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The liver is a vertebrate-specific structure essential for all member species of this 

subphylum, including humans, for detoxification, homeostasis, digestion and 

growth. It is an accessory digestive organ, producing bile (an alkaline fluid 

containing cholesterol and bile acids), which aids absorption of fat and fat-soluble 

micronutrients. The liver consists mostly of hepatocytes which perform a wide 

variety of high-volume biochemical reactions, including the synthesis and 

breakdown of small and complex biomolecules, many of which are necessary for 

normal vital functions. Estimates regarding the organ's total number of functions 

vary, but a common number listed in textbooks is it being around 500. Although, or 

maybe because of, being essential for life, it is also the location of many diseases. 

In this thesis I have pursued to obtain more insight in the disease of the liver. 

 

     Hepatitis C 

 

Liver disease often involves hepatitis (inflammation of the liver). Although there are 

many etiologies that underlie hepatitis, the viral infection is probably the most 

common cause of hepatitis. In this thesis I provide special attention to Hepatitis C 

virus (HCV), which can be labelled as an import global health problem as chronic 

HCV infection is the second most common risk factor for hepatocellular carcinoma 

(HCC) and is responsible for 10ï25% of all HCC cases.1 Hence there is an urgent 

to better understand the dynamics of HCV infection and the factors that underlie 

HCC development in such patients. 

An important factor should be taken into account in this respect are developments 

with respect to treatment of HCV infection. Interferon (IFN)-Ŭ and pegylated (PEG) 

recombinant human IFN were approved for treating HCV infection in 90th century. 

Although not fully satisfactory, the rate of sustained virologic response (SVR) 

achieved more than 80% when using response-guided PEG-IFNŬ plus ribavirin (PR) 

therapy.2 Rapid advances in therapy with oral direct-acting antivirals (DAAs) have 

resulted in further significant improvements in SVR which exceed 95%.3 Reaching 

SVR significantly reduces the risk of developing hepatoma, as was already known 

from the IFN era, so one may have expected that with the newer DAAs, such a risk 

would be minimized to an occasional event, but several reports from the wider 

clinical applications of the new treatments were worrying.4-6 They observed much 

higher rate HCC development than previous reports on IFN responders which 

called more attention on the application of DAAs to HCV eradication. Therefor it 

was important to further investigate whether DAAs would affect HCC development 

and to evaluate the efficacy and safety in some special cohort of patients. 
 

    Hepatitis E 

Hepatitis E (HEV) is a single-strand positive-sense RNA virus belongs to the 

Orthohepevirus genus within the Hepeviridae family and at least four types can 

produce human infection. It is the most common causative agent for acute viral 
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hepatitis worldwide and although often hardly symptomatic, it is still estimated that 

there are around 56000 HEV-related deaths annually.7 HEV genotype 1 and 2 are 

indigenous predominantly in countries of the developing world, especially in Asia 

and Africa. They are transmitted via a fecal-oral route through contaminated water 

sources in conjunction with poor sanitary conditions, thus these genotypes 

responsible for many of the water-borne outbreaks of HEV. In contrast, HEV 

genotypes 3 and 4 infect humans and animals alike and with transmission to 

humans from animal reservoirs (like pigs) being responsible for the infectious 

pressure on the human population and human-to-human infection being not 

important if present at all.8 The latter strains are mainly restricted to developing 

countries.9 In general, HEV causes a self-limiting infection with low mortality. 

However, fulminant hepatitis may develop and a high mortality rate (as high as 

20%-30%) is reported in pregnant women.10, 11 Chronic HEV infections are 

increasingly documented in immunocompromised patients, individuals with HIV 

infection and hemodialysis patients. As thus, HEV constitutes as an important threat 

to global health and further research into the factors driving disease progression as 

well as how its best managed is required. 

 

     NAFLD and MAFLD 

Apart, from infections of pathogens, also lifestyle may be responsible for important 

pathology in the liver. Maybe nonalcoholic fatty liver disease (NAFLD, also called 

metabolic dysfunction-associated fatty liver disease [MAFLD]) is one of the most 

important liver diseases. This condition, to a certain extent, can be considered as 

a hepatic manifestation of metabolic syndrome, in turn the consequence of an 

unhealthy diet and sedentary behavioral style.12 Practically, NAFLD is defined as 

the presence of 5% of hepatic steatosis in the absence of competing liver disease 

etiologies, such as chronic viral hepatitis, use of medications that induce steatosis 

(such as amiodarone or tamoxifen), or other chronic liver diseases, such as 

autoimmune hepatitis, hemochromatosis, Wilsonôs disease, or significant alcohol 

consumption. Although NAFLD is very common and not an overly serious condition, 

a subgroup of patients progresses to nonalcoholic steatohepatitis (NASH), which is 

a more serious type of liver disease. NASH is defined histologically by presence of 

hepatic steatosis with evidence for hepatocyte damage (ballooning hepatocytes).12 

NASH is associated with a multitude of pathological events, but hepatic fibrosis and 

cirrhosis are especially problematic.13-15 Indeed, NASH has been recognized as 

one of the leading causes of cirrhosis in adults in the United States.16-18  

Moreover, HCC has been linked to NAFLD. A comparative study from USA 

documented the yearly cumulative incidence of HCC was 2.6% in patients with 

NASH-associated cirrhosis.19 In parallel, a large US health care database study 

identified NAFLD or NASH as the most common underlying risk factor for HCC, 

being present in 59% of cases, and NAFLD-associated HCC was recognized as an 

emerging indication for liver transplantation in the USA.20, 21 Accordingly, the 
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number of individuals with NAFLD potentially at risk for developing HCC may be 

much larger than previously thought. This presents a compelling need to 

understand the epidemiological information of NAFLD and review potential 

strategies for HCC prevention and surveillance in the affected population. 

 

    Liver cancer 

Apart from viral infection and steatosis, genetic transformation and subsequent 

uncontrolled growth of tumor cells are also important sources of liver disease. Liver 

cancer has a relatively high prevalence and in combination with a paucity of curative 

and therapeutic options, it remains a leading cause of mortality worldwide.22 With 

increasing age, the incidence of liver cancer increases and thus the globally rising 

life expectancy will further provoke more cases of this deadly disease.23, 24 

According to the GLOBOCAN 2018 survey, an estimated 18.1 million new cases of 

liver cancer occurred, while 9.6 million cancer deaths were a consequence of this 

disease.25 It is thus evident that liver cancer is a major health problem warranting 

further research. 

Liver cancer is a term that groups various subtypes of disease, including HCC (the 

most prevalent form), cholangiocarcinoma (CCA) and various other rare types. In 

conjunction they constitute the fourth leading cause of cancer-related death.25 HCC 

accounts for 75% - 85% of liver cancer and is often the consequence of other 

etiologies that provoke chronic inflammatory liver diseases, finally culminating in 

oncogenic transformation including viral hepatitis and liver steatosis.26 In the 

principle this would provide a window for prevention and early diagnosis of disease 

at a potentially curative stage, but unfortunately effective prevention, timely 

diagnosis and treatment remain challenging. Main issues in this respect are the 

absence of symptoms and liver cancer progresses silently without specific 

manifestations, whereas once disease has been established it is highly resistant to 

therapy.27 Insights into the characteristics of the cells that initiate the disease, how 

the cells involved acquire their resistance towards therapeutic intervention, and 

how physiology of these cells is different from non-transformed cells may all proof 

necessary to devise novel avenues for the rational treatment of disease. These are 

all aspects of liver cancer I have aimed to explore in thesis.  

Based on the above I decided to explore in this thesis Hepatitis C, fatty liver disease 

and liver cancer. In order to be able the field forward (which is fairly competitive) I 

realized I had to exploit the possibilities provided by novel tools, which I shall 

discuss below.  

 

    LGR5 and Organoids 
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As also evident from the above, liver biology studies are required, but such studies 

are very challenging in animal models and particularly in humans. Use of immortal 

transformed cell lines has been abundant, also by my own host laboratory,28 but 

the general opinion among professionals is that their use has proven inadequate 

with respect to capturing the clinical situation as encountered by oncologists and 

other physicians. However, progress in stem cell culture achieved in the last decade 

has made it possible to derive in vitro 3D tissue cultures called organoids.29 

Although organoids are stem cell derived, they are organ-like in many respects. 

Their use has been extensively described by colleagues in various recent 

publications.30, 31 Organoids system not only offer a promising platform for stem cell 

study but could also be used for modeling a wide range of diseases.32 In the present 

thesis I shall do so for various liver diseases, including NAFLD. 

Stem cells in cancer are considered to be responsible for tumor initiation and growth, 

therapy resistance and tumor recurrence due to their unique feature of self-renewal 

capacity that enables such cells to give birth to offspring of which a substantial 

fraction retains the stemness.33 Their physiology remains only partly understood 

and also markers identifying these cells have not yet been conclusively defined. 

With regard to liver cancer, analogous to other systems, LGR5 (leucine-rich-repeat-

containing G-protein-coupled receptor 5) may mark a group of stem cells 

proliferating after liver injury induced by carbon tetrachloride (CCL4).31 Generally, 

this marked population has high tumorigenesis, evident by their remarkable 

capacity to form tumors when transplanted into immunodeficient mice.34 Although 

cancer stem cells fuel the tumor initiation and tumor growth, making them attractive 

cancer targets33, many adult stem cells resemble such cells with respect to marker 

expression, making it difficult to target cancer stem cells without killing important 

healthy cells. Encouraging results, however, have been obtained with antibody-

drug conjugates. Anti-LGR5-antibody-drug conjugates selectively target and 

deplete LGR5 stem cells in colon cancer and impede the growth of the primary 

tumor without a major effect on normal stem cell pool.35 These observations make 

LGR5-targeting an attractive novel strategy for combating cancer stem cells and 

the current thesis I have explored this possibility with respect to liver cancer. 

 

    Cancer associated fibroblasts 

Apart from cancer stem cells, supporting cell types may also represent a valuable 

novel target for therapy of liver cancer. In this context cancer-associated fibroblasts 

(CAFs) attract attention, as they are a major component of the tumor 

microenvironment. It is thought that they played an important role in cancer 

progression and drug resistance.36 Research of the interaction between CAFs and 

the cancer cells remained challenging. Potentially, in vitro models that involve co-

cultures of CAFs and cancer cells may be exploited to determine in a potentially 

more clinically relevant tumor model medication effects and such cultures may 
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better mimic the actual situation in vivo. Diverse sorts of co-culture systems 

exploiting the mutual interaction between CAFs and tumor cells have been 

investigated in previous studies and have gained interest in the cancer research 

field, stimulating me to further explore possibilities here.37-39 Important cellular 

interactions within the tumor microenvironment include the interaction between 

(presumptive) tumor cells and fibroblasts are known to further promote tumor 

initiation, progression and metastasis in much of the cancer types investigated.36, 

40, 41 Such models have also been implemented for testing anticancer agents, but 

unfortunately progress is impeded by the reliance on tumor cell lines and/or 

fibroblast cell lines and thus current experimentation has not permitted to fully 

capture the mechanistic details of the mutual interactions involved. Hence, in the 

present thesis I endeavored to determine how isolated CAFs promote the 

proliferation and also the angiogenesis of liver cancer in an organoid system that 

mimics tumors much better as compared to earlier approaches. I find that such 

organoid systems may be useful for imitating liver cancer and allow long-term 

cultures for expanding cancer cells, e.g. for precision medicine approaches aimed 

at extracting personalized information with respect to response to therapy and also 

for further exploring the properties of cancer cells in general especially the stem 

cell population defined by LGR5 positivity in particular. With respect to the latter, I 

addressed my hypothesis that targeting cancer stem cells directly potentially yields 

improved therapy. 

 

     Aim of the thesis 

Lipid droplets are an often-ignored ultrastructural feature of cells but may have 

important roles in explaining pathophysiological mechanisms. With regard to liver 

disease, their role remains undefined. Hence in chapter 2, I set out to perform a 

deep study with respect to the body of current biomedical literature in this respect. 

I find that lipid droplets are closely correlated to lipid storage, lipid metabolism, 

membrane biosynthesis, cell signaling, inflammation, pathogen-host interaction 

and cancer development.  

Hepatitis C, is the diseases in which lipid droplets may be involved. Recently, lipid 

droplets have been linked to the action of DAAs with respect to their action in 

Hepatitis C.42 Research into Hepatitis C is important as the number of HCV-related 

cirrhosis has doubled in the last 10 years and is projected to reach peak levels in 

the next decade. Although the number of decompensated cirrhotic patients has 

continued to increase, the organ donor pool has remained static over the last 

decade, resulting in increased liver transplant waitlist mortality. Moreover, HCV 

occurrence or recurrence is commonly observed in transplant recipients post liver 

transplantation. DAA therapies, however, have changed the landscape of HCV due 

to their excellent safety profile and cure rates. In chapter 3, I compared the efficacy 

and safety of different combinations of DAAs in transplant recipients with HCV 
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genotype 1 (GT1) infection in order to provide more information for clinical 

treatment.  

Inspired by my results described in chapter 3, in chapter 4 of this thesis, I further 

built on the observation that IFN-free all-oral DAAs have replaced IFN-based 

therapy as the standard of care for HCV infection worldwide because of the higher 

SVR rate and lower incidence of adverse effects. By using currently approved DAA 

regimens, HCV can be eradicated in more than 95% of infected hosts, regardless 

of their disease severity. Results with respect to the development of HCC in former 

HCV patients are, however, more ambiguous. Since 2016, the risk of de novo 

occurrence or recurrence of HCC in hepatitis C patients receiving DAAs has been 

debated following a report identifying an unexpected high early tumor recurrence 

rate in such patients. It is possible that alternative DAA regimens may improve 

outcomes, possibly also because of different interactions with lipid droplets (see 

chapter 2). Hence, I initiated an in vitro study on the effects of different 

concentrations of Sofosbuvir in tumor cells. Intriguingly, I observe a moderate 

stimulation of proliferation, possibly related to DAA effects with respect to liver 

cancer. 

DAAs (which I investigated in chapter 3 and 4) have revolutionized the 

management of Hepatitis C, but based on case reports, may have promise in 

Hepatitis E as well.43 In order to understand to which extent such strategies might 

become important, I decided to obtain more insight into the prevalence of Hepatitis 

E, and the study involved is described in chapter 5. Hepatitis E is the fifth known 

human viral hepatitis and is probably the most common cause of acute viral 

hepatitis in the world. Despite being an important cause of hepatitis and being 

widely studied, the HEV remains poorly understood, with little comprehension about 

its prevalence in general population, HIV infected individuals, people with acute 

hepatitis as well as hemodialysis patients. Although chronic HEV infection is not a 

classical cause of HCC, some case reports have indicated that HEV joins hepatitis 

B/C viruses as a potential cause of HCC in chronically infected patients.44 In 

Chapter 5, I performed a systematic review and meta-analysis in order to pooled 

estimate the prevalence of HEV in these subgroups. 

As explained above, not only viral infection is a substantial health problem, but the 

lifestyle-associated fatty liver disease is so as well, prompting investigation, 

especially as the pathophysiology of NAFLD relates to the lipid droplet research 

described in chapter 2. In chapters 6-8, thus NAFLD becomes the center of my 

attention. Fatty liver disease has gained high prevalence and a growing contribution 

to the burden of end-stage liver disease in the general population. In chapter 6 this 

notion is objectified by investigating the prevalence, incidence, and risk factors for 

NAFLD in the general population. In addition, I explored the disease progression 

and clinical outcomes of NAFLD. In view of the results obtained in chapter 7-8, I 

further investigated the MAFLD prevalence in overweight or obese children/adults. 

The results provide an up-to-date description of the problem of fatty liver disease 
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and rationalize further efforts to adequately model this disease for defining rational 

treatment. 

Potential sequela of both viral infection as well as fatty liver disease are the liver 

cancers that may develop in such patients. As explained above, the (cancer) stem 

cell compartment may be an attractive target for clinical management of liver cancer. 

Thus prompted, in chapter 9 and chapter 10, I aim to investigate the 

interrelationship of the proliferative LGR5 stem cells in liver cancer. In chapter 9, I 

aim to establish malignant organoids models from mouse injury primary liver tumors 

and whereas in chapter 10 I demonstrate their applications for liver cancer research. 

Unfortunately, however, I discovered that the studies involved did not yet fully 

capture the influence of stromal component in the liver cancer process and thus I 

decided to explore these aspects better in the last chapter of this thesis. 

In chapter 11, I decided to investigate the interaction of the cancer with the stroma 

and for this purpose I exploit an organoid-based co-culture model that combines 

CAFs with tumor organoids. CAFs that were activated by tumor cells in a co-culture 

condition, displayed increases in Ŭ-SMA expression and migratory activity. Tumor 

cell proliferation was significantly increased in the co-culture group when contrasted 

to the control group. I also showed the presence of a reciprocal interaction between 

fibroblasts and tumor organoids and their relation to the components of the 

microenvironment surrounding these two cell types. I conclude that the co-culture 

system might allow study of the tumor microenvironment and may permit evaluation 

of drug screening. Especially in combination with other strategies these findings 

may open the way for improved treatment. 

 

In conjunction, in this thesis I explore the epidemiology of inflammatory disease in 

liver, the stem cell compartment leading to liver cancer development and the 

interactions of liver cancer cells with environment (fibroblasts and immune system). 

I hope to with this multifaceted approach to have contributed to better 

understanding and care of this deadly disease. 
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Abstract 

Lipid droplets (LDs) are cellular organelles for lipid storage with a hydrophobic core of 

neutral lipid enclosed by a phospholipid monolayer. Besides in fat tissue, LDs are also 

widely present in hepatocytes, and play key roles in health and disease of the liver. 

LDs dynamically interact with other cellular organelles to exert a variety of biological 

functions. Besides lipid storage, they are also involved in lipid metabolism, membrane 

biosynthesis, cell signaling, inflammation, pathogen-host interaction and cancer 

development. In this review, we aim to concisely decipher the interactions of LDs with 

other organelles and their functional implications in the important liver diseases, 

including fatty liver disease, viral hepatitis and liver cancer.  

 

Keywords: lipid droplet, lipid biogenesis, organelle, liver disease 
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1. Introduction 

Lipid droplets (LDs) are newly-recognized cellular organelles found in many types of 

cells and tissues [1]. It has a hydrophobic core with neutral lipid, usually consisting of 

triacylglycerols and sterol esters, and encircled by a phospholipid monolayer with 

integral and peripheral proteins (Fig. 1). Initially, LDs were thought only as lipid 

deposition in all organisms without biological functions, whereas accumulating 

research found that different proteins in the surface of LDs endow them various 

functions (Fig. 1). 

 

Figure 1. The structure and biogenesis of lipid droplets. 

 

Acting as a dynamic hub in lipid metabolism, energy homeostasis and cellular signaling 

[2], LDs play essential roles in health and diseases. Because of drastic changes in life 

style and environment, obesity has grown into a global pandemic during the past 

decades, accompanied with comorbidities including insulin resistance, type 2 diabetes 

mellitus, hypertension, cardiovascular disease and dyslipidemia [3]. Thus, research on 

LDs mainly focused on fat cells of adipose tissue, which is the largest energy reservoir 

of the body.  

In fact, the liver is a metabolically active organ serving as a center for lipid metabolism, 

and dysfunction of lipid metabolism is inevitably associated with hepatic 

physiopathology [4]. For example, hepatic impairment of lipid metabolism such as lipid 

overload attributes to the development of fatty liver disease. The epidemic of fatty liver 
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disease parallels the obesity pandemic. Intriguingly, LDs closely connect and interact 

with other cellular organelles including endoplasmic reticulum (ER), mitochondria, 

peroxisomes and lysosomes [5]. In this review, we aim to decipher LD biogenesis, their 

multifaceted interactions with other cellular organelles and functional implications in 

the context of the most important liver diseases. 

 

2. Biogenesis of lipid droplets  

The liver, in particular hepatocytes, plays a key role in lipid metabolism, and is 

considered as the hub of fatty acid synthesis and lipid circulation. Accumulation of LDs 

in hepatocytes is almost universal albert at variable amount. The level of LDs 

presenting in hepatocytes is intimately related to the metabolic status. The biogenesis 

and turnover of LDs in hepatocytes are highly regulated and coordinated. Although the 

exact process of LD biogenesis remains to be further defined, this roughly involves 

four main steps (Fig. 1) 

 

2.1 Lipid synthesis and lens formation 

Neutral lipids, as the core of LDs, are initially generated in ER. The classical model of 

LD biogenesis is based on ER-budding through multiple steps. Firstly, it is the 

synthesis of triacylglycerols and sterol esters in the ER, where enzymes for catalysis 

are located. For triacylglycerols synthesis, fatty acids use fatty acyl-CoA as acyl donors 

to synthesize diacylglycerols either via the glycerol phosphate or monoacylglycerol 

pathway. Diacylglycerols are catalyzed by diacylglycerol acyltransferase enzymes 

(DGAT) to produce triacylglycerols [6]. For synthesis of sterol esters, sterols are 

catalyzed by acyl-CoA:cholesterol acyl transferase (ACAT) [7]. Subsequently, when 

neutral lipid concentration increases, free neutral lipids distributed in the leaflets of ER 

bilayer will coalesce to form an oil len in the ER bilayer [8]. 

 

2.2 Expansion and budding of neutral lipid lens 

Upon neutral lipid accumulation, lens will grow and bud into a nearly spherical droplet 

from ER membrane. ER bilayer phospholipid composition and surface tension are key 

parameters in the process of budding. The different phospholipid composition of ER 

membrane and/or surface tension will form different sizes of LDs [9]. LD budding also 

facilitates the recruitment and function of many proteins. For example, seipin 

essentially involved in LD biogenesis is an ER membrane protein. Seipin is stably 

associated with nascent ER-LD contacts [10], which supports the formation of ER-LD 

contacts and promotes delivery of triacylglycerols from ER to LDs [11]. The cooperation 

between phospholipids and proteins contributes to LDs emergence. Their composition 

dictates ER membrane asymmetricity which guides directionality in the process of LD 

budding [12].  
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2.3 Proteins targeting to lipid droplets 

There are more than 100 proteins on the phospholipid monolayer surface of LDs which 

endow LDs distinct functions. How proteins specifically target to LDs remains largely 

elusive. Two major pathways help to understand the basic mechanisms of proteins 

targeting LDs, which are associated with two categories of proteins, including class I 

and II [13]. 

Class I proteins translocate from the ER bilayer with a hydrophobic hairpin structure to 

LDs via membrane bridges. These proteins, such as GPAT4, DGAT2, appear to lack 

ER luminal domains which may help them to insert into ER membrane or LD monolayer 

[13, 14, 15]. Class II proteins are translated in the cytosol, and subsequently bind to 

the LD surface. Most class II proteins, such as the perilipin/ADRP/TIP47 (PAT) proteins, 

bind to LDs through amphipathic helices or short stretches of hydrophobic residues 

[13, 16, 17, 18]. Amphipathic interfacial Ŭ-helical in monolayer-integrated proteins may 

be a common motif that directs membrane integration for monotopic integral proteins 

[19]. 

 

2.4 Growth of lipid droplets 

The sizes of LDs vary among different cell types. In white adipocytes, the size ranges 

from 0.1 µm to 100 µm in diameter [20]. There are two main pathways mediating LD 

growth, including triacylglycerol synthesis and LD fusion or coalescence. In the 

triacylglycerol synthesis pathway, newly synthesized triacylglycerols laterally diffuse to 

LDs attaching to ER. Triacylglycerols and proteins are transported via vesicular 

transport when LDs are separated from the ER [21]. In this pathway, GPAT4 and other 

triacylglycerol synthesis enzymes can relocalize from ER to LDs to mediate LD growth 

[14]. In the second pathway, many proteins contribute to LD growth. Fsp27, an LD-

associated protein, can promote LD growth via the LD contact sites [22]. 

CTP:phosphocholine cytidylyltransferase regulates phospholipid hemostasis to 

maintain LD expansion [23, 24]. 

 

3. Biological functions of lipid droplets and interactions with other organelles 

LDs were initially thought to merely deposit fat in adipose tissue without major 

biological functions. Later on, they were considered as cellular organelles that regulate 

storage and hydrolysis of neutral lipids and serve as a reservoir for cholesterol and 

acyl-glycerols for membrane formation and maintenance. Recently, LDs were 

recognized as highly dynamic organelles that essentially regulates intracellular lipid 

storage and metabolism, as well as many other functions. In non-adipocytes, such as 

hepatocytes, LDs protect cells from lipotoxicity by storage of fatty acids as neutral 

triacylglycerols.  
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The development of stat-of-the-art imaging techniques has revealed new insight into 

physical interactions of LDs with other organelles with specific functional implications 

(Fig. 2). This has extended the understanding of LD biology beyond the classical lipid-

related functions, but also various other cellular signaling including inflammatory 

responses [25, 26].  

 

Figure 2. Interactions between lipid droplet and other cellular organelles. A) ER is the place to formate 
LDs, and LD-ER contacts transport lipid and proteins. B) Mitochondria can be divided into two 
subpopulations: peridroplet mitochondria that binds to LDs support triacylglycerol synthesis and 
conversely reduce ɓ-oxidation activity, and cytoplasmic mitochondria that take place lipolysis to supply 
energy. C) Peroxisomes exert lipolysis through catabolization of fatty acid ɓ-oxidation. D) Lysosomes 
degrade fatty acids by autophagy. ER: endoplasmic reticulum; LDs: lipid droplets. 

 

3.1 LD-ER interaction 

ER is the primary site for generating LDs. The interactions between ER and LD 

maintain lipid homeostasis and protect against lipotoxicity. LD-ER contacts not only 

transport lipids, but also proteins. Upon free fatty acids transported from ER and 

assembled in LDs, proteins bind with LDs to format a unique phospholipid monolayer 

[27]. After LD degradation, the level of neutral lipids declines. Some integral droplet 

proteins such as AAM-B and UBXD8 will return back to ER [28]. Some secretory 

proteins are transported to Golgi complex for assembly and secretion [29]. Other LD 

proteins are degraded via ubiquitin-proteasome system (UPS) or autophagy [30]. 
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3.2 LD-mitochondrion interaction 

Besides ER, mitochondrion is the most common interacting partner of LDs [31]. In 

mammalian cells, lipolysis of LD-derived fatty acids take place in mitochondrion 

through ɓ-oxidation to supply energy [32, 33]. During nutrient starvation, LD-

mitochondrion interactions are further increased and LD-derived fatty acids are 

supplied to mitochondrial fatty acid oxidation via AMPK activation [34]. Direct 

connections between LDs and mitochondria are required to enable flux of fatty acids 

into mitochondria [35]. 

Based on whether or not interacting with LDs, mitochondria can be divided into two 

subpopulations, peridroplet mitochondria that binds to LDs and cytoplasmic 

mitochondria, with distinct role in lipid metabolism [36]. Peridroplet mitochondria are 

segregated with unique protein composition and structure. They can support 

triacylglycerol synthesis and conversely reduce ɓ-oxidation activity [37].  

The perilipin protein family, belonging to PAT proteins, are surface scaffolds and 

regulators in LDs [38]. The members of perilipin family interact with mitochondrion to 

exert functions in lipid metabolism. Perilipin 5 (Plin5), only present in mammals, 

essentially mediates LD-mitochondrion interactions. Plin5 recruits mitochondria to the 

LD surface through a C-terminal region and protects mitochondrion from excessive 

fatty acid exposure by regulating LD hydrolysis and controlling local fatty acid flux [39]. 

In addition to lipid metabolism regulation and lipotoxicy defense, Plin5 also has 

antioxidant role to alleviate oxidative damage, whereas oxidative stress is intimately 

associated with mitochondrial electron transport chain [40].  

Some aspects of LD-mitochondrion interaction also involve ER. For example, MIGA2, 

an outer mitochondrial membrane protein links mitochondria to LDs, but also binds to 

the membrane proteins VAP-A or VAP-B of ER. Through multifaceted links among 

mitochondria, ER and LDs, MIGA2 promotes de novo lipogenesis from non-lipid 

precursors and stores lipids in LDs [41]. 

 

3.3 LD-peroxisome 

Peroxisomes are membrane-bound organelles present in the cytoplasm of all 

eukaryotic cells. They are essential in metabolism of lipids and reactive oxygen species. 

In the liver, peroxisomes also catabolize bile acid intermediates. Both LDs and 

peroxisomes are formed in the ER. This is thought to occur at the same ER 

subdomains where the reticulon homology domain of the multiple C2 domain 

containing transmembrane protein is located. This indicates intrinsic interactions 

between LDs and peroxisomes already during their biogenesis [42]. The best known 

example for illustrating the functional implication of LD-peroxisome interaction is 

probably ɓ-oxidation of fatty acids. This crosstalk links lipolysis mediated by LDs to 

catabolize fatty acid ɓ-oxidation within the peroxisomes [43].  
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Because both LDs and peroxisomes biogenesis occurs at ER, there could be 

communication and proteins/lipids trafficking among these three organelles [44]. 

Coordination and interaction among LDs, peroxisomes and mitochondria have been 

reported in adipocytes of mouse model to regulate energy consumption via CIDE-

ATGL-PPARŬ pathway [45]. These multi-organelle interactions are likely occur at the 

membrane contact sites, but their precise protein composition and physiological 

function remain largely undefined. 

 

3.4 LD-lysosome 

Lysosomes, the single-lipid-bilayer membrane organelles, are considered as waste 

disposal systems of the cells. They contain a variety of enzymes that enable to digest 

various engulfed biomolecules including lipids. Lysosomes are closely linked to one of 

the LD catabolism pathways. LD catabolism has two major pathways including lipolysis 

and autophagy. Autophagy is the degradation pathway in lysosome, and has been 

termed as lipophagy when referring to the specific degradation of lipids. Lysosome 

regulates lipid metabolism through autophagy, and inhibition of autophagy results in 

increased amount of triacylglycerols and LDs [46]. For example, defects in specific 

autophagy gene will lead to accumulation of LDs in cytoplasm because of defective 

lipid catabolism [46]. 

