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Abstract: 

Non-alcoholic fatty liver disease (NAFLD) is defined as the presence of lipid deposition in 

more than 5% of hepatocytes, also known as fatty liver, in the absence of any history of excessive 

alcohol use or secondary causes of fatty liver. NAFLD is the most common liver disorder 

worldwide and the leading cause of liver-related morbidity and mortality, mainly because of 

cirrhosis, end-stage liver disease, liver transplant, and an increased incidence of hepatocellular 

carcinoma. 

The prevalence of NAFLD is constantly rising. Due to a silent presentation, high 

prevalence, and the detrimental outcomes associated with it, NAFLD is a major global health 

problem. Since there are currently no approved treatments for NAFLD, disease prevention is the 

only available option for reducing the disease burden. Since primary epidemiological data are the 

crucial cornerstones for every public health and preventive medicine attempt, updated and accurate 

epidemiological data are of utmost importance. There are currently a few existing research 

publications on the prevalence and incidence of NAFLD worldwide, which are either outdated, 

methodologically imperfect, or geographically restricted. Therefore, there is a need to update 

current data and accurately estimate NAFLD's worldwide prevalence and incidence. 

We performed a systematic review to identify all the studies reporting on the prevalence or 

incidence of NAFLD among the general adult population of different world regions over the past 

two decades. We used a random-effects meta-analysis method to calculate overall or sex-specific 

pooled prevalence or incidence rates. We also created static and interactive choropleth maps of 

pooled data to highlight the geographic differences in NAFLD prevalence/incidence. 
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We estimated that the overall prevalence of NAFLD is appreciably higher than what had 

previously been assessed and is growing at an alarming rate. Furthermore, our findings show that 

the epidemiological reports regarding NAFLD from many parts of the world are missing. A 

dramatic rise in prevalence should drive enhanced awareness of NAFLD among primary care 

physicians, public health specialists, and health policy makers to encourage the development of 

more effective preventive policies.  
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This thesis is written in a manuscript-based format. Chapter 1 is an introductory chapter on 
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Chapter 1: Introduction to Non-alcoholic fatty liver disease (NAFLD) 

1.1 What is NAFLD? 

Deposition of excessive fat inside the liver, also known as fatty liver, can occur as a 

consequence of many factors, some of which include excessive alcohol consumption, viral 

infections, medications, and may be observed with other medical diagnoses such as inflammatory 

bowel disease (1, 2). However, when the fatty liver is a consequence of over-nutrition and insulin 

resistance, the condition is referred to as NAFLD (3). NAFLD comprises a spectrum of liver 

histopathology ranging from the presence of a benign fatty liver, referred to as non-alcoholic fatty 

liver (NAFL), to fatty liver superimposed by inflammation, hepatocyte death, and fibrosis, also 

known as non-alcoholic steatohepatitis (NASH) (1). NAFLD is the most common liver disorder 

worldwide (4). Importantly, as recently reported, NASH is the second most common indication 

for being listed for liver transplants in the United States (5). The diagnosis of NAFLD requires 

evidence of hepatic steatosis, either by imaging or histology, and the absence of other causes of 

hepatic steatosis, like significant alcohol consumption, viral hepatitis, use of steatogenic 

medications, etc. (1). Most patients with NAFLD are either asymptomatic or experience non-

specific symptoms, including fatigue and right upper quadrant abdominal discomfort. The 

diagnosis of NAFLD is frequently suspected incidentally following lab work identifying abnormal 

liver biochemistry, in the absence of any alternative explanation, or occasionally following 

hepatomegaly identification on physical examination, or sonographic features of steatosis (6). 

Therefore, the subtle presentation, high prevalence, and the hepatic and extra-hepatic detrimental 

outcomes associated with NAFLD make it a serious global health problem. While obesity and 

overweight are established risk factors for NAFLD and weight loss is recognized as effective 

therapy, long-term sustainability of weight loss is achievable only in a limited proportion of 
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patients (1). The objectives of this manuscript are to present an overview of the prevalence, risk 

factors, and pathophysiology of NAFLD, and focus on a detailed review of dietary patterns as a 

NAFLD treatment independent of weight loss and provide key dietary messages for health care 

providers to implement into clinical practice. 

 

1.2 Natural History of NAFLD 

Under normal circumstances, only a small amount of fat deposits are stored in hepatocytes 

(7). NAFL is diagnosed when there is evidence, either by imaging or histology, that over 5% of 

hepatocytes are filled with fat, in the absence of any history of excessive alcohol use or any 

secondary causes of fatty liver (1). The amount of alcohol is considered excessive when the patient 

reports drinking three units or more of alcohol per day for men and two units or more of alcohol 

per day for women (2). Each unit or standard drink is equivalent to 10 g of alcohol and is equal to 

250 mL of beer, 200 mL of wine, or 30 mL of whiskey (2). Interestingly, the definition of a 

standard unit varies in different countries (8). The American Association for Study of Liver 

Diseases has defined significant alcohol consumption as >21 standard drinks per week for men 

and >14 standard drinks per week for women (1). In contrast, NASH is a pathological diagnosis, 

defined as the presence of NAFL complicated by inflammation and hepatocyte injury (e.g., 

ballooned hepatocytes or Mallory hyaline), with or without fibrosis (1). NASH may be a 

progressive diagnosis, resulting in advanced stages of fibrosis or cirrhosis (1). Aside from cirrhosis 

and the detrimental complications associated with it, NAFLD and NASH are concerning diagnoses 

due to the increased prevalence of hepatocellular carcinoma (HCC), especially with NASH (9, 10). 

The annual incidence of HCC in NAFLD patients is estimated to be 0.44 per 1000 person-years, 

whereas in patients with NASH, this incidence rate increases to 5.29 per 1000 person-years (4).  



3 
 

A recent meta-analysis of 86 studies from 22 countries with a total sample size of 8.5 million 

estimated the worldwide prevalence of NAFLD as 25.2% (95%CI: 22.1%–28.7%) (4). When 

stratified by geographical regions, the Middle East had the highest prevalence with 31.8%, 

followed closely by South America with 30.5%, Asia with 27.4%, Europe with 23.7%, and North 

America with 21.1%. The lowest prevalence was reported in Africa, with 13.5% (4). The gold 

standard to diagnose NASH is a liver biopsy, an invasive procedure with possible major 

complications, limiting a population estimate. The meta-analysis identified the prevalence of 

NASH to be 59.1% (47.6–69.7) among biopsied NAFLD patients and 6.7% (2.2%, 18.7%) among 

patients biopsied for reasons other than NAFLD (4). However, the global prevalence of NASH is 

estimated to be between 3% and 6% (11), while the prevalence of NASH cirrhosis is estimated to 

be 0.18% (12). The overall annual fibrosis progression rate from a baseline stage of no fibrosis 

(i.e., F0) in patients with NASH is estimated to be 0.09 stage (95% CI, 0.06–0.12), with 40.8% of 

patients showing fibrosis progression (4).  

NAFLD is considered a component or hepatic manifestation of metabolic syndrome (MetS) 

(3). MetS is a cluster of metabolic abnormalities that result from insulin resistance and are often 

identified in obese and sedentary patients (13, 14). MetS is diagnosed when central obesity in 

addition to any two of the following components are present in an individual: High blood 

triglyceride (TG) levels, low high-density lipoprotein (HDL) cholesterol levels, hypertension, 

increased fasting blood glucose, or established type 2 diabetes mellitus (T2DM) (15). In Western 

countries, the prevalence of MetS is estimated to affect 20% of the adult population (16), and an 

increased prevalence of NAFLD has been reported in patients with MetS. For example, a meta-

analysis of 80 studies from 20 countries in individuals with T2DM (n = 49,419) demonstrated a 

prevalence of NAFLD of 55.5% (47.3%–63.7%) (17). Similarly, MetS or T2DM is present in as 
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high as 85% of NAFLD patients (18). Hypertension is also more common among NAFLD patients 

than in the control non-NAFLD group (OR  =  1.24, 95% CI: 1.14–1.36) (19). Since the 

components of MetS are all risk factors for cardiovascular morbidity and mortality, cardiac-related 

comorbidity and death are increased in patients with NAFLD. Of major concern, cardiovascular 

disease is the main cause of mortality in patients with NAFLD (1), significantly surpassing liver-

related mortality among NAFLD patients (48% vs. 7%, respectively) (20). Notably, only 0.1% of 

all deaths in the general population are liver-related (20). Although obesity and MetS are the major 

risk factors for NAFLD, up to 30% of NAFLD patients are neither obese nor have any of the MetS 

components (21). Lean NAFLD cases highlight a role for genetic susceptibility in the pathogenesis 

of NAFLD (21). 

