hispanic white and Hispanic subjects, whereas there were no differences in the rates and histologic characteristics of NAFLD when comparing non-Hispanic white with Hispanic patients. However, several recently published studies analyzing histology data indicate a higher rate of advanced NAFLD in Hispanics. Bambha and colleagues20 analyzed more than 1000 liver biopsies in individuals of different races or ethnicities on behalf of the NASH Clinical Research Network. In this study, the frequency of NASH was 63% in Hispanic, 62% in non-Hispanic whites, and 52% in non-Hispanic blacks. In addition, when comparing Hispanic with non-Hispanic subjects, advanced fibrosis was less frequently identified. However, more pronounced lobular inflammation (NASH) was evident in the Hispanic subjects. The decreased prevalence of advanced fibrosis was hypothesized to be due to the younger age of the Hispanic subjects in the study. Weston and colleagues13 performed an analysis of a racially diverse patient population in Alameda County, California, assessing serum transaminases, ultrasound, or CT scans with confirmatory liver biopsy and found that of the 159 subjects with “definite or probable NAFLD,” 28% were Hispanic compared with 18% Asians and 3% African Americans. Other studies assessing liver biopsies in Hispanics noted a higher rate of Mallory bodies compared with white and black subjects,18 potentially indicating greater rates of advanced histologic injury in Hispanic patients with NAFLD.

Is the prevalence of nonalcoholic fatty liver disease similarly elevated in all Hispanic or Latino groups?

Given the disproportionate burden of NAFLD in Hispanics, it is important to note that not all Hispanic subgroups are equally affected. Kallwitz and colleagues21 studied a large cohort of over 12,000 individuals who participated in the Hispanic Community Health Study/Study of Latinos. Hispanic adults, including individuals of Mexican, Dominican, Puerto Rican, Cuban, Central American, and South American descent, were analyzed. Data on subjects with abnormal aminotransferases in the absence of other causes for chronic liver disease were collected. Multivariate analysis revealed that the overall prevalence of NAFLD was 19% in this population and was highest in patients of Central American, South American, or Mexican heritage, whereas subjects with Cuban, Puerto Rican, and Dominican backgrounds had lower rates of NAFLD (Fig. 2). These observations were not explained by differences in rates of the metabolic syndrome, physical activity, obesity, or diet when comparing individuals from different countries.
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Fig. 2 Prevalence of NAFLD in Hispanic patients. (Data from Kallwitz ER, Daviglus ML, Allison MA, et al. Prevalence of suspected nonalcoholic fatty liver disease in Hispanic/Latino individuals differs by heritage. Clin Gastroenterol Hepatol 2015;13(3):569–76.)




Clinical Features and Histology of Nonalcoholic Fatty Liver Disease in Asians

Several interesting differences have been identified when comparing NAFLD in Asian with non-Asian subjects. Weston and colleagues13 reported that Asians with NAFLD had a significantly lower BMI than other racial groups (compared with Hispanics, African Americans, and Caucasians). A similar observation was noted in a prospective study by Chang and colleagues22 who assessed 15,347 Korean men. Interestingly, the group with a normal BMI ranging from 18.5 to 22.9 who demonstrated weight gain of greater than 2.3 kg had a significantly increased risk of manifesting NAFLD on ultrasound. This study should raise suspicion that NAFLD may be present when assessing the cause of abnormal liver tests in Asians because NAFLD may exist despite normal BMI compared with the more common phenomenon of elevated BMI and the presence of NAFLD in Western patients.


In a study from Iran, Bahrami and colleagues23 identified a cohort of 53 subjects with biopsy-proven NASH. Subjects in this study had a mean BMI of 29.3. Although the rate of diabetes was only 5.7%, 54.7% of these patients had IR when assessed by more sensitive techniques, and dyslipidemia was noted in 75.5%. Of note, 13.2% of the subjects did not have any of the standard risk factors for NASH but still demonstrated NASH on liver biopsy. Interestingly, the presence of IR did not correlate with histologic grade or stage of liver injury. Similarly, Mohanty and colleagues18 have recently published that, despite having a lower BMI than other groups, Asian subjects had more significant histologic injury with increased lobular inflammation and higher grades of ballooning compared with other ethnicities. A potential explanation for this observation was described in a cohort of Chinese subjects with NAFLD who demonstrated low adiponectin and high tumor necrosis factor (TNF)-alpha levels,24 both of which have been shown to contribute to the development of NAFLD and NASH.


In a cross-sectional study from an ethnically diverse area in the United Kingdom, data were collected for more than 600,000 adults. Demographics, liver diagnoses, and other clinical information were analyzed. This revealed that the highest incidence of abnormal liver tests was present in Bangladeshi (18.4%), Pakistani (17.6%), and Indian (14.8%) individuals compared with non-Hispanic white (13.5%), African (11.8%), and Caribbean (10.2%) subjects.25 It is thus important for clinicians to recognize that NAFLD may exist in Asian patients and may not correlate with elevated BMI.