In the liver, involvement of autophagy in lipid catabolism is most prominent during 

fasting or nutrient deprivation, although lipophagy also maintains constitutive lipid 

degradation. Defects of key autophagy genes are associated with increased levels of 

triacylglycerols in liver [47, 48]. Conversely, accumulation of intracellular LDs promotes 

autophagy. LDs provide lipid precursors for autophagosome biogenesis, more 

specifically for autophagosomal membrane formation [49]. Furthermore, ER can also 

contribute to the interactions between LD and autophagy [50]. 

 

4. Lipid droplets in major liver diseases 

Dysregulation and imbalance of lipid metabolism in liver inevitably causes 

pathogenesis. The most prominently related disorder is fatty liver disease. Fatty liver 

disease is a leading etiology of primary liver cancer, and altered hepatic lipid 

metabolism can fuel hepatic carcinogenesis (Fig. 3). Interestingly, intracellular 

pathogens, including hepatitis viruses, can exploit LDs to sustain their life cycle.  

 

4.1 Metabolic dysfunction-associated fatty liver disease 

Metabolic dysfunction-associated fatty liver disease (MAFLD) is a new nomenclature 

updated from the previous known non-alcoholic fatty liver disease (NAFLD). Diagnosis 

of MAFLD is proposed to be based on detection of hepatic steatosis in addition to one 
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of the three conditions, including overweight/obesity, presence of type 2 diabetes 

mellitus, or evidence of metabolic dysregulation [51]. Although the precise 

epidemiology of MAFLD remains unknown as a new terminology, the prevalence of 

NAFLD has been estimated as 25% of the global population [52].  

 

Figure 3. Lipid droplets in major liver diseases. Excessive fatty acids lead to lipid metabolic disorder. 
Imbalance of lipid homeostasis will trigger LDs formation that promotes devolopment of metabolic 
dysfunction-associated fatty liver disease. Similarly, hepatitis virus infections, especially HBV and HCV, 
accelerate lipid accumulation and cause inflammation in liver. In turn, LDs support the life cycle of 
hepatitis viruses. Fatty acids sustain HCC cell growthand create a supportive microenvironment for 
cancer stem cells. LDs: lipid droplets; HBV: hepatitis B virus; HCV: hepatitis C virus; HCC: hepatocellular 
carcinoma. 

 

Steatosis, featured by lipid accumulation as either microvesicular or macrovesicular 

LDs in hepatocytes, is the hallmark of fatty liver disease. Fatty acids in the liver are 

derived from diet uptake, de novo lipogenesis and endogenous lipid catabolism. 

Imbalance in lipid anabolism and catabolism causes excessive fatty acids storage in 

hepatocytes as LDs, promoting the emergency of fatty liver disease. Fatty acids can 

also be converted to lipid intermediates that impair insulin signaling, referring as lipid-

induced insulin resistance and lipotoxicity. Hepatic steatosis is often associated with 

insulin resistance, which in turn exacerbates the pathogenesis of MAFLD [53]. 

Accumulated LDs will trigger further hepatic oxidative stress and inflammation, 

resulting in continued liver damage and more advanced disease stage such as 

steatohepatitis [54]. 
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At molecular level, several proteins are known to regulate LDs in fatty liver disease. 

The PAT family proteins located on LD surface include perilipin, adipophilin, TIP47, 

S3-12 and OXPAT. They differentially expressed in fatty compared to normal liver. 

Perilipin, adipophilin and TIP47 are associated with different sizes of LDs. TIP47 

affects nascent LDs, while perilipin and adipophilin are important for maturation and 

maintenance of LDs in hepatocytes [55]. CIDEA and Fsp27 are LD-associated proteins 

that promote LD fusion and regulate lipid storage. Their expression is dramatically 

upregulated in hepatic steatosis [56]. This process may be mediated by MKP5. 

Because loss of MKP5 in mice activates p38, resulting in increased expression of 

CIDEA and Fsp27 [57]. 17ɓ-hydroxysteroid dehydrogenase-13 (17ɓ-HSD13), a newly 

identified LD-associated protein, has been demonstrated as a pathogenic protein in 

MAFLD. 17ɓ-HSD13 controls the number and size of LDs and is causative for fatty 

liver phenotype [58]. High expression of 17ɓ-HSD13 in fatty liver has been shown to 

be induced by liver X receptor Ŭ through SREBP-1c [59]. 

 

4.2 Viral hepatitis  

Viral hepatitis are caused by the five hepatotropic viruses including hepatitis A, B, C, 

D and E. Globally, about 500 million people are chronically infected with hepatitis B 

(HBV) or C (HCV) virus. The link of HBV to LDs is mainly through the viral HBx protein, 

which causes lipid accumulation by upregulation of the liver X receptor and its lipogenic 

target genes [60, 61]. HBV viral particle production has been shown to impair LD 

expansion associated with inhibition of the expression of CIDE proteins. Because CIDE 

proteins support HBV production; this may serve as negative feedback loop for 

maintaining persistent infection [62]. 

HCV is the best known pathogen with close connections to LDs. LDs serve as putative 

sites for viral assembly during HCV replication [63]. The process of infectious HCV 

particle assembly consists of nucleocapsid formation, budding into the ER, and virion 

maturation. The capsid Core protein closely associates with LDs, and further recruits 

nonstructural proteins around LDs to participate in virus production [63]. HCV 

assembly likely takes place at the sites requiring interactions of ER and LDs [64]. 

Recent high-resolution imaging study indicates selective recruitment of ER 

membranes wrapping LDs to form membranous structure coupling HCV replication 

and assembly [65]. HCV Core can also be efficiently targeted to LDs outside the 

context of virion assembly, and induce LD redistribution and hepatic steatosis [66, 67]. 

This partially explains why MAFLD is a prominent feature of chronic hepatitis C patients, 

and eradication of HCV by antiviral treatment dramatically decreases liver steatosis 

[68].   

 

4.3 Liver cancer 
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MAFLD and viral hepatitis are the leading etiologies of primary liver cancer, namely 

hepatocellular carcinoma (HCC). Enhanced lipogenesis is a metabolic hallmark of 

cancer cells, and aberrant lipid metabolism universally occurs in HCC cells [69]. Fat-

containing liver lesions are commonly seen in HCC patients [70]. In HCC, lipogenesis 

pathway is activated, while fatty acid oxidation is downregulated [71, 72]. With a high 

rate of growth, HCC cells acquire fatty acids to support their proliferation [73]. Recent 

evidence indicate the essential involvement of lipid metabolism in cancer stem cells 

(CSCs). Activation of intrinsic lipid pathways in CSCs upregulates fatty acid de novo 

synthesis [74]. Furthermore, the lipid context in tumor microenvironment, in particular 

the stem cell niche, regulates CSC behavior [75]. Liver tumors are known to harbor 

CSCs [76], and the role of LDs and lipid metabolism in this unique cancer cell 

population deserves to be further studied.   

 

Conlusion 

LDs are highly dynamic organelles closely associated and interacting with other 

celleular organelles for exerting a variety of biological functions. The liver is a central 

organ in lipid metabolism and LDs are widely present in hepatocytes. LDs play key 

roles in health and diseases of the liver, involving in lipid metabolism, energy 

homeostasis, cell signaling, inflammation, pathogen-host interaction and 

carcinogenesis. Mechnistically decipering the role of LDs in liver shall help to better 

understand pathegensis of the major liver diseases inclduing MAFLD, viral hepattis 

and cancer, as well as to facilitate therapeutic development.  
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Abstract  

Background: Comprehensive evaluation of safety and efficacy of different 

combinations of direct-acting antivirals (DAAs) in liver transplant recipients with 

genotype 1 (GT1) hepatitis C virus (HCV) recurrence remains limited. Therefore, we 

performed this systematic review and meta-analysis in order to evaluate the clinical 

outcome of DAA treatment in liver transplant patients with HCV GT1 recurrence. 

Methods: Studies were included if they contained information of 12 weeks sustained 

virologic response (SVR12) after DAA treatment completion as well as treatment 

related complications for liver transplant recipients with GT1 HCV recurrence. 

Results: We identified 16 studies comprising 885 patients. The overall pooled estimate 

proportion of SVR12 was 93% (95% confidence interval (CI): 0.89, 0.96), with moderate 

heterogeneity observed (Ű2=0.01, P<0.01, I2=75%). High tolerability was observed in 

liver transplant recipients reflected by serious adverse events (sAEs) with pooled 

estimate proportion of 4% (95% CI: 0.01, 0.07; Ű2=0.02, P<0.01, I2=81%). For subgroup 

analysis, a total of five different DAA regimens were applied for treating these patients. 

Sofosbuvir/Ledipasvir (SOF/LDV) led the highest pooled estimate SVR12 proportion, 

followed by Paritaprevir/Ritonavir/Ombitasivir/Dasabuvir (PrOD), Daclatasvir 

(DCV)/Simeprevir (SMV) ± Ribavirin (RBV), and SOF/SMV ± RBV, Asunaprevir 

(ASV)/DCV. There was a tendency for favoring a higher pooled SVR12 proportion in 

patients with METAVIR Stage F0-F2 of 93% (95% CI: 0.89, 0.96) compared to 83% 

(95% CI: 0.75, 0.88) for stage F3-F4 (p<0.01). There was no significant difference 

between LT recipients treated with or without RBV (p=0.23). 

Conclusions: DAA treatment is highly effective and well tolerated in liver transplant 

recipients with recurrent GT1 HCV infection. 

Key words: Direct-acting antiviral; HCV; Liver transplantation; Genotype 1; Recurrence. 
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Introduction 

Liver cirrhosis and hepatocellular carcinoma (HCC) secondary to hepatitis C virus 

(HCV) infection are the leading causes for liver transplantation (LT) worldwide.(1, 2) 

However, recurrent HCV infection post LT is a unique and difficult medical dilemma 

which occurs in over 90% of patients, and severe recurrent infection is observed in 

nearly 30% of patients within 3 to 5 years.(3, 4) Thus, the allograft and recipient survival 

is closely correlated with the successful eradication of HCV. 

Until very recently, interferon-based therapy was the only treatment option and rate of 

sustained virological response (SVR) in these transplant recipients was merely 20%-

30%.(5, 6) The combination of direct-acting antiviral agents, in the form of a first 

generation protease inhibitor, telaprevir or boceprevir, doubled the SVR rate at the 

expense of a series of adverse events (AEs) and serious adverse events (sAEs).(7, 8) 

These included rashes, cytopenias, allograft rejection, severe anemia, and a mortality 

rate of 9% in one series. At the end of year of 2013, the US Food and Drug 

Administration (FDA) and European Medicines Agency (EMA) approvals of simeprevir 

(SMV) and sofosbuvir (SOF) heralded a new era in direct-acting antiviral (DAA) therapy 

of HCV-related liver diseases. Consequently, the launches of several other second 

generation of interferon-free DAAs have opened a new scenario which revolutionized 

the treatment of chronic HCV infection in the general infected population. With a very 

favorable safety profile and high rates of SVR of over 95%,(9) the newer and all-oral 

DAA-based regimens have provided an unprecedented opportunity to cure HCV. 

Although HCV disease burden remains substantial for the time being, however it is 

estimated that, within next decade, most patients with HCV infection would likely to 

attend SVR. Furthermore, SVR may forestall the progression of liver diseases with 

subsequent reduction in liver-related complications including hepatocellular carcinoma 

(HCC), hepatic decompensation, and both liver related as well as all-cause mortality. 

HCV genotype 1 (GT1) is the most prevalent recurrence affecting the majority of 

patients post LT.(10, 11) However, the effectiveness and tolerability of various of 

combinations of DAAs on specific genotype of HCV recurrence in LT recipients remain 

largely unknown.(12) In this study, we performed a systematic review and meta-

analysis in order to provide a comprehensive, reliable, and up-to-date assessment of 

DAA treatment for GT1 HCV recurrence post transplantation. Our results may provide 

additional guidance for clinical practice and future research. 

 

Materials and Methods 

Literature search 

 

We have conducted a systematic search of various electronic databases, including 

Ovid Medline, EMBASE, Web of Science, Cochrane Database and Google Scholar for 

relevant studies published from inception until July, 2018. The search was designed 

and conducted by an experienced medical librarian with input from the study 

investigators, using controlled vocabulary supplemented with keywords (ñsofosbuvirò 

OR ñribavirinò OR ñritonavirò OR ñasunaprevirò OR ñsimeprevirò OR ñdaclatasvirò OR 

ñombitasvirò OR ñledipasvirò OR ñvelpatasvirò OR ñgrazoprevirò OR ñelbasvirò OR ñDAAò 
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OR ñdirect-acting antiviralsò AND ñliver transplantationò AND ñhepatitis Cò OR ñHCVò 

AND ñGenotype 1ò OR ñGT1ò) (Supplementary method 1). In addition, the 

bibliographies of relevant review articles and all included studies were manually 

reviewed to identify relevant studies. No restrictions were applied to language due to 

the limited number of manuscripts. Abstracts from conferences were excluded in our 

database search. Besides, the reference lists of included articles and relevant 

systematic reviews were manually searched. 

 

Inclusion and exclusion criteria   

All records identified through database searches were downloaded and duplicate 

records were removed. The title and abstract of remaining records were screened for 

relevance to liver disease and human subjects. After this initial screening, the lists of 

selected studies were cross-checked to resolve discrepancies. Subsequently, full 

articles were retrieved for detailed assessment. 

Reports were included if they were original studies which contained at least 5 patients, 

presented effectiveness of treatment of second generation of interferon-free DAA 

regimens for at least 12 weeks in adult LT recipients with GT1 HCV recurrence. In 

addition, these included studies should present proportion of SVR12 after the end of 

the treatment. We excluded studies that enrolled LT recipients featured coinfection with 

hepatitis A, B, D, E virus or human immunodeficiency virus (HIV). Besides, studies 

without reporting AEs and/or sAEs were also excluded.  

 

Study selection and data extraction 

Two reviewers (J.L. and B.M.) worked independently to determine whether a study met 

inclusion criteria, abstracted information to assess the methodological validity of each 

candidate study, and extracted data with structured data collection forms. The 

reviewers resolved discrepancies by jointly reviewing the study in question. If no 

consensus was reached, a third reviewer (Q.P.), unaware of prior determinations, 

functioned as an arbiter. 

Extracted information for this study include study design, immunosuppression 

protocols, dosage adjust, DAA combinations, collaboration (single or multicenter) and 

patient demographics including age, gender, ethnicity, viral load, degree of fibrosis. 

We also obtained data of treatment outcomes of SVR12. In addition, data about the 

tolerability of DAA treatment were also collected.  

 

Quality assessment 

The quality of included studies was rated using the institute of Health Economics (IHE) 

quality appraisal checklist, which is usually employed for assessment of the quality of 

case series. As all of the included studies were single-arm reports, an assessment tool 

for case series is more suitable than the Newcastle Ottawa Scale (NOS). In this 20-

item checklist, both risk of bias and quality of reporting were scored by yes, no or 

partial/unclear answers. Eight quality parameters including study objective (0-1 points), 

study design (0-3 points), study population (0-3 points), intervention and co-

intervention (0-2 points), outcome measure (0-4 points), statistical analysis (0-1 points), 
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results and conclusions (0-5 points) and competing interests and sources of support 

(0-1 points) were used to assess included studies. In our analysis, studies with 0-2, 3-

5, 6-8 and Ó9 points were considered as having low, moderate, high and very high risk 

of bias, respectively. Quality assessment was done by two independent authors (J.L. 

and B.M.), and disagreements were solved by the third author (Q.P.). 

 

Statistical analysis 

After checking for consistency, the Metaprop module in the R-3.4.2 statistical software 

package was used for the meta-analysis. Given that, the SVR12 proportion in many 

articles are close to 100%. So the proportion of SVR12 reported in each study was 

Free-Turkey double arcsine transformed prior to compute the pooled estimate rate. 95% 

confidence interval (CI) were estimated using Wilson score method. We performed 

meta-analysis of proportion to compute the pooled estimate proportions by using a 

random-effect model (DerSimonian-Laird Method). Heterogeneity across the included 

studies was assessed using the Cochran Q-statistics and I2 statistics, with I2 statistics 

25%-50%, 50%-75% and >75% considered as mild, moderate and severe 

heterogeneity, respectively. Based on the available data, subgroup meta-analysis were 

performed by using the Q test to determine whether the pooled estimate proportion of 

SVR12 varied by study type (retrospective study or perspective study), with or without 

Ribavirin (RBV), METAVIR score (F0-F2 or F3-F4), and different kinds of regimens 

SOF/SMV with or without RBV, SOF/Ledipasvir (LDV), Asunaprevir (ASV)/SMV, 

DCV/SMV with or without RBV and Paritaprevir/Ritonavir/Ombitasivir/Dasabuvir 

(PrOD). Funnel plots and Egger regression test were used to assess potential 

publication biases. 

Ethical approval or inform consent from patients was not required, because our data 

were extracted from previous studies. Nevertheless, the included studies in our review 

did obtain patient consent and each study was approved by ethics committee.  

 

Results 

Literature search 

Our search strategy identified 2747 articles for inclusion. After removing duplicate 

studies, 2655 studies were further evaluated for eligibility. Of these, 1593 studies were 

excluded, which had no DAA, HCV GT1 or LT related items. After screening the titles 

and abstracts, another 950 studies were excluded; 744 studies of them included 

ineligible study participants, 206 with small sample size. 112 studies were retrieved 

and evaluated in full text. Of those reviewed in detail, 96 studies were excluded due to 

duplicate publication, improper study design, or incomplete information of 

effectiveness and tolerability. Eventually, 16 studies, published until July 2018, 

involving 885 patients were eligible for the qualitative and quantitative synthesis as 

detailed in Figure 1. Based on the Institute of Health Economics (IHE) quality appraisal 

checklist, six studies were of low risk of bias compared to 10 studies with moderate 

risk of bias. To date, no randomized controlled trial has been published exploring the 

efficacy and tolerability of DAAs on recurrence of post LT. The 16 included studies 



 
 

Page | 33  
 

were performed by five different countries. Among them, 62.5% were conducted in 

USA, 18.75% in Japan, 6.25% in UK, 6.25% in Germany and 6.25% in Spain. Ten of 

the included studies were multi-center studies and six were single-center studies. All 

of these studies were published in full text.  

 

Figure 1. Study selection. 

Baseline characteristics  

Table 1 and 2 summarize the baseline patient demographic and clinical characteristics. 

Except one study (13) that did not report patient ethnicity, the majority of patients were 

Caucasian, male, with a mean age of approximately 60-year-old, had GT1a HCV 

recurrence, and received tacrolimus as part of their immunosuppressive treatment. 

Five different DAA combination protocols were described: SOF/SMV with or without 

RBV (n=8);(13-20) SOF/LDV (n=3);(21-23) ASV/SMV (n=2);(24, 25) DCV/SMV with or 

without RBV (n=2);(26, 27) PrOD (n=1).(28) Detailed baseline characteristics of the 

included studies are provided in Table 1 and 2. 
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Table 1. Basic characteristic of studies included. 

 

Table 2. Basic characteristics of the studies included. 
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Outcomes 

The efficacy and tolerability of DAA treatment.  

 

Once DAA treatment completed, patients were followed up for evaluating SVR12 

proportion. In total, 805 out of 885 (91.0%) patients successfully achieved SVR12. The 

pooled estimate SVR12 proportion among all LT recipients were 93% (95% CI: 0.89, 

0.96), with moderate heterogeneity observed in a random-effects model (tau2=0.01, 

p<0.001, I2=75%, Figure 2). The expected shape observed in the funnel plots and 

results of the Eggerôs test (p=0.44) indicated no significant publication bias 

(Supplementary Figure 1 and 2). AEs commonly occurred in these patients. General 

symptoms including fever, fatigue and dizziness were the most common AEs with 

pooled estimate rate of 37% (95% CI: 0.14, 0.64; tau2=0.30, p<0.01, I2 =98%, Random-

effects model, Supplementary figure 3). Pooled estimate incidence rate of 

gastrointestinal AEs was 10% (95% CI: 0.02, 0.23; tau2=0.11, p<0.01, I2 =96%, 

Random-effects model, Supplementary figure 4) and pooled estimate incidence rate of 

skin problems was 7% (95% CI: 0.02, 0.15; tau2=0.06, p<0.01, I2 =93%, Random-

effects model, Supplementary figure 5). SAEs were mainly associated with kidney 

injury, were reported in 45 patients, and 12 patients died during the treatment period 

(Table 3). The pooled estimate rate of sAEs was 4% (95% CI: 0.01, 0.07, tau2=0.02, 

p<0.01, I2 =81%, Random-effects model, Figure 3).  

 

Study Design 

Twelve retrospective and four prospective studies were included. There was no 

significant difference in pooled estimate SVR12 proportion when comparing studies of 

prospective, 91% (95% CI: 0.87, 0.95), versus retrospective, 93% (95% CI: 0.88, 0.97) 

(P=0.44, Figure S6, Random effects model). 

 

Figure 2. Pooled estimate proportion of 12 weeks sustained virological response after treatment 

completion and 95% confidence interval after directing-acting treatment of GT1 HCV recurrence post 
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liver transplantation from 16 studies. Abbreviations: Events, the number of patients who reached SVR12; 

Total, the number of patients analyzed. 

 

Figure 3. Pooed estimate proportion of serious adverse events and 95% confidence interval after direct-

acting antivirals of GT1 HCV recurrence post liver transplantation form 16 studies. Abbreviations: Events, 

the number of patients who reached SVR12; Total, the number of patients analyzed. 

3.3.3 Degree of liver cirrhosis. The METAVIR Fibrosis Score, simply put, is a 

evaluate system to determine the level of liver fibrosis.(29) The METAVIR Fibrosis 

Score grades the degree of fibrosis on a 5-point scale from 0 to 4. Fibrosis scores 

range from F0-F4 (F0 stage, no fibrosis; F1 stage, portal fibrosis without septa; F2 

stage, portal fibrosis with septa; F3 stage, numerous septa without cirrhosis; F4 stage, 

cirrhosis). A total of eight studies evaluated levels of fibrosis and cirrhosis of patients 

according to METAVIR Fibrosis Score. The pooled SVR12 rate estimates among 

patients with METAVIR Fibrosis Score F0-F2 stage was 93% (95% CI: 0.89, 0.96) 

compared to 83% (95% CI: 0.75, 0.88) for stage F3-F4. There was a trend for a higher 

SVR12 rate in patients with F0-F2 stage than patients with F3-F4 stage (p<0.01, Figure 

4, Random-effects model).  
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Figure 4. Comparison of pooled estimate proportion of 12 weeks sustained virological response after 

treatment completion and 95% confidence interval between METAVIR Fibrosis Stages F0-F2 and F3-

F4 after direct-acting antivirals treatment of hepatitis C virus genotype 1 recurrence post liver 

transplantation. Abbreviations: Events, the number of patients who reached SVR12; Total, the number 

of patients analyzed. 

Different combination of DAA regimens 

Sixteen studies which contained five different DAA regimens were administered into clinical 

treatment of LT recipients with recurrent GT1 HCV infection. The pooled estimate SVR12 

proportion were 97% (95 CI: 0.89, 1.00), 81% (95% CI: 0.72, 0.89), 100% (95% CI: 0.98, 1.00), 

90% (95% CI: 0.80, 0.97), and 90% (95% CI: 0.87, 0.92) among patients who underwent 

treatment of PrOD, ASV/DCV, LDV/SOF, SMV/DCV with or without RBV and SMV/SOF with 

or without RBV, respectively (Figure S7, Random effects model). 

With or without RBV 

A total of 124 LT recipients used RBV as combinational treatment compared to 761 

recipients without. The pooled estimate SVR12 proportion of recipients treated with 

RBV was 90% (95%CI: 0.84, 0.94). For recipients treated without RBV, the pooled 

proportion was 94% (95%CI: 0.89, 0.97). There was no significant difference in SVR12 

proportion between LT recipients treated with or without RBV (P=0.23, Figure S8, 

Random effects model). 

 

Discussion 

The current systematic review and meta-analysis included 16 studies comprising 885 

patients to assess the outcome of DAA treatment for liver transplant recipients with 

recurrent GT1 HCV infection. Overall, the pooled SVR12 and sAEs proportion were 

93% and 4%, representing a rather good outcome. Subgroup analyses revealed clear 

difference in SVR12 rates for different treatment strategies. The pooled estimate 

proportion for combination of LDV/SOF appears much higher than the other four 

combinations. In addition, the efficacy of DAA treatment is closely associated with 

fibrosis or cirrhosis levels, which highlights the necessity of early initiation of DAA 

treatment in these patients. 

The pooled estimate results of SVR12 provided evidence that DAA treatment was 

clinically effective in eradicating GT1 HCV recurrence post LT. This is comparable to 

the pooled estimate results from a recent meta-analysis that contained all HCV 

GTs.(30) Of note, the unbalanced application of DAAs for GT1 HCV recurrence exists 

among different regions. There is a trend that the first-class of DAAs are commonly 

used in European or North American countries. For many countries, even like Japan, 

cost-effectiveness other than SVR rate is the first consideration for clinicians.(24, 25) 

However, in Asia-pacific or Africa countries, HCV has distinct epidemiology. 

Furthermore, DAA availability has been delayed due to economic constraints and 

regulatory rules.(31) Although two studies from Japan suggested that DAA treatment 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6850617/#tid13047-sup-0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6850617/#tid13047-sup-0001
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is effective in Asian patients, multi-regional and systematic studies should be combined 

to further confirm the effectiveness of DAA treatment for different regions. 

The average time of progression from initial HCV infection to cirrhosis is about 30 years, 

but 20-30% of liver transplant recipients develop cirrhosis within 5 years.(32) Re-

transplantation is the only option to achieve long-term survival of patients with 

decompensated cirrhosis. However, due to organ shortage and poor clinical outcome, 

re-transplantation is clearly not a sustainable solution.(33) In our subgroup analysis of 

liver transplant recipients with SVR12 rate and fibrosis data (METAVIR Fibrosis Score), 

our detailed analysis supports the latest evidence-based guidelines that DAAs also can 

be effectively used in eradicating HCV in patients with advanced fibrosis or cirrhosis 

post LT.(34) We observed a higher SVR12 pooled estimate proportion in patients with 

mild fibrosis compared with those of advanced fibrosis or cirrhosis, with a trend favoring 

SVR12 in patients with mild fibrosis. Our results indicated that the capability of HCV 

eradication by DAAs may be correlated with the levels of liver fibrosis or cirrhosis. 

Therefore, DAA treatment is recommended to be initiated early after transplantation.  

Five different combinations of DAA treatment were identified in our systematic review 

and meta-analysis. There are important differences among the strategies, such as 

addition of RBV, duration of treatment and potential drug interactions. Among these 

regimens, SMV/SOF with or without RBV were most commonly used with a pooled 

estimate SVR12 proportion of 90%, which is comparable with a recent study reporting 

SVR12 rate of 88%.(30) A number of studies have pointed out that SMV may interact 

with Cyclosporine A (CsA), and therefore the immunosuppressant tacrolimus is 

recommended to be used.(35) In general, the combination of SMV and SOF with or 

without RBV seems to be a safe regimen even at the early stage of post-transplantation, 

when constant changes of immunosuppressive medication are often required and the 

patients are vulnerable to side effects. The combination of LDV and SOF has been 

used in three studies. The safety and efficacy of combination of LDV and SOF was 

firstly confirmed in a US-based SOLAR-2 study with a SVR12 rate of 96% and SVR24 

rate of 98%.(36) The pooled estimate SVR12 proportion of LDV and SOF from our 

study is as high as 100%. Only one study reported their results for the DAA 

combination regimen of PrOD in GT1 HCV recurrence post LT with SVR12 proportion 

of 97%. Unfortunately, PrOD is contraindicated in patients with cirrhosis and has a 

potential to increase the plasma cyclosporine A (CsA) levels by 5-6 folds and 

tacrolimus levels by 60-85 folds, which limited its clinical application.(28) In addition, 

efficacy and safety were not established for shorter duration therapy, or more 

advanced fibrosis/cirrhosis in a real world setting. Combination of ASV and DCV were 

administered by two Japanese studies with the lowest pooled estimate SVR12 

proportion of 81%. Although this combination had a cost-effective advantage, 

increased transaminase levels were commonly associated with ASV.(37, 38) Two 

studies have reported a pooled estimate SVR12 proportion of 90% with DAA 

combination of SMV/DCV with or without RBV. Although the pooled estimate SVR12 

proportion was satisfactory, two limitations including small sample size and prolonged 

treatment period of 24 weeks in these two studies should be noted.  
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There is ongoing debate whether adding RBV to interferon-free treatment strategy is 

necessary for treating HCV recurrence after LT.(16) RBV has been used for over 40 

years in combination for treating HCV with an obscure understanding of its mechanism-

of-action.(39, 40) What is clear, however, is adverse effects. Hemolytic anemia has 

been observed in about one third of the patients. Lymphopenias, pruritus and rash also 

commonly occur. Thus, patients treated with RBV often need a close monitoring and 

dose adjustment, especially for those with chronic kidney disease. It is also 

recommended that patients treated with RBV should undergo at least 6-month washout 

period due to the possible teratogenic and embryocidal effects.(40-42) In current study, 

we observed an increased pooled estimate incidence rate of sAEs in patients treated 

with RBV, in accordance with the results from previous studies. Given that a number 

of studies have pointed out RBV were not correlated with an increased SVR12 rate,(13, 

16, 20, 43) we compared patients treated or not treated with this medication. Our 

results also indicated that RBV was not correlated with an increased pooled estimate 

SVR12 proportion. We also assessed the tolerability of DAA treatment by analyzing 

pooled estimate proportion of AEs and sAEs. General symptoms, gastro-intestinal 

symptoms, and skin complaints were presented with a pooled estimate incidence rate 

of 37%, 10% and 7%, respectively. SAEs including death caused by hepatic or renal 

failure, pneumonia, bone marrow failure, acute kidney, liver or other major organ 

infection, hepatic decompensation, spontaneous bacterial peritonitis, and sepsis, were 

analyzed with a pooled estimate incidence rate of 4% (I2 =81%).  