 

1.3 Pathogenesis of NAFLD and NASH 

The pathophysiological hallmark of NAFLD is insulin resistance (IR) (22). IR leads to 

elevated portal and circulating free fatty acids, which subsequently result in increased hepatic 

uptake. When increased hepatic fatty acid input (uptake and biosynthesis) overcomes hepatic 

clearance by beta-oxidation or by secretion as very-low-density lipoprotein (VLDL), fatty acids 

accumulate within hepatocytes as triglycerides (TGs) (23-25). These TGs are secreted into the 

bloodstream in the form of VLDL to be transferred to adipose tissues. Under conditions where 

hepatocytes cannot fully secrete all TGs as VLDL, the TGs are stored as cytosolic lipid droplets 

within hepatocytes as lipid vesicles isolated from the cytoplasm by a phospholipid monolayer (26). 

The source of fatty acid (FA) input to the liver is through either dietary fat intake, in the 

form of chylomicrons, or plasma-free FA pool (also known as circulating non-esterified fatty acids 
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(NEFAs), which are released from adipose tissue) (23). Additionally, the hepatic uptake of excess 

dietary carbohydrates can also be used as a substrate for FA biosynthesis and is another important 

source for FA input to the liver (24). The relative contribution of each source of FA is different 

between fed and fasting states. Donnelly et al. (2005) showed that in the fasting state, the 

contributions of peripheral NEFAs, FA biosynthesis, and dietary fats to hepatic fat content were 

59% (45.1%–74.3%), 26.1% (12.7%–37%), and 14.9% (4.3%–28%), respectively (24). Therefore, 

NEFA originating from visceral adipose tissue may be the primary lipid source for increased 

hepatic fat content in NAFLD, followed by de novo biosynthesis and diet. Free fatty acids (FFAs) 

may be oxidized for routine use; however, in NAFLD, increased FFA oxidation causes oxidative 

stress that uncouples mitochondrial oxidation and phosphorylation and generates reactive oxygen 

species (ROS) (25). Mitochondria have several defense mechanisms against toxic by-products, 

such as ROS (e.g., anti-oxidants, glutathione, catalase, etc.); if these defense mechanisms are 

overcome, organelle damage may occur (27). Mitochondrial damage might result in decreased 

lipid oxidation or even cell death, which in turn can lead to inflammation, production of cytokines, 

recruitment of inflammatory cells, generation of fibrosis, and progression to NASH (25). 

Although the pathophysiological outcomes of NASH progression are not entirely 

understood, it has been proposed that in NAFLD, the liver is vulnerable to parallel hits stemming 

from localized oxidative stress and pro-inflammatory mediators generated in peripheral tissues 

(28). The literature related to the gut–liver axis and its relationship to NAFLD is growing. Multiple 

preclinical and clinical studies have identified an increased prevalence of small intestinal bacterial 

overgrowth and changes in gut microbial composition and their influence on intestinal 

permeability in NAFLD/NASH (29, 30). Advanced microbiome assessment methods, such as 

shotgun metagenomic sequencing, have identified an association between gut microbiome 
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signatures and the presence of advanced NAFLD fibrosis (31). Furthermore, gut microbiome 

dysbiosis may contribute toward intestinal barrier damage, leading to hepatic inflammation in the 

setting of enriched dietary fat composition (32). High-fat diets and diets depleted in fiber lead to 

the reduced thickness of the intestinal mucous layer, redistribution of tight junction proteins, and 

low-grade inflammation. Moreover, bacterial components and metabolites derived from actions of 

the gut microbiome on dietary, environmental, and bile acid exposures can reach the portal vein 

and promote inflammation, further supporting targeting dietary composition as a therapeutic 

opportunity in NAFLD management (33). 

 

1.4 Risk Factors for NAFLD 

The non-modifiable risk factors for NAFLD include age, sex, genetic background, 

ethnicity, and family history of fatty liver, T2DM, or premature cardiovascular disease (34). In 

general, the prevalence of NAFLD- and NAFLD-related fibrosis increases with age (35). For 

adults under 50, NAFLD is more prevalent among men (36). However, the prevalence of NAFLD 

in postmenopausal females is similar to males after 50 (36). Several gene variants predispose to 

NAFLD by enhancing fat accumulation in the liver, the most important of which is human patatin-

like phospholipase domain-containing 3 (PNPLA3). PNPLA3 is a crucial regulator of lipid droplet 

turnover in hepatocytes and hepatic stellate cells (37). PNPLA3 rs738409 is a single nucleotide 

substitution of cytosine to guanine, which encodes for a nonsynonymous change, resulting in the 

substitution of isoleucine to methionine at position 148 (I148M) of the protein (38). This sequence 

variation is believed to be the most vital genetic determinant of the full spectrum of non-alcoholic 

fatty liver disease, from fatty liver formation to NASH and HCC (37-40). 
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Obesity, over-nutrition, dietary composition, and inactivity are important modifiable risk 

factors for NAFLD. Obesity, especially central obesity, is possibly the most important modifiable 

risk factor for NAFLD and results from over-nutrition and inactivity (34). Most patients with 

NAFLD are either obese or overweight. The overall prevalence of obesity among NAFLD patients 

worldwide is estimated at 51.3%, and 81.8% of NASH patients are obese (4). Results from 12,454 

adult participants in the Third National Health and Nutrition Examination Survey (NHANES) 

describe the prevalence of NAFLD in various body mass index (BMI) categories: 7.5% in normal-

weight men (BMI of 18.5–24.9), 38.6% in obesity class 1 (BMI of 30.0–34.9), and 56.6% in 

obesity class 2 (BMI 35 or above) (41). Similar trends have also been reported for women with 

NAFLD. Prevalence of NAFLD was 6.7% in women with a normal BMI compared to 24.7% in 

women with a BMI of 30.0 to 34.9, and 44.3% in those with a BMI of 35 and above (41). Central 

obesity, measured through waist circumference (≥ 102 cm for men and ≥ 88 cm for women), is an 

independent risk factor for both NAFLD and MetS (42). It is a widely accepted hypothesis that 

visceral adipocytes are detrimental to the liver as they release more fatty acids, pro-inflammatory 

cytokines, and adipokines than peripheral adipose tissue pools (3).  

Modern societies spend increasingly more time being sedentary and less time engaged in 

physical activity due to environments that minimize activity and require prolonged sitting times at 

work, in the home, and for transportation (43). Sedentary behavior is defined as low-energy 

expenditure in a sitting or reclining position during waking hours. It has been linked to chronic 

low-grade inflammation and contributes to obesity (44). High sitting times (e.g., >8 h/day) 

compared to low sitting times (e.g., < 4 h/d) almost double the risk of developing T2DM and 

increase the incidence and mortality risk associated with cancer and CVD by 10% to 20% (45). 

The association between sedentary lifestyle and obesity, MetS, and T2DM has been supported by 
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epidemiological research (44, 46, 47). Low levels of moderate-intensity physical activity and high 

amounts of sedentary time are associated with insulin resistance, T2DM (48), and NAFLD (49, 

50).  

The relationship between diet and the development of NAFLD is complex and extends 

beyond total energy intake. Certainly, over-nutrition results in obesity by altering the energy 

balance. However, dietary patterns may have an independent effect on NAFLD apart from energy 

density. A “Western” style diet is a well-recognized diet pattern associated with MetS and NAFLD 

(51-53). This pattern is generally hypercaloric; it consists of high intakes of animal products high 

in saturated fat, refined sugars, and grains; sugar-containing soft drinks; and high intakes of 

processed food high in trans-fats and low in fiber and phytochemicals (54). The high glycemic 

index associated with the Western dietary pattern results in a rapid increase in insulin and 

postprandial serum glucose levels and contributes to the induction of liver lipogenesis and VLDL 

secretion, resulting in obesity (54, 55). Besides the Western dietary pattern, the consumption of 

restaurant-based fast-foods is another example of an energy-dense, low-nutrient-rich diet (56). In 

a clinical trial in Sweden, 18 healthy volunteers were given at least two fast-food-based meals a 

day to double the regular caloric intake, in combination with adopting a sedentary lifestyle for four 

weeks, and were compared to a control group (55). The results showed an average 6.4-kg weight 

gain, a significant rise in serum alanine aminotransferase (ALT) levels, and an increase in average 

intrahepatic triglyceride levels from 1.1% to 2.8% compared to controls (55). Of note, eating 

patterns have also been associated with NAFLD. A prospective study of 2254 NAFLD-free 

subjects over three years found that individuals who habitually eat before bedtime had double the 

risk of developing NAFLD (57). Hyper-caloric snacking between meals results in increased liver 

fat; however, consuming these same snacks with meals did not cause liver fat accumulation (58). 
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1.5 NAFLD Management Overview 

NAFLD management has focused on reducing insulin resistance, limiting oxidative stress, 

and modifying underlying risk factors (59, 60). Lifestyle modification remains the most effective 

treatment for NAFLD and NASH and is achieved through dietary changes and physical activity. 