Pathobiology of Nonalcoholic Fatty Liver Disease in Patients of Different Races or Ethnicities

The seemingly incongruous disconnect between the prevalence of the metabolic syndrome and incidence of NAFLD when comparing patients of different races or ethnicities deserves further mention. Several investigators have noted that, despite similar or increased rates of the metabolic syndrome, including intraperitoneal adipose content, IR, and obesity, African Americans seemed to be more resistant to the development of hepatic steatosis.14,15,20 Furthermore, the lower frequency of hepatic steatosis observed in African Americans was not explained by differences in BMI, IR, ethanol ingestion, or medication use compared with Hispanics.26 Adding to the complexity of this issue is the observation that individuals of African descent have decreased rates of visceral fat compared with patients of other races or ethnicities.27,28 Several investigators have hypothesized that increased visceral fat exacerbates NAFLD by worsening IR and liberating proinflammatory cytokines that accelerate the progression from simple steatosis to more advanced forms of NAFLD.29 It can therefore be hypothesized that genetic factors may play a role in how components of the metabolic syndrome influence the emergence of NAFLD in patients of different races or ethnicities.

Role of Genetic Polymorphisms in Patatin-like Phospholipase Domain-Containing Protein-3

The pathophysiologic and genetic determinants of NAFLD may be different when comparing different races or ethnicities. Several investigators have performed genome wide association analyses that identified a higher rate of genetic mutations of the patatin-like phospholipase domain-containing protein (PNPLA) 3 rs738409 gene in Hispanic populations.30,31 This genetic polymorphism has been identified as a risk for more advanced forms of NAFLD. The PNPLA family of genes affects lipid metabolism. Patients with specific genetic polymorphisms in this gene have been found to have significant elevation in hepatic fat, triglyceride content and inflammation. This mutation or allele was twice as common in Hispanic Americans as in African Americans (40% vs 19%), and correlated with a greater prevalence of NAFLD in Hispanic Americans compared with African Americans (24 vs 9%). An additional genetic mutation of the PNPLA3 rs738409 gene-encoding I148M has consistently been identified as a risk for more severe histologic features of NAFLD.31 This single nucleotide mutation is strongly associated with increased hepatic fat levels with a more than twofold greater incidence in homozygotes compared with nonaffected individuals. In addition, the observation of significant elevation in serum levels of ALT was strongly associated with this genetic mutation and was limited to Hispanic subjects.30,31 The highest frequency of this allele was found in Hispanic subjects (49%) with lower frequencies found in European Americans (23%) and African Americans (17%)31 (Fig. 3). A similar strong association with NAFLD has also been identified in pediatric populations expressing this mutation, with increased hepatic fat content as well as more severe hepatocyte ballooning, lobular inflammation, and perivenular fibrosis.32,33 This genetic variant has also been identified in Asian Indians with NAFLD.34 Of note, no associations were observed between this PNPLA3 variant related to BMI, IR, homeostatic model assessment (HOMA)-IR, plasma levels of triglyceride, or total cholesterol.30,31


[image: image]
Fig. 3 Hepatic triglyceride content related to PNPLA I148M genetic polymorphism. (Data from Romeo S, Kozlitina J, Xing C, et al. Genetic variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease. Nat Genet 2008;40(12):1461–5.)



The influence of additional genetic variations in PNPLA has recently been identified. The PNPLA3 variant at position S453I is associated with diminished hepatic triglyceride content. This allele has been found in higher frequencies in African Americans, with diminished rates in European Americans and Hispanics (Figs. 4 and 5). These results suggest that certain inherited variations in lipid metabolism may influence the development and progression of NAFLD. Genetic variations at PNPLA3 confer either a markedly increased or decreased risk of severe histologic features of NAFLD, and influence the effect of components of the metabolic syndrome related to the development and progression of NAFLD, and may explain the observed differences in rates of NAFLD in patients of different races or ethnicities.



[image: image]
Fig. 4 Hepatic triglyceride content in African Americans with and without PNPLA3 S453I genetic polymorphism. (Data from Romeo S, Kozlitina J, Xing C, et al. Genetic variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease. Nat Genet 2008;40(12):1461–5.)
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Fig. 5 Hepatic triglyceride content in patients homozygous for PNPLA3 S453I allele. (Data from Romeo S, Kozlitina J, Xing C, et al. Genetic variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease. Nat Genet 2008;40(12):1461–5.)






Summary


NAFLD is rapidly emerging as the most common cause of liver injury in the United States. The prevalence of NAFLD varies dramatically when comparing individuals of different races and ethnicities. Rates of NAFLD are highest in Hispanic patient populations compared with non-Hispanic whites and African Americans, despite similar or higher rates of the metabolic syndrome. In addition, NAFLD in Asian patients is being increasingly recognized and may be present in patients with a normal BMI. An adequate explanation for the disconnect between rates of the metabolic syndrome and prevalence of NAFLD in patients of different races or ethnicities remains elusive, although variations in genes that effect lipid metabolism, such as PNPLA, may play a role. It is likely that future therapies for NAFLD will incorporate strategies to recognize and diagnose the disease and take advantage of differences in lipid metabolism and/or genetic differences in patients of different races or ethnicities to achieve optimal management.
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