Among them, renal dysfunction was reported in 45 patients, and 12 patients died during 

the treatment period. Impaired renal function commonly occurred in liver transplant 

recipients with the prevalence ranging from 17% to 95%.(44, 45) Approximately 40% 

of these patients had already experienced a hepatorenal syndrome pre-

transplantation.(46) In addition, toxic reasons, ischemia reperfusion and CNI-

associated nephropathy were account for renal dysfunction post-transplantation.(47) 

Although the exact pathophysiological mechanisms are not fully understood, HCV 

infection may influence renal function through different pathways.(48) A recent study 

documented that patients with HCV recurrence after LT will absolutely benefit from 

HCV elimination but will be at a higher risk for renal dysfunction or failure associated 

with antiviral drugs like SOF.(49) Unlike most DAAs, the nucleotide analogue NS5B 

polymerase inhibitor SOF was renally excreted. For area under the curves (AUCs) of 

SOF, patients with end-stage renal diseases was 45-fold and 35-fold higher compared 

to normal renal function when dosed 1 hour before or 1 hour after hemodialysis, 

respectively.(50) However, there are conflicting data about the application of SOF in 

clinical treatment. Saxena et al (51) evaluated the safety and efficacy of SOF-based 

therapy in HCV-infected patients with impaired renal function. High SVR rate of 83% 

was achieved with high rate of renal dysfunction and sAEs observed. A prospective 

multicenter cohort study enrolled 50 patients with GFR < 35 mL/min per 1.73 m2 for 

treatment with a SOF-based therapy. All genotypes were included and more than half 

of them were cirrhotic patients. The results indicated that there is no significant change 

in GFR for patients who were not on dialysis.(52) More recently, Teegen et al (49) also 

documented that a dose reduction for SOF did not seem to be necessary to prevent 
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further renal damage. Thus, additional data are still needed to further assess the safety 

of SOF in transplant recipients.  

CNIs are the backbone of immunosuppressive treatment of LT. Eighty percent of liver 

transplant recipients were using tacrolimus alone or in combination with 

mycophenolate 1 year post transplantation.(53) Although CNIs can reduce the 

incidence of acute injection and improve overall survival, they are inevitably associated 

with nephrotoxicity which is reflected in tubular atrophy, interstitial fibrosis, and 

glomerulosclerosis on kidney biopsy.(54) However, so far, the use of a CNI-free 

regimen is still challenging and the trend in LT was to use regimens that minimize the 

use of CNIs in combination with mycophenolate mofetil (MMF) or mammalian target of 

rapamycin inhibitors. One important observation, the use of everolimus with reduced 

tacrolimus exposure helped to preserve renal function after 3-year follow up which 

indicated that consideration should be given to minimize the dose of CNIs or switch to 

MMF or everolimus for these patients.(55, 56) 

This study has exclusively focused on the effectiveness and tolerability of DAA 

treatment. Thus, a control group is not included, such as patients treated with DAAs 

before LT or treated with interferon post LT. Thus, without such a control, we cannot 

conclude whether treatment post LT has any advantage than treatment prior to LT or 

interferon treated recipients. Besides, most studies were from developed regions, 

including North American or European countries. Hence, multi-regional studies are still 

needed to substantiate the comprehensive information for better clinical guidance 

globally. Last but not the least, the field of HCV treatment is a dynamic and constantly 

changing landscape. A number of new agents or combination approaches may still in 

clinical trials or just licensed.  

In summary, our results support DAAs as treatment for eradicating GT1 HCV 

recurrence in liver transplant recipients. They are highly effective and well-tolerated. 

However, fine-tuning is essential for achieving the optimal outcome, given 

considerations of drug availability, potential drug-drug interactions, the fibrotic or 

cirrhotic stage of the patients and regional/social factors.  
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Table 3. Incidence of adverse events and serious adverse events during direct-acting antivirals 

treatment for patients of hepatitis C virus genotype 1 recurrence post liver transplantation. 
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GI, gastrointestinal; sAEs, serious adverse events. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Page | 43  
 

Reference 

1. Brown RS. Hepatitis C and liver transplantation. Nature 2005; 436(7053): 973-978. 
2. Gane EJ, Portmann BC, Naoumov NV et al. Long-term outcome of hepatitis C infection after liver transplantation. N 

Engl J Med 1996; 334(13): 815-820. 
3. Gane E. The natural history and outcome of liver transplantation in hepatitis C virus-infected recipients. Liver Transpl 

2003; 9(11): S28-34. 
4. Berenguer M, Ferrell L, Watson J et al. HCV-related fibrosis progression following liver transplantation: increase in 

recent years. J Hepatol 2000; 32(4): 673-684. 
5. Gane EJ and Agarwal K. Directly acting antivirals (DAAs) for the treatment of chronic hepatitis C virus infection in liver 

transplant patients: "a flood of opportunity". Am J Transplant 2014; 14(5): 994-1002. 
6. Berenguer M, Palau A, Aguilera V, Rayon JM, Juan FS, and Prieto M. Clinical benefits of antiviral therapy in patients 

with recurrent hepatitis C following liver transplantation. Am J Transplant 2008; 8(3): 679-687. 
7. Garg V, van Heeswijk R, Lee JE, Alves K, Nadkarni P, and Luo X. Effect of telaprevir on the pharmacokinetics of 

cyclosporine and tacrolimus. Hepatology 2011; 54(1): 20-27. 
8. Hulskotte E, Gupta S, Xuan F et al. Pharmacokinetic interaction between the hepatitis C virus protease inhibitor 

boceprevir and cyclosporine and tacrolimus in healthy volunteers. Hepatology 2012; 56(5): 1622-1630. 
9. Hull MW, Yoshida EM, and Montaner JS. Update on Current Evidence for Hepatitis C Therapeutic Options in HCV 

Mono-infected Patients. Curr Infect Dis Rep 2016; 18(7): 22. 
10. Nguyen LH and Nguyen MH. Systematic review: Asian patients with chronic hepatitis C infection. Aliment Pharmacol 

Ther 2013; 37(10): 921-936. 
11. Kao JH, Ahn SH, Chien RN et al. Urgency to treat patients with chronic hepatitis C in Asia. J Gastroenterol Hepatol 

2017; 32(5): 966-974. 
12. Messina JP, Humphreys I, Flaxman A et al. Global distribution and prevalence of hepatitis C virus genotypes. 

Hepatology 2015; 61(1): 77-87. 
13. Jackson WE, Hanouneh M, Apfel T et al. Sofosbuvir and simeprevir without ribavirin effectively treat hepatitis C virus 

genotype 1 infection after liver transplantation in a two-center experience. Clin Transplant 2016; 30(6): 709-713. 
14. O'Leary JG, Fontana RJ, Brown K et al. Efficacy and safety of simeprevir and sofosbuvir with and without ribavirin in 

subjects with recurrent genotype 1 hepatitis C postorthotopic liver transplant: the randomized GALAXY study. Transpl 
Int 2017; 30(2): 196-208. 

15. Punzalan CS, Barry C, Zacharias I et al. Sofosbuvir plus simeprevir treatment of recurrent genotype 1 hepatitis C after 
liver transplant. Clin Transplant 2015; 29(12): 1105-1111. 

16. Crittenden NE, Buchanan LA, Pinkston CM et al. Simeprevir and sofosbuvir with or without ribavirin to treat recurrent 
genotype 1 hepatitis C virus infection after orthotopic liver transplantation. Liver Transpl 2016; 22(5): 635-643. 

17. Pungpapong S, Aqel B, Leise M et al. Multicenter experience using simeprevir and sofosbuvir with or without ribavirin 
to treat hepatitis C genotype 1 after liver transplant. Hepatology 2015; 61(6): 1880-1886. 

18. Khemichian S, Lee B, Kahn J et al. Sofosbuvir and Simeprevir Therapy for Recurrent Hepatitis C Infection After Liver 
Transplantation. Transplant Direct 2015; 1(6): e21. 

19. Lutchman G, Nguyen NH, Chang CY et al. Effectiveness and tolerability of simeprevir and sofosbuvir in nontransplant 
and post-liver transplant patients with hepatitis C genotype 1. Aliment Pharmacol Ther 2016; 44(7): 738-746. 

20. Brown RS, Jr., O'Leary JG, Reddy KR et al. Interferon-free therapy for genotype 1 hepatitis C in liver transplant 
recipients: Real-world experience from the hepatitis C therapeutic registry and research network. Liver Transpl 2016; 
22(1): 24-33. 

21. Ueda Y, Ikegami T, Akamatsu N et al. Treatment with sofosbuvir and ledipasvir without ribavirin for 12 weeks is highly 
effective for recurrent hepatitis C virus genotype 1b infection after living donor liver transplantation: a Japanese 
multicenter experience. J Gastroenterol 2017; 52(8): 986-991. 

22. Elfeki MA, Abou Mrad R, Modaresi Esfeh J et al. Sofosbuvir/Ledipasvir Without Ribavirin Achieved High Sustained 
Virologic Response for Hepatitis C Recurrence After Liver Transplantation: Two-Center Experience. Transplantation 
2017; 101(5): 996-1000. 

23. Shoreibah M, Orr J, Jones D, Zhang J, Venkata K, and Massoud O. Ledipasvir/sofosbuvir without ribavirin is effective 
in the treatment of recurrent hepatitis C virus infection post-liver transplant. Hepatol Int 2017; 11(5): 434-439. 

24. Ikegami T, Ueda Y, Akamatsu N et al. Asunaprevir and daclatasvir for recurrent hepatitis C after liver transplantation: A 
Japanese multicenter experience. Clin Transplant 2017; 31(11). 

25. Honda M, Sugawara Y, Watanabe T et al. Outcomes of treatment with daclatasvir and asunaprevir for recurrent hepatitis 
C after liver transplantation. Hepatol Res 2017; 47(11): 1147-1154. 

26. Herzer K, Papadopoulos-Kohn A, Walker A et al. Daclatasvir, Simeprevir and Ribavirin as a Promising Interferon-Free 
Triple Regimen for HCV Recurrence after Liver Transplant. Digestion 2015; 91(4): 326-333. 

27. Forns X, Berenguer M, Herzer K et al. Efficacy, safety, and pharmacokinetics of simeprevir, daclatasvir, and ribavirin in 
patients with recurrent hepatitis C virus genotype 1b infection after orthotopic liver transplantation: The Phase II 
SATURN study. Transpl Infect Dis 2017; 19(3). 

28. Kwo PY, Mantry PS, Coakley E et al. An interferon-free antiviral regimen for HCV after liver transplantation. N Engl J 
Med 2014; 371(25): 2375-2382. 

29. Rousselet MC, Bedossa P, Pilette C, Oberti F, and Cales P. Metavir score reflects liver fibrosis in chronic alcoholic 
diseases. Hepatology 1999; 30(4): 586a-586a. 

30. Nguyen NH, Yee BE, Chang C et al. Tolerability and effectiveness of sofosbuvir and simeprevir in the post-transplant 
setting: systematic review and meta-analysis. BMJ Open Gastroenterol 2016; 3(1): e000066. 

31. Lim SG, Aghemo A, Chen PJ et al. Management of hepatitis C virus infection in the Asia-Pacific region: an update. 
Lancet Gastroenterol Hepatol 2017; 2(1): 52-62. 

32. Berenguer M, Prieto M, Rayon JM et al. Natural history of clinically compensated hepatitis C virus-related graft cirrhosis 
after liver transplantation. Hepatology 2000; 32(4 Pt 1): 852-858. 

33. Carrion JA, Navasa M, and Forns X. Retransplantation in patients with hepatitis C recurrence after liver transplantation. 
J Hepatol 2010; 53(5): 962-970. 

34. European Association for the Study of the Liver. Electronic address eee. EASL Recommendations on Treatment of 
Hepatitis C 2016. J Hepatol 2017; 66(1): 153-194. 



Page | 44 
 

35. Perumpail RB, Wong RJ, Ha LD et al. Sofosbuvir and simeprevir combination therapy in the setting of liver 
transplantation and hemodialysis. Transpl Infect Dis 2015; 17(2): 275-278. 

36. Manns M, Samuel D, Gane EJ et al. Ledipasvir and sofosbuvir plus ribavirin in patients with genotype 1 or 4 hepatitis 
C virus infection and advanced liver disease: a multicentre, open-label, randomised, phase 2 trial. Lancet Infect Dis 
2016; 16(6): 685-697. 

37. Lok AS, Gardiner DF, Lawitz E et al. Preliminary study of two antiviral agents for hepatitis C genotype 1. N Engl J Med 
2012; 366(3): 216-224. 

38. Fujii Y, Uchida Y, and Mochida S. Drug-induced immunoallergic hepatitis during combination therapy with daclatasvir 
and asunaprevir. Hepatology 2015; 61(1): 400-401. 

39. Feld JJ and Hoofnagle JH. Mechanism of action of interferon and ribavirin in treatment of hepatitis C. Nature 2005; 
436(7053): 967-972. 

40. Thomas E, Ghany MG, and Liang TJ. The application and mechanism of action of ribavirin in therapy of hepatitis C. 
Antiviral Chemistry & Chemotherapy 2012; 23(1): 1-12. 

41. Gentile I, Borgia F, Buonomo AR, Castaldo G, and Borgia G. A novel promising therapeutic option against hepatitis C 
virus: an oral nucleotide NS5B polymerase inhibitor sofosbuvir. Current Medicinal Chemistry 2013; 20(30): 3733-3742. 

42. Fried MW. Side effects of therapy of hepatitis C and their management. Hepatology 2002; 36(5 Suppl 1): S237-244. 
43. Saab S, Greenberg A, Li E et al. Sofosbuvir and simeprevir is effective for recurrent hepatitis C in liver transplant 

recipients. Liver International 2015; 35(11): 2442-2447. 
44. Barri YM, Sanchez EQ, Jennings LW et al. Acute kidney injury following liver transplantation: definition and outcome. 

Liver Transpl 2009; 15(5): 475-483. 
45. Ojo AO, Held PJ, Port FK et al. Chronic renal failure after transplantation of a nonrenal organ. N Engl J Med 2003; 

349(10): 931-940. 
46. Gambato M, Lens S, Navasa M, and Forns X. Treatment options in patients with decompensated cirrhosis, pre- and 

post-transplantation. J Hepatol 2014; 61(1 Suppl): S120-131. 
47. Weber ML, Ibrahim HN, and Lake JR. Renal dysfunction in liver transplant recipients: evaluation of the critical issues. 

Liver Transpl 2012; 18(11): 1290-1301. 
48. Husing A, Kabar I, Schmidt HH, and Heinzow HS. Hepatitis C in Special Patient Cohorts: New Opportunities in 

Decompensated Liver Cirrhosis, End-Stage Renal Disease and Transplant Medicine. Int J Mol Sci 2015; 16(8): 18033-
18053. 

49. Teegen EM, Durr M, Maurer MM et al. Evaluation of histological dynamics, kidney function and diabetes in liver 
transplant patients after antiviral treatment with direct-acting antivirals: Therapy of HCV-recurrence. Transpl Infect Dis 
2018: e13020. 

50.  Glead Siences Inc These highlights do not include all the information needed to use SOVALDI safely and effectively. 
See full prescribing information for 
SOVALDI.<http://www.gilead.com/~/media/Files/pdfs/medicines/liverdisease/sovaldi/sovaldi_pi.pdf> 2017.08.02. 

51. Saxena V, Koraishy FM, Sise ME et al. Safety and efficacy of sofosbuvir-containing regimens in hepatitis C-infected 
patients with impaired renal function. Liver International 2016; 36(6): 807-816. 

52. Dumortier J, Bailly F, Pageaux GP et al. Sofosbuvir-based antiviral therapy in hepatitis C virus patients with severe 
renal failure. Nephrol Dial Transplant 2017; 32(12): 2065-2071. 

53. Kim WR, Smith JM, Skeans MA et al. OPTN/SRTR 2012 Annual Data Report: liver. Am J Transplant 2014; 14 Suppl 1: 
69-96. 

54. Flechner SM, Kobashigawa J, and Klintmalm G. Calcineurin inhibitor-sparing regimens in solid organ transplantation: 
focus on improving renal function and nephrotoxicity. Clin Transplant 2008; 22(1): 1-15. 

55. Saliba F, De Simone P, Nevens F et al. Renal function at two years in liver transplant patients receiving everolimus: 
results of a randomized, multicenter study. Am J Transplant 2013; 13(7): 1734-1745. 

56. Sterneck M, Kaiser GM, Heyne N et al. Everolimus and early calcineurin inhibitor withdrawal: 3-year results from a 
randomized trial in liver transplantation. Am J Transplant 2014; 14(3): 701-710. 

 

 

 

 

 

 

 

 

 

 

 



 
 

Page | 45  
 

Supplementary data for 

Direct-acting antiviral agents for liver transplant recipients with recurrent 

hepatitis C virus genotype 1 infection: systematic review and meta-analysis 

 

Table of contents 

Supplementary Method 1 

Supplementary Figure 1 

Supplementary Figure 2 

Supplementary Figure 3 

Supplementary Figure 4 

Supplementary Figure 5 

Supplementary Figure 6 

Supplementary Figure 7 

Supplementary Figure 8 

 

  



Page | 46 
 

Supplementary method 1. Searching strategy for direct-acting antivirals for treatment of hepatitis 

C virus genotype 1 recurrence post liver transplantation. 

Embase.com 1106 

('direct acting antiviral'/exp OR 'sofosbuvir'/de OR 'ribavirin'/de OR 'ritonavir'/de OR 'asunaprevir'/de OR 

'simeprevir'/de OR 'daclatasvir'/de OR 'ombitasvir'/de OR 'dasabuvir plus ombitasvir plus paritaprevir 

plus ritonavir'/de OR 'ledipasvir'/de OR 'ledipasvir plus sofosbuvir'/de OR 'velpatasvir'/de  OR 'sofosbuvir 

plus velpatasvir'/de OR 'elbasvir plus grazoprevir'/de OR 'grazoprevir'/de OR 'elbasvir'/de OR ((direct* 

NEAR/3 (antiviral* OR anti-viral*)) OR daas OR daa OR sofosbuvir* OR ribavirin* OR Ritonavir* OR 

Asunaprevir* OR Simeprevir* OR daclatasvir* OR ombitasvir* OR prod OR ledipasvir* OR velpatasvir* 

OR Grazoprevir* OR Elbasvir* OR Sunvepra* OR interferon-free OR ifn-free):kw,de,ab,ti) AND ('liver 

transplantation'/exp OR 'organ transplantation'/de OR transplantation/de OR 'graft recipient'/de OR 

'patient history of liver transplantation'/de OR (((liver OR hepat* OR organ OR organs) AND (transplant* 

OR graft* OR allotransplant* OR allograft* OR autotransplant* OR autograft* OR recipient*))):kw,de,ab,ti) 

AND ('Hepatitis C virus genotype 1'/exp OR (('Hepatitis C virus'/exp OR 'Hepatitis C'/exp) AND 

genotype/de) OR (((Hepatitis-C OR hcv OR Hepacivirus) AND ((genotyp* OR gt OR subtyp*)) OR gt1 

OR g1)):kw,de,ab,ti) NOT ([Conference Abstract]/lim OR [Letter]/lim OR [Note]/lim OR [Editorial]/lim) 

AND [english]/lim 

Medline Ovid  662 

(sofosbuvir/ OR ribavirin/ OR ritonavir/ OR asunaprevir/ OR simeprevir/ OR daclatasvir/ OR ombitasvir/ 

OR ledipasvir/ OR ledipasvir plus sofosbuvir/ OR velpatasvir/  OR grazoprevir/ OR elbasvir/ OR ((direct* 

ADJ3 (antiviral* OR anti-viral*)) OR daas OR daa OR sofosbuvir* OR ribavirin* OR Ritonavir* OR 

Asunaprevir* OR Simeprevir* OR daclatasvir* OR ombitasvir* OR prod OR ledipasvir* OR velpatasvir* 

OR Grazoprevir* OR Elbasvir* OR Sunvepra* OR interferon-free OR ifn-free).kw,ab,ti.) AND (liver 

transplantation/ OR liver/tr OR organ transplantation/ OR transplantation/ OR graft recipient/ OR (((liver 

OR hepat* OR organ OR organs) AND (transplant* OR graft* OR allotransplant* OR allograft* OR 

autotransplant* OR autograft* OR recipient*))).kw,ab,ti.) AND (((Hepacivirus/ OR Hepatitis C/) AND 

genotype/) OR (((Hepatitis-C OR hcv OR Hepacivirus) AND ((genotyp* OR gt OR subtyp*)) OR gt1 OR 

g1)).kw,ab,ti.) NOT (letter OR news OR comment OR editorial OR congresses OR abstracts).pt. AND 

english.la. 

Cochrane CENTRAL 134 

(((direct* NEAR/3 (antiviral* OR anti-viral*)) OR daas OR daa OR sofosbuvir* OR ribavirin* OR 

Ritonavir* OR Asunaprevir* OR Simeprevir* OR daclatasvir* OR ombitasvir* OR prod OR ledipasvir* 

OR velpatasvir* OR Grazoprevir* OR Elbasvir* OR Sunvepra* OR interferon-free OR ifn-free):ab,ti) AND 

((((liver OR hepat* OR organ OR organs) AND (transplant* OR graft* OR allotransplant* OR allograft* 

OR autotransplant* OR autograft* OR recipient*))):ab,ti) AND ((((Hepatitis-C OR hcv OR Hepacivirus) 

AND ((genotyp* OR gt OR subtyp*)) OR gt1 OR g1)):ab,ti)  

Web of science  645 

TS=((((direct* NEAR/2 (antiviral* OR anti-viral*)) OR daas OR daa OR sofosbuvir* OR ribavirin* OR 

Ritonavir* OR Asunaprevir* OR Simeprevir* OR daclatasvir* OR ombitasvir* OR prod OR ledipasvir* 

OR velpatasvir* OR Grazoprevir* OR Elbasvir* OR Sunvepra* OR interferon-free OR ifn-free)) AND 

((((liver OR hepat* OR organ OR organs) AND (transplant* OR graft* OR allotransplant* OR allograft* 

OR autotransplant* OR autograft* OR recipient*)))) AND ((((Hepatitis-C OR hcv OR Hepacivirus) AND 

((genotyp* OR gt OR subtyp*)) OR gt1 OR g1))) ) AND DT=(article) AND LA=(english) 

Google scholar  

"direct antiviral"|"direct*antiviral"|"direct acting anti"|sofosbuvir|ribavirin|"interferon|ifn free" "liver|hepatic 

transplantation|graft|recipient" "Hepatitis-C"|Hepacivirus "genotype|gt|subtype 1" 
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Supplementary figure 1. The Begg funnel plot for 12 weeks sustained virologic response after direct-

acting antivirals treatment of hepatitis C virus genotype 1 recurrence post liver transplantation from 16 

studies. 

 

 

Supplementary figure 2. The Egger regression test for 12 weeks sustained virologic response after 

direct-acting antivirals treatment of hepatitis C virus genotype 1 recurrence post liver transplantation 

from 16 studies. 
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Supplementary figure 3. Pooled estimate proportion of general symptoms incidence and 95% 

confidence interval after direct-acting antivirals of hepatitis C virus genotype 1 recurrence post liver 

transplantation from 16 studies. Abbreviations: CI, confidence interval; Events, the number of patients 

who reached SVR12; Total, the number of patients analyzed. 

 

Supplementary Figure 4. Pooled estimate proportion of gastrointestinal symptoms incidence and 95% 

confidence interval after direct-acting antivirals of hepatitis C virus genotype 1 recurrence post liver 

transplantation from 16 studies. Abbreviations: CI, confidence interval; Events, the number of patients 

who reached SVR12; Total, the number of patients analyzed. 
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Supplementary figure 5. Pooled estimate proportion of skin problems incidence and 95% confidence 

interval after direct-acting antivirals of hepatitis C virus genotype 1 recurrence post liver transplantation 

from 16 studies. Abbreviations: CI, confidence interval; Events, the number of patients who reached 

SVR12; Total, the number of patients analyzed. 
 

 

Supplementary figure 6. Comparison of pooled estimate proportion of 12 weeks sustained virologic 

response after treatment completion and 95% confidence interval between prospective studies and 

retrospective studies after direct-acting antivirals treatment of hepatitis C virus genotype 1 recurrence 

post liver transplantation. Abbreviations: CI, confidence interval; Events, the number of patients who 

reached SVR12; Total, the number of patients analyzed. 
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Supplementary figure 7. Comparison of pooled estimate proportion of 12 weeks sustained virologic 

response after treatment completion and 95% confidence interval among five different direct-acting 

antivirals regimens for treatment of hepatitis C virus genotype 1 recurrence post liver transplantation. 

Abbreviations: CI, confidence interval; Events, the number of patients who reached SVR12; Total, the 

number of patients analyzed; PrOD, Paritaprevir/Ritonavir/Ombitasivir/Dasabuvir; ASV+DCV, 

Asunaprevir/Daclatavir; SOF+LDV, Sofosbuvir/Ledipasvir; DCV+SMV±RBV, Daclatavir/Simeprevir with 

or without Ribavirin; SOF+SMV±RBV, Sofosbuvir/Simeprevir with or without Ribavirin.  
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Supplementary figure 8. Comparison of pooled estimate proportion of 12 weeks sustained virologic 

response after treatment completion and 95% confidence interval for treatment with or without Ribavirin 

of hepatitis C virus genotype 1 recurrence post liver transplantation. Abbreviations: CI, confidence 

interval; Events, the number of patients who reached SVR12; Total, the number of patients analyzed. 
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The recent launch of several types of direct-acting antiviral agents (DAAs) has opened 

a new scenario for treating chronic hepatitis C virus (HCV) infection. Extremely 

satisfactory sustained virological response (SVR) rates have been achieved in DAA 

treated HCV patients, leading to the extensive use of these regimens worldwide [1]. 

Because HCV is one of the leading causes of hepatocellular carcinoma (HCC), 

successful eradication of the infection is expected to dramatically reduce the risk of 

HCC development in these patients. Counterintuitively, several recent studies have 

reported an unexpected high rate of HCC development after DAA treatment [2,3]; 

whereas others did not observe such a risk [4]. However, it remains challenge to make 

definitive conclusion on this issue because of the heterogeneous populations and 

methodologies applied in the different studies. Regardless of this ongoing debate, a 

popular hypothesis has emerged that tumor development is likely attributed to the 

indirect effect of DAA treatment by disrupting cancer immunosurveillance, for instance 

through decreasing natural killer (NK) cell activation and inhibiting its cytotoxic function 

[5]. These immunological changes could be responsible for reduced 

immunosurveillance of neoplastic clone growing and spreading. Interestingly, a recent 

study [6] has profiled the levels of immune mediators including cytokines, growth 

factors and apoptosis markers in serum of HCV patients treated with DAA and studied 

the association with the development of HCC. They observed that the indirect effect of 

immune modulation by DAAs may have little impact on HCC development, although 

the immune background before treatment could already have a potential effect. In 

contrast, we have investigated whether DAAs have direct effect on HCC cells. 

Sofosbuvir (SOF), targeting the HCV RNA-dependent RNA polymerase, is widely used 

DAAs for HCV treatment. Importantly, most reported cases with HCC development 

were treated with SOF-based regimens. To evaluate the direct effect, four human HCC 

cell lines including Huh7, Huh6, HepG2 and SNU449 were treated with serial 

concentrations of SOF (0, 0.01, 0.1, 1M), which are clinically relevant. As expected, 

SOF potently inhibited HCV replication in Huh7-based subgenomic replicon 

(Supplementary Figure 1). No major effect was observed on the growth of bulk of HCC 

cells by SOF treatment for 48 or 72 hours determined by MTT and Alamar blue assays 

(Supplementary Figure 2 and 3). But, surprisingly, SOF increased single cell-based 

clonogenic capability in all four HCC cell lines. This is reflected by the significantly 

increased number and size of formed colonies (Fig. 1). In contrast, placebo treatment 

has no such effect (Supplementary Figure 4). Thus, we have clearly demonstrated a 

direct promoting effect of SOF on single HCC cell-based clonogenic initiation and 

expansion, but not on the growth of the bulk of HCC cells. We interpret that these 

unexpected results may bear important implications in explaining the clinical 

observations. In fact, higher risk of HCC development has been mostly observed from 

HCV patients with advanced diseases (e.g. cirrhosis), [3] or previously treated for HCC 

(e.g. ablation, resection, chemoembolization [2] or liver transplantation [7]). Although 

these studies are often blamed for the bias in selection of these particular patient 

groups, our results however may indicate a direct promoting effect of DAAs on the rare 

preexisting transformed tumor cells in the cirrhotic liver, the residual HCC cells that are 

not completely eradicated by treatment, or the circulating tumor cells in the transplant 



Page | 56 
 

patients. Despite the low number of these tumor cells, they are likely resemble the so 

called cancer stem cells that are resistance to chemo- or radiotherapy but responsible 

for tumor initiation, treatment relapse and recurrence after surgical operation [8]. Thus, 

DAAs are likely not to have a universal but rather specific effects on particular patients 

in respect to the risk of HCC development; whereas the current clinical studies are 

unable to fully resolve the ongoing debate. Nevertheless, neither our findings nor the 

previous study6 shall exclude the possibility of an indirect effect of DAAs on triggering 

HCC development, as tumor micro-environment was a complicated and evolving field. 

We believe that the joint efforts of future experimental and clinical research are 

necessary to clarify this alarming issue and to gain mechanistic insight.  
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Figure 1. Sofosbuvir (SOF) treatment promotes the clonogenic capability of human hepatocellular 

carcinoma cells. (A, C, E, F) The number of colonies/1000 cells of HepG2, SNU449, Huh6 and Huh7 

after SOF treatment (mean ± SEM, n=9); (B, D, G, H). The diameters of colony formation units (CFUs). 