Nevertheless, there are several challenges to achieving these outcomes (61-64). Aggressive weight 

loss can aggravate liver inflammation in subjects with NAFLD if it reaches a rate greater than 1.6 

kg per week (65). Furthermore, weight loss maintenance is challenging, limiting long-term results. 

This weight gain is attributed to the challenges of maintaining a hypocaloric diet in an environment 

of overabundance and easy access to high-energy, palatable food options. 

Consequently, it is essential to define which dietary components are most likely to induce 

NAFLD, allowing for the targeted increase in the availability of resources and programs to assist 

patients with long-term weight loss maintenance and achieving success. In NAFLD patients with 

more advanced liver disease stages and those with high genetic risk or diabetes, pharmacological 

treatment might be necessary to intensify lifestyle interventions. However, for the time being, there 

is no approved drug for the treatment of NAFLD.  

 

1.5.1 Lifestyle Modification in NAFLD 

Weight loss in NAFLD is effective in improving liver disease severity. A recent meta-

analysis evaluated the effect of weight loss on NAFLD-related biomarkers from 22 clinical trials 

(2588 combined subjects) using various interventions (66). These interventions included 

behavioral weight loss programs (15 studies), pharmacological (6 studies), and surgical procedures 
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(1 research). Results were compared to a lower-intensity weight loss intervention. In patients with 

NAFLD, weight loss (median –3.61 kg) achieved within the 6-month program was associated with 

significant improvements in ALT levels, liver steatosis, histologic NAFLD activity score, liver 

stiffness, and the disappearance of NASH (66). However, there was no significant effect on liver 

fibrosis score (66). 

Most studies relating to the association of weight loss with NAFLD have focused 

exclusively on NASH, possibly due to the importance of NASH in developing adverse clinical 

outcomes, such as cirrhosis. For example, a randomized controlled trial by Wong et al. (2013) in 

a group of 154 NAFLD patients compared the effect of a dietitian-led lifestyle modification 

program for 12 months linked to a standard care protocol that included physician follow-up on 

remission of NAFLD. Remission was defined as a reduction in intrahepatic TG content to less than 

5%. Findings indicated that a 10% weight reduction leads to remission of NAFLD in 97% of the 

patients, compared to only 13% in patients who lost less than 3% body weight (67). Another study 

examining the effect of the drug orlistat in patients with NASH found that at least a 5% weight 

reduction was required to improve the NASH activity score (NAS), liver fat content, and insulin 

sensitivity compared to those who did not lose weight (68). Vilar-Gomez and colleagues studied 

the effect of a 52-week weight loss program in 293 patients on histological features of NASH (69). 

They compared pre- and post-liver biopsy results and demonstrated that the degree of weight loss 

was independently associated with improvements in all NASH-related histological parameters. In 

their study, 90% of patients who lost ≥ 10% of body weight had a resolution of NASH, and 45% 

had liver fibrosis regression; however, only 10% of study participants achieved a 10% weight loss 

(69). The beneficial effects of weight loss on NASH-related liver parameters were still significant 
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even with a 5% to 10% weight loss, and 30% of participants were able to achieve this degree of 

weight loss (69).  

 

1.5.2 The Effect of Exercise on NAFLD 

Physical activity has numerous beneficial effects on MetS. Increasing physical activity 

reduces intrahepatic triglyceride content and markers of hepatocellular injury in patients with 

NAFLD, independent of weight loss (70). A systematic review and meta-analysis from 17 studies 

on the impact of structured exercise training, and associated weight loss, on intrahepatic 

triglycerides (IHTGs) in individuals with NAFLD showed exercise reduced IHTG levels 

independent of significant weight change. However, the benefits achieved were substantially more 

significant when weight loss occurred (71). The guidelines from the European Associations for the 

Study of the Liver (EASL), Diabetes (EASD), and Obesity (EASO) recommend 150 to 200 

min/week of moderate-intensity aerobic physical activity for NAFLD patients, in three to five 

sessions (72).  

Since most clinical trials in NAFLD have focused on the effects of a combined physical 

activity and therapeutic diet approach in NAFLD, studies focusing on physical activity alone are 

less common. In a physical activity-only systematic review of 28 randomized clinical trials in a 

combined total of 1644 participants, increased physical activity was associated with a significant 

reduction in liver fat content and serum aminotransferase levels, a significant decrease in BMI, 

and improved peripheral insulin sensitivity (73). The effect of physical activity on hepatic liver fat 

content was more prominent in young patients and patients with a higher baseline body mass index 

(73). In line with these findings, a clinical trial by van der Heijden (74) also showed that a 12-

week controlled moderate-intensity physical activity program without weight loss resulted in a 
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significant decrease in hepatic fat content and visceral fat content. However, insulin resistance 

decreased only in obese adolescents and not in lean adolescents. Considering the difficulty obese 

patients have in losing weight on a hypocaloric diet and the independent benefits of physical 

activity, setting realistic goals for increasing moderate-intensity activity provides another option 

for the patient with NAFLD.  

Regarding the optimal type of physical activity training (aerobic vs. resistance), a 

systematic review and meta-analysis of 12 randomized clinical trials (13 aerobic and 4 resistance 

exercise protocols) showed that both aerobic and resistance exercise improve hepatic steatosis (75) 

and also significantly improve NAFLD.(70)  

 

1.5.3 The Effect of Diet on NAFLD 

Long-term adoption of a low-calorie diet is associated with decreased liver fat and 

improved cardiovascular risk (76). Reducing caloric intake by at least 30% (or by approximately 

750 to 1000 kcal/day) resulted in an improvement in IR and fatty liver. However, as discussed 

previously, the sustainability of such hypocaloric diets is low. The multifactorial origin of NAFLD 

and NASH has led to management strategies that incorporate a combination of dietary 

interventions aimed at tackling the multiple hits occurring during the onset and evolution of this 

disease. For example, dietary patterns that reduce the intake of high glycemic index foods, increase 

dietary fiber and resistant starch, reduce saturated fat, and promote mono-unsaturated fatty acid 

(MUFA) and polyunsaturated fatty acid (PUFA) intake may have a positive effect on gut 

microbiota composition and function, intestinal barrier function, and IHTG accumulation. 
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Dietary patterns that leverage the above-described principles may reduce NASH 

development, possibly even in the absence of weight loss. Here, we discuss dietary regimens 

recommended for the management of NAFLD patients. The four most common dietary patterns 

include the low-carbohydrate diet, the low-fat diet, the Dietary Approaches to Stop Hypertension 

(DASH) diet, and the Mediterranean diet. 

High-carbohydrate diets (50% to 65% of calories from carbohydrates) have been associated 

with increased insulin resistance and obesity and shifting benign fatty liver toward NASH (77). 

Low-carbohydrate diets are diets in which less than 40% of calories are from carbohydrates (78). 

NAFLD patients receiving low-carbohydrate diets had a significant weight loss only in the short 

term (6 months) than those consuming a conventional high-carbohydrate/low-fat diet. Still, at one 

year, no difference in weight loss was observed (78). Subjects on low-carbohydrate diets show 

improvements in biochemical parameters of MetS in comparison with those on high-carbohydrate 

diets. The ketogenic diet (8% carbohydrate, 30% protein, and 61% fat) is severely carbohydrate-

restricted and induces weight loss, decreases serum TG levels, and increases HDL levels compared 

to a high-carbohydrate diet (in the short term), especially in men (79, 80). However, adherence 

rates to low-carbohydrate diets in the long term are poor, and the potential effects of ketogenic 

diets on micronutrient deficiencies and the gut microbiome are unknown (81). Adverse metabolic 

effects, such as thirst, fatigue, and even tachycardia, have been reported with the ketogenic diet 

(82). 

The low-fat diet limits fat intake to 30%, with 50% of calories coming from carbohydrates 

and 20% from protein, and includes a restricted intake of trans-fat, saturated fat, and cholesterol 

(no more than 300 mg/day) (83, 84). Low-fat diets are intended to reduce conditions such as heart 

disease and obesity (85). In NAFLD, the comparison of low-fat and low-carbohydrate diets has 
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demonstrated inconclusive results. For example, when prescribed to overweight people, both diets 

are equally effective for weight loss (86). In contrast, one study in patients with NAFLD in Korea 

showed greater efficacy for a low-carbohydrate diet in reducing total energy intake and hepatic fat 

content (87). The authors explained their findings based on low-fat energy consumption as part of 

the habitual diet, with less than 20% of calories from fat (87). It is important to note that low-fat 

diets generally do not distinguish between the type of dietary fat consumed. Whether saturated, 

monounsaturated, or polyunsaturated, all fats are treated similarly, although the biological effects 

likely differ. 