Every three random colonies from nine independent wells were measured (mean ± SEM, n=27). Mann-

Whitney test; *P<0.05, **P<0.01, ***P<0.001.  
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1 Supplementary materials and methods 

1.1 Reagents 

Sofosbuvir (SOF; PSI-7977) was purchased from Chemscene and were dissolved in dimethyl sulfoxide 

(DMSO) in a concentration of 10 mMol/L. Sorafenib was obtained from Bioconnect. 3-(4,5-

Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) was from Sigma-Aldrich. Alamar blue 

reagent was from Invitrogen. 

1.2 HCC cells culture 

Human hepatocellular carcinoma cells (Huh7, Huh6, SNU449 and HepG2) were cultured with 

Dulbeccoôs modified Eagleôs medium (Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine 

serum (Sigma-Aldrich) and 1% Penicillin/Streptomycin (Gibco, Bleiswijk, The Netherlands). 

1.3 HCV cell culture model 

HCV subgenomic replicon model (Huh7-HCV-Luc) was on the basis of Huh7 cells containing a 

subgenomic HCV bicistronic replicon (I389/NS3-3V/LucUbiNeo-ET) which contains the non-structural 

coding sequence of HCV and the firefly luciferase gene. Huh7-HCV-Luc cells were cultured in the 

presence of 250 ɛg/mL G418 (Sigma-Aldrich).  

1.4 Measurement of Luciferase activity 

Huh7-HCV-Luc luciferase activity was quantified by adding luciferin potassium salt (100 mM, Sigma-

Aldrich) to the cells and then incubating for 30 minutes at 37oC. Then firefly luciferase activities were 

quantified with a LumiStar Optima luminescence counter (BMG labTech, Offenburg, Germany). 

1.5 MTT assay 

The cells were seeded in a 96-well plate, at a concentration of 6×103 cells/well in 100 µl medium. Then 

they were incubated overnight to attach to the bottom of the wells and then treated with serials dilutions 

of SOF (0, 0.01, 0.1, 1 µM). Cell viability was analyzed by adding 10 mM MTT. Subsequently, the cells 

were incubated at 37 C with 5% CO2 for 4 hours. The culture medium was then replaced by 100 ɛl of 

DMSO for each well. The absorbance of each well was read in a microplate absorbance reader (Bio-

Rad, Japan) at wavelength of 490 nm. All measures performed in triplicates. 

1.6 Alamar blue assay 

The cells were harvested and then seeded in 96-well plate. Alamar blue reagent was firstly diluted into 

DMEM medium in 1:20 ratio. After removing supernatant, 100 µl diluted Alamar blue medium was added 

into each well. The plate was then moved to incubator at 37 C with 5% CO2 for 2 hours. Fluorescence 

was measured using Varioskan Flash Microplate Multimode Readers with an excitation wavelength of 

530 nm and an emission wavelength of 590 nm. All measures performed in triplicates. 

1.7 Colony formation assay 

The cells were harvested and suspended in medium, then seeded into 12 well plate (1000 cells/well). 

Cells were incubated overnight to attach to the bottom of the wells and then treated with serial dilutions 

of SOF (0, 0.01, 0.1, 1 µM). Formed colonies were stained by crystal violet solution (Sigmal-Aldrich). 

Colony numbers were counted and their diameters were measured microscopically trough digital image 

analysis.  

1.8 Statistical analysis 
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Statistical analysis was performed by using the nonpaired, nonparametric test (Mann-Whitney test; 

GraphPad Prism software, GraphPad Software Inc., La Jolla, CA). Difference were considered with 

significant difference at P values < 0.05. 

 

 

Supplementary figure 1. In the Huh7-HCV-Luc cells, treatment with clinically relevant concentrations of 

sofosbuvir (SOF) potently inhibited hepatitis C (HCV) replication-related luciferase activity (mean ± 

SEM, n = 5).  
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Supplementary figure 2. No major effect was observed on the metabolic activity of hepatocellular 

carcinoma (HCC) cells by sofosbuvir (SOF) treatment for 48 and 72 hours with clinically relevant 

concentrations in MTT assay (mean ± SEM, n = 9). 
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Supplementary figure 3. No major effect was observed on the growth of the bulk of hepatocellular 

carcinoma (HCC) cells by sofosbuvir (SOF) treatment for 48 and 72 hours with clinically relevant 

concentrations in Alamar blue assay (mean ± SEM, n = 9). 
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Supplementary figure 4. DMSO as placebo in accordance with the dilution contained in the sofosbuvir 

(SOF) treatment did not affect the number of colony formation units in Huh6 cells (mean ± SEM, n = 9).   
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Abstract 

Background and Aims: Hepatitis E virus (HEV) as an emerging zoonotic pathogen is 

a leading cause of acute viral hepatitis worldwide, with a high risk of developing chronic 

infection in immunocompromised patients. However, the global epidemiology of HEV 

infection has not been comprehensively assessed. This study aims to map the global 

prevalence and identify the risk factors of HEV infection by performing a systematic 

review and meta-analysis.  

 

Methods: A systematic searching of articles published in Medline, Embase, Web of 

science, Cochrane and Google scholar databases till July 2019 to identify studies with 

HEV prevalence data. Pooled prevalence among different countries and continents 

were estimated. HEV IgG seroprevalence of subgroups were compared and risk 

factors for HEV infection were evaluated using odd ratios. 

 

Results: We identified 419 related studies which comprised of 1519872 individuals. A 

total of 1099717 participants pooled from 287 studies of general population estimated 

a globally anti-HEV IgG seroprevalence of 12.47% (95% CI 10.42-14.67; I2=100%). 

Notably, the use of ELISA kits from different manufactures has a substantial impact on 

the global estimation of anti-HEV IgG seroprevalence. The pooled estimates of anti-

HEV IgM seroprevalence based on 98 studies is 1.47% (95% CI 1.14-1.85; I2=99%). 

The overall estimate of HEV viral RNA positive rate in general population is 0.20% (95% 

CI 0.15-0.25; I2=98%). Consumption of raw meat (p=0.0001), exposure to soil 

(p<0.0001), blood transfusion (p=0.0138), traveling to endemic areas (p=0.0244), 

contacting with dogs (p=0.0416), living in rural areas (p=0.0349) and receiving 

education less than elementary school (p<0.0001) were identified as risk factors for 

anti-HEV IgG positivity.  

 

Conclusions: Globally, approximately 939 million corresponding to 1 in 8 individuals 

have ever experienced HEV infection. 15-110 million individuals have recent or 

ongoing HEV infection. Our study highlights the substantial burden of HEV infection 

and calls for increasing routine screening and preventive measures. 
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INTRODUCTION 

 

Hepatitis E virus (HEV) as a single-stranded positive-sense RNA virus is a leading 

cause of acute viral hepatitis worldwide. The infection is usually asymptomatic or self-

limiting in the general population. However, acute infection in pregnant women may 

cause severe clinical outcomes, including fulminant hepatic failure with high mortality 

rate reaching up to 20-30%.1 These patients are mostly from resource-limited regions. 

In European countries, HEV infection has been frequently reported to bear high risk of 

developing into chronic hepatitis in immunocompromised individuals, in particular 

organ transplant patients.2,3 Thus, HEV is truly imposing a global health burden in both 

developing and developed countries.  

 

Currently, eight distinct genotypes of HEV have been classified.4 Genotype (GT) 1-4 

are known to be the main threat to humans. GT 1 and 2 are restricted to human and 

mainly transmit through contaminated water causing acute hepatitis. GT 3 and 4 are 

zoonotic and have been identified in a wide spectrum of hosts, including human, swine, 

wild boar, goat, cattle, deer, camel and yak.5 Both GT 3 and 4 can cause chronic 

infection in organ transplant patients,2,6 and consumption of raw or undercooked 

animal meat has been recognized as the main routes of causing sporadic cases in 

developed countries.7 In fact, the host range of HEV is ever expanding and the 

implications of the rare genotypes and the newly discovered strains in human health 

remain largely uncertain.7 This further complicates the transmission and the risk of 

HEV infection. In addition to the classical waterborne and foodborne transmission 

routes, blood transfusion-mediated transmission has been reported in organ transplant 

patients.8 Person-to-person transmission has also been proposed.9 Intriguingly, recent 

evidence has indicated that pet animals including dogs, cats, rabbits and horses might 

be accidental hosts for HEV and constitute a potential source for transmitting to 

human.10,11 Thus, there is an urgent need to comprehensively understand the risks for 

HEV infection, in order to device preventive measures. 

 

Globally, it has been roughly estimated that one third of the population are living in 

HEV endemic areas.12 More recently, substantial efforts have been dedicated to 

systematically evaluate HEV prevalence in different continents (e.g. the Americas and 

Europe),13,14 different countries (e.g. industrialized countries, China, Iran, Brazil and 

Somalia),15-17 and special populations or settings (e.g. blood donors, swine workers 

and outbreak setting).18-20 Most of these studies are based on seropositivity of anti-

HEV IgG antibody. Anti-HEV IgG antibody developed post-infection usually persists for 

many years, and is thus regarded as a marker for past infection.21,22 In contrast, anti-

HEV IgM antibody is short-lived up to a few months, thus considered as evidence of 

recent or current infection. Detection of HEV RNA is a bona fide marker for active 

ongoing infection. In this study, we aimed to systematically estimate the global burden 

of HEV infection. More specifically, we have mapped the global prevalence of past, 

recent and ongoing HEV infection and evaluated the key risk factors of infection.  
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METHODS 

 

Data sources and searches  

A systematic search was conducted in Medline, Embase, Web of science, Cochrane 

CENTRAL and Google scholar. Databases were searched for articles in the English 

language from inception until July 2019. All searches from database were performed 

by a biomedical information specialist of the medical library, with an exhaustive set of 

search terms related to hepatitis E virus infection and epidemiology (The full search 

strategies are provided in the Supplementary file S1). This study is reported in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA).23 No institutional review board approval was required for this 

meta-analysis because our study only included data which had been published 

previously. 

 

Study selection 

Studies were included if they met following criteria: i) Studies which contained data 

about seroprevalence of anti-HEV IgG, anti-HEV IgM or HEV RNA positivity. ii) Studies 

contained mixed population were excluded unless they clearly and explicitly reported 

the prevalence for each group. iii) Studies contained information of risk factors related 

to HEV infection. iv) Studies which focused on the HEV prevalence in human beings. 

Studies were excluded if they met following criteria: i) Studies are systematic review, 

meta-analysis, case reports, perspectives and abstracts. ii) None human studies. iii) 

No primary data or incomplete data. iv) Duplicate data. v) Studies with less than 50 

individuals were excluded in order to decrease bias caused by small population. vi) 

Studies concerning about HEV outbreaks, since the prevalence and outcome of HEV 

infection in these studies would dramatically differ from those of the general population.  

Two reviewers (PL and JL) worked independently to determine whether a study met 

inclusion criteria, abstracted information to assess the methodological validity of each 

candidate study, and extracted data with structured data collection forms. The 

reviewers resolved discrepancies by jointly reviewing the study in question. If no 

consensus was reached, a third reviewer (QP), unaware of prior determinations, 

functioned as an arbiter. 

 

Data extraction and quality assessment  

Eligible studies were further divided into three study populations: general population, 

occupational population and special population. General population included people 

without apparent risk factors and could be comprised of blood donors, pregnant women, 

healthy individuals and hospital attendants. For general population, individuals were 

further divided into subgroups by gender, different age ranges, study period (1993-

2006 or 2007-2019), country development classification (developing and developed 

countries), gross national income classification of each country (high, upper-middle, 

lower middle and low income) and ELISA kit manufacturers. More importantly, odd 

ratios (OR) analysis of anti-HEV IgG seropositivity was conducted in possible risk 
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factors included living area (urban or rural), consumption of raw meat, exposure to soil, 

contacting with cat or dog, education level (elementary school or above elementary 

school), intravascular drug use (IDU), water source (tap, well or river), man having sex 

with man (MSM), transfusion history and travelling history to endemic areas. 

Occupational population represents people who had been in frequent contact with pigs 

or pig products, including veterinarians, swine workers, slaughterhouse workers and 

pork sellers. Special populations are further categorized into four groups as followings: 

patients with acute hepatitis (caused by hepatitis B virus, hepatitis C virus or other 

unknown hepatitis), individuals with human immunodeficiency virus (HIV) infection, 

people who underwent hemodialysis and organ transplant recipients. Two independent 

reviewers (PL and JY) extracted data, with discrepancies and disagreements resolved 

by discussion. We extracted data on first author, country, continent, publication date, 

anti-HEV IgG prevalence, anti-HEV IgM prevalence, HEV RNA positivity, subgroup 

information of anti-HEV IgG prevalence and HEV-related risk factors using data 

extracting forms. When multiple publications were identified that reported on the same 

populations and outcomes, only the most representative and comprehensive study 

was included for further meta-analysis in order to avoid duplicate data. The quality of 

studies was assessed using the Joanna Briggs Institute checklist for prevalence 

studies, which enabled assessment of included studies in relation to risk of bias, rigour, 

and transparency.24 Studies scoring 1-3 were defined as low quality, 4-6 as average 

quality, and 7-9 as high quality (Table S1). Studies were not excluded on the basis of 

their quality score to increase transparency and to ensure all available evidence in this 

area was reported.  

 

Statistics analysis 

After checking for consistency, the Metaprop module in the R-3.5.3 statistical software 

package was used for meta-analysis. A 95% confidence interval (95% CI) was 

estimated using Wilson score method, and pooled seroprevalence was calculated with 

the DerSimonian-Laird random-effects model with Freeman-Tukey double arcsine 

transformation. Heterogeneity across the included studies was assessed using the 

Cochran Q statistics and I2 statistics, with I2 statistics 25%-50%, 50%-75%, and >75% 

considered as mild, moderate, and severe heterogeneity, respectively. When 

heterogeneity was higher than 50%, a random-effect model will be used. ORs was 

used to report the risk factors for HEV infection. ORs and their 95% CI were extracted 

directly from studies when available, with adjusted ORs extracted preferentially over 

unadjusted ORs. If an included studies did not report ORs, crude ORs were calculated 

from extracted data. We then pooled the ORs using the DerSimonian and Laird random 

effect models, with the heterogeneity estimated from the Mantel-Haenszel model. 

Funnel plots and Egger regression test were used to assess potential publication 

biases. Additionally, we performed sensitivity analyses by using ñmetainfò in a random 

model to investigate the effects of population source and potentially unrepresentative 

samples. The estimated prevalence of anti-HEV IgG, IgM and HEV RNA infection was 

based on the global population of 7530000000 in 20th July, 2019 (https://population.io). 
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RESULTS 

 

Global prevalence of HEV infection  

Our search retuned 8153 records, of which 419 met the inclusion criteria (Fig. 1). In 

total, participants from 302 studies related to general population, 287 studies were 

pooled to estimate a global anti-HEV IgG seroprevalence of 12.47% (1099717 

individuals included; 95% CI 10.42-14.67; I2=100%) (Fig. 2A, Fig. S1). The pooled 

estimate of anti-HEV IgM seroprevalence based on 98 studies is 1.47% (479001 

individuals; 95% CI 1.14-1.85; I2=99%) (Fig. 2B, Fig. S2). The overall estimate of HEV 

RNA positive rate in the general population is 0.20% (3444752; 95% CI 0.15-0.25; 

I2=98%) (Fig. 2C, Fig. S3). We also stratified data to estimate the HEV prevalence in 

75 countries among six continents (excluding Antarctica). The highest anti-HEV IgG 

seropositivity rate was found in Africa (22377; 21.76%, 95% CI 13.05-31.98; I2=100%), 

followed by Asia (681373; 15.80%, 95% CI 13.29-18.49; I2=100%), Europe (132419; 

9.31%, 95% CI 7.35-11.48; I2=99%), North America (71989; 8.05%, 95% CI 5.47-11.09; 

I2=99%), South America (14586; 7.28%, 95% CI 4.83-10.19; I2=97%) and Oceania 

(1563; 5.99%, 95% CI 1.22-14.03; I2=96%) (Fig. S4). Besides, the anti-HEV IgM 

seroprevalence was 3.09% (5001; 95% CI 1.49-5.24; I2=93%), 1.86% (141565; 95% 

CI 1.34-2.46; I2=98%), 0.79% (146322; 95% CI 0.30-1.51; I2=99%), 0.22% (12197; 95% 

CI 0.00-0.74; I2=91%), 2.43% (2680; 95% CI 0.43-6.00; I2=96%) for Africa, Asia, 

Europe, North America and South America, respectively (Fig. S5). In addition, the HEV 

RNA positivity rate was 0.00% (278; 95% CI 0.00-0.35), 0.93% (727744; 95% CI 0.48-

1.52; I2=99%), 0.08% (2441774; 95% CI 0.05-0.11; I2=95%), 0.00% (34761; 95% CI 

0.00-0.02; I2=45%), 0.00% (74131; 95% CI 0.00-0.01), 0.18% (1054; 95% CI 0.00-1.36; 

I2=81%) for Africa, Asia, Europe, North America, Oceania and South America, 

respectively (Fig. S6). HEV prevalence varies substantially among countries, from 0.25% 

(Tanzania, 95% CI 0.00-0.97) to 74.76% (South Sudan, 95% CI 68.61-80.44) of anti-

HEV IgG, from 0.00% (Mongolia, 95% CI 0.00-0.08; Bulgaria, 95% CI 0.00-0.13) to 

19.83% (United Arab, 95% CI 16.35-23.56) of anti-HEV IgM, from 0.00% (Benin, 

Malawi, Australia, Canada, Brazil) to 6.75% (France, 95% CI 0.14-22.04) of HEV RNA 

positivity (Table 1, Fig. S1-S3). We also collected data of HEV genotypes, with the 

finding that HEV GT1 infection occasionally occurred in China and frequently in India, 

and GT3 was widely distributed in European countries. GT3 was also prevalent in 

Japan and Korea, whereas GT4 infection mainly emerged in China (Fig. 3, Table S2). 

Based on our comprehensive estimates, approximately 938991000 individuals 

corresponding to 1/8 of the global population have ever experienced HEV infection 

based on anti-HEV IgG positivity. Importantly, we estimated approximately 110691000 

global individuals with current or recent HEV infection and 15060000 individuals with 

ongoing HEV infection based on anti-HEV IgM or viral RNA positivity, respectively.  
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Figure 1. Study selection. 

We next performed subgroup analysis of anti-HEV IgG positivity rate in general 

population. General population of six different continents were further divided into 

seven age groups, including age range of 0-9, 10-19, 20-29, 30-39, 40-49, 50-59 and 

above 60-year old. The corresponding pooled anti-HEV IgG positive rates are 7.73% 

(6977 individuals included; 95% CI 2.29-16.02; I2=99%), 9.03% (14452 individuals; 95% 

CI 3.78-16.25; I2=99%), 10.78% (33365; 95% CI 7.44-14.64; I2=99%), 14.17% (23217; 

95% CI 10.27-18.57; I2=99%), 21.53% (21324; 95% CI 16.82-26.65; I2=99%), 24.48% 

(17474; 95% CI 18.56-30.93; I2=99%) and 27.47% (23924; 95% CI 21.07-34.36; 

I2=99%), respectively (Fig. 4, Fig. S7-8). The positive rate is slightly higher in male 

(129569; 13.39%, 95% CI 11.34-15.59; I2=99%) compared to female (120264; 12.25%, 

95% CI 10.05-14.63; I2=99%) (Fig. 4, Fig. S9). To clarify the HEV prevalence among 

regions with different levels of economic development, we firstly calculated the anti-

HEV IgG prevalence in high income countries, upper-middle income countries, lower 

middle income countries, and low income countries. We estimated the anti-HEV IgG 

positivity of 8.84% (424905; 95% CI 6.79-11.14; I2=100%) in high income countries, 

12.79% (618638; 95% CI 10.81-14.92; I2=100%) in upper-middle income countries, 

19.04% (40593; 95% CI 13.25%-25.60%; I2=100%) in lower middle income countries 
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and 30.44% (5781; 95% CI 16.60-46.39; I2=99%) in low income countries (Fig. 4, Fig. 

S10). The pooled estimate of anti-HEV IgG seroprevalence was 14.83% (689452; 95% 

CI 12.98-16.77; I2=100%) in developing countries compared to 8.59% (401513; 95% 

CI 6.46-10.99; I2=100%) in developed countries (Fig. 4, Fig. S11). Of the global HEV 

prevalence during the period of 1993-2019, we estimated anti-HEV IgG positive rate 

of 9.43% (79998; 95% CI 6.11-13.37; I2=100%) during 1993-2006 and 13.65% 

(1019719; 95% CI 11.15-16.35; I2=100%) during 2007-2019 (Fig. 4, Fig. S12). 

 

 

Figure 2. (A) The global seroprevalence of antiɉHEV IgG antibody (B) The global seroprevalence of 

antiɉHEV IgM antibody (C) The global prevalence of HEV RNA positivity. 
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Figure 3. Hepatitis E virus genotype distribution in our study. 

 

 

Figure 4. Antiɉhepatitis E virus (HEV) IgG seroprevalence among six subgroups. 
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3.2 Prevalence of HEV infection in occupational population and special 

population 

Anti-HEV IgG seroprevalence data from veterinarians, swine workers, slaughters, and 

pork sellers were collected to estimate the overall anti-HEV seroprevalence in 

occupational population. Based on 43 studies with 8776 occupational individuals, the 

overall seropositivity of anti-HEV IgG is 24.04% (95% CI 18.55-29.99; I2=97%) (Fig. 

S13). In total, 126 studies were extracted data to analyze the prevalence in special 

populations. The overall anti-HEV IgG, anti-HEV IgM and viral RNA positive rates are 

15.43% (95% CI 12.82-18.24; I2=98%), 3.21% (95% CI 1.77-5.06; I2=98%) and 1.10% 

(95% CI 0.53-1.87; I2=97%), respectively (Fig. S14-S16). Among these special 

populations, patients with acute hepatitis have the highest positive rate of anti-HEV 

IgG (21.49%, 95% CI 12.65-31.92; I2=99%), anti-HEV IgM (8.62%, 95% CI 4.16-14.51; 

I2=99%) and viral RNA (5.57%, 95% CI 2.26-10.21; I2=99%) (Fig. S17-S19). The anti-

HEV IgG positive rates in two special groups are higher than that in general population, 

with 16.91% (95% CI 12.64-21.67; I2=98%) in the HIV population, 13.10% (95% CI 

9.34-17.39; I2=96%) in hemodialysis population, while it is slightly lower in organ 

transplant recipients with 11.68% (95% CI 7.91-16.06; I2=97%) seropositivity (Fig. S20-

S27, Table S5). 

 

3.3 Risk factors of HEV 

We investigated the potential risk factors for HEV in the general population (Fig. S28). 

Significant rising effects on anti-HEV IgG seropositivity were observed in consumption 

of raw meat (OR 1.45, 95% CI 1.20-1.76, p=0.0001), exposure to soil (OR 1.52, 95% 

CI 1.24-1.86, p<0.0001), blood transfusion (OR 1.61, 95% CI 1.10-2.36, p=0.0138), 

travelling to endemic areas (OR 1.39, 95% CI 1.04-1.84, p=0.0244), contacting with 

dogs (OR 1.45, 95% CI 1.01-2.07, p=0.0416), living in rural areas (OR 0.80, 95% CI 

0.65-0.98, p=0.0349) and receiving education less than elementary school (OR 1.71, 

95% CI 1.41-2.07, p<0.0001). No statistically significant differences were identified for 

anti-HEV IgG positivity in respect to different water source (p=0.0909), IDU experience 

(p=0.4321), MSM experience (p=0.5576) and contacting with cats (p=0.4791) (Fig. 

S29-S39). Sensitivity analysis detected no study having an obvious effect influence the 

pooled estimates of HEV prevalence in the general population (Table S3). 

 

3.4 Anti-HEV IgG detection rate of different ELISA kits 

We finally analyzed the detection rates of the ELISA kits from six manufactures. The 

detection rates of anti-HEV IgG seropositivity vary dramatically, with the highest of 

Wantai assay (20.72%, 95% CI 2.07-9.84; I2=100%) followed by MP Diagnostics 

(10.75%, 95% CI 4.55-19.15; I2=100%), Dia.Pro (8.89%, 95% CI 6.68-11.38; I2=97%), 

Mikrogen (8.60%, 95% CI 4.65-13.62; I2=98%), Genelabs Diagnostics (6.22%; 95% CI 

3.42-9.77; I2=98%) and Abbott Laboratories (5.27%, 95% CI 2.07-9.84; I2=100%) (Fig. 

S40, Table S4). 
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4 DISCUSSION 

 

It has been estimated that one third of the global population, representing over two 

billion people, live in HEV endemic areas at risk of infection.12 This has been widely 

misinterpreted as that 2.3 billion of the population have been infected with HEV.25 In 

fact, the true burden of hepatitis E remains largely unknown.26 In this study, we have 

systematically and comprehensively assessed the global HEV prevalence by retrieving 

data from 75 countries of the six continents. We estimated that 12.47% of the global 

population, corresponding to approximately 939 million individuals, have experienced 

past-infection of HEV based on their seropositivity of anti-HEV IgG antibody. Africa and 

Asia have been previously recognized for the high prevalence of HEV.27,28 Our 

estimates confirm the high seroprevalence rates of 21.76% and 15.80% in Africa and 

Asia, respectively. For Europe, we estimated a prevalence rate of 9.31%, which is 

substantially lower than a previous estimation of 16.90% from a meta-analysis 

performed in 2016.14 A possible explanation for the disparity could be that they 

collected fewer studies and included small size populations, and thus is prone to cause 

more bias. In Americas, we observed a slightly higher seroprevalence rate in North 

(8.05%) compared to South (7.28%) America, which is consistent with the results from 

a recent meta-analysis.13  

 

Of a technical note, it has been well-realized that there are substantial differences in 

sensitivity and specificity of the anti-HEV IgG ELISA kits from different 

manufactures.29,30 Our results largely agree with the literature that the Wantai assay 

has the best performance and has been most widely used.31 Thus, the use of different 

anti-HEV IgG ELISA kits may partially explain the disparities in estimates among 

different studies, and caution should be taken when interpreting the seroprevalence 

rate in this respect.  

 

The bona fide disease burden of HEV lies in the actively infected patients. The global 

burden caused by GT 1 and 2 HEV in Africa and Asia has been mathematically 

modeled for 2005. Among the 4.7 billion people in these regions corresponding to 72.8% 

of the global population in 2005, it has been estimated as 20 million incident HEV 

infections, 3.4 million symptomatic cases, 70000 deaths, and 3000 stillbirths.32 In 2011, 

WHO reported 14 million symptomatic cases annually worldwide with 300000 deaths 

and 5200 stillbirths.33 Hypothetically, if both estimates are accurate, there would be 

about 10 million symptomatic cases annually from developed countries, which are 

mainly caused by the zoonotic GT3 strains. This clearly disagrees with the vast majority 

of the current literature that we do not expect the burden in respect to symptomatic 

infection would be three-times in developed compared to developing countries. In this 

study, we have estimated approximately 110 million individuals with recent/current 

infection based on anti-HEV IgM antibody positivity and 15 million with ongoing 

infection based on HEV RNA positivity. As viral RNA persists for a few weeks and anti-

HEV IgM antibody for a few months,34 the annually global infections are probably at a 

range of hundred(s) millions. However, the available data regarding anti-HEV IgM 
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antibody or viral RNA positivity are very limited. Thus, our estimates may have biases, 

and we were not able to further sub-analyze regional prevalence, genotype-specific 

burden or clinical outcome, which require future studies in these aspects. 

 

Accumulating knowledge on HEV biology and transmission routes has facilitated the 

identification of risk factors for the infection. A wide range of domestic or wild animals 

have been recognized as reservoirs for the zoonotic strains. Consumption of uncooked 

meat or meat product from swine, wild boar or deer has been widely reported to cause 

GT3 HEV infection in European countries.35,36 As expected, consumption of raw meat 

is an important risk factor revealed by our meta-analysis. This is in line with previous 

reports that human with occupational exposure to pigs are at a high risk of HEV 

infection.37,38 In this study, we observed two-fold higher of anti-HEV seropositivity in 

occupational population who frequently contact with pig or pig products compared to 

the general population.  

 

The host range for HEV is ever expanding and cross-species infections commonly 

occur.7 Intriguingly, recent evidence has indicated that companion animals including 

dogs, cats, rabbits and horses might be accidental hosts for HEV and might constitute 

a source for HEV transmission to human.10,11,39 Transmission of rat HEV to human has 

been recently reported in Hong Kong.40 Dogs and cats are the most common 

household pets. Previous studies have reported that seroprevalence of HEV antibodies 

in dogs ranges from 0.8% in UK,41 6.79% in Brazil,42 17.8% to 36.55% in different 

regions of China,10,11 22.7% in India,43 and 56.6% in Germany.44 Interestingly, when 

comparing with the general population, veterinarians and dog farm staff who are 

frequently exposed to dogs have significantly higher anti-HEV antibody positivity.10 The 

anti-HEV seroprevalence rates in cats have been reported to be 6.28% in China,11 8.1% 

in Korea,45 and 33% in Japan.46 In this study, we found that people who frequently 

contact with dogs have higher anti-HEV IgG seropositivity. This was not found in 

people who contact with cats, but the number of studies are very limited. These results 

call more attention to address the potential role of pets in HEV zoonotic transmission, 

although currently it remains unconfirmed whether pets are reservoirs, requiring further 

investigation. 

 

Previous studies have indicated the differences of HEV seroprevalence between rural 

and urban areas.47-49 We found that rural compared to urban residents have higher risk 

of HEV infection. This largely agrees with our findings that high exposure to soil is also 

a risk factor. In addition, we observed the high risk of HEV infection in individuals with 

lower education levels, consistent with previous studies.50,51 Conceivably, this 

population are more likely living in rural arears with compromised sanitation conditions 

and more frequent exposure to animals or soil. Although we did not find differences of 

HEV prevalence in respect to different water source, this does not contradict to the fact 

that contaminated water is the main source of GT1 infection, especially during outbreak. 

In our study, we have excluded studies related to outbreak, and the number of included 

studies reporting water source is also very limited, which may cause bias. 
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Of note, there are some limitations of our study. Firstly, the number of available studies, 

in particular on anti-HEV IgM antibody and viral RNA positivity, are limited. We were 

also not able to further detailed sub-analyze regional prevalence, genotype-specific 

burden or clinical outcome. Secondly, we have focused on HEV prevalence, but did 

not estimate the incidence, which is also very relevant for assessing the disease 

burden. Thirdly, the assays used for HEV detection are heterogeneous in sensitivity 

and specificity, which may affect the estimates. Fourthly, publication bias existed in our 

study which was reflected in Funnel and Egger test (Fig. S41-S42).  

 

In summary, we found that 1/8 of the global population, corresponding to over 900 

million individuals, have ever encountered HEV infection. Importantly, 15-110 million 

individuals are experiencing recent or ongoing infection. Consuming raw meat, 

exposing to soil, blood transfusion, travelling to endemic areas, contacting with dogs, 

living in rural areas and receiving lower level of education were identified as risk 

factors for HEV infection. Thus, our results bear important implications for assessing 

the global burden and devising preventive measures for controlling HEV infection.  

For supplementary file please refer to 

https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111%2Fliv.1446

8&file=liv14468-sup-0001-Supinfo.pdf 
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Abstract 

Background & Aims 

The increasing burden of non-alcoholic fatty liver disease (NAFLD) worldwide imposes 

an emerging public health issue. To obtain a comprehensive overview of NAFLD, we 

perform the current study with the aim to estimate the global prevalence, incidence, 

disease progression and clinical outcomes of NAFLD.  

Approach & Results 

A systematic search was conducted in five databases that screened articles in English 

language published from January 2000 to February 2020. Our search returned 59156 

records, of which 578 studies fulfilled our inclusion criteria. The overall prevalence of 

NAFLD was 29.38% (95% CI 28.09-30.69) regardless of the diagnostic techniques. 

Looking at the group in which the diagnosis was made by ultrasound exclusively, the 

pooled prevalence was 30.49% (95% CI 29.55-31.43). NAFLD has become more 

prevalent during the latest 10 years (31.63%, 95% CI 30.23-33.04) compared to the 

previous decade (27.94%, 95% CI 26.23-29.69). The pooled estimation of NASH 

prevalence was 8.26% (95% CI 1.13-21.01), 46.49% (95% CI 35.93-57.20), 46.72% 

(95% CI 37.57-55.98) in general population, NAFLD patients and severe/morbidly 

obese patients, respectively. Based on a total of 110142 newly developed NAFLD 

patients, the pooled incident rate was estimated as 46.2 cases per 1000 person-years 

(95% CI 43.2-49.3). In patients with NAFLD, the incident rate of hepatocellular 

carcinoma was 1.4 (95% CI 0.9-2.0) cases per 1000 person-years. The overall pooled 

estimate of mortality was 23.9 (95% CI 13.5-37.1) death per 1000 person-years.  

Conclusions 

The prevalence of NAFLD is increasing globally. It is contributing to poor clinical 

outcomes including hepatocellular carcinoma and death. Rising awareness and urgent 

actions are warranted to control the NAFLD pandemic across the globe. 
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Introduction 

Non-alcoholic fatty liver disease (NAFLD), once considered a disease of western 

developed world, now is affecting the global population.1-5 Although NAFLD has a 

benign course in the majority of individuals, a subset of patients develop non-alcoholic 

steatohepatitis (NASH). NASH is a more serious form of liver damage which may 

further develop into end-stage liver diseases, including liver cirrhosis and 

hepatocellular carcinoma (HCC).6-9 Due to its high prevalence in general population, 

even a small proportion of NAFLD patients developing end-stage liver disease will 

represent a sizable number and impose an emerging global health burden.10-11 

Classical risk factors of NAFLD include age, sex, obesity resulted insulin resistance 

(IR), and development of metabolic syndromes (MetS).12 The rise in the prevalence of 

NAFLD/NASH parallels with the epidemics of obesity during the last two decades.13 

Obesity, especially central obesity, is highly predictive for hepatic steatosis and 

disease progression as the prevalence rate is doubled in obese in comparison with 

lean NAFLD patients.14 In morbid obesity, almost all patients have steatosis and more 

than one third present with NASH.15 Moreover, the association with type 2 diabetes 

mellitus (T2DM) is particularly strong, being 3-9 times more frequent in NAFLD and 5 

times higher in NASH patients as compared to the general population.16 On the other 

hand, more than two third of T2DM patients present with NAFLD.16-17 MetS is a cluster 

of metabolic abnormalities associated with cardiovascular mortality. One third of 

NAFLD patients have MetS and 80% have at least one of the components.18-19  

Early studies have highlighted the emergence of the NAFLD epidemic,3 but an up-to-

date comprehensive meta-analysis regarding the evolving epidemiology of NAFLD 

from a global perspective is lacking. Therefore, this study aims to comprehensively 

estimate the global prevalence, incidence, disease progression and clinical outcomes 

of NAFLD by a systematic review and meta-analysis.  
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Materials and methods 

Data source and searching strategy 

A systematic search was conducted in Medline, Embase, Web of science, google 

scholar and Cochrane CENTRAL. Databases were searched for articles in the English 

language from January 2000 to February 2020. All searches from database were 

performed by a biomedical information specialist of the medical library, with an 

exhaustive set of search terms related to ñnon-alcoholic fatty liver diseaseò, ñnon-

alcoholic steatohepatitisò, ñprevalenceò, ñepidemiologyò (The full search strategies are 

provided in the Supporting methods 1-3). Our analysis in this review was reported in 

accordance with PRISMA guidelines.20 

Eligibility criteria 

Inclusion criteria for the meta-analysis were as follows: (1) NAFLD diagnosed by 

imaging (ultrasound, computed tomography, and magnetic resonance 

imaging/spectroscopy, transient elastography), liver biopsy, and/or blood 

testing/predictive indices (fatty liver index or hepatic steatosis index); (2) the study was 

either a cross-sectional study or a baseline survey of longitudinal study; (3) the study 

provided information about sample size (> 30) and estimation of prevalence, incidence, 

disease progression or outcome (HCC or all-cause mortality, cancer-related, liver-

specific, cardiovascular-related mortality ) of NAFLD. Exclusion criteria for the meta-

analysis were as follows: (1) the study was a review article, abstract, case report, 

correspondence, conference papers; (2) the study did not identify individuals with 

NAFLD; (3) individuals <18 years. (4) the study did not exclude other causes of liver 

disease, such as viral hepatitis B and C (HBV/HCV); (5) the study without reporting 

screening for excess alcohol consumption; (6) for NAFLD prevalence, incidence 

pooled estimates in general population, studies performed in patients, individuals from 

outpatient service were excluded; (7) the study reporting that individuals with 

preexisting disease, for example, human immunodeficiency virus (HIV) co-infected; (8) 

the study diagnosed NAFLD postmortem; (9) NASH studies were excluded if the 

diagnosis was not made by histological assessment; (10) a study unable to provide 

sufficient information for data extraction. 

 

Data extraction, quality assessment and statistics analysis 

Studies were screened based on pre-specified decision rules. Initial title and abstract 

screening was done independently by two reviewers (JL, PL), with a random 10% of 

studies checked by another two investigators (WC, QY). Full-text review was done 

independently by two authors (any two of JL, PL, WC and QY), with any discrepancies 

resolved by consensus or by a third reviewer (QP); consensus was reached in all 

instances. We extracted data at all levels reported in the study, including time of 

publication, study period, country or region, country or region income, the level of 
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country development, study categories, gender, age, living area (urban or rural), 

diagnostic techniques and prevalence or incidence of disease. Data were then cross 

checked for accuracy against the original source by one of four authors (JL, PL, WC 

or QY). Two authors (any two of JL, PL, WC and QY) independent reviewed and 

extracted data from the included studies by using a data extraction form specifically 

designed for current study. When duplicate data were identified, the duplicate with the 

smallest sample size or shortest duration of follow-up was excluded. We assessed the 

quality of included studies using an assessment scale based on the Newcastle-Ottawa 

Scale, which is comprised of three domains including selection, comparability and 

outcome. The Newcastle-Ottawa Scale assigns a maximum score of five for selection, 

two for comparability, and two for outcome. Studies scoring 1-3 were defined as low 

quality, 4-6 as average quality, and 7-9 as high quality (Supporting Table 1).21 Studies 

were not excluded on the basis of their quality score to increase transparency and to 

ensure all available evidence in this area was reported. All statistics analysis were 

performed by using R 3.3.0 and Stata 15.0. More details are provided in Supporting 

methods 4. 

 

  



 
 

Page | 91  
 

Results 

Study and patient characteristics 

Our search retuned 59156 records, of which 578 studies fulfill our inclusion criteria 

(Figure 1). Among these included studies, 559 studies included epidemiological data, 

16 studies documented disease progression and 16 studies reported clinical outcomes. 

The quality assessment scores for included studies are displayed in the Supporting 

Table 1. The mean quality score of all studies was 7.96 (range from 6-9). As a result, 

553 high quality and 25 fair quality studies were further included in meta-analysis. The 

majority of these included studies had a cross-sectional design and most of them 

concerned data from health checkupôs assessments within general population. The 

mean or median age of all participants ranged from 19.7 to 80.3 years and 21.4 to 80.0 

years for NAFLD patients, respectively. The percentages of males ranged from 0% to 

100% for the total study population as well as for NAFLD patients. 

 

 

Figure 1. Study selection. 

NAFLD prevalence 

A total of 363 studies from 40 countries or regions (18 Asian countries and regions, 13 

European countries, 4 North American countries, 3 South American countries, 2 

African countries) comprised of 114406455 individuals reported NAFLD prevalence in 

general population. A total of 34347969 participants were diagnosed as NAFLD with a 

pooled estimated prevalence rate of 29.38% (95% CI 28.09-30.69) regardless of the 

diagnostic techniques (Supporting Table 2). By stratified data according to different 

continents, the highest NAFLD prevalence was found in South America with an 
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estimated rate of 31.31% (95% CI 25.81-37.08), followed by Europe (30.11%, 95% CI 

26.89-33.42), Asia (29.92.%, 95% CI 28.87-30.98.), North America (24.28%, 95% CI 

20.33.-28.47) and Africa (8.10%, 95% CI 0.85-21.72). NAFLD prevalence varied 

substantially among countries and regions, from 3.85% (Jamaica, 95% CI 0.75-9.21) 

to 59.85% (Guatemala, 55.08-64.54, Figure 2, Supporting Table 3). Clinical 

characteristics of participants in studies included for overall NAFLD prevalence 

analysis were listed in Supporting Table 4. Considering the diagnostic techniques for 

assessing NAFLD prevalence, 3 studies used liver biopsy (31.97%, 95% CI 14.12-

53.13), 12 used computed tomography (CT, 18.07%, 95% CI 13.50-23.16), 30 used 

fatty liver index or hepatic steatosis index (26.93%, 95% CI 22.38-31.73), 4 studies 

used magnetic resonance imaging (MRI, 27.01%, 95% CI 24.87-29.20), 7 studies used 

transient elastography (TE, 29.63%, 95% CI 16.17-45.20), 12 used elevated liver 

enzyme (22.47%, 95% CI 17.11-28.33), and 295 studies used abdominal ultrasound 

(30.49%, 95% CI 29.55-31.43, Figure 3, Supporting Table 5). Since ultrasound was 

the most commonly used diagnostic technique, only these studies were included for 

the remaining analysis unless otherwise specified. 

 

Figure 2. Prevalence of non-alcoholic fatty liver disease in general population regardless of diagnostic 

techniques. 

 

Figure 3. Prevalence of non-alcoholic fatty liver disease stratified by different diagnostic techniques. 
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Overall, 1045090 NAFLD patients from 31 countries or regions were diagnosed by 

ultrasound with overall prevalence rate of 30.49% (95% CI 29.55-31.43, Figure 4). USA 

had the highest prevalence rate of 51.11% (95% CI 46.25-55.95) and Nigeria with the 

lowest prevalence of 4.09% (95% CI 0.03-14.41). For countries or regions with more 

than three studies included, NAFLD was most prevalent in Taiwan (38.95%, 95% CI 

31.53-46.63) and least prevalent in Japan (25.22%, 95% CI 22.17-28.27, Figure 5). 

Stratified data by continents, North America had the highest prevalence (40.33%, 95% 

CI 21.13-61.21), followed by Europe (32.23%, 95% CI 29.82-34.70), South America 

(31.31%, 95% CI 25.81-37.08), Asia (30.58%, 95% CI 29.60-31.57) and Africa (8.10%, 

95% CI 0.85-21.72, Figure 5, Supporting Table 6). For subgroup analysis, NAFLD 

prevalence was further stratified by age, gender, sample size, country development, 

country income, study period and quality assessment score. The highest prevalence 

of NAFLD was found in the 40-60 age groups (38.10%, 95% CI 29.65-46.92, Figure 6 

and Supporting table 7). The reported NAFLD prevalence was about 1.5 fold higher in 

males (36.96%, 95% CI 34.82-39.12) compared to females (23.85%, 95% CI 21.24-

26.55, Figure 6 and Supporting table 7). The prevalence was slightly higher in 

developing countries (30.66%, 95% CI 29.01-32.33) than in developed countries 

(30.15%, 95% CI 28.99-31.31, Figure 6 and Supporting table 7). NAFLD prevalence 

was more prevalent in high income countries (31.19%, 95% CI 30.00-32.38) than in 

upper-middle income (30.53%, 95% CI 28.81-32.27) or lower-middle income countries 

(23.51%, 95% CI 16.80-30.97, Figure 6 and Supporting table 7). The prevalence had 

substantially increased from 27.94% (95% CI 26.23-29.69) during 2000-2009 to 31.63% 

(95% CI 30.23-33.04) during 2010-2020 (Figure 6, Supporting Table 7). Besides, we 

pooled estimates for the rate of comorbidities in NAFLD patients. Obesity was the most 

common comorbidity (67.36%, 95% CI 60.68-73.70), followed by Hypertriglyceridemia 

(52.36%, 95% CI 42.81-61.83), MetS (45.43%, 95% CI 38.75-52.18), hyperlipidemia 

(42.68%, 95% CI 40.38-45.00), hypertension (39.28%, 95% CI 37.59-40.98), 

cardiovascular disease (19.32%, 95% CI 8.06-33.96), diabetes (16.79%, 95% CI 

15.83-17.77), chronic obstructive pulmonary disease (5.53%, 95% CI 1.59-11.66) and 

stroke (2.00%, 95% CI 0.00-11.74, Supporting Table 8). In addition, pooled estimates 

of the risk factors correlating with NALD prevalence are listed in Supporting Table 9. 

Individual parameters including advanced age (OR 1.02, 95% CI 1.02-1.02) and male 

sex (OR 2.39, 95% CI 2.303-2.487) were correlated with a higher risk of NAFLD 

development. Metabolic and biochemical parameters, such as increased body mass 

index (BMI, OR 1.01, 95% CI 1.01-1.01), central obesity (OR 1.13, 95% CI 1.13-1.14), 

elevated alanine aminotransferase (ALT, OR 1.03, 95% CI 1.03-1.03), aspartate 

aminotransferase (AST, OR 1.05, 95% CI 1.05-1.06), total cholesterol (OR 1.01, 95% 

CI 1.01-1.01), triglyceride (OR 1.01, 95% CI 1.01-1.01), insulin resistance (OR 1.01, 

95% CI 1.01-1.01) are risk factors for NAFLD development. Furthermore, our pooled 

estimations indicated that obesity (OR 4.22, 4.13-4.30), diabetes (OR 1.86, 95% CI 

1.69-2.04), MetS (OR 3.86, 3.46-4.30), hypertension (OR 2.38, 95% CI 2.33-2.44) and 

hyperlipidemia (OR 1.37, 1.26-1.49) were strong risk factors of NAFLD development 

(Supporting Figure 1). 
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We also attempted to calculate pooled estimates of NAFLD prevalence in normal or 

non-obese and overweight or obese individuals. As the cut off value defining normal, 

non-obese,  

Figure 4. Prevalence of non-alcoholic fatty liver disease diagnosed by ultrasound. 

 

 

Figure 5. Prevalence of non-alcoholic fatty liver disease diagnosed by ultrasound stratified by countries 

and regions. 
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overweight and obese vary among different countries and continents. In accordance 

with many original publications, we estimated the pooled data by combining the 

overweight and obese groups. This resulted in 48 studies comprising of 537358 normal 

or non-obese participants with a pooled rate of 12.08% (95% CI 10.70-13.53, 

Supporting Figure 2, Table 10-11) compared to 46 studies comprising of 111999 

overweight or obese participants with a rate of 54.49% (95% CI 50.94-58.02; 

Supporting Figure 3, Table 12-13). Moreover, we observed a particularly high NAFLD 

prevalence in severe or morbidly obese patients that had underwent bariatric surgery. 

A total of 7573 of such patients from 35 studies had underwent an intraoperative liver 

biopsy with a pooled NAFLD prevalence rate of 82.16% (95% CI 77.21-86.62; 

Supporting Figure 4, Table 14-15). 

In addition, 82 studies comprising of 93446 T2DM patients yielded a NAFLD 

prevalence rate of 57.85% (95% CI 55.03-60.66). South America revealed the highest 

prevalence rate (75.64%, 95% CI 62.37-86.78), followed by North America (62.50%, 

95% CI 49.55-74.59), Europe (62.42%, 95% CI 51.75-72.52), Asia (56.26%, 95% CI 

52.76-59.72) and Africa (41.76%, 95% CI 17.13-68.83). For countries in which more 

than three studies were performed, NAFLD was most prevalent in Brazil (76.81%, 95% 

CI 60.27-89.93) and least prevalent in Nigeria (28.89%, 95% CI 4.55-63.29, Supporting 

Figure 5 and Supporting Table 16-17). 

 

Figure 6. Subgroup analysis of prevalence of NAFLD diagnosed by ultrasound. 

NASH prevalence 

Diagnosis of NASH was based on histological features. Overall, there were 51 studies 

reporting NASH prevalence. Of these, 4 studies comprised of 1082 organ donor with 

a pooled NASH prevalence rate of 8.26% (95% CI 1.13-21.01) in general population 

(Supporting table 18-19). Twenty four studies including 108023 NAFLD patients with a 
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pooled prevalence rate of 46.49% (95% CI 35.93-57.20; Supporting figure 6 and 

Supporting Table 20-21). A total of 4574 severe or morbidly obese patients from 22 

studies reported NASH prevalence of 46.72% (95% CI 37.57-55.98; Supporting figure 

7 and Supporting Table 22-23). 

NAFLD incidence 

53 studies including 808713 individuals reported on the NAFLD incidence in the 

general population (mainland China [n=23], South Korea [n=20], Japan [n=5], Italy 

[n=2], Hong Kong [n=1], Israel [n=1], Germany [n=1], Table 1). Overall, 110142 newly 

developed NAFLD yielded a pooled incident rate of 46.2 cases per 1000 person-years 

(95% CI 43.2-49.3). The highest incident rate was reported in South Korea (49.1 cases 

per 1000 person-years, 95% CI 45.1-53.2) and lowest in Israel (28.0 cases per 1000 

person-years, 95% CI 18.7-39.1, Supporting Table 24).  

Disease progression and outcome 

There were 16 studies reporting disease progression of non-NASH NAFLD and NASH 

patients (Table 2). The mean follow-up time ranged from 1.7 to 9.9 years. The pooled 

estimates of NAFLD remission rate was 50.4 cases per 1000 person-years (95% CI 

37.9-64.5). The pooled newly developed rates of fibrosis, advanced fibrosis and 

cirrhosis were 93.7 (95% CI 55.4-140.8), 41.0 (95% CI 23.6-63.0), and 4.4 (95% CI 

2.4-7.0) cases per 1000 person-years, respectively (Supporting Table 25-26). Eleven 

studies reported on the development of HCC (USA [n=4], South Korea [n=1], Israel 

[n=1], Italy [n=1], Hong Kong [n=1], UK [n=1], Japan [n=1], France and Hong Kong 

[n=1] ), malignancy except HCC (South Korea [n=1], Italy [n=1], Israel [n=1], UK [n=1], 

France and Hong Kong [n=1]) or cardiovascular disease (Italy [n=1], UK [n=2], France 

and Hong Kong [n=1]) with the pooled rate of 1.4 (95% CI 0.9-2.0), 14.2 (95% CI 6.4-

24.9), 20.2 (95% CI 6.2-41.9) cases per 1000 person-years, respectively (Table 3, 

Supporting Table 27). The annual overall mortality rate among patients with NAFLD 

was 23.9 (95% CI 13.5-37.1) cases per 1000 person-years. In addition, there were 4 

studies that documented the overall cancer related mortality, 5 studies on liver-specific 

mortality and 8 studies on cardiovascular disease mortality with the rate of 1.5 (95% 

CI 0.2-3.9), 0.7 (95% CI 0.2-1.7) and 2.3 (95% CI 1.0-4.2) cases per 1000 person-

years, respectively (Table 4, Supporting Table 28).  

No significant publication bias was identified in the overall population (Eggerôs test, 

p=0.22) and subgroup analyses (Supporting table 29). 
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Table 1. Pooled NAFLD incidence rate, stratified by countries or regions. 

Country/Region Studies Incident cases of 

NAFLD 

Participants Incident cases per 

1000 person-years 

(95% CI) 

I2  

China 23 24221 157394 49.0 (41.4-57.3) 99% 

Hong Kong 1 76 565 34.5 (27.3-42.5) - 

Germany 1 605 2623 32.5 (30.0-35.1) - 

Israel 1 28 147 28.0 (18.7-39.1) - 

Italy 2 115 359 37.5(31.1-44.5) 0 

Japan 5 3407 22407 32.8 (28.3-37.6) 89% 

South Korea 20 81690 625218 49.1 (45.1-53.2) 99% 

Overall 53 110142 808713 46.2 (43.2-49.3) 99% 
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Table 2. Incident rate of remission, fibrosis, advanced fibrosis and cirrhosis of non-

alcoholic fatty liver disease stratified by countries or regions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Studies Incident 
cases 

Participants Incident cases 
per 1000 person-
years (95% CI) 

I2 

NAFLD remission      

China 5 565 2750 49.8 (32.9-700.0) 97% 
Japan 1 127 484 57.1 (47.8-67.1) - 
South Korea 3 315 1800 49.7 (24.4-83.2) 97% 

Fibrosis development      

Taiwan 1 5 10 294.1 (108.4-525.5) - 
Croatia 1 201 507 156.2 (136.9-176.5) - 
Malaysia 1 18 35 80.4 (48.5-119.4) - 
Turkey 1 82 468 67.4 (54.0-82.2) - 
UK 1 45 108 63.1(46.4-82.1) - 

Advanced fibrosis development  

Taiwan 1 1 10 58.8 (1.5-286.9) - 
Malaysia 1 9 35 46.9 (21.7-87.1) - 
UK 1 6 27 33.7 (12.5-71.9) - 

Cirrhosis development      

Iceland 1 10 151 7.0 (3.3-11.9) - 

Malaysia 1 2 35 8.9 (0.8-25.4) - 

Turkey 1 16 468 8.5 (4.9-13.2) - 

USA 2 479 19361 2.8 (1.0-5.5) 97% 
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Table 3. Incident rate of hepatocellular carcinoma, other cancer types except 

hepatocellular carcinoma and cardiovascular among patients with non-alcoholic fatty 

liver disease stratified by countries or regions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Studies Incident 
cases 

Participants Incident cases 
per 1000 person-
years (95% CI) 

I2 

Hepatocellular 
carcinoma 

     

Hong Kong 1 2 356 0.5 (0.1-1.6) - 
France and Hong Kong 1 21 2245 4.2 (2.6-6.1) - 
Israel 1 6 153 4.7 (1.7-9.1) - 
Italy 1 13 471 5.0 (2.7-8.1) - 
Japan 1 9 301 5.0 (2.3-8.8) - 
South Korea 1 13 8721 0.2 (0.1-0.4) - 
UK 1 19 1452 2.7 (1.6-4.0) - 
USA 4 983 571524 0.7 (0.3-1.2) 99% 

Malignancy except 
HCC 

     

France and Hong Kong 1 142 2245 28.1 (23.7-32.9) - 
Israel 1 14 153 10.9 (6.0-17.3) - 
Italy 1 17 471 6.6 (3.8-10.1) - 
South Korea 1 427 8721 7.6 (6.9-8.3) - 
UK 1 157 1452 23.4 (19.9-27.1) - 

Cardiovascular 
disease 

     

France and Hong Kong 1 151 2254 29.9 (25.4-34.8) - 
Italy 1 8 471 3.1 (1.3-5.6) - 
UK 2 352 1773 25.8 (6.7-56.8) 99% 
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Table 4. Overall mortality, cancer-related mortality, liver-disease related mortality and 

cardiovascular disease related mortality among patients with non-alcoholic fatty liver 

disease stratified by countries or regions. 

 

 

 

 

 

 

 

 

 

 

 

 Studies Incident 
cases 

Participants Incident cases 
per 1000 person-
years (95% CI) 

I2 

Overall mortality      

Hong Kong 1 47 356 12.8 (9.4-16.7) - 
France and Hong Kong 1 56 2245 11.5 (8.7-14.6) - 
Israel 1 19 153 14.8 (8.9-22.1) - 
Italy 2 156 471 95.0 (0-492.5) - 
Japan 1 179 4073 6.3 (5.4-7.2) - 
Sri Lanka 1 41 851 4.8 (3.5-6.4) - 
South Korea 1 500 82899 49.7 (24.4-83.2) 97% 
UK 2 309 1773 37.8 (28.7-48.0) 70% 

Cancer-related 
mortality 

     

Italy 1 2 471 0.8 (0.1-2.2) - 
Sri Lanka 1 9 851 1.1 (0.5-1.9) - 
South Korea 1 211 82899 0.4 (0.4-0.5) - 
UK 1 38 1452 5.4 (3.8-7.2) - 

Liver disease-related mortality  

Italy 1 12 471 4.7 (2.4-7.7) - 
Japan 1 9 4073 0.3 (0.1-0.6) - 
Sri Lanka 1 4 851 0.5 (0.1-1.0) - 
South Korea 1 16 82899 0 (0-0.1) - 
UK 1 8 1452 1.1 (0.5-2.0) - 

Cardiovascular-related mortality 

Hong Kong 1 9 356 2.4 (1.1-4.3) - 
Italy 1 2 471 0.8 (0.1-2.2)  
Japan 1 9 4073 0.3 (0.1-0.6) - 
Sri Lanka 1 17 851 2.0 (1.2-3.1) - 
South Korea 1 89 82899 0.2 (0.2-0.2) - 
UK 2 58 1773 6.3 (4.8-8.0) 0 
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Discussion 

In this systematic review and meta-analysis, we included 578 studies in order to 

comprehensively estimate the global prevalence, incidence, disease progression and 

outcomes of NAFLD. The overall prevalence of NAFLD in the general population is 

29.38% (95% CI 28.09-30.69) regardless of the diagnostic techniques used to 

establish the diagnosis. Looking at the group in which the diagnosis was made by 

ultrasound exclusively, the pooled prevalence was 30.49% (95% CI 29.55-31.43). 

Importantly, the prevalence of NAFLD has substantially increased during the latest 10 

years (31.63%, 95% CI 30.23-33.04) compared to the previous decade (27.94%, 95% 

CI 26.23-29.69). Except for Africa (8.10%, 95% CI 28.21-30.80) still maintaining a low 

prevalence, the other four continents show strikingly high NAFLD prevalence, 

regardless of the state of economic development. 

Extensive studies have highlighted the importance of techniques in diagnosing 

NAFLD.22-23 Arguments have been raised against the application of liver enzymes for 

diagnosing NAFLD because normal levels of these enzymes have been widely 

observed in the entire spectrum of NAFLD.3 In line with this, we also observed that the 

prevalence of NAFLD diagnosed by elevation of liver enzymes yielded a substantially 

lower rate compared to that of liver biopsy and imaging modality based diagnosis. 

Interestingly, we also observed that the prevalence rate diagnosed by CT was lower 

than those of other imaging methodologies. Most of these studies targeted young or 

middle aged population, as they can tolerate to longer time of body examination. This 

bias in selecting younger population may explain the lower NAFLD prevalence. 

Ultrasound is the first-line and most widely used imaging test for NAFLD diagnosis with 

satisfactory sensitivity and specificity.24-25 However, the accuracy of diagnosis by 

ultrasound substantially relies on the proficiency of the physician. Although liver biopsy 

is the gold standard, it is reserved for a specific patient population due to its 

invasiveness. Therefore, the uncertainty and variations in NAFLD diagnosis challenge 

the accurate estimation of the global prevalence.  

Our pooled estimates of the odds ratios of risk factors are largely in line with previous 

studies with some subtle differences.26-27 Male sex, obesity, development of MetS and 

hypertension are major risk factors. It has been proposed that lower prevalence in 

females may be attributable to the protective role of estrogen,28 but lipid metabolism 

and fat distribution may also play a role.29 Insulin resistance, diabetes, obesity, 

hypertension and hyperlipidemia are all conditions that may play a role in the 

development of MetS.30 There is strong relation between the total number of the MetS 

components and the prevalence and severity of NAFLD.31,32 A study from Japan 

proposed that MetS plays a central role in NAFLD development and remission.33 

Findings from Australia and Europe show that 85% NASH patients have at least three 

components of Mets.34,35 Some other risk factors, such as sedentary lifestyle, diet habit 

or amount of exercise, cannot be included in our meta-analysis due to limited studies. 
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Several studies have reported regional data on NAFLD incidence. In Asia, NAFLD 

incidence rate was estimated as 50.9 cases per 1000 person-years, with the highest 

incidence observed in mainland China (63.0 cases per 1000 person-years) and the 

lowest in Japan (29.0 cases per 1000 person-years).1 In Europe, a retrospective study 

including four countries observed doubled incidence rate comparing year 2015 with 

2007.36 In this study, the overall incidence was estimated as 46.2 cases per 1000 

person-years. 