The DASH diet was first introduced to manage hypertension and focused on lowering 

energy‐dense food items and decreasing total fat, saturated fat, and cholesterol. This dietary pattern 

is low in added sugars, sugar-sweetened beverages, and red and processed meats and is enriched 

in vegetables, fruits, low-fat dairy products, whole grains, poultry, fish, and nuts (83). It is rich in 

potassium, magnesium, calcium, and protein, and fibre (83). The DASH dietary pattern is 

associated with a reduced risk of cardiovascular disease (88). In a randomized controlled clinical 

trial including 60 overweight or obese adults with NAFLD diagnosed by ultrasonography, 

adherence to the DASH diet for 8 weeks, compared to a contemporary control diet, was 

significantly more effective in reducing weight and improving liver enzymes, markers of insulin 

resistance, serum triglycerides, and VLDL levels (89). A cross-sectional study in 3051 subjects 

between the ages of 40 and 75 showed that adherence to the DASH diet was independently 

associated with a significantly lower prevalence of NAFLD (90). The DASH diet has been 

demonstrated to improve blood pressure and hyperlipidemia, translating to protective effects in 

NAFLD (91). Nevertheless, despite the benefits of the DASH diet for T2DM and cardiovascular 

disease (88), the evidence for its efficacy in NAFLD is limited.  
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The Mediterranean (MD) diet has been recommended for NAFLD treatment by various 

clinical practice guidelines (92). It has the greatest evidence to prevent and manage MetS and its 

components, particularly T2DM and CVD (93). In the MD diet, high consumption of extra-virgin 

olive oil, vegetables (especially root and green varieties), fruits (particularly fresh), whole grains 

(cereals, bread, rice, or pasta), legumes, nuts (walnuts, hazelnuts, or almonds), and moderate 

consumption of fish (especially fatty fish rich in omega-3 fatty acids), low-fat dairy products, and 

red wine is recommended over the consumption of red and processed meat, processed and high-

sugar food, refined carbohydrates and high-fat milk products (83). The MD diet has a higher fat 

content (about 40% of total calories), is low in saturated fat (less than 10% of total calories), high 

in monounsaturated fatty acids (MUFA) and omega-3 polyunsaturated fatty acids (PUFA), with a 

decreased omega-6 PUFA content, and high in fibre (25 and 35 g/day for women and men, 

respectively) (83). Substantial evidence supports the benefits of the MD diet in controlling body 

weight, fasting plasma glucose, serum TG, and blood pressure (88). Recently, Kaliora et al. studied 

the effect of the MD diet on clinical, biochemical, and inflammatory profiles in patients with 

simple NAFLD. Untreated NAFLD patients with no significant fibrosis (n = 44) underwent a 24-

week diet intervention after nutritional counselling to increase adherence to the MD diet. 

Commitment to the diet was associated with significant improvements in liver imaging, liver 

fibrosis score, blood pressure, fasting glucose, hemoglobin A1C, and several other biomarkers 

compared with pre-intervention values (94). In another study, 278 participants with abdominal 

obesity/dyslipidemia were randomly assigned to either a low fat (LF) or Mediterranean/low-

carbohydrate (MD/LC + 28 g walnuts/day) diet for 18-months (95). The MD/LC diet induced a 

more significant reduction in hepatic fat content than the LF diet, which reached statistical 

significance after 18 months (–4.2% vs. –3.8%, p = 0.04). Interestingly, the advantageous effect 
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of the MD/LC diet in reducing hepatic fat content compared to that obtained with the LF diet was 

significant in both patients without NAFLD (hepatic fat content ≤5%, p = 0.04) and in NAFLD 

patients (hepatic fat content >5%, p = 0.014). Compared to the LF diet, the MD/LC diet induced a 

more significant increase in HDL and a greater decrease in blood pressure, triglycerides, and 

triglyceride/HDL ratio (95). 

 

1.5.4 Surgical and Pharmacological Treatment of NAFLD 

Bariatric surgery has been used to control obesity and, as a consequence, treat NAFLD. 

Significant improvement in the prevalence and severity of fatty liver occurs following bariatric 

surgery, although its benefits and safety in patients with NASH have yet to be established (96). 

Since insulin resistance has been implicated in the pathogenesis of NAFLD, insulin-sensitizing 

agents have been investigated, with most studies examining the use of metformin and pioglitazone. 

Metformin is a biguanide drug that works through different mechanisms to lower blood glucose 

levels, including reducing postprandial and fasting glucose levels and the inhibition of hepatic and 

renal gluconeogenesis (97). In contrast, pioglitazone is a thiazolidinedione that inhibits hepatic 

gluconeogenesis and enhances glucose uptake in muscles and adipose tissue by activating 

peroxisome proliferator-activated receptor gamma (PPARγ) (59). A systematic review and meta-

analysis done on the efficacy of these two medications in NASH patients demonstrated that 

metformin (n = 81 patients) did not significantly improve liver histology scores for steatosis, 

ballooning, or fibrosis. At the same time, it significantly worsened lobular inflammation (98). On 

the other hand, Pioglitazone improved steatosis and lobular inflammation but did not improve 

fibrosis (98). Considering the recognized role of inflammation and oxidative stress in the 

pathogenesis of NASH, vitamin E, an antioxidant, has been studied as a treatment option in NASH. 

https://en.wikipedia.org/wiki/Biguanide
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Although the results indicated that while a daily dose of 800 to 1000 IU does not improve fibrosis, 

it significantly improves histologic scores, lobular inflammation, and ballooning in non-diabetic 

adults with biopsy-proven NASH (98). However, additional data is required to show that vitamin 

E is beneficial in other groups of NAFLD patients (76). While many new drugs are being 

investigated in NASH clinical trials, these pharmacological treatments are currently limited to 

patients with biopsy-proven NASH in the context of clinical trials (1). 

 

1.5.5 Conclusion 

NAFLD is considered the hepatic manifestation of metabolic syndrome and is a rising 

epidemic worldwide. It will be the leading cause of cirrhosis, hepatocellular carcinoma, and liver 

transplant within the next decade. Behaviors, such as a sedentary lifestyle and consuming a 

Western diet, have led to substantial challenges in managing NAFLD patients. With no available 

curative pharmaceutical therapies, lifestyle modifications, including dietary changes and exercise, 

ultimately lead to weight loss remain the only effective therapy for NAFLD. With the evaluation 

of multiple diets, including low-carbohydrate, low-fat, DASH, and Mediterranean diets, it seems 

that NAFLD patients have shown better outcomes with a modified diet, such as the MD diet, where 

patients are encouraged to increase the consumption of fruits and vegetables, whole grains, and 

olive oil. 
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Chapter 2:  Worldwide prevalence and incidence of Non-alcoholic fatty liver 

disease (NAFLD) in the 21st century: A systematic review and meta-analysis 

 

2.1 Introduction 

The prevalence of NAFLD is constantly rising. Due to a silent presentation, high 

prevalence, and the detrimental hepatic and extra-hepatic outcomes associated with it, NAFLD is 

a serious global health problem. Since there are currently no approved treatments for NAFLD, 

disease prevention is the only available option for reducing the disease burden. From the public 

health perspective, by providing accurate assessments of the disease burden, epidemiological data 

are vital to targeting and implementing evidence-based control measures, to research priority 

setting, prevention and treatment programming, and policymaking. Understanding the extent to 

which the NAFLD prevalence and incidence have increased over time can provide useful 

information for various stakeholders to better understand the disease, predict NAFLD growth 

trends, and develop strategies to raise awareness and interventions to decrease NAFLD burden.  

The only existing research publication on the prevalence and incidence of NAFLD at a 

global level was published in 2016 and estimated the global prevalence of NAFLD diagnosed by 

imaging at 25.2% (95% CI, 22.1 to 28.7). That report has been shown to have limitations and 

flaws, mainly because of including low quality publications. Since defining the burden of the 

disease requires updated and accurate epidemiological data, we felt the need for a systematic 

review and meta-analysis to provide updated and precise estimates of the NAFLD prevalence and 

incidence in the general adult population throughout different regions of the world. 
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2.3 Manuscript Abstract: 

Background: Non-alcoholic fatty liver disease (NAFLD) is a significant public health concern 

worldwide. Defining the burden of the disease requires updated and accurate epidemiological data. 

We conducted a systematic review and meta-analysis to estimate the worldwide prevalence and 

incidence of NAFLD. 

Methods: A search of MEDLINE and EMBASE databases was performed to find studies of the 

prevalence and incidence of NAFLD up to December 04, 2019. We included observational cross-

sectional or longitudinal studies performed on samples representative of the general adult 

population and in which NAFLD was diagnosed using an imaging method in the absence of 

excessive alcohol consumption and viral hepatitis. Estimates were provided using a random-effects 

meta-analysis method.  