Development of liver fibrosis or cirrhosis ultimately determine the clinical outcome of 

NAFLD patients. Although most NAFLD patients are not at risk of disease progression, 

a proportion will eventually progress to NASH. It has been estimated that 59.1% (95% 

CI 47.6-69.7) of NAFLD patients may develop with NASH.3 In the current study, pooled 

prevalence of NASH in NAFLD patients is 45.48% (95% CI 35.21-55.96). However, 

there may be a selection and ascertainment bias because most of these NAFLD 

patients have at least one indication for liver biopsy. The overall prevalence of NASH 

in morbidly obese patients parallels of the prevalence of NASH among NAFLD patients. 

This finding is in line with two previous studies that the prevalence of NAFLD was 76% 

and 93% in obese people, and 37% and 26% of them progress to NASH, 

respectively.37-38 Of note, we also estimated the pooled prevalence of NASH in organ 

donors showing a prevalence rate of 8.26% (95% CI 1.13-21.01), but numbers are 

small. 

We found that the annual incidence of HCC was 1.3 cases per 1000 person-years, 

indicating an increase as compared to previously published estimates.3 However, the 

exact HCC incidence is difficult to estimate because in some cases with NAFLD-related 

HCC the biological characteristics are distinctly different without preceding cirrhosis.39 

Also, some NAFLD/NASH patients that are co-infected with hepatitis B virus, hepatitis 

C virus or have other metabolic diseases cannot be included in this estimate of NALFD-

related HCC incidence. Given the already high and ever-increasing burden of NAFLD 

and NASH, the incidence of related HCC is expected to grow. NAFLD/NASH related 

cirrhosis or HCC are becoming the leading indication for liver transplantation.10,40 On 

another note, NAFLD is also associated with high incidence rate of other cancers (14.2 

cases 1000 person-years, 95% CI 6.4-24.9), as well as cardiovascular disease (20.2 

cases 1000 person-years, 95% CI 6.2-41.9). This may explain why a strikingly high 

overall death rate was observed in our study. 

This study has several strengths. To our knowledge, this is the most comprehensive 

and up-to-date meta-analysis on the global epidemiology of NAFLD. By including large 

number of studies and individuals using stringent inclusion criteria, our estimates 

maximally recapitulate the real-world situation. Furthermore, we were able to include 

additional estimations for specific subpopulations and conditions such as NAFLD 

prevalence in morbidly obese patients, incidence of non-HCC malignancies, incidence 

of cardiovascular disease, and liver-specific and cardiovascular disease related death 

rates. There are also limitations in this study. Limited data from Africa and Oceania 

provided made it challenging to arrive at the accurate estimation for these continents. 
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The high heterogeneity underlying some of the source data in the current study cannot 

be fully explained. For subgroup analysis, we were only able to divide individuals into 

two broad categories, that is ónormal or non-obeseô and óoverweight or obeseô groups 

because studies all used different definitions to subdivide their populations. Pertaining 

disease progression and clinical outcome, some studies included NAFLD/NASH 

patients that also suffer from related complications (e.g. diabetes or cardiovascular 

disease) which may over-estimate the incidence and death rate of cardiovascular 

disease as well as the overall mortality rate. Last but not the least, a new terminology, 

ñMetabolic associated fatty liver disease (MAFLD)ò, has recently been proposed to 

replace ñNAFLDò.41-42 However, for this study, we decided not to adopt this new 

concept as it will take substantial debate and revision, before this new terminology will 

be fully accepted by the field.43 

In summary, this meta-analysis shows that the global prevalence rate of NAFLD, a 

metabolic disease closely associated with hypertension, hyperlipidemia and diabetes, 

has risen to 29.38%. Nearly half of the individuals with NAFLD will progress to NASH, 

and ensuing cases that develop associated liver fibrosis, cirrhosis and HCC will impose 

a high demand on the healthcare system. Therefore, this substantial and ever growing 

burden of NAFLD, irrespective of geographic and socio-economic status, calls for 

attention and dedicated action from primary care physicians, specialists, health policy 

makers and the general public alike. 

 

 

 

Supplementary file please refer to  

https://drive.google.com/file/d/1pUMYCU2ndjtSYovhdkn0MDXR_G8kWH99/view?us

p=sharing 

 

 

 

 

 



Page | 104 
 

Reference 

1. Li J, Zou B, Yeo YH, Feng Y, Xie X, Lee DH, Fujii H, et al. Prevalence, incidence, and outcome of non-alcoholic fatty 

liver disease in Asia, 1999-2019: a systematic review and meta-analysis. Lancet Gastroenterol Hepatol 2019;4:389-398. 

2. Zhou F, Zhou J, Wang W, Zhang XJ, Ji YX, Zhang P, She ZG, et al. Unexpected Rapid Increase in the Burden of 

NAFLD in China From 2008 to 2018: A Systematic Review and Meta-Analysis. Hepatology 2019;70:1119-1133. 

3. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global epidemiology of nonalcoholic fatty liver 

disease-Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 2016;64:73-84. 

4. Ye Q, Zou B, Yeo YH, Li J, Huang DQ, Wu Y, Yang H, et al. Global prevalence, incidence, and outcomes of non-obese 

or lean non-alcoholic fatty liver disease: a systematic review and meta-analysis. Lancet Gastroenterol Hepatol 2020. 

5. Fan JG, Farrell GC. Epidemiology of non-alcoholic fatty liver disease in China. J Hepatol 2009;50:204-210. 

6. Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology and natural history of non-alcoholic fatty 

liver disease and non-alcoholic steatohepatitis in adults. Aliment Pharmacol Ther 2011;34:274-285. 

7. Cai J, Zhang XJ, Li H. Progress and challenges in the prevention and control of nonalcoholic fatty liver disease. Med 

Res Rev 2019;39:328-348. 

8. Sanyal A, Poklepovic A, Moyneur E, Barghout V. Population-based risk factors and resource utilization for HCC: US 

perspective. Curr Med Res Opin 2010;26:2183-2191. 

9. Ratziu V, Bellentani S, Cortez-Pinto H, Day C, Marchesini G. A position statement on NAFLD/NASH based on the EASL 

2009 special conference. J Hepatol 2010;53:372-384. 

10. Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, Younossi ZM, Ahmed A. Nonalcoholic steatohepatitis is 

the second leading etiology of liver disease among adults awaiting liver transplantation in the United States. Gastroenterology 

2015;148:547-555. 

11. Younossi ZM, Blissett D, Blissett R, Henry L, Stepanova M, Younossi Y, Racila A, et al. The economic and clinical 

burden of nonalcoholic fatty liver disease in the United States and Europe. Hepatology 2016;64:1577-1586. 

12. Singh S, Kuftinec GN, Sarkar S. Non-alcoholic Fatty Liver Disease in South Asians: A Review of the Literature. J Clin 

Transl Hepatol 2017;5:76-81. 

13. Fazel Y, Koenig AB, Sayiner M, Goodman ZD, Younossi ZM. Epidemiology and natural history of non-alcoholic fatty 

liver disease. Metabolism 2016;65:1017-1025. 

14. Bellentani S, Tiribelli C. The spectrum of liver disease in the general population: lesson from the Dionysos study. J 

Hepatol 2001;35:531-537. 

15. Machado M, Marques-Vidal P, Cortez-Pinto H. Hepatic histology in obese patients undergoing bariatric surgery. J 

Hepatol 2006;45:600-606. 

16. Anstee QM, Targher G, Day CP. Progression of NAFLD to diabetes mellitus, cardiovascular disease or cirrhosis. Nat 

Rev Gastroenterol Hepatol 2013;10:330-344. 

17. Targher G, Bertolini L, Rodella S, Tessari R, Zenari L, Lippi G, Arcaro G. Nonalcoholic fatty liver disease is 

independently associated with an increased incidence of cardiovascular events in type 2 diabetic patients. Diabetes Care 

2007;30:2119-2121. 

18. Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD, Cohen JC, Grundy SM, et al. Prevalence of 

hepatic steatosis in an urban population in the United States: impact of ethnicity. Hepatology 2004;40:1387-1395. 

19. Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R, Natale S, et al. Nonalcoholic fatty liver, 

steatohepatitis, and the metabolic syndrome. Hepatology 2003;37:917-923. 

20. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-

analyses: the PRISMA statement. PLoS Med 2009;6:e1000097. 

21. Wells GA SB, OôConnell D. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in 

meta-analyses. 

22. Younossi ZM, Loomba R, Anstee QM, Rinella ME, Bugianesi E, Marchesini G, Neuschwander-Tetri BA, et al. Diagnostic 

modalities for nonalcoholic fatty liver disease, nonalcoholic steatohepatitis, and associated fibrosis. Hepatology 2018;68:349-360. 

23. Wong VW, Adams LA, de Ledinghen V, Wong GL, Sookoian S. Noninvasive biomarkers in NAFLD and NASH - current 

progress and future promise. Nat Rev Gastroenterol Hepatol 2018;15:461-478. 

24. European Association for the Study of the L, European Association for the Study of D, European Association for the 

Study of O. EASL-EASD-EASO Clinical Practice Guidelines for the management of non-alcoholic fatty liver disease. J Hepatol 

2016;64:1388-1402. 

25. Hernaez R, Lazo M, Bonekamp S, Kamel I, Brancati FL, Guallar E, Clark JM. Diagnostic accuracy and reliability of 

ultrasonography for the detection of fatty liver: a meta-analysis. Hepatology 2011;54:1082-1090. 

26. Rinella ME. Nonalcoholic fatty liver disease: a systematic review. JAMA 2015;313:2263-2273. 

27. Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev Gastroenterol Hepatol 2013;10:686-690. 

28. Villanueva-Ortega E, Garces-Hernandez MJ, Herrera-Rosas A, Lopez-Alvarenga JC, Laresgoiti-Servitje E, Escobedo 

G, Queipo G, et al. Gender-specific differences in clinical and metabolic variables associated with NAFLD in a Mexican pediatric 

population. Ann Hepatol 2019;18:693-700. 

29. Lee YH, Kim SH, Kim SN, Kwon HJ, Kim JD, Oh JY, Jung YS. Sex-specific metabolic interactions between liver and 

adipose tissue in MCD diet-induced non-alcoholic fatty liver disease. Oncotarget 2016;7:46959-46971. 

30. Yki-Jarvinen H. Non-alcoholic fatty liver disease as a cause and a consequence of metabolic syndrome. Lancet 

Diabetes Endocrinol 2014;2:901-910. 



 
 

Page | 105  
 

31. Wong VW, Chu WC, Wong GL, Chan RS, Chim AM, Ong A, Yeung DK, et al. Prevalence of non-alcoholic fatty liver 

disease and advanced fibrosis in Hong Kong Chinese: a population study using proton-magnetic resonance spectroscopy and 

transient elastography. Gut 2012;61:409-415. 

32. Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, Enders F, et al. The NAFLD fibrosis score: a 

noninvasive system that identifies liver fibrosis in patients with NAFLD. Hepatology 2007;45:846-854. 

33. Hamaguchi M, Kojima T, Takeda N, Nakagawa T, Taniguchi H, Fujii K, Omatsu T, et al. The metabolic syndrome as a 

predictor of nonalcoholic fatty liver disease. Ann Intern Med 2005;143:722-728. 

34. Cusi K. Role of obesity and lipotoxicity in the development of nonalcoholic steatohepatitis: pathophysiology and clinical 

implications. Gastroenterology 2012;142:711-725 e716. 

35. Kimura Y, Hyogo H, Ishitobi T, Nabeshima Y, Arihiro K, Chayama K. Postprandial insulin secretion pattern is associated 

with histological severity in non-alcoholic fatty liver disease patients without prior known diabetes mellitus. J Gastroenterol Hepatol 

2011;26:517-522. 

36. Alexander M, Loomis AK, Fairburn-Beech J, van der Lei J, Duarte-Salles T, Prieto-Alhambra D, Ansell D, et al. Real-

world data reveal a diagnostic gap in non-alcoholic fatty liver disease. BMC Med 2018;16:130. 

37. Ong JP, Elariny H, Collantes R, Younoszai A, Chandhoke V, Reines HD, Goodman Z, et al. Predictors of nonalcoholic 

steatohepatitis and advanced fibrosis in morbidly obese patients. Obes Surg 2005;15:310-315. 

38. Lazo M, Clark JM. The epidemiology of nonalcoholic fatty liver disease: a global perspective. Semin Liver Dis 

2008;28:339-350. 

39. White DL, Kanwal F, El-Serag HB. Association between nonalcoholic fatty liver disease and risk for hepatocellular 

cancer, based on systematic review. Clin Gastroenterol Hepatol 2012;10:1342-1359 e1342. 

40. Calzadilla-Bertot L, Jeffrey GP, Jacques B, McCaughan G, Crawford M, Angus P, Jones R, et al. Increasing Incidence 

of Nonalcoholic Steatohepatitis as an Indication for Liver Transplantation in Australia and New Zealand. Liver Transpl 2019;25:25-

34. 

41. Eslam M, Sanyal AJ, George J, International Consensus P. MAFLD: A Consensus-Driven Proposed Nomenclature for 

Metabolic Associated Fatty Liver Disease. Gastroenterology 2020. 

42. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M, Zelber-Sagi S, et al. A new definition for 

metabolic dysfunction-associated fatty liver disease: An international expert consensus statement. J Hepatol 2020. 

43. The Lancet Gastroenterology H. Redefining non-alcoholic fatty liver disease: what's in a name? Lancet Gastroenterol 

Hepatol 2020;5:419. 

 

 

 

 

 

 

 

 

 

 

 



Page | 106 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Page | 107  
 

 

CHAPTER 7 

 

Estimating global prevalence of metabolic 

dysfunction-associated fatty liver disease in 

overweight or obese children and adolescents 

 

Jiaye Liu, Ziyi Wang, Ling Wang, Yang Li, Tianfu Wen, Xiaofang Zhang, Zhongren Ma, 

Maarten F.M. Engel, Marco J. Bruno, Mohsen Ghanbari, Robert J. de Knegt, Wanlu Cao, 

Maikel P. Peppelenbosch, Qiuwei Pan 

 

In preparation 

 

 

 
 

 

                                                                                                                        

 

 

 

 

 



Page | 108 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Page | 109  
 

Summary 

Background Metabolic dysfunction-associated fatty liver disease (MAFLD) is a new 

terminology recently updated from non-alcoholic fatty liver disease (NAFLD). The 

discontinuity in nomenclature and disease definition hampers epidemiological 

understanding of MAFLD. In this study, we aim to perform a systematic review and 

meta-analysis to estimate the global prevalence of MAFLD in overweight or obese 

children and adolescents, by repurposing existing data on fatty liver disease. 

Methods A systematic search was conducted in Medline, Embase, Web of science, 

Cochrane CENTRAL Databases and google scholar. We screened relevant articles in 

English language published until May 2020. By transforming data according to the new 

diagnosis criteria, the global prevalence of MAFLD was estimated in general and 

clinical populations. A 95% confidence interval was estimated using Wilson score 

method, and pooled prevalence was calculated using the DerSimonian-Laird random-

effects model with Free-Tukey double arcsine transformations. 

Findings Our search returned 35441 records, of which 156 studies fulfilled our 

inclusion criteria. The overall prevalence of MAFLD was 34.76% (95% CI 27.78-42.08) 

in general and 45.33% (95% CI 40.74-49.96) in clinical populations of overweight or 

obese children and adolescents regardless of the diagnostic techniques. Based on the 

most used ultrasound diagnosis, the pooled prevalence was 35.07% (95% CI 27.76-

42.73) in general population and 46.82% (95% CI 41.47-51.20) in clinical population. 

For subgroup analysis, MAFLD prevalence was slightly higher in boys compared to 

girls (34.28% vs 25.48% in the general population; 51.33% vs 36.95% in a clinical 

setting). In the general population, higher prevalence was observed in developing 

compared to developed countries.  

Interpretation MAFLD is highly prevalent in overweight or obese children and 

adolescents. Rising awareness and urgent actions are warranted as control of the 

global MAFLD pandemic appears necessary. 
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Introduction 

Obesity has become a global pandemic, and especially the growing burden in pediatric 

population is more worrisome.1 Approximately 400 million children and adolescents 

were estimated to be overweight or obese in 2016,2 which will have substantial short- 

and long-term consequences. More specifically, these children are more likely to suffer 

from psychological comorbidities, cardiovascular disease, diabetes, cancers, 

musculoskeletal problems and liver complications.3-5 

Fatty liver disease is one of the most common co-morbidities to obesity in pediatric 

population. Previous studies established that the prevalence of non-alcoholic fatty liver 

disease (NAFLD) in pediatric population ranges from 3% to 12%, but this rate can 

become as high as 70-80% in obese children.6-7 Recently it has been proposed to 

revise the classical NAFLD definition and terminology in fatty liver disease to metabolic 

dysfunction-associated fatty liver disease (MAFLD).8-9 This revised nomenclature is 

expected to have major impact on the reporting of the dynamics in disease diagnosis, 

guidelines for patient management, therapeutic development and the management of 

public health with respect to fatty liver disease. One of the major changes is the shift 

towards inclusionary diagnostic criteria, a diagnosis of MAFLD being based on 

detection of hepatic steatosis by histology, imaging or blood biomarker in addition to 

the presence of at least one of the following three conditions: overweight/obesity, 

presence of type 2 diabetes mellitus (T2DM), or evidence for metabolic dysregulation.  

The resulting paradigm shift in disease definition urges re-assessing the burden of fatty 

liver disease, as many previous studies on NAFLD would become ineligible for 

estimating MAFLD epidemiology. A large proportion of existing data on fatty liver 

disease in overweight or obese population might, however, be repurposed for MAFLD 

epidemiology, by adjusting existing results to the new criteria. In this study, we 

performed a systematic review and meta-analysis to estimate the global prevalence of 

MAFLD in overweight and obese children and adolescents by exploring the existing 

epidemiological data of fatty liver disease.  
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Methods  

Searching strategy and selection criteria  

A systematic search was conducted in Medline, Embase, Web of science and 

Cochrane CENTRAL. Databases were searched for articles in the English language 

until May 2020. All searches from database were performed by a biomedical 

information specialist of the medical library, with an exhaustive set of search terms 

related to ñfatty liverò, ñhepatic steatosisò, ñprevalenceò, and ñepidemiologyò (The full 

search strategies are provided in the Appendix methods 1). We included studies that 

can be retrospectively transformed into reporting MAFLD prevalence in overweight or 

obese children or adolescents. The diagnosis of MAFLD was in accordance with the 

recent consensus on the criteria of diagnosing MAFLD. The detailed inclusion and 

exclusion criteria are provided in Appendix methods 2. Our analysis in this review was 

reported in accordance with PRISMA guidelines.10 

 

Screen and selection   

Studies were screened based on pre-specified decision rules. Initial title and abstract 

screening was done independently by two reviewers (JL, ZW), with a random 10% of 

studies checked by another two investigators (LW, YL). Full-text review was done 

independently by two authors (any two of JL, ZW, LW and YL), with any discrepancies 

resolved by consensus or by a third reviewer (QP); consensus was reached in all 

instances. We extracted data at all levels reported in the study, including time of 

publication, study period, country or region, country or region income based on World 

bank evaluation, the level of country development, study categories, gender, age, 

diagnostic techniques, body mass index (BMI) and prevalence of disease. Data were 

then crossly checked for accuracy against the original source by one of four authors 

(JL, ZW, LW or YL). 

 

Data analysis  

Two authors (any two of JL, ZW, LW and YL) independently reviewed and extracted 

data from the included studies by using a data extraction form specifically designed for 

this study. When duplicate data were identified, the duplicate with the smallest sample 

size or shortest duration of follow-up was excluded. We assessed the quality of 

included studies using an assessment scale based on the Newcastle-Ottawa Scale, 

which is comprised of three domains including selection, comparability and outcome. 

The Newcastle-Ottawa Scale assigns a maximum score of five for selection, two for 

comparability, and two for outcome.11 Studies scoring 1-3 were defined as low, 4-6 as 

average, and 7-9 as high quality (Appendix Table 1). Studies were not excluded on the 

basis of their quality score to increase transparency and to ensure that all available 

evidence of this topic will be reported. Eggerôs test was used to assess publication bias. 
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The main outcomes for this study were the global MAFLD prevalence for overweight 

or obese children and adolescents. To calculate MAFLD prevalence for each country 

and region, we estimated the pooled rate by using DerSimonian-Laird random-effects 

model with Free-Tukey double arcsine transformations. Heterogeneity across the 

included studies was assessed using the Cochran Q statistics and I2 statistics, with I2 

statistics 25%-50%, 50%-75%, and >75% considered as mild, moderate, and severe 

heterogeneity, respectively. When heterogeneity was higher than 50%, a random-

effect model will be used. Given that abdominal ultrasound was the most commonly 

used diagnostic technique, we further pooled the prevalence in studies with ultrasound 

as main diagnostic technique for estimating a more accurate rate. Subgroup analysis 

was done to further explore the source of heterogeneity which estimated the pooled 

rate by dividing individuals into covariates. 

 

 

Figure 1. Study selection. 
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Results 

Our search retuned 35441 records. After removing duplicates, 19223 studies were 

retained. By screening titles and abstracts, 18774 records were further excluded. Full 

text of the remaining 449 studies were assessed for eligibility, of which 293 were 

excluded. As a result, 156 studies from 32 countries and regions (Albania [n=1], 

Australia [n=2], Brazil [n=12], Mainland China [n=12], Canada [n=2], Chile [n=1], 

Colombia [n=2], Denmark [n=3], Egypt [n=4], Germany [n=5], Germany, Austria and 

Switzerland [n=1], Greece [n=2], Hong Kong [n=1], India [n=5], Iran [n=8], Israel [n=2], 

Italy [n=15], Japan [n=3], Malaysia [n=1], Mexico [n=2], Netherlands [n=4], Pakistan 

[n=1], Poland [n=5], Romania [n=2], Saudi Arabia [n=1], South Korea [n=7], Spain 

[n=6], Taiwan [n=8], Sri Lanka [n=1], Turkey [n=22], United Arab Emirates [n=1] and 

USA [n=14]) fulfill our inclusion criteria (Figure 1). The quality assessment score for 

included studies ranged from 6 to 9, with mean quality score as 7.46. A total of 147 

high quality and 9 fair quality studies were included in the meta-analysis (Appendix 

Table 1). Characteristics of all included studies were listed in Appendix Table 1. The 

majority of these included studies had a cross-sectional design and most of them 

reported data from hospital or outpatient clinic settings. The mean or median age of 

participants across different studies ranged from 7.00 to 17.01 years, and the 

percentages of males ranged from 19.60% to 100%.  

Among these included studies, 29 studies comprising 6095 individuals concerning 

MAFLD prevalence in overweight and obese children and adolescents from general 

population. The overall prevalence in this population was 34.76% (95% CI 27.78-42.08) 

regardless of diagnostic techniques. By stratifying data according to continents, the 

prevalence of MAFLD was 43.05% (95% CI 37.04-50.06), 40.89% (95% CI 34.54-

47.39), 38.39% (95% CI 29.01-48.23), 24.09% (95% CI 16.51-32.57), and 22.86% (95% 

CI 11.65-36.46) in North America, Oceania, Asia, Europe and South America, 

respectively. The highest rate was observed in India (60.92%, 95% CI 54.60-67.07) 

and the lowest in Pakistan (10.45%, 95% 4.08-19.07, Figure 2). The majority of studies 

(89.66%) used ultrasound diagnosing MAFLD with the pooled prevalence rate of 35.07% 

(95% CI 27.76-42.73, Table 1, Appendix Figure S1). Subgroup analysis revealed that 

MAFLD was more prevalent in developing countries (38.69%, 95% CI 29.28-48.54) 

than developed countries (25.97%, 95% CI 18.66-34.00). In respect of the income of 

countries or regions, the pooled estimate prevalence of high, upper-middle and lower-

middle countries or regions was 29.09% (95% 21.71-37.06), 40.94% (95% CI 27.92-

54.64) and 40.71% (95% CI 9.91-76.22). Moreover, the MAFLD prevalence was 27.06% 

(95% CI 20.20-34.51) in participants below 10 years old and 43.65% (95% CI 27.66-

60.34) in those above 10 years old. The pooled prevalence was 34.28% (95% CI 

21.33-48.50) and 25.48% (95% CI 16.64-35.41) in boys and girls, respectively. 

Stratified participants by BMI, MAFLD prevalence was 22.87% (95% CI 14.49-32.47) 

in overweight participants and 38.91% (95% CI 29.42-48.83, Table 2) in obese 

participants. 
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A total of 127 studies comprising 36357 individuals were included for estimating 

MAFLD prevalence in overweight and obese patients from hospital or outpatient 

settings. The overall prevalence rate regardless of diagnostic techniques used was 

45.33% (95% CI 40.74-49.96, Figure 3). The pooled regional prevalence estimates in 

this population were 59.82% (95% CI 43.61-56.02) for Asia, 38.69% (95% CI 31.09-

46.58) for Europe, 52.20% (95% CI 33.32-70.77) for Africa, 47.34% (95% CI 31.99-

62.95) for North America, 39.46% (95% CI 30.85-48.41) for South America and 67.44% 

(95% CI 59.08-75.28) for Oceania, though the number of studies for Oceania was 

limited. The prevalence varied substantially among different countries and regions, 

from 8.62% (Germany, Austria and Switzerland, 95% CI 8.09-9.18) to 86.67% (Japan, 

95% CI 74.94-95.29). For countries or regions with more than  

 

Figure 2. MAFLD prevalence in general population regardless of the diagnostic techniques. (A) Forest 

plot of MAFLD prevalence. (B) MAFLD prevalence in 14 countries and regions. 
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three studies included, MAFLD was most prevalent in Mainland China (54.09%, 95% 

CI 45.69-62.38) and the least in Germany (28.15%, 95% CI 25.76-30.60). Considering 

the diagnostic techniques, 96 studies used ultrasound (46.82%, 95% CI 41.47-52.20), 

15 studies used magnetic resonance imaging (MRI, 34.48%, 95% CI 29.60-39.53), 11 

studies used liver biopsy (46.94%, 95% CI 18.75-76.20), 5 studies used proton 

magnetic resonance spectroscopy (H-MRS, 50.23%, 95% CI 30.57-69.86), 1 studies 

used fatty liver index (FLI, 22.11%, 95% CI 16.60-28.16) and 1 studies used controlled 

attenuation parameter (CAP, 53.17%, 95% CI 44.41-61.85, Table 1). Since ultrasound 

was most commonly used, only these studies were included for the remaining analysis 

unless otherwise specified. For subgroup analysis, MAFLD was most prevalent in 

Mainland China (51.83%, 95% CI 41.98-61.62) and the least in Germany (28.15%, 95% 

CI 25.76-30.60, Appendix Figure S2). MAFLD prevalence was 48.44% (95% CI 42.58-

54.32) in developing and 44.50% (95% CI 36.03-53.13) in developed countries. The 

pooled estimates among high, upper-middle and lower-middle countries. 

 

Figure 3. MAFLD prevalence in clinical population regardless of the diagnostic techniques. (A) Forest 

plot of MAFLD prevalence. (B) MAFLD prevalence in 31 countries and regions. 
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 were 45.54% (95% CI 37.23-53.98), 47.76% (95% CI 41.62-53.92) and 48.81% (95% 

CI 19.01-79.09), respectively. Patients with age above 10 years old had a higher 

prevalence rate (46.12%, 95% CI 28.42-64.33) compared to those below 10 years old 

(34.00%, 95% CI 16.50-54.05). The prevalence was higher in boys (51.33%, 95% CI 

45.06-57.59) than in girls (36.95%, 95% CI 30.31-43.83). Pooled estimates from six 

studies revealed a prevalence of 27.41% (95% CI 12.10-46.01) in overweight patients. 

Pooled analysis of 75 studies resulted in a rate of 48.32% (95% CI 41.83-54.84) in 

obese patients. There is a slightly increase of MAFLD prevalence when comparing 

study period before and after year 2010 (44.32%, 95% CI 33.42-55.51 versus 47.77%, 

95% CI 42.32-53.25). MAFLD prevalence for studies with a quality assessment score 

above or below 8 points was 42.53% (95% CI 34.39-50.88) and 50.25% (95% CI 45.41-

55.08), respectively. Studies with sample size less than 100 (41.85%, 95% 35.65-

48.18) have a lower rate than those with over 100 participants (57.36%, 95% CI 51.15-

63.46, Table 2). 

Table 1. MAFLD prevalence by different diagnostic techniques in general and clinical 
populations. 
 Studies Individuals Prevalence (95% CI) I2 (%) 

General     

MRI 3 857 32.23% (9.44-60.78) 98% 

US 26 5238 35.07% (27.76-

42.73) 

97% 

Clinical*     

CAP 1 126 53.17% (44.41-

61.85) 

- 

FLI 1 199 22.11% (16.60-28.16) - 

H-MRS 5 363 50.23% (30.57-

69.86) 

92% 

Liver biopsy 9 2211 46.94% (18.75-

76.20) 

99% 

MRI 15 2797 34.48% (29.60-

39.53) 

85% 

US 96 30661 46.82% (41.47-

51.20) 

99% 

MRI, magnetic resonance imaging; US, ultrasound; CAP, Controlled attenuation parameter; FLI, fatty liver index; 

H-MRS, proton magnetic resonance spectroscopy; *P<0.001 for difference across diagnostic methods. 

 

Discussion 

In this study, we performed a systematic review and meta-analysis based on existing 

epidemiology data on fatty liver disease in overweight or obese children and 

adolescents, but transformed the data to the new diagnosis criteria of MAFLD. We 

found the global MAFLD prevalence to be about 45% in clinical settings and 35% in 

the general population among overweight or obese children and adolescents aged 

between 1 and 19 years, regardless of the diagnostic techniques used. Based on the 

commonly used ultrasound methodology for diagnosis, we estimated a prevalence rate 

of 22.87% (95% CI 14.49-32.47) in overweight and 38.91% (95% CI 29.42-48.83) in 
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obese children and adolescents from the general population. These rates are 27.41% 

(95% CI 12.10-46.01) and 48.32% (95% CI 41.83-54.84) in the clinical setting of 

overweight or obese children and adolescents, respectively. 

 

Table 2. Subgroup analysis of MAFLD prevalence in general and clinical populations based 

on ultrasound diagnosis. 

 General population Clinical population 

 Studies Prevalence 
(95% CI) 

I2 P Studies Prevalence 
(95% CI) 

I2 P 

Continents   97% <0.01   99% <0.01 
Asia 19 37.98% 

(28.32-
48.14) 

98%  51 49.17% 
(42.84-
55.52) 

98%  

Europe 3 27.91% 
(19.85-
36.74) 

74%  29 40.45%  
(30.98-
50.29) 

99%  

Oceania 1 40.89% 
(34.54-
47.39) 

-  1 67.44% 
(59.08-
75.28) 

-  

Africa - - -  2 60.00% 
(19.75-
93.65) 

96%  

North America - - -  5 63.46% 
(42.28-
82.29) 

95%  

South 
America 

3 24.09% 
(16.51-
32.57) 

73%  8 38.60% 
(29.56-
48.05) 

86%  

Development   97% 0.04   99% 0.46 
Developed 7 25.97% 

(18.66-
34.00) 

86%  40 44.50% 
(36.03-
53.13) 

99%  

Developing 19 38.69% 
(29.28-
48.54) 

98%  56 48.44% 
(42.58-
4.32) 

97%  

Income   97% 0.29   99% 0.91 
High 13 29.09% 

(21.71-
37.06) 

94%  43 45.54% 
(37.23-
53.98) 

99%  

Upper-middle 10 40.94% 
(27.92-
54.64) 

98%  50 47.76% 
(41.62-
53.2) 

97%  

Lower-middle 3 40.71% 
(9.91-76.22) 

97%  3 48.81% 
(19.01-
79.09) 

99%  

Gender   90% 0.30   94% <0.01 
Boy 8 34.28% 

(21.33-
48.50) 

92%  23 51.33% 
(45.06-
57.59) 

92%  

girl 8 25.48% 
(16.64-
35.41) 

85%  23 36.95% 
(30.31-
43.83) 

93%  

Age   97% 0.07   99% 0.38 
1< andÒ10 4 27.06% 

(20.20-
34.51) 

65%  4 34.00% 
(16.50-
54.05) 

95%  
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10<andÒ19 10 43.65% 
(27.66-
60.34) 

98%  13 46.12% 
(28.42-
64.33) 

99%  

Study period    0.11   99% 0.59 
Before 2010 14 29.23% 

(21.35-
37.78) 

94%  29 44.32% 
(33.42-
55.51) 

99%  

After 2010 10 43.61% 
(28.48-
59.37) 

98%  59 47.77% 
(42.32-
53.25) 

97%  

Sample size   97% 0.56   99% <0.01 
<100  30.71% 

(15.27-
48.66) 

94%  32 57.36% 
(51.15-
63.46) 

88%  

Ó100 19 36.65% 
(28.29-
45.43) 

97%  64 41.85% 
(35.65-
48.18) 

99%  

Quality    97% 0.60   99% 0.12 
<8 12 37.01 

(23.71-
51.37) 

98%  53 50.25% 
(45.41-
55.08) 

95%  

Ó8 14 32.77% 
(25.90-
40.02) 

94%  43 42.53% 
(34.39-
50.88) 

99%  

BMI         
Overweight 10 22.87% 

(14.49-
32.47) 

92%  6 27.41% 
(12.10-
46.01) 

98%  

Obese 20 38.91% 
(29.42-
48.83) 

96%  75 48.32% 
(41.83-
54.84) 

99%  

 

The terminology describing NAFLD and non-alcoholic steatohepatitis (NASH) was 

defined now 40 years ago.12 This definition requires the exclusion of other causes of 

liver disease and the exclusion of detrimental alcohol consumption but the exact cut-

offs in respect remains open to debate. Because of this ambiguity, it is now recognized 

fatty liver disease needs redefinition and thus renaming.13 MAFLD is a new terminology 

recently proposed by a panel of international experts to replace NAFLD.8-9 This 

updated nomenclature shifts towards an inclusionary diagnosis that does not require 

exclusion of alcohol intake or that of other liver diseases. As proposed, a diagnosis of 

MAFLD should be based on detection of liver steatosis with one of the following three 

conditions, overweight/obesity and/or presence of T2DM, and/or evidence of metabolic 

dysregulation.8-9 A recent study has endeavored to compare MAFLD and NAFLD 

criteria in the real world using the large population-based National Health and Nutrition 

Examination Survey (NHANES) database. Although a diagnosis of MAFLD does not 

require exclusion of excessive alcohol consumption or other liver diseases, a similar 

prevalence rate as NAFLD was detected. However, MAFLD criteria were found to be 

more practical for identifying fatty liver disease patients with high risk of disease 

progression.14 There are strong indications of a global acceptance and endorsement 

of the term MAFLD,15 but the issue remains open to fierce debate. For example, it is 

reasonable to argue that currently there is no general consensus on the criteria to 

define óómetabolic dysfunctionò, and adding the new term ñmetabolicò does not fully 
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solve the ambiguity regarding etiologies of the disease.16 We noticed, however, that 

MAFLD is relatively straightforward to be defined in the overweight or obese population. 

Globally, over 1.9 billion adults and about 400 million children and adolescents were 

overweight or obese in 2016.2 

The prevalence of obesity has nearly tripled since 1975, and this parallels the growth 

of the fatty liver disease epidemic. Strong associations between obesity and 

prevalence of fatty liver disease are well-documented, both in children and 

adolescents.17 A previous study attempted to depict the dynamic changes of NAFLD 

prevalence in adolescents aged 12-19 years using data from different periods of the 

NHANES database. Strikingly, the prevalence of NAFLD has increased from 3.9% in 

1988-1994 to 10.7% in 2007-2010.18 A recent meta-analysis estimated that the NAFLD 

prevalence rate in overweight or obese children from general population was 12.5% 

and 36%, respectively. NAFLD prevalence among children based on child obesity 

clinics has been reported as 34%,7 but we observed a much higher (1.5-fold) rate of 

MAFLD in this population. This discrepancy may be attributed to differences in disease 

definition between NALFD and MAFLD, and/or population selection. NAFLD could 

represent an umbrella term for the multiple underlying sub-types which underestimates 

the prevalence of fatty liver disease.19,20 

Extensive studies have highlighted the importance of technique in the diagnosis of fatty 

liver disease. Ultrasound has been the most used diagnostic method in both clinical 

and general populations and majorly contributes to the satisfactory sensitivity and 

specificity.21,22 In the general population, we found no evidence of differences in 

MAFLD prevalence when analyzed with respect to different diagnostic techniques. In 

the clinical population, the prevalence of MAFLD diagnosed by H-MRS was higher than 

that by MRI or ultrasound. Interestingly, ultrasound and liver biopsy diagnoses yielded 

similar rates of MAFLD prevalence. Arguments have been raised against the 

application of liver enzymes for diagnosing fatty liver disease because occurrence of 

normal levels of these enzymes has been reported across the entire spectrum of 

NAFLD manifestations.23,24 In line with this, the new diagnostic criteria of MAFLD no 

longer adopt elevated ALT and AST as markers for assessing fatty liver disease.  

To our knowledge, this is the first study to comprehensively estimate the global 

epidemiology of MAFLD, even if clear limitations to our study exist. Firstly, there is a 

retrospective transformation of previous fatty liver disease data to the MAFLD 

epidemiological estimation. Any pre-existing bias in population selection will thus be 

copied to our results. Secondly, limited data are available for Africa and Oceania 

constituting a challenge to the accuracy for our estimates on these continents. There 

is limited data regarding race, ethnics, familial risk, epidemic factors and genetic 

variation, hence we could not perform further subgroup analysis. Fourthly, the high 

heterogeneity underlying some of the source data in the current study cannot be fully 

explained, and thus calls for caution. Finally, there are no consistent standards for 

defining overweight or obese across different countries and regions, which hampers 

interpretation.  
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In summary, this study has demonstrated a proof-of-concept on the feasibility of 

repurposing existing fatty liver disease data for estimating MAFLD burden. By including 

a large number of eligible studies across the globe, we a high prevalence rate of 

MAFLD in overweight or obese children and adolescents from both general or clinical 

populations. These findings should be interest for medical professionals and health 

policy makers interested in combating this disease. Given the retrospective nature of 

transforming previous data, future well-designed prospective studies are needed to 

better define the global epidemiology of MAFLD. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Page | 121  
 

Reference 
 

мΦ [ƻōǎǘŜƛƴ ¢Σ WŀŎƪǎƻƴπ[ŜŀŎƘ wΣ aƻƻŘƛŜ a[Σ Ŝǘ ŀƭΦ /ƘƛƭŘ ŀƴŘ ŀŘƻƭŜǎŎŜƴǘ ƻōŜǎƛǘȅΥ ǇŀǊǘ ƻŦ ŀ ōƛƎƎŜǊ ǇƛŎǘǳǊŜΦ [ŀƴŎŜǘ 
нлмрΤ оурόффусύΥ нрмлπнлΦ 

нΦ LƴƛǘƛŀǘƛǾŜǎΦ 5Φ нлму Dƭƻōŀƭ bǳǘǊƛǘƛƻƴ wŜǇƻǊǘΥ {ƘƛƴƛƴƎ ŀ [ƛƎƘǘ ǘƻ {ǇǳǊ !Ŏǘƛƻƴ ƻƴ bǳǘǊƛǘƛƻƴΦ .ǊƛǎǘƻƭΥ 5ŜǾŜƭƻǇƳŜƴǘ 
LƴƛǘƛŀǘƛǾŜǎ tƻǾŜǊǘȅ wŜǎŜŀǊŎƘ [ǘŘΤ нлму нлмуΤ ƘǘǘǇǎΥκκƎƭƻōŀƭƴǳǘǊƛǘƛƻƴǊŜǇƻǊǘΦƻǊƎκΦ 

оΦ vǳŜƪ ¸IΣ ¢ŀƳ ²²{Σ ½ƘŀƴƎ a².Σ Iƻ w/aΦ 9ȄǇƭƻǊƛƴƎ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ ŎƘƛƭŘƘƻƻŘ ŀƴŘ ŀŘƻƭŜǎŎŜƴǘ 
ƻōŜǎƛǘȅ ŀƴŘ ŘŜǇǊŜǎǎƛƻƴΥ ŀ ƳŜǘŀπŀƴŀƭȅǎƛǎΦ hōŜǎ wŜǾ нлмтΤ муόтύΥ тпнπрпΦ 

пΦ wŀƴƪƛƴ WΣ aŀǘǘƘŜǿǎ [Σ /ƻōƭŜȅ {Σ Ŝǘ ŀƭΦ tǎȅŎƘƻƭƻƎƛŎŀƭ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ŎƘƛƭŘƘƻƻŘ ƻōŜǎƛǘȅΥ ǇǎȅŎƘƛŀǘǊƛŎ 
ŎƻƳƻǊōƛŘƛǘȅ ŀƴŘ ǇǊŜǾŜƴǘƛƻƴΦ !ŘƻƭŜǎŎ IŜŀƭǘƘ aŜŘ ¢ƘŜǊ нлмсΤ тΥ мнрπпсΦ 

рΦ CǊƛŜŘŜƳŀƴƴ /Σ IŜƴŜƎƘŀƴ /Σ aŀƘǘŀƴƛ YΣ ¢ƘƻƳǇǎƻƴ aΣ tŜǊŜǊŀ wΣ ²ŀǊŘ !aΦ /ŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜ Ǌƛǎƪ ƛƴ 
ƘŜŀƭǘƘȅ ŎƘƛƭŘǊŜƴ ŀƴŘ ƛǘǎ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ōƻŘȅ Ƴŀǎǎ ƛƴŘŜȄΥ ǎȅǎǘŜƳŀǘƛŎ ǊŜǾƛŜǿ ŀƴŘ ƳŜǘŀπŀƴŀƭȅǎƛǎΦ .aW нлмнΤ 
опрΥ ŜптрфΦ 

сΦ !ƭƛǎƛ !Σ CŜƭŘǎǘŜƛƴ !9Σ ±ƛƭƭŀƴƛ !Σ wŀǇƻƴƛ aΣ bƻōƛƭƛ ±Φ tŜŘƛŀǘǊƛŎ ƴƻƴŀƭŎƻƘƻƭƛŎ Ŧŀǘǘȅ ƭƛǾŜǊ ŘƛǎŜŀǎŜΥ ŀ ƳǳƭǘƛŘƛǎŎƛǇƭƛƴŀǊȅ 
ŀǇǇǊƻŀŎƘΦ bŀǘ wŜǾ DŀǎǘǊƻŜƴǘŜǊƻƭ IŜǇŀǘƻƭ нлмнΤ фόоύΥ мрнπсмΦ 

тΦ !ƴŘŜǊǎƻƴ 9[Σ IƻǿŜ [5Σ WƻƴŜǎ I9Σ IƛƎƎƛƴǎ WtΣ [ŀǿƭƻǊ 5!Σ CǊŀǎŜǊ !Φ ¢ƘŜ tǊŜǾŀƭŜƴŎŜ ƻŦ bƻƴπ!ƭŎƻƘƻƭƛŎ Cŀǘǘȅ [ƛǾŜǊ 
5ƛǎŜŀǎŜ ƛƴ /ƘƛƭŘǊŜƴ ŀƴŘ !ŘƻƭŜǎŎŜƴǘǎΥ ! {ȅǎǘŜƳŀǘƛŎ wŜǾƛŜǿ ŀƴŘ aŜǘŀπ!ƴŀƭȅǎƛǎΦ t[ƻ{ hƴŜ нлмрΤ млόмлύΥ 
ŜлмплфлуΦ 

уΦ 9ǎƭŀƳ aΣ {ŀƴȅŀƭ !WΣ DŜƻǊƎŜ WΣ LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴǎŜƴǎǳǎ tΦ a!C[5Υ ! /ƻƴǎŜƴǎǳǎπ5ǊƛǾŜƴ tǊƻǇƻǎŜŘ bƻƳŜƴŎƭŀǘǳǊŜ 
ŦƻǊ aŜǘŀōƻƭƛŎ !ǎǎƻŎƛŀǘŜŘ Cŀǘǘȅ [ƛǾŜǊ 5ƛǎŜŀǎŜΦ DŀǎǘǊƻŜƴǘŜǊƻƭƻƎȅ нлнлΤ мруόтύΥ мфффπнлмп ŜмΦ 

фΦ 9ǎƭŀƳ aΣ bŜǿǎƻƳŜ tbΣ {ŀǊƛƴ {YΣ Ŝǘ ŀƭΦ ! ƴŜǿ ŘŜŦƛƴƛǘƛƻƴ ŦƻǊ ƳŜǘŀōƻƭƛŎ ŘȅǎŦǳƴŎǘƛƻƴπŀǎǎƻŎƛŀǘŜŘ Ŧŀǘǘȅ ƭƛǾŜǊ 
ŘƛǎŜŀǎŜΥ !ƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŜȄǇŜǊǘ ŎƻƴǎŜƴǎǳǎ ǎǘŀǘŜƳŜƴǘΦ W IŜǇŀǘƻƭ нлнлΤ тоόмύΥ нлнπфΦ 

млΦ aƻƘŜǊ 5Σ [ƛōŜǊŀǘƛ !Σ ¢ŜǘȊƭŀŦŦ WΣ !ƭǘƳŀƴ 5DΣ DǊƻǳǇ tΦ tǊŜŦŜǊǊŜŘ ǊŜǇƻǊǘƛƴƎ ƛǘŜƳǎ ŦƻǊ ǎȅǎǘŜƳŀǘƛŎ ǊŜǾƛŜǿǎ ŀƴŘ ƳŜǘŀπ
ŀƴŀƭȅǎŜǎΥ ǘƘŜ twL{a! ǎǘŀǘŜƳŜƴǘΦ t[ƻ{ aŜŘ нллфΤ сόтύΥ ŜмллллфтΦ 

ммΦ ! ²Ŝƭƭǎ .{Σ 5 hϥ/ƻƴƴŜƭƭΣ W tŜǘŜǊǎƻƴΣ ± ²ŜƭŎƘΣ a [ƻǎƻǎΣ t ¢ǳƎǿŜƭƭΦ ¢ƘŜ bŜǿŎŀǎǘƭŜπhǘǘŀǿŀ {ŎŀƭŜ όbh{ύ ŦƻǊ 
ŀǎǎŜǎǎƛƴƎ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ƴƻƴǊŀƴŘƻƳƛǎŜŘ ǎǘǳŘƛŜǎ ƛƴ ƳŜǘŀπŀƴŀƭȅǎŜǎΦ 
όƘǘǘǇΥκκǿǿǿΦƻƘǊƛΦŎŀκǇǊƻƎǊŀƳǎκŎƭƛƴƛŎŀƭψŜǇƛŘŜƳƛƻƭƻƎȅκƻȄŦƻǊŘΦŀǎǇύΦ 

мнΦ YǳŎƘŀȅ a{Σ aƛǎǊŀ !Φ CǊƻƳ ƴƻƴπŀƭŎƻƘƻƭƛŎ Ŧŀǘǘȅ ƭƛǾŜǊ ŘƛǎŜŀǎŜ όb!C[5ύ ǘƻ ƳŜǘŀōƻƭƛŎπŀǎǎƻŎƛŀǘŜŘ Ŧŀǘǘȅ ƭƛǾŜǊ ŘƛǎŜŀǎŜ 
όa!C[5ύΥ ! ƧƻǳǊƴŜȅ ƻǾŜǊ пл ȅŜŀǊǎΦ 5ƛŀōŜǘŜǎ aŜǘŀō {ȅƴŘǊ нлнлΤ мпόпύΥ сфрπсΦ 

моΦ CƻǳŀŘ ¸Σ ²ŀƪŜŘ LΣ .ƻƭƭƛǇƻ {Σ DƻƳŀŀ !Σ !Ƨƭƻǳƴƛ ¸Σ !ǘǘƛŀ 5Φ ²Ƙŀǘϥǎ ƛƴ ŀ ƴŀƳŜΚ wŜƴŀƳƛƴƎ ϥb!C[5ϥ ǘƻ ϥa!C[5ϥΦ 
[ƛǾŜǊ Lƴǘ нлнлΤ плόсύΥ мнрпπсмΦ 

мпΦ [ƛƴ {Σ IǳŀƴƎ WΣ ²ŀƴƎ aΣ Ŝǘ ŀƭΦ /ƻƳǇŀǊƛǎƻƴ ƻŦ a!C[5 ŀƴŘ b!C[5 ŘƛŀƎƴƻǎǘƛŎ ŎǊƛǘŜǊƛŀ ƛƴ ǊŜŀƭ ǿƻǊƭŘΦ [ƛǾŜǊ Lƴǘ нлнлΦ 
мрΦ ¢ƘŜ [ŀƴŎŜǘ DŀǎǘǊƻŜƴǘŜǊƻƭƻƎȅ IΦ wŜŘŜŦƛƴƛƴƎ ƴƻƴπŀƭŎƻƘƻƭƛŎ Ŧŀǘǘȅ ƭƛǾŜǊ ŘƛǎŜŀǎŜΥ ǿƘŀǘϥǎ ƛƴ ŀ ƴŀƳŜΚ [ŀƴŎŜǘ 
DŀǎǘǊƻŜƴǘŜǊƻƭ IŜǇŀǘƻƭ нлнлΤ рόрύΥ пмфΦ 

мсΦ ̧ ƻǳƴƻǎǎƛ ½aΣ wƛƴŜƭƭŀ a9Σ {ŀƴȅŀƭ !Σ Ŝǘ ŀƭΦ CǊƻƳ b!C[5 ǘƻ a!C[5Υ LƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ŀ ǇǊŜƳŀǘǳǊŜ ŎƘŀƴƎŜ ƛƴ 
ǘŜǊƳƛƴƻƭƻƎȅΦ IŜǇŀǘƻƭƻƎȅ нлнлΦ 

мтΦ bƻƴπŀƭŎƻƘƻƭƛŎ Cŀǘǘȅ [ƛǾŜǊ 5ƛǎŜŀǎŜ {ǘǳŘȅ DΣ [ƻƴŀǊŘƻ !Σ .ŜƭƭŜƴǘŀƴƛ {Σ Ŝǘ ŀƭΦ 9ǇƛŘŜƳƛƻƭƻƎƛŎŀƭ ƳƻŘƛŦƛŜǊǎ ƻŦ ƴƻƴπ
ŀƭŎƻƘƻƭƛŎ Ŧŀǘǘȅ ƭƛǾŜǊ ŘƛǎŜŀǎŜΥ CƻŎǳǎ ƻƴ ƘƛƎƘπǊƛǎƪ ƎǊƻǳǇǎΦ 5ƛƎ [ƛǾŜǊ 5ƛǎ нлмрΤ птόмнύΥ ффтπмллсΦ 

муΦ ²ŜƭǎƘ W!Σ YŀǊǇŜƴ {Σ ±ƻǎ a.Φ LƴŎǊŜŀǎƛƴƎ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ƴƻƴŀƭŎƻƘƻƭƛŎ Ŧŀǘǘȅ ƭƛǾŜǊ ŘƛǎŜŀǎŜ ŀƳƻƴƎ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 
ŀŘƻƭŜǎŎŜƴǘǎΣ мфууπмффп ǘƻ нллтπнлмлΦ W tŜŘƛŀǘǊ нлмоΤ мснόоύΥ пфсπрлл ŜмΦ 

мфΦ ̧ ƪƛπWŀǊǾƛƴŜƴ IΣ [ǳǳƪƪƻƴŜƴ tYΦ IŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ƴƻƴπŀƭŎƻƘƻƭƛŎ Ŧŀǘǘȅ ƭƛǾŜǊ ŘƛǎŜŀǎŜΦ [ƛǾŜǊ Lƴǘ нлмрΤ орόмнύΥ нпфуπ
рллΦ 

нлΦ [ƻƴŀǊŘƻ !Σ .ŀƭƭŜǎǘǊƛ {Σ ¢ŀǊƎƘŜǊ DΦ Ϧbƻǘ ŀƭƭ ŦƻǊƳǎ ƻŦ b!C[5 ǿŜǊŜ ŎǊŜŀǘŜŘ ŜǉǳŀƭϦΦ 5ƻ ƳŜǘŀōƻƭƛŎ ǎȅƴŘǊƻƳŜπǊŜƭŀǘŜŘ 
b!C[5 ŀƴŘ tbt[!оπǊŜƭŀǘŜŘ b!C[5 ŜȄŜǊǘ ŀ ǾŀǊƛŀōƭŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ Ǌƛǎƪ ƻŦ ŜŀǊƭȅ ŎŀǊƻǘƛŘ ŀǘƘŜǊƻǎŎƭŜǊƻǎƛǎΚ 
!ǘƘŜǊƻǎŎƭŜǊƻǎƛǎ нлмтΤ нртΥ нроπрΦ 

нмΦ 9ǳǊƻǇŜŀƴ !ǎǎƻŎƛŀǘƛƻƴ ŦƻǊ ǘƘŜ {ǘǳŘȅ ƻŦ ǘƘŜ [Σ 9ǳǊƻǇŜŀƴ !ǎǎƻŎƛŀǘƛƻƴ ŦƻǊ ǘƘŜ {ǘǳŘȅ ƻŦ 5Σ 9ǳǊƻǇŜŀƴ !ǎǎƻŎƛŀǘƛƻƴ 
ŦƻǊ ǘƘŜ {ǘǳŘȅ ƻŦ hΦ 9!{[π9!{5π9!{h /ƭƛƴƛŎŀƭ tǊŀŎǘƛŎŜ DǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ aŀƴŀƎŜƳŜƴǘ ƻŦ bƻƴπ!ƭŎƻƘƻƭƛŎ Cŀǘǘȅ 
[ƛǾŜǊ 5ƛǎŜŀǎŜΦ hōŜǎ CŀŎǘǎ нлмсΤ фόнύΥ срπфлΦ 

ннΦ IŜǊƴŀŜȊ wΣ [ŀȊƻ aΣ .ƻƴŜƪŀƳǇ {Σ Ŝǘ ŀƭΦ 5ƛŀƎƴƻǎǘƛŎ ŀŎŎǳǊŀŎȅ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǳƭǘǊŀǎƻƴƻƎǊŀǇƘȅ ŦƻǊ ǘƘŜ ŘŜǘŜŎǘƛƻƴ 
ƻŦ Ŧŀǘǘȅ ƭƛǾŜǊΥ ŀ ƳŜǘŀπŀƴŀƭȅǎƛǎΦ IŜǇŀǘƻƭƻƎȅ нлммΤ рпόоύΥ млунπфлΦ 

ноΦ aƻŦǊŀŘ tΣ /ƻƴǘƻǎ aWΣ IŀǉǳŜ aΣ Ŝǘ ŀƭΦ /ƭƛƴƛŎŀƭ ŀƴŘ ƘƛǎǘƻƭƻƎƛŎ ǎǇŜŎǘǊǳƳ ƻŦ ƴƻƴŀƭŎƻƘƻƭƛŎ Ŧŀǘǘȅ ƭƛǾŜǊ ŘƛǎŜŀǎŜ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƴƻǊƳŀƭ ![¢ ǾŀƭǳŜǎΦ IŜǇŀǘƻƭƻƎȅ нллоΤ отόсύΥ мнусπфнΦ 

нпΦ CǊŀŎŀƴȊŀƴƛ ![Σ ±ŀƭŜƴǘƛ [Σ .ǳƎƛŀƴŜǎƛ 9Σ Ŝǘ ŀƭΦ wƛǎƪ ƻŦ ǎŜǾŜǊŜ ƭƛǾŜǊ ŘƛǎŜŀǎŜ ƛƴ ƴƻƴŀƭŎƻƘƻƭƛŎ Ŧŀǘǘȅ ƭƛǾŜǊ ŘƛǎŜŀǎŜ ǿƛǘƘ 
ƴƻǊƳŀƭ ŀƳƛƴƻǘǊŀƴǎŦŜǊŀǎŜ ƭŜǾŜƭǎΥ ŀ ǊƻƭŜ ŦƻǊ ƛƴǎǳƭƛƴ ǊŜǎƛǎǘŀƴŎŜ ŀƴŘ ŘƛŀōŜǘŜǎΦ IŜǇŀǘƻƭƻƎȅ нллуΤ пуόоύΥ тфнπуΦ 

 

https://globalnutritionreport.org/
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


Page | 122 
 

Supplementary file to 

Estimating global prevalence of metabolic dysfunction-associated fatty liver 

disease in overweight or obese children and adolescents 

 

Supplementary methods 1. Searching strategy for metabolic dysfunction-associated fatty liver 

disease in overweight or obese children and adolescents. 

 

Database searched Via Records Records after 

duplicates 

removed 

Embase  Embase.com 11248 11075 

Medline ALL  Ovid  10390 3157 

Web of Science Core 

Collection  

Web of Knowledge  8558 2260 

Cochrane Central Register of 

Controlled Trials 

Wiley  349 182 

Other sources: Google 

Scholar (200 top ranked) 

 200 32 

Additional By searching 

NAFLD 

4696  

Total  35441 19223 

 

Embase 

('fatty liver'/exp OR 'metabolic liver disease'/de OR 'steatohepatitis'/de OR (hepatosteato* OR 

steatohepat* OR AFLD OR NAFLD OR FLD OR ((fatty OR steato*) NEAR/3 (liver OR hepat*)) OR 

((metabol*) NEAR/3 (liver OR hepat*) NEAR/3 (diseas* OR syndrom*))):ab,ti,kw) AND ('epidemiological 

data'/de OR 'epidemiology'/de OR 'geographic distribution'/de OR 'patient volume'/de OR 

prevalence/exp OR geography/de OR 'geographic names'/exp OR 'cross-sectional study'/de OR 

(epidemiolog* OR ((geograph* OR global*) NEAR/3 (distribut*)) OR (patient* NEAR/3 volume*) OR 

prevalen* OR population-based* OR cross-sectional*):ab,ti,kw) NOT ([animals]/lim NOT [humans]/lim) 

NOT ('case report'/de OR 'case report*':ti) NOT ([Conference Abstract]/lim) AND [english]/lim 

Medline 

(exp Fatty Liver/ OR Liver Diseases/me OR (hepatosteato* OR steatohepat* OR AFLD OR NAFLD OR 

FLD OR ((fatty OR steato*) ADJ3 (liver OR hepat*)) OR ((metabol*) ADJ3 (liver OR hepat*) ADJ3 

(diseas* OR syndrom*))).ab,ti,kw.) AND (Epidemiological Monitoring/ OR Epidemiology/ OR 

Epidemiology.fs. OR exp Incidence/ OR exp Prevalence/ OR Geography/ OR exp Geographic 

Locations/ OR Epidemiologic Studies OR Cross-Sectional Studies/ OR (epidemiolog* OR ((geograph* 

OR global*) ADJ3 (distribut*)) OR (patient* ADJ3 volume*) OR prevalen* OR population-based* OR 

cross-sectional*).ab,ti,kw.) NOT (exp Animals/ NOT Humans/) NOT (Case Reports/ OR case report*.ti.) 
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NOT (news OR congres* OR abstract* OR book* OR chapter* OR dissertation abstract*).pt. AND 

english.la.  