Results: We screened 9860 records and included 49 papers with a population of 604,721 for 

prevalence calculations and 12 papers with a population of 265055 for incidence calculations. The 

overall worldwide prevalence of NAFLD was 32.3% (95% CI: 29.5, 35.1). The prevalence 

increased significantly over time, from 26.6% (95% CI: 19.6, 33.7) for 2000-2005, to 30.3% (95% 

CI: 25.7, 34.9) for 2006-2010, to 33.0% (95% CI: 29.1, 36.9) for 2011-2015, and to 44.1% (95% 

CI: 37.8, 50.3) for 2016 or later. The overall NAFLD incidence rate was 49.8 (36.7, 62.8) per 1000 

person-years. The incidence rate in men was 78.2 (95% CI: 50.5, 105.8) and in women was 31.4 

(95% CI: 19.6, 43.1) per 1000 person-years. 

Conclusion: The worldwide prevalence of NAFLD is significantly higher than what had 

previously been estimated and is on an alarmingly constant rise.   
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2.4 Background 

Nonalcoholic fatty liver disease (NAFLD) is defined as the presence of lipid deposition in 

more than 5% of hepatocytes, also known as hepatic steatosis, in the absence of the other causes 

of hepatic steatosis (1, 99). NAFLD is the most common liver disorder worldwide and the leading 

cause of liver-related morbidity and mortality, mainly associated with cirrhosis, end-stage liver 

disease, liver transplant, and an increased incidence of hepatocellular carcinoma (1, 4, 100, 101).  

NAFLD includes a spectrum of liver pathologies ranging from simple steatosis, 

inflammation in the form of nonalcoholic steatohepatitis (NASH), and ultimately to advanced liver 

fibrosis and cirrhosis (1). NAFLD is associated with metabolic dysfunction in the body and is 

considered as the hepatic presentation of metabolic syndrome, a cluster of central obesity, high 

triglyceride levels, reduced high-density lipoprotein (HDL) cholesterol, hypertension, and 

prediabetes/type 2 diabetes mellitus (T2DM) (6, 102). Thus, it is also associated with the 

downstream consequences of metabolic syndrome, including T2DM (17), cardiovascular diseases 

(CVD) (103), and chronic kidney disease (CKD) (104). In fact, 40-48% of deaths in patients with 

NAFLD are due to CVD, making CVD the most common cause of mortality in NAFLD (20, 105). 

The prevalence of NAFLD has constantly been rising and varies worldwide, usually 

paralleling the prevalence of obesity and T2DM (4). However, NAFLD can also occur in lean 

individuals who potentially comprise up to 20% of the NAFLD population, which indicates a 

genetic susceptibility or multiple etiologies for NAFLD (21, 35, 106). Due to its silent 

presentation, high prevalence, and detrimental hepatic and extra-hepatic outcomes, NAFLD is a 

serious global health problem (101, 107-109). Moreover, the incidence of hepatocellular 

carcinoma due to NAFLD is also continuously rising, and NAFLD-associated cirrhosis is rapidly 

surpassing hepatitis C as the most common indication for liver transplantation (35, 110). Since 
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there are currently no commercially approved treatments for NAFLD, the only option for reducing 

the disease burden is prevention. From the public health perspective, accurate data on temporal 

trends and geographical differences of NAFLD prevalence serve as the basis for research priority 

setting, prevention and treatment programming, and policymaking.  

There are few existing research publications on the prevalence and incidence of NAFLD 

at a global level. The only current systematic review on the worldwide prevalence and incidence 

of NAFLD was published by Younossi et al. in 2016. This publication has been an outstanding 

reference for basic epidemiological data on NAFLD, not only for prevalence and incidence but 

also for associated risk factors and co-morbidities (4). They estimated the overall global prevalence 

of NAFLD in 2016 at 25.2%, with a steady upward trend (4). This publication nonetheless has 

some limitations. The incidence estimation was limited to 5 publications available (4). Two more 

recent NAFLD meta-analyses have been published and included more publications describing 

NAFLD incidence; however, they are geographically limited to Asia (111) and China (112). More 

importantly, previous reports have included a considerable number of publications in which study 

populations were either not representative of the general population (e.g., military personnel, 

company workers, male/female only samples, particular ethnicities, etc.) or had 

exclusion/inclusion criteria that inadvertently would affect prevalence estimates through inclusion 

or omission of sub-populations in which the distribution of NAFLD are known to be different from 

the general population (e.g., people with any components of the metabolic syndrome). For 

example, the prevalence of NAFLD in individuals with T2DM is over 55% (17), and the 

prevalence of NAFLD in overweight and obese patients is nearly five times that in patients with 

normal weight (52.3% vs. 11.8%) (111).  
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Updated and accurate NAFLD prevalence and incidence estimates of the general 

population are vital, particularly considering the ever-growing obesity and T2DM epidemics (4, 

108, 109). Such epidemiological data will help stakeholders better understand the disease, predict 

NAFLD growth trends, and help develop strategies to increase awareness and interventions to 

decrease the NAFLD burden. Therefore, we conducted a systematic review and meta-analysis to 

systematically evaluate and summarize current knowledge and update current data and accurately 

estimate NAFLD's overall worldwide prevalence and incidence over the past two decades. We 

narrowed our study to the 21st century due to limited knowledge of NAFLD before that, and 

universal case definition and diagnostic criteria were only introduced during the late 90s (113). 

We applied criteria to select research publications that provided the most accurate estimates for 

the general adult population of different world regions. Since imaging is the recommended and 

most accurate available modality for diagnosing hepatic steatosis in epidemiological studies, we 

only examined reports based on diagnosing NAFLD using an imaging method (1, 4). We also 

stratified and analyzed point prevalence and incidence estimates by study year, geographical 

locations, sex, and other variables related to study methods (sample source, study setting, study 

size, and imaging method). 

 

2.5 Methods 

2.5.1 Search Strategy 

A systematic review and meta-analysis study was performed according to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (114). A 

literature search of two databases, MEDLINE and EMBASE, was conducted using Ovid search 
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platforming in December 2019. The search terms, as represented in Appendix A, were selected to 

help identify the observational studies that reported on the prevalence or incidence of NAFLD. No 

language or publication date restrictions were applied. The identified studies were cataloged using 

Endnote X8 (Clarivate Analytics). After excluding duplicates, the citations were independently 

screened by two of the authors (K.R., H.A., J.H.C., and E.E.A.) to provide a list of potentially 

relevant studies. The full texts of these studies were then obtained and examined independently in 

duplicates (K.R., H.A., J.H.C.) to determine their eligibility for inclusion in the systematic review. 

Any disagreements were resolved via consensus discussions. 

Full texts not in English were translated using Google Translate (Google, Mountain View, 

CA, USA) or with the help of a native speaker colleague. A reference list search was also done on 

the previous systematic reviews for prevalence (4, 111, 115) and incidence (4, 111, 112), with the 

application of the same inclusion/exclusion criteria used for our search to identify any publications 

that were not captured in our database search. 

 

2.5.2 Study Selection Criteria 

According to the American Association for the Study of Liver Diseases (AASLD) practice 

guidance, the definition of NAFLD requires evidence of hepatic steatosis, either by imaging or 

histology, and the absence of other causes of hepatic steatosis, like significant alcohol 

consumption, viral hepatitis, use of steatogenic medications, etc. (1). We included original 

descriptive research publications, including cross-sectional studies, or studies that contained cross-

sectional data (e.g., a baseline assessment for NAFLD in a longitudinal incidence study). These 

studies were required to have reported crude data needed for prevalence or incidence calculations, 

including study date, study sample size, and description, number of NAFLD cases, diagnostic 
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method, average follow-up duration, etc. The study samples needed to be a close representation of 

the general adult population of the region. Regarding NAFLD diagnosis in the studies, publications 

were included if they reported a clear definition and diagnostic criteria for NAFLD (fatty liver in 

the absence of other causes). Hence, to be included, a study was required to have excluded other 

causes of fatty liver including excessive alcohol consumption and viral hepatitis (B or C) and to 

have used an imaging method (ultrasound, CT (computerized tomography) Scan, magnetic 

resonance imaging (MRI), magnetic resonance spectroscopy (MRS), or controlled attenuation 

parameter (CAP) by FibroScan®) to confirm the presence of fatty liver (116). Significant alcohol 

consumption has been variably defined in different countries (8) (e.g.,> 21 standard drinks/week 

for men, and > 14 standard drinks/week for women; American Association for the Study of Liver 

Diseases (AASLD)(1)). Therefore, we did not restrict the criteria by volume, as long as a 

publication stated a history of excessive alcohol consumption was an exclusion. However, we have 

included excessive alcohol consumption thresholds in the quality assessment tables. If there were 

multiple studies from the same cohort, we only included data from one representative publication, 

which provided a complete dataset. If there were marginal temporal overlaps between studies of 

an ongoing cohort, we included all of them. For incidence publications, we also required a 

longitudinal study which included healthy non-drinker and viral hepatitis-free adults, a 

confirmation of the exclusion of NAFLD cases at baseline, and the provision of average follow-

up duration, and a report of incidence/1000 person-years or included enough information to enable 

its’ calculation. 

Therefore, the exclusion criteria were: 

1) Articles that were clinical trials, editorials, conference proceedings, letters to editors, review 

articles, or case reports.  
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2) Study samples that did not represent the general adult population, for reasons including that 

the study was in a pediatric population (<18 years old), or in a mix of pediatric and adult 

populations with inadequately provided data to calculate adult estimates, the study was in a 

specific subgroup of the general population, including those involving males or females only, 

in a limited age range, in particular ethnicities, in people holding particular jobs, or in specific 

social groups or medical conditions. If the study was conducted in patients with conditions 

known to be associated with NAFLD (overweight/obesity, prediabetes/T2DM, hypertension, 

hyperlipidemia, metabolic syndrome, cardiovascular diseases), or if the study was conducted 

on a sample population after excluding these conditions, the study was not included. 

Regarding the age range, NAFLD is associated with older ages (4, 111, 117), so we did not 

include studies that had a study sample with a narrow age range. We set an arbitrary 

minimum age range of 30-65 years as acceptable. 

3) The fatty liver diagnosis was based on biopsy, autopsy, or biomarkers including transaminase 

levels, fatty liver index (FLI), hepatic steatosis index (HSI), etc., and/or the studies did not 

exclude cases with excessive alcohol use or viral hepatitis, and those missing any critical 

information on the diagnostic process. 

4) The study was carried out before 2000.  

 

2.5.3 Data Extraction 

Data were extracted by one of the authors (K.R.) and independently verified by another 

author (H.A.), and the discrepancies were discussed. The extracted data included first author and 

publication year, study location and period, setting (urban, rural), sample source (population-

based, health checkup visitor-based, etc.), the total sample size and the number of NAFLD cases, 
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and their characteristics (mean age, sex distribution), diagnostic information (imaging modality 

and case ascertainment used to define NAFLD), and the average follow-up years (for incidence). 

Corresponding authors were contacted by email for clarifications or missing data. On occasions 

that we did not receive any response, and the missing data were critical for the inclusion of the 

publications, they were excluded.  

 

2.5.4 Quality assessment & data analysis 

Quality assessment of the included studies was performed independently in duplicate, 

based on a modified version of the Joanna Briggs Institute Prevalence Critical Appraisal Tool 

(118) which has a high methodologic rigor in addressing the most important items related to the 

methodological quality of prevalence studies (119), and an adapted version of the Newcastle-

Ottawa Assessment Scale using criteria relevant to studies of incidence (120).  

The statistical analyses were done using STATA 16.1 (STATA Corporation, TX, USA). 

All prevalence and incidence rates, and their associated standard errors, were recalculated. To yield 

a proper estimate, individuals with excessive alcohol consumption or living with viral hepatitis 

needed to be excluded from the study population before prevalence/incidence calculation. If these 

were not already excluded, we recalculated the prevalence/incidence values as well as, if possible, 

the age and sex distribution information. If the study period contained multiple years, the last year 

of the study period was used to calculate point prevalence. Sex-specific prevalence rates were 

calculated for publications that provided relevant data. Frequency weights were used in the 

calculations related to age and sex. Incidence rate was calculated for 1000 person-years. Since a 

high level of between-study heterogeneity was expected, we used a random-effects meta-analysis 

method with the restricted maximum-likelihood model to calculate overall or sex-specific pooled 
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prevalence or incidence rates and their corresponding 95% confidence intervals. Heterogeneity 

between studies was assessed using I2 statistics, which reflects the percentage of total variation 

across studies due to heterogeneity rather than chance (121). To determine the contribution of 

moderator variables to the heterogeneity, we stratified the pooled outcome measures and ran 

univariate meta-regression analysis. Moderator variables included study year, geographical 

location (country, continent), sex, study setting (urban, rural), sample size, sample source 

(population-based, health check-up visitors, patients’ companions), imaging modality, and 

specifically for incidence, follow up duration, and study design (retrospective, prospective). We 

generated funnel plots and ran Egger’s test for publication bias assessment. Other statistical tests, 

if performed, were mentioned in the text. A p-value of less than 0.05 was considered statistically 

significant. To signify the geographic differences in prevalence, a static choropleth map of pooled 

prevalence was created using QGIS 3.44 (Open Source Geospatial Foundation, Chicago, Illinois, 

USA), classified as equal intervals. A web-based, interactive dashboard with maps and graphs was 

also created using ArcGIS Pro 2.4.1 (Environmental Systems Research Institute, Redlands, 

California, United States), similar to global reviews of other diseases (122-127). Shades of colours 

representing various levels of prevalence/incidence were determined through quartiles based on 

data from all periods. 

 

2.6 Results: 

The initial database search resulted in 14145 records, out of which 4285 were duplicates, 

and 9465 were removed through title and abstract screening. The remaining 395 records (including 

33 non-English records) were selected for full-text assessment. The process of study selection is 

presented in Figure 1. We found 42 publications eligible for prevalence, and 10 for incidence 
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calculations. We also reviewed references from existing systematic reviews on NAFLD prevalence 

and incidence and retrieved 7 prevalence and 2 additional incidence references. Ultimately, we 

included 49 papers for NAFLD prevalence and 12 for incidence calculations. The characteristics 

of the included papers for prevalence are presented in Appendix B and for incidence in Appendix 

C. Quality assessment for each study is also provided in Appendices D1 and D2 for prevalence 

studies and Appendices E1 and E2 for incidence studies. Generally, the risk of bias in included 

studies was low due to the application of strict inclusion/exclusion criteria with highly 

representative samples and adequate case definitions. 

The Choropleth map presented as Figure 2 illustrates the geographic differences in NAFLD 

prevalence in the 21st century. An interactive web-based map that illustrates NAFLD's prevalence 

and incidence worldwide is available online at the following link: https://kaplan-nafld-

ucalgary.hub.arcgis.com/.  

 

  

https://kaplan-nafld-ucalgary.hub.arcgis.com/
https://kaplan-nafld-ucalgary.hub.arcgis.com/
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Figure 1: Flowchart outlining the study selection 

 

Records identified through database 

search: Medline: 5938, EMBASE: 3937 

(Total: 14145) 

4285 duplicates removed 

9860 records after duplicates removed 

395 records chosen for full-text 
assessment (33 non-English records) 

(24 studies considered for 2 categories) 

9465 records excluded based on 

title/abstract 

• 49 studies were included in prevalence analysis  

• 12 studies were included in Incidence analysis  

7 additional prevalence and 2 incidence studies 

found through reference review on previously 

published NAFLD meta-analyses 

• 42 studies found eligible for prevalence analysis 

• 10 studies found eligible for incidence analysis 

• Not an original study (n=33) 

• Not focused on general population (n=148) 

• Study focused on pediatric population (n=30) 

• Ineligible or unclear NAFLD definition or 
diagnostic criteria (n=49) 

• Alcohol consumption was not excluded (n=24) 

• Viral hepatitis was not excluded (n=13) 

• NAFLD Incidence/prevalence not reported or 
not enough data to calculate (n=49) 

• Used same database as an already included 
study (n=15) 

• No full text found (n=6) 
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Figure 2: Geographic differences in the prevalence (%) of NAFLD in the 21st century. An interactive web-based map is available 

online: https://kaplan-nafld-ucalgary.hub.arcgis.com/. 

https://kaplan-nafld-ucalgary.hub.arcgis.com/
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2.6.1 NAFLD prevalence 

The 49 papers studied for NAFLD prevalence included 604,721 individuals (range 326-

160862). Study years ranged from 2000 to 2017 and the publication years ranged from 2002 to 

2020. On average, the manuscripts were published 4.2 (95% CI: 3.5, 4.9) years after the study year 

(Paired-sample t-test=11.86, df=48, p<0.001). Most papers were from mainland China (n=15), 

followed by South Korea (n=10), Taiwan (n=6), Japan (n=4), and Iran (n=4). The mean age of the 

participants was 42.9 years (weighted average from 41 studies that reported the study sample mean 

age). Male individuals accounted for 52.8% of the participants (weighted average from 43 studies 

that reported the male percentage of the total sample). For the NAFLD cases, the mean age was 

50.3 years (weighted average from 30 studies that reported the mean age in the NAFLD cases), 

and 69.4% were male (weighted average from 38 studies that reported the male percentage in the 

NAFLD cases).  

The overall prevalence of NAFLD was estimated at 32.3% (95% CI: 29.5, 35.1). When 

stratified by study year groups, the pooled prevalence increased over time, from 26.6% (95% CI: 

19.6, 33.7) for studies done in 2000-2005, to 30.3% (95% CI: 25.7, 34.9) for 2006-2010, to 33.0% 

(95% CI: 29.1, 36.9) for 2011-2015, and to 44.1% (95% CI: 37.8, 50.3) for 2016 or later (Figure 

3). As shown in the bubble plot in Figure 4, there has been a significant trend toward higher 

estimates of NAFLD prevalence since 2000 (p<0.01).  
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Figure 3: Forrest plot using random-effects models for all included studies for NAFLD 

prevalence estimation stratified by study year. 
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Figure 4: Bubble plot of the association between study year and the prevalence of NAFLD. Circles 

represent estimates from each study, sized according to the estimate's precision (inverse of the 

prevalence variance). 

36 studies reported sex-specific data allowing calculation and pooling of the sex-specific 

NAFLD prevalence. The overall prevalence of NAFLD in men was significantly higher than in 

women [39.1% (95% CI: 35.4, 42.8) vs. 25.5% (95% CI: 21.7, 29.2); difference: -13.6 (95% CI: -

18.9, -8.4), p<0.001]. The NAFLD prevalence for both men and women showed a significantly 

increasing trend over time (Table 1). The NAFLD prevalence in males shows a steady time-

dependant increase from 33.1% for 2000-2005 to 48.3% for 2016 or later, a 15.3% increase in less 

than two decades. The prevalence in females has been lower than males within every 5-year 

bracket but has reached 39.1% in reports of 2016 or later, a significant 21.6% increase in reports 

for 2000-2005. 
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Table 1: Stratification and meta-regression analysis of the sex-specific estimates of NAFLD 

prevalence by study period. 

*Difference from the reference group is statistically significant (CI does not include zero). 

ⴕ Totals here are from the same papers that provided sex-specific numbers (n=36). 

 

Considerable heterogeneity was observed between NAFLD prevalence studies (I2=99.80 

for overall population). We investigated the source of the homogeneity by stratifying the pooled 

data according to the moderator variables and performing meta-regression analysis (Table 2).  

Period 
Number of 

studies Sample size 
NAFLD prevalence (%) 

(95%CI) 
Difference 

(95%CI) 

Male     
 2000-2005 4 6049 33.1 (17.6, 48.6) Reference 
 2006-2010 14 116846 36.1 (29.8, 42.3) 3.0 (-9.0, 14.9) 
 2011-2015 13 66787 40.7 (36.2, 45.2) 7.6 (-4.5, 19.6) 
 2016 or later 5 18678 48.3 (41.1, 55.6) 15.3 (1.2, 29.4)* 
 Overall 36 208360 39.1 (35.4, 42.8)  
     
Female     
 2000-2005 4 5555 18.4 (5.2, 31.6) Reference 
 2006-2010 14 92887 22.4 (17.5, 27.4) 4.1 (-7.2, 15.4) 
 2011-2015 13 75237 25.4 (19.6, 31.2) 7.1 (-4.3, 18.4) 
 2016 or later 5 9485 39.8 (32.9, 46.7) 21.6 (8.2, 35.0)* 
 Overall 36 183164 25.5 (21.7, 29.2)  
     
Total ⴕ     
 2000-2005 4 11604 25.7 (14.8, 36.6) Reference 
 2006-2010 14 209733 29.2 (24.5, 33.9) 3.5 (-6.2, 13.2) 
 2011-2015 13 142024 33.0 (28.3, 37.7) 7.3 (-2.5, 17.1) 
 2016 or later 5 28163 44.1 (38.6, 49.6) 18.5 (6.9, 30.0)* 
     
 Overall 36 391524 32.3 (29.2, 35.3)  
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The NAFLD prevalence for Asia was 32.5% (95% CI: 29.5, 35.4; n=44) and for Europe 

was 30.5% (95% CI: 21.8, 39.2; n=5). We did not separate the Middle East from the rest of Asia; 

however, an estimate for the region was calculated from the 4 papers from Iran and 1 from Israel 

at 36.0% (23.6%, 48.1%) [I2 (%)=99.46, Egger’s test p-value=0.93](data not shown). In Asia, 

NAFLD was most prevalent in Iran with 37.4%(95% CI: 22.3, 52.6), and in Europe, Italy had the 

highest prevalence with 38.2% (95% CI: 18.9, 57.5) (See Table 2 for the full list of country-specific 

NAFLD prevalence estimations). Meta-regression analysis did not show a significant difference 

between the pooled prevalence estimates from the populations-based studies and studies based on 

the health check up visitors [29.2 (95% CI: 24.5, 34.0) vs. 34.7 (95% CI: 31.4, 38.0)], however 

since a strong trend was indicated [difference= 5.5 (95% CI: -0.1, 11.0); p=0.06], we further 

explored the possible explanations for this observed difference (Appendix F). 

The NAFLD prevalence reported from urban settings (n=29), rural settings (n=3), or mixed 

urban/rural settings (n=10) were not different. Similarly, no significant differences were observed 

in NAFLD prevalence by the sample size of the studies. Ultrasound was the most common imaging 

modality used to identify hepatic steatosis (n=44/49). The other imaging modalities (CAP, CT 

scan, or MRS) were used in 4 studies, and one study used both ultrasound and CT scan. No 

significant differences were observed in NAFLD prevalence based on the imaging modality used.  

The R-squared statistics from the univariate meta-regression indicated that the study year 

and sex significantly explained the heterogeneity in the overall NAFLD prevalence estimate. If 

assessed categorically as periods, the study year would account for 16.2% (p= 0.007) and, if treated 

as a numerical variable, explained 16.0% of the heterogeneity (p= 0.002). Calculation of the effect 

of sex on the heterogeneity for overall NAFLD prevalence was not possible as not all the papers 

reported sex-specific data; however, for those that reported sex-specific data (n=36), sex 
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differences accounted for 26.4% of the heterogeneity. The rest of the moderator variables did not 

explain the heterogeneity. The funnel plot did not show any publication bias, but it showed a 

widened horizontal distribution of studies due to heterogeneity (Appendix G). However, Egger’s 

test was not significant (p=0.977).  

 

 

Table 2: Stratification and meta-regression analysis of NAFLD prevalence estimates by 

moderator variables. 

Moderator  
variable 

Number of 
studies 

Sample 
size 

NAFLD 
prevalence (%) 

(95%CI) I2 (%) Difference (95%CI) 

Overall 49 604721 32.3 (29.5, 35.1) 99.81 - 
      
Period      
2000-2005 8 19691 26.6 (19.6, 33.7) 99.26 Reference 
2006-2010 15 214816 30.3 (25.7, 34.9) 99.70 3.6 (-4.2, 11.5) 
2011-2015 21 342051 33.0 (29.1, 36.9) 99.80 6.4 (-1.1, 13.8) 
2016 or later 5 28163 44.1 (37.8, 50.3) 99.57 17.5 (7.3, 27.7)* 
      
Continent      
Asia 44 597696 32.5 (29.5, 35.4) 99.83 Reference 
Europe 5 7025 30.5 (21.8, 39.2) 98.35 -1.9 (-11.3, 7.4) 
      
Country/Territory      
China 15 141094 32.0 (27.5, 36.5) 99.67 Reference 
South Korea 10 367903 34.0 (29.4, 38.7) 99.87 2.0 (-6.2, 10.3) 
Taiwan 6 56755 34.4 (24.3, 44.5) 99.82 2.4 (-7.4, 12.1) 
Japan 4 12428 25.1 (17.0, 33.3) 99.12 -6.8 (-18.2, 4.5) 
Iran 4 14168 37.4 (22.3, 52.6) 99.66 5.4 (-6.0, 16.8) 
India 2 3092 37.0 (8.5, 65.4) 99.65 5.0 (-10.3, 20.2) 
Bangladesh 1 1019 18.5 (16.2, 20.9) - -13.5 (-34.4, 7.5) 
Hong Kong 1 911 28.8 (25.8, 31.7) - -3.2 (-24.3, 17.8) 
Israel 1 326 30.1 (25.1, 35.0) - -1.9 (-23.3, 19.5) 
Italy 2 1757 38.2 (18.9, 57.5) 98.66 6.2 (-9.1, 21.5) 
Germany 2 4502 25.4 (21.6, 29.1) 85.54 -6.7 (-22.0, 8.5) 
Spain 1 766 25.8 (22.7, 28.9) - -6.2 (-27.2, 14.9) 
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Sex      
Male 36 208360 39.1 (35.4, 42.8) 99.61 Reference 
Female 36 183164 25.0 (21.7, 29.2) 99.73 -13.6 (-18.9, -8.4)* 
      
Sample source      
Population-based 19 54144 29.2 (24.5, 34.0) 99.33 Reference 
Health check-up 
visitors 

29 549558 34.7 (31.4, 38.0) 99.84 5.5 (-0.1, 11.0) 

Patients’ companions 1 1019 18.5 (16.2, 20.9) - -10.7 (-30.1, 8.7) 
      
Study setting      
Urban 29 391980 32.6 (28.9, 36.3) 99.82 Reference 
Rural 3 7986 29.5 (14.3, 44.7) 99.60 -3.1 (-15.3, 9.1) 
Mix 10 177436 32.5 (25.1, 39.8) 99.80 -0.2 (-7.5, 7.2) 
Unclear 7 27319 31.9 (28.1, 35.6) 97.13 -0.9 (-9.4, 7.6) 
      
Sample size      
<1000 11 8106 30.6 (24.2, 37.0) 97.71  
1000-10000 28 113598 32.8 (28.7, 36.9) 99.57 2.2 (-4.9, 9.3) 
>10000 10 483017 32.6 (28.8, 36.3) 99.86 2.0 (-6.7, 10.7) 
      
Imaging modality      
Ultrasound 44 593170 32.3 (29.5, 35.2) 99.81 Reference 
CAP 2 3639 45.3 (40.2, 50.4) 86.53 13.1 (-0.6, 26.8) 
MRS 1 911 28.8 (25.8, 31.7) - -9.7 (-28.7, 9.3) 
CT 1 3166 22.6 (21.2. 24.1) - -3.6 (-22.8, 15.6) 
Ultrasound and CT 1 3835 16.3 (15.1, 17.5) - -16.0 (-35.0, 3.0) 

* Statistically significant. 

 

2.6.2 NAFLD incidence 

The 12 studies included for incidence analysis comprised a sample size of 265055 (range 

147- 219641, median 2932). The mean age of the participants was 42.2 ± 2.9 years (weighted 

average from 11 studies that reported the study sample mean age at the beginning of the follow-

up). Men accounted for 44.1% of the participants. All the included publications for incidence 

estimation were from Asia, with 4 from mainland China, 3 from South Korea, 3 from Japan, and 

1 from Hong Kong and Israel each. Ultrasound was the imaging method for 11 publications, and 

MRS was used in 1. 
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The overall pooled NAFLD incidence rate was estimated at 49.8 (36.7, 62.8) per 1000 

person-years (Figure 5). 8 studies reported the sex-specific data allowing the calculation and 

pooling of the sex-specific NAFLD incidence. We calculated the overall incidence rate of NAFLD 

for males at 78.2 (95% CI: 50.5, 105.8) per 1000 person-years and females at 31.4 (95% CI: 19.6, 

43.1) per 1000 person-years. This difference was statistically significant [difference= -46.1 

(95%CI: -75.9, -16.4); p= 0.002].  

Considerable heterogeneity was observed between NAFLD incidence studies (I2=99.81) 

which we investigated through stratification and univariate meta-regression analysis (Table 3) and 

R-squared calculation. None of the geographical location, sample size, sample source, and imaging 

modality explain the heterogeneity, however, mean follow-up duration significantly explained 

50.6% of the heterogeneity (p<0.001). For the 8 papers which reported sex-specific data, sex 

differences accounted for 36.5% of the heterogeneity (p=0.002). The funnel plot for incidence data 

is presented in Appendix H. 
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Figure 5: Forrest plot using random-effects models for all included studies for NAFLD incidence 

estimation.  
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Table 3: Stratification and meta-regression analysis of pooled NAFLD incidence by moderator 

variables. 

Moderator variable 
Studies 

Sample 
size 

NAFLD incidence 
(cases/1000 person-

years)(95%CI) I2 (%) Difference (95%CI) 

Overall 12 265055 49.8 (36.7, 62.8) 99.81 - 
      
Countries/Territories 

    
 

China 4 21418 47.4 (32.4, 62.4) 98.74 Reference 
South Korea 3 221834 65.7 (32.1, 99.3) 99.95 18.0 (-19.7, 55.7) 
Japan 3 21093 49.5 (13.7, 85.2) 99.81 1.7 (-35.9, 39.3) 
Hong Kong 1 563 34.4 (27.2, 41.6) - -13.2 (-68.4, 42.1) 
Israel 1 147 28.0 (18.7, 37.3) - -19.6 (-75.2, 36.0)      

 
Sex 

    
 

Male 8 116919 78.2 (50.5, 105.8) 99.88 Reference 
Female 8 148136 31.4 (19.6, 43.1) 99.68 -46.1 (-75.9, -16.4)*      

 
Sample size      
<1000 4 2266 44.3 (29.4, 59.2) 92.58 Reference 
1000-10000 5 18147 60.2 (31.6, 88.8) 99.68 15.7 (-15.4, 46.8) 
>10000 3 244642 40.3 (33.8, 46.8) 99.03 -3.9 (-39.1, 31.3) 
      
Sample source      
Population-based 2 710 31.9 (25.8, 38.1) 12.36 Reference 
Health check-up visitors 10 264345 53.5 (38.8, 68.1) 99.85 20.4 (-11.0, 51.8) 
      
Imaging modality      
Ultrasound 11 264492 51.2 (37.2, 65.2) 99.84 Reference 
MRS 1 563 34.4 (27.2, 41.6) - -39.1 (-124.4, 46.2) 

* Statistically significant. 
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2.7 Discussion 

2.7.1 Increasing NAFLD prevalence trends 

NAFLD prevalence is rising in parallel with the global increase of obesity and T2DM. In 

this systematic review and meta-analysis, we studied 49 papers encompassing a total sample size 

of 604,721. We estimate that the overall prevalence of NAFLD is 32.3%. The studies used in 

calculating this number were performed during 18 years from 2000 to 2017. An increase in 

NAFLD prevalence was observed over time, with the prevalence steadily increasing from 26.6% 

for 2000-2005 to 30.3% for 2006-2010, to 33.0% for 2011-2015, and an alarming 44.1% for 2016 

or later. Hence, a 17.5% increase in the NAFLD prevalence between those reported in 2000-2005 

and those in 2016 or later.  

The increasing trend observed in our study is in line with previous reports. The report by 

Younossi et al. showed a 6.5% increase, from 20.1% to 26.8%, between the years 2000 to 2015 

(4), and the report by Li et al., studying only Asia, showed a jump from 25.3% to 33.9% within 

the same period (111). In this study, like the study by Li et al., we used the study period instead of 

the publication year as used by Younossi et al., which according to our data, has an average lag of 

4.2 years following the study date (4, 111).  

 

2.7.2 Sex and gender considerations in NAFLD prevalence 

Our study shows that men have a significantly higher prevalence of NAFLD than women 

(39.1% vs. 25.5%). Such difference in prevalence is also reflected in the incidence rate difference 

between men and women (78.2 vs. 31.4 per 1000 person-years). Our study’s analysis of temporal 

trends indicates that the NAFLD prevalence in both male- and female-specific are significantly 
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rising, getting as high as 48.3% for men and 39.8% for women after 2016. Out of 49 publications 

selected for prevalence analysis, 36 publications provided separate data for males and females, 

while 8 out of 12 incidence papers contained sex-specific data. We did not include single-sex 

studies in calculating sex-specific estimates and only analyzed publications that included both 

males and females. We believe this provides a more accurate comparison between the sex-specific 

data. Studying men and women in parallel could help control the research-associated factors, like 

geographical location, ethnicity, age range, healthcare access, etc.  

NAFLD prevalence is commonly reported higher in men by the existing systematic reviews 

(111, 112, 128). Most of the individual prevalence studies have reported a nearly similar NAFLD 

prevalence difference between men and women (34). However, there have been some studies that 

reported a higher NAFLD prevalence in women. Out of the 36 publications we analyzed for sex-

specific prevalence estimates, 4 reported higher prevalence in females (data not shown)(129-132). 

Such unexpected reports might signify the importance of gender-related factors in NAFLD, despite 

the considerable literature indicating a protective role for female sex against NAFLD. 

The difference between the NAFLD prevalence among men and women can be examined 

based on either sex- or gender-related differences in the determinants of disease. Sex and gender 

differences produce fundamental biological variations in the disease and its progression (133). Sex 

differences refer to biological and physiological characteristics of males or females, including 

anatomy, physiology, genes, and hormones. Gender, on the other hand, is a multidimensional 

social construct and refers to the socially constructed characteristics, including norms, behaviours 

and roles associated with being a man or woman (133, 134). The experience of gender is always 

linked to the social and political context. As such, gender is also intimately