Cochrane 

((hepatosteato* OR steatohepat* OR AFLD OR NAFLD OR FLD OR ((fatty OR steato*) NEAR/3 (liver 

OR hepat*)) OR ((metabol*) NEAR/3 (liver OR hepat*) NEAR/3 (diseas* OR syndrom*))):ab,ti) AND 

((epidemiolog* OR ((geograph* OR global*) NEAR/3 (distribut*)) OR (patient* NEAR/3 volume*) OR 

prevalen* OR population-based* OR cross-sectional*):ab,ti) 

Web of Science 

TS=(((hepatosteato* OR steatohepat* OR AFLD OR NAFLD OR FLD OR ((fatty OR steato*) NEAR/2 

(liver OR hepat*)) OR ((metabol*) NEAR/2 (liver OR hepat*) NEAR/2 (diseas* OR syndrom*)))) AND 

((epidemiolog* OR ((geograph* OR global*) NEAR/2 (distribut*)) OR (patient* NEAR/2 volume*) OR 

prevalen* OR population-based* OR cross-sectional*)) NOT ((animal* OR rat OR rats OR mouse OR 

mice OR murine OR dog OR dogs OR canine OR cat OR cats OR feline OR rabbit OR cow OR cows 

OR bovine OR rodent* OR sheep OR ovine OR pig OR swine OR porcine OR veterinar* OR chick* OR 

zebrafish* OR baboon* OR nonhuman* OR primate* OR cattle* OR goose OR geese OR duck OR 

macaque* OR avian* OR bird* OR fish*) NOT (human* OR patient* OR women OR woman OR men 

OR man))) AND DT=(Article OR Review) AND LA=(English) 

Google Scholar 

hepatosteatosis|steatohepatitis|AFLD|NAFLD|FLD|"fatty|steatotic liver"|"liver|hepatic 

steatosis"|"metabolic liver disease" epidemiology|prevalence|"geographic|global distribution"|"patient 

volume"|"population based"|"cross sectional" 

 

 

Additional searching for Non-alcoholic fatty liver disease 

embase.com  

('nonalcoholic fatty liver'/exp OR (((nonalcohol* OR non-alcohol*) NEAR/3 (fatty-liver* OR steatohepat* 

OR fld OR hepatosteato*)) OR ((nonalcohol* OR non-alcohol*) NEAR/3 steato* NEAR/3 (hepat* OR 

liver*)) OR nafld):ab,ti) AND ('epidemiological data'/de OR 'epidemiology'/de OR 'geographic 

distribution'/de OR incidence/exp OR 'patient volume'/de OR prevalence/exp OR geography/de OR 

'geographic names'/exp OR (epidemiolog* OR ((geograph* OR global*) NEAR/3 (distribut*)) OR 

incidenc* OR (patient* NEAR/3 volume*) OR prevalen*):ab,ti) NOT ([animals]/lim NOT [humans]/lim) 

NOT ('case report'/de OR 'case report*':ti) NOT ([Conference Abstract]/lim) AND [english]/lim  

Medline Ovid  

(Non-alcoholic Fatty Liver Disease/ OR (((nonalcohol* OR non-alcohol*) ADJ3 (fatty-liver* OR 

steatohepat* OR fld OR hepatosteato*)) OR ((nonalcohol* OR non-alcohol*) ADJ3 steato* ADJ3 (hepat* 

OR liver*)) OR nafld).ab,ti.) AND (Epidemiological Monitoring/ OR Epidemiology/ OR Epidemiology.fs. 

OR exp Incidence/ OR exp Prevalence/ OR Geography/ OR exp Geographic Locations/ OR 

(epidemiolog* OR ((geograph* OR global*) ADJ3 (distribut*)) OR incidenc* OR (patient* ADJ3 volume*) 

OR prevalen*).ab,ti.) NOT (exp animals/ NOT humans/) NOT (case report/ OR case report*.ti.) NOT 

(news OR congres* OR abstract* OR book* OR chapter* OR dissertation abstract*).pt. AND english.la.  

Web of science Core Collection 
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TS=(((((nonalcohol* OR non-alcohol*) NEAR/2 (fatty-liver* OR steatohepat* OR fld OR hepatosteato*)) 

OR ((nonalcohol* OR non-alcohol*) NEAR/2 steato* NEAR/2 (hepat* OR liver*)) OR nafld)) AND 

((epidemiolog* OR ((geograph* OR global*) NEAR/2 (distribut*)) OR incidenc* OR (patient* NEAR/2 

volume*) OR prevalen*)) NOT ((animal* OR rat OR rats OR mouse OR mice OR murine OR dog OR 

dogs OR canine OR cat OR cats OR feline OR rabbit OR cow OR cows OR bovine OR rodent* OR 

sheep OR ovine OR pig OR swine OR porcine OR veterinar* OR chick* OR zebrafish* OR baboon* OR 

nonhuman* OR primate* OR cattle* OR goose OR geese OR duck OR macaque* OR avian* OR bird* 

OR fish*) NOT (human* OR patient* OR women OR woman OR men OR man))) NOT TI=( "case report*") 

AND LA=(english) AND DT=(article) Cochrane CENTRAL ((((nonalcohol* OR non-alcohol*) NEAR/3 

(fatty-liver* OR steatohepat* OR fld OR hepatosteato*)) OR ((nonalcohol* OR non-alcohol*) NEAR/3 

steato* NEAR/3 (hepat* OR liver*)) OR nafld):ab,ti) AND ((epidemiolog* OR ((geograph* OR global*) 

NEAR/3 (distribut*)) OR incidenc* OR (patient* NEAR/3 volume*) OR prevalen*):ab,ti) 

 

Supplementary table 1. Characteristics for included studies. 

Study 

Country/ 

Region 

Publication 

Year 

Study 

Time 

Study 

Design 

Sample 

Source 

Diagnostic 

Technique 

MAFLD Individu

als 

Body Mass 

Index 

Qualit

y 

Adibi.A1 Iran 2009 
2006-

2007 

Cross-

sectional 

Commun

ity 
US 157 544 

BMI >85th 

percentile 

with age- 

and sex-

adjustment 

8 

Alavian.SM2 Iran 2008 2007 
Cross-

sectional 

Commun

ity 
US 45 267 BMI>25 8 

Parray.IA3 India 2013 
2008-

2010 

Cross-

sectional 

Commun

ity 
US 23 42 Not specified 8 

Pawar.SV4 India 2016 2016 
Cross-

sectional 

Commun

ity 
US 123 198 

Overweight 

and obese 

was done 

using both 

Khadilkar 

criteria and 

Cole criteria 

7 

Geurtsen.M5 
Netherland

s 
2019 

2002-

2006 

Cross-

sectional 
Hospital MRI 64 548 

BMI >85th 

percentile 
8 

Kazemi.SA6 Iran 2016 2016 
Cross-

sectional 

Commun

ity 
US 104 145 

BMI >85th 

percentile 
7 

Fu.CC7 Taiwan 2009 2002 
Cross-

sectional 

Commun

ity 
US 71 122 

BMI >85th 

percentile 
8 

Khalkhali.HR8 Iran 2016 2013 
Cross-

sectional 
School US 132 150 

BMI >85th 

percentile 
7 

Lin.M9 Taiwan 2017 
2012-

2013 

Cross-

sectional 

Commun

ity 
US 35 197 

BMI >95th 

percentile 
7 

Lin.YC10 Taiwan 2012 
2006-

2011 

Cross-

sectional 

Commun

ity 
US 182 781 

BMI >95th 

percentile 
8 

Tominaga.K11 Japan 1995 1989 
Cross-

sectional 
School US 20 138 BMI>18 7 

Monteiro.PA12 Brazil 2014 2009 
Cross-

sectional 

Commun

ity 
US 45 145 

According to 

the Cole 

criteria 

8 

Namakin.K13 Iran 2018 2018 
Cross-

sectional 

Commun

ity 
US 108 202 

BMI >85th 

percentile 
7 

Nier.A14 Germany 2018 
2009-

2010 

Cross-

sectional 
School US 16 89 Not specified 8 
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Ramzan.M15 Pakistan 2009 2009 
Cross-

sectional 
School US 7 67 

BMI >85th 

percentile 
7 

Fernandes.M1

6 
Brazil 2010 2010 

Cross-

sectional 

Commun

ity 
US 14 90 

BMI >95th 

percentile 
7 

Black.LJ17 Australia 2014 
2006-

2008 

Prospectiv

e 
School US 92 225 

BMI >85th 

percentile 
8 

Walker.RW18 USA 2013 2013 
Cross-

sectional 

Commun

ity 
MRI 97 223 BMI>25 8 

Zhang.XM19 China 2015 
2009-

2011 

Cross-

sectional 

Commun

ity 
US 241 569 

BMI >95th 

percentile 
7 

Tsuruta.G20 Japan 2010 
2004-

2007 

Cross-

sectional 
School US 21 98 

BMI >85th 

percentile 
8 

Zhao.YZ21 China 2019 
2017-

2018 

Cross-

sectional 
School MRI 40 86 

BMI >85th 

percentile 
8 

Dai.DL22 China 2017 2017 
Cross-

sectional 
School US 39 100 

BMI >95th 

percentile 
8 

Huang.SC23 Taiwan 2013 2009 
Cross-

sectional 

Commun

ity 
US 42 203 

BMI >85th 

percentile 
7 

Kim.IK24 
South 

Korea 
2008 2005 

Cross-

sectional 

Commun

ity 
US 9 40 BMI>25 7 

Lin.YC25 Taiwan 2009 2006 
Cross-

sectional 

Commun

ity 
US 28 234 

BMI >95th 

percentile 
8 

Monteiro.PA26 Brazil 2013 2010 
Cross-

sectional 

Commun

ity 
US 48 190 

BMI >95th 

percentile 
8 

Berna.SJD27 Spain 2017 
2013-

2014 

Cross-

sectional 
School US 50 148 

BMI z-

score > 1 
7 

Shashaj.B28 Italy 2014 
2011-

2012 

Cross-

sectional 

Commun

ity 
US 68 219 

BMI 

changed 

from normal 

weight to 

overweight 

or obesity in 

the previous 

12 months 

according to 

the 

International 

Obesity Task 

Force 

8 

Kao.JT29 Taiwan 2008 
1999-

2005 

Cross-

sectional 
School US 30 35 

CDCôs BMI-

for-age 

growth 

charts for 

girls and 

boys in the 

USA 

8 

Akcam.M30 Turkey 2013 
2010-

2011 

Cross-

sectional 
Hospital US 157 544 

BMI >95th 

percentile 
8 

Alp.H31 Turkey 2013 2006 
Cross-

sectional 
Hospital US 45 267 

BMI >95th 

percentile 
6 

Arenaza.L32 Spain 2019 2017 
Cross-

sectional 
Hospital US 23 42 

overweight 

or obesity 

according to 

World 

Obesity 

Federation 

criteria 

8 

Arslan.N33 Turkey 2005 2005 
Cross-

sectional 
Hospital US 123 198 

BMI of age- 

and sex 

matched 

children in 

the 50th 

percentile, 

then 

6 
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multiplied by 

100. The 

ratio above 

120 as 

obesity 

Boyraz.M34 Turkey 2013 
2008-

2012 

Cross-

sectional 
Hospital MRI 64 548 

BMI >95th 

percentile 
7 

Fu.JF35 China 2011 
2004-

2009 

Cross-

sectional 
Hospital US 104 145 

BMI >95th 

percentile 
8 

Atabek.ME36 Turkey 2014 2014 
Cross-

sectional 
Hospital US 71 122 

BMI >95th 

percentile 
8 

Bedogni.G37 Italy 2012 
2007-

2009 

Cross-

sectional 
Hospital US 132 150 

BMI >85th 

percentile 
8 

Belei.O38 Romania 2017 
2015-

2017 

Cross-

sectional 
Hospital US 35 197 

BMI >95th 

percentile 
7 

Benetolo.P39 Brazil 2018 
2014-

2016 

Cross-

sectional 
Hospital US 182 781 

BMI >95th 

percentile 
7 

Burgert.TS40 USA 2006 2004 
Cross-

sectional 
Hospital US 20 138 BMI>18 7 

Cardoso.AS41 Brazil 2013 
2009-

2010 

Cross-

sectional 
Hospital US 45 145 

BMI>Z 

score+2 
7 

Chan.DFY42 Hong Kong 2004 
2000-

2002 

Cross-

sectional 
Hospital US 108 202 

BMI >85th 

percentile 
7 

Daar.G43 Turkey 2015 
2013-

2014 

Cross-

sectional 
Hospital US 16 89 

Two 

standard 

deviations 

above the 

mean BMI 

for age and 

sex 

7 

Das.MK44 India 2017 2017 
Cross-

sectional 
Hospital US 7 67 BMI>18.5 8 

Zusi.C45 Italy 2019 2019 
Cross-

sectional 
Hospital US 14 90 

BMI >95th 

percentile 
8 

Costanzo.DI46 Italy 2019 2019 
Cross-

sectional 
Hospital US 92 225 

BMI >85th 

percentile 
8 

Dursun.F47 Turkey 2019 2019 
Cross-

sectional 
Hospital MRI 97 223 BMI>25 8 

Karaksy.HM48 Egypt 2011 2011 
Cross-

sectional 
Hospital US 241 569 

BMI >95th 

percentile 
7 

Eminoglu.O49 Turkey 2008 
2003-

2005 

Cross-

sectional 
Hospital US 21 98 

BMI >85th 

percentile 
7 

Erol.M50 Turkey 2016 2015 
Cross-

sectional 
Hospital MRI 40 86 

BMI >85th 

percentile 
7 

Felix.DR51 Brazil 2016 
2010-

2013 

Cross-

sectional 
Hospital US 39 100 

BMI >95th 

percentile 
7 

Ferraioli.G52 Italy 2017 
2012-

2016 

Cross-

sectional 
Hospital US 42 203 

BMI >85th 

percentile 
8 

Fonvig.CE53 Denmark 2015 
2009-

2014 

Cross-

sectional 
Hospital US 9 40 BMI>25 8 

Gheibi.S54 Iran 2019 
2016-

2017 

Cross-

sectional 
Hospital US 28 234 

BMI >95th 

percentile 
8 

Hamza.RT55 Egypt 2016 
2011-

2013 

Cross-

sectional 
Hospital US 48 190 

BMI >95th 

percentile 
7 

Han.XC56 China 2020 2020 
Cross-

sectional 
Hospital US 50 148 

BMI z-

score > 1 
8 
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Hatipoglu.N57 Turkey 2016 2016 
Cross-

sectional 
Hospital US 68 219 

BMI 

changed 

from normal 

weight to 

overweight 

or obesity in 

the previous 

12 months 

according to 

the 

International 

Obesity Task 

Force 

7 

Hu.W58 China 2017 
2012-

2013 

Cross-

sectional 
Hospital US 84 169 

BMI >95th 

percentile 
8 

Rivera.CJ59 Canada 2017 
2009-

2012 

Cross-

sectional 
Hospital US 93 400 

BMI >95th 

percentile 
8 

Kalthenbach.

TE60 
Germany 2016 

2000-

2001 

Cross-

sectional 
Hospital MRI 40 110 

BMIï

standard 

deviation 

scores (BMI-

SDS) based 

on German 

reference 

values. 

8 

Wiegand.S61 

Germany, 

Austria and 

Switzerland 

2010 
2001-

2009 

Cross-

sectional 
Hospital US 38 322 

BMI >90th 

percentile 
8 

Zhang.HX62 China 2014 
2009-

2011 

Cross-

sectional 
Hospital US 217 451 Not specified 8 

Kim.JY63 
South 

Korea 
2018 

2004-

2016 

Cross-

sectional 
Hospital US 587 861 

BMI Z 

score >1 
8 

Kistler.KD64 USA 2010 2007 
Cross-

sectional 
Hospital US 38 217 

BMI >85th 

percentile 
8 

Kodhelaj.K65 Albania 2014 2010 
Cross-

sectional 
School US 234 571 

BMI >85th 

percentile 
7 

Labayen.I66 Spain 2018 2018 
Cross-

sectional 
Hospital US 36 125 

BMI >85th 

percentile 
8 

Lee.JH67 
South 

Korea 
2017 2013 

Cross-

sectional 
Hospital MRI 14 50 

BMI >85th 

percentile 
8 

Liang.S68 China 2017 
2013-

2015 

Cross-

sectional 
Hospital MRI 125 392 

BMI >95th 

percentile 
8 

Mameli.C69 Italy 2018 
2010-

2017 

Cross-

sectional 
Hospital US 37 129 

BMI Z 

score >1 
8 

De piano.A70 Brazil 2007 2007 
Cross-

sectional 
Hospital US 65 84 BMI>30 7 

Mohammed.R

Z71 
Malaysia 2020 2015 

Cross-

sectional 
Hospital US 43 53 

BMI >85th 

percentile 
7 

Ardakali.AT72 Iran 2014 2012 
Cross-

sectional 
Hospital US 215 961 BMI>18.5 7 

Navarro.JM73 Spain 2013 2013 
Cross-

sectional 
Hospital US 347 514 

BMI >95th 

percentile 
8 

Franzese.A74 Italy 1997 1997 
Cross-

sectional 
Hospital MRI 105 230 

BMI >85th 

percentile 
8 

Guzzaloni.G75 Italy 2000 2000 
Cross-

sectional 
Hospital US 49 110 

BMI >95th 

percentile 
8 

Oh.MS76 
South 

Korea 
2019 2015 

Cross-

sectional 
Hospital Biopy 33 76 

BMI >85th 

percentile 
7 

Ozhan.B77 Turkey 2016 2016 
Cross-

sectional 
Hospital US 53 101 

BMI >95th 

percentile 
7 
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Pacifico.L78 Italy 2016 
2007-

2015 

Cross-

sectional 
Hospital US 62 107 

BMI >85th 

percentile 
8 

Papandreou.

D79 
Greece 2012 

2007-

2011 

Cross-

sectional 
Hospital US 8 39 

BMI >95th 

percentile 
7 

Pozzato.C80 Italy 2008 
2006-

2007 

Cross-

sectional 
Hospital FLI 44 199 

According to 

the Cole 

criteria 

7 

Sagi.R81 Israel 2007 
2003-

2004 

Cross-

sectional 
Hospital MRI 89 287 

BMI >90th 

percentile 
8 

Prokopowicz.

Z82 
Poland 2018 

2012-

2014 

Cross-

sectional 
Hospital US 69 747 

LMS method 

based on 

Polish 

reference 

values 

8 

Radetti.G83 Italy 2006 2004 
Cross-

sectional 
Hospital US 40 50 

BMI >95th 

percentile 
7 

Ruiz-

Extremera.A84 
Spain 2011 2011 

Cross-

sectional 
Hospital US 262 620 

BMI >95th 

percentile 
7 

Schlieske.C85 Germany 2014 2014 
Cross-

sectional 
Hospital US 88 248 

BMI >95th 

percentile 
7 

Damaso.AR86 Brazil 2008 2008 
Cross-

sectional 
Hospital US 40 71 

BMI >95th 

percentile 
7 

Jung.JH87 
South 

Korea 
2015 

2013-

2014 

Retrospec

tive 
Hospital US 82 97 

BMI >95th 

percentile 
8 

Sezer.OB88 Turkey 2016 2015 
Cross-

sectional 
Hospital US 99 332 

BMI >95th 

percentile 
7 

Yildiz.I89 Turkey 2014 
2012-

2013 

Cross-

sectional 
Hospital US 880 10204 

BMI >90th 

percentile 
7 

Pirgon.O90 Turkey 2013 
2010-

2011 

Cross-

sectional 
Hospital H-MRS 111 171 

BMI >95th 

percentile 
7 

Cali.AMG91 USA 2007 2007 
Cross-

sectional 
Hospital US 192 352 

BMI >90th 

percentile 
6 

Shi.JQ92 China 2017 2015 
Cross-

sectional 
Hospital Biopy 148 239 

BMI >85th 

percentile 
8 

Torun.E93 Turkey 2014 
2011-

2013 

Cross-

sectional 
Hospital US 55 80 

BMI >85th 

percentile 
7 

Ustyol.A94 Turkey 2017 
2015-

2016 

Cross-

sectional 
Hospital MRI 41 115 Not specified 8 

Vakilishahrba

baki.HS95 
Iran 2018 

2016-

2017 

case-

control 
Hospital US 144 242 

BMI >85th 

percentile 
7 

Trico.D96 USA 2018 2018 
Cross-

sectional 
Hospital US 90 168 

BMI >95th 

percentile 
8 

Wang.R97 China 2018 
2015-

2016 

Cross-

sectional 
Hospital US 46 213 

BMI z 

score >1 
8 

Yang.HR98 
South 

Korea 
2016 

2012-

2014 

Cross-

sectional 
Hospital US 13 43 BMI>30 8 

Silveira.LS99 Brazil 2013 2013 
Cross-

sectional 
Hospital US 21 33 

BMI >85th 

percentile 
8 

Wasilewska.N
100 

Poland 2018 2018 
Cross-

sectional 
Hospital US 120 200 

BMI >95th 

percentile 
8 

Yang.HR101 
South 

Korea 
2014 

2006-

2012 

Cross-

sectional 
Hospital US 50 144 

BMI >95th 

percentile 
8 

GrßnbÞk.H102 Denmark 2012 2011 
Cross-

sectional 
Hospital US 38 72 

An ideal 

body weight 

higher than 

160% was 

8 
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considered 

as morbid 

obesity. All 

patients had 

an IBW over 

120%. 

Saad.V103 Canada 2015 
2008-

2012 

Cross-

sectional 
Hospital US 157 375 

BMI > 2 s.d. 

for 

chronologica

l age 

7 

Zou.CC104 China 2005 2005 
Cross-

sectional 
Hospital US 41 212 

BMI >85th 

percentile 
6 

Bohte.AE105 
Netherland

s 
2011 

2008-

2010 

Cross-

sectional 
Hospital US 202 332 

BMI >95th 

percentile 
7 

Chiloiro.M106 Italy 2008 2008 
Cross-

sectional 
Hospital US 268 596 

BMI Z-

score >2 
6 

Silva.KSH107 Sri Lanka 2006 
2004-

2005 

Cross-

sectional 
Hospital US 38 85 

BMI >95th 

percentile 
7 

Denzer.C108 Germany 2009 2009 
Cross-

sectional 
Hospital MRI 14 60 

BMI > 2 s.d. 

for 

chronologica

l age 

8 

Hacihamdiogl

u.B109 
Turkey 2011 2011 

Cross-

sectional 
Hospital US 35 58 

BMI >85th 

percentile 
6 

Kim.JS110 USA 2012 2012 
Cross-

sectional 
Hospital US 34 108 

BMI >97th 

percentile 
6 

El-

Koofy.NM111 
Egypt 2012 2012 

Cross-

sectional 
Hospital MRI 14 44 

BMI >97th 

percentile 
9 

Ozkol.M112 Turkey 2010 2010 
Cross-

sectional 
Hospital US 57 127 

BMI >95th 

percentile 
7 

Papandreou.

D113 
Greece 2008 

2005-

2006 

Cross-

sectional 
Hospital US 121 447 

BMI >90th 

percentile 
6 

Perseghin.G11

4 
Italy 2006 2006 

Cross-

sectional 
Hospital US 82 181 

BMI >95th 

percentile 
7 

Reinehr.T115 Germany 2008 2008 
Cross-

sectional 
Hospital US 28 64 

BMI >85th 

percentile 
7 

Tock.L116 Brazil 2006 2006 
Cross-

sectional 
Hospital US 58 113 

BMI >95th 

percentile 
7 

Xanthakos.S11

7 
USA 2006 

2003-

2005 

Cross-

sectional 
Hospital US 58 101 

BMI >95th 

percentile 
8 

Boza.C118 Chile 2011 
2006-

2009 

Cross-

sectional 
Hospital US 45 87 

BMI >95th 

percentile 
9 

Koot.BG119 
Netherland

s 
2011 

2004-

2008 

Cross-

sectional 
Hospital MRI 12 49 

BMI >95th 

percentile 
8 

Alqahtani.A120 
Saudi 

Arabia 
2017 2008 

Cross-

sectional 
Hospital US 43 117 

BMI >95th 

percentile 
9 

Chociej.AB121 Spain 2018 2018 
Cross-

sectional 
Hospital US 85 109 

BMI >95th 

percentile 
8 

Deeb.A122 
United Arab 

Emirates 
2018 2018 

Cross-

sectional 
Hospital US 80 228 

BMI >95th 

percentile 
8 

Assuncao.SN

F123 
Brazil 2017 2015 

Cross-

sectional 
Hospital US 126 358 

BMI >95th 

percentile 
7 

Goyal.P124 India 2018 2018 
Cross-

sectional 
Hospital MRI 209 503 

BMI >95th 

percentile 
8 

Kirel.B125 Turkey 2012 
2007-

2010 

Cross-

sectional 
Hospital US 58 123 

BMI >95th 

percentile 
7 
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Martino.MD126 Italy 2016 
2013-

2014 

Cross-

sectional 
Hospital US 48 182 

BMI >95th 

percentile 
7 

Yu.EL127 USA 2018 2018 
Cross-

sectional 
Hospital US 31 80 

BMI >95th 

percentile 
7 

Szyboska.P128 Poland 2015 2015 
Cross-

sectional 
Hospital US 147 396 

BMI >85th 

percentile 
7 

Pena-

Velez.R129 
Mexico 2019 2019 

Cross-

sectional 
Hospital US 49 117 

BMI >95th 

percentile 
8 

Elkabany.ZA13

0 
Egypt 2019 2019 

Cross-

sectional 
Hospital MRI 42 129 

BMI >85th 

percentile 
7 

Ozsu.E131 Turkey 2019 
2014-

2015 

Cross-

sectional 
Hospital US 63 113 

Body weight 

exceeded 

120% 

stardard 

body weight 

7 

Hua.MC132 Taiwan 2019 
2015-

2017 

Cross-

sectional 
Hospital US 48 104 

BMI z score 

of greater 

than 2 (95th 

percentile 

8 

Bonito.PD133 Italy 2019 
2003-

2016 

Cross-

sectional 
Hospital US 60 94 

BMI >95th 

percentile 
7 

Jain.V134 India 2019 
2012-

2016 

Cross-

sectional 
Hospital US 60 70 

BMI >95th 

percentile 
7 

Ortega.EV135 Mexico 2019 
2015-

2016 

Cross-

sectional 
Hospital US 149 532 

BMI >90th 

percentile 
7 

Draijer.LG136 
Netherland

s 
2019 

2008-

2010 

Cross-

sectional 
Hospital US 21 104 

BMI >95th 

percentile 
7 

Kurku.H137 Turkey 2019 
2016-

2017 

Cross-

sectional 
Hospital MRI 16 41 

BMI >85th 

percentile 
7 

Velez.RR138 Colombia 2018 2018 
Cross-

sectional 
Hospital Biopsy 15 33 

BMI >85th 

percentile 
7 

Jackiewicz.M

F139 
Poland 2018 2018 

Cross-

sectional 
Hospital US 30 59 

BMI >85th 

percentile 
8 

Bacha.F140 USA 2017 2017 
Cross-

sectional 
Hospital US 18 43 

BMI >95th 

percentile 
7 

Balanescu.A14

1 
Romania 2018 2017 

Cross-

sectional 
Hospital H-MRS 16 54 

BMI >99th 

percentile 
7 

Lu.LP142 China 2017 
2013-

2015 

Cross-

sectional 
Hospital US 12 36 

BMI >95th 

percentile 
7 

Chabanova.E1

43 
Denmark 2017 2017 

Cross-

sectional 
Hospital US 38 73 

BMI >95th 

percentile 
8 

Lee.SJ144 USA 2016 2016 
Cross-

sectional 
Hospital Biopsy 34 41 

BMI >99th 

percentile 
7 

Sheldon.RD14

5 
Colombia 2016 2016 

Cross-

sectional 
Hospital Biopsy 8 51 

BMI 40 

mg/kg2 or 

BMI 35 

mg/kg2 with 

associated 

co-

morbidities 

9 

Jin.R146 USA 2015 2015 
Cross-

sectional 
Hospital US 45 144 

BMI>35 or 

BMI>30 with 

comorbidity 

7 

Chang.PF147 Taiwan 2015 
2010-

2012 

Cross-

sectional 
Hospital Biopsy 114 144 

body mass 

index (BMI) 

of 40 kg/m2 

(or multiple 

co-

morbidities 

with a BMI 

8 
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43.5 kg/m2 

or above the 

99th 

percentile for 

age), 

Oksiuta.MK148 Japan 2014 
2011-

2012 

Cross-

sectional 
Hospital US 38 56 

BMI >95th 

percentile 
7 

O'Sullivan.TA1

49 
Austrilia 2013 

2003-

2005 

Prospectiv

e 
Hospital US 43 121 

BMI >85th 

percentile 
8 

Santoro.N150 USA 2014 2014 
Cross-

sectional 
Hospital US 56 100 BMI/i>+2 7 

Lebensztejn.D

M151 
Poland 2010 

2006-

2007 

Cross-

sectional 
Hospital US 106 160 

BMI>26 
6 

Demircioglu.F
152 

Turkey 2008 2004 
Case-

control 
Hospital US 66 161 

BMI >95th 

percentile 
7 

Osborne.KNL1

53 
USA 2008 2008 

Cross-

sectional 
Hospital MRI 40 65 

BMI>30 or 

BMI >95th 

percentile 

7 

Shalitin.S154 Israel 2008 
2004-

2006 

Cross-

sectional 
Hospital Biopsy 27 93 

BMI >95th 

percentile 
8 

Nichols.PH155 USA 2019 
2010-

2018 

Cross-

sectional 
Hospital MRI 106 408 

BMI >85th 

percentile 
7 

Barretto.JR156 Brazil 2020 2019 
Cross-

sectional 
Hospital US 20 58 

BMI Z-

score >1 
7 

*US, ultrasound; CT, computed tomography; MRI, magnetic resonance imaging; FLI, fatty liver index; H-MRS, proton magnetic resonance spectroscopy; BMI, body mass 

index. 

 

Supplementary Table 2. Eggerôs test for included studies. 

Groups P value 

Studies in general population regardless of diagnostic technique <0.01 

Studies in general population diagnosed by ultrasound 0.39 

Studies in special population from clinics regardless of diagnostic technique <0.01 

Studies in special population from clinics diagnosed by ultrasound <0.01 
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Supplementary Figure 1. MAFLD prevalence in general population diagnosed by ultrasound. 
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Supplementary figure 2. MAFLD prevalence in clinical population diagnosed by ultrasound. 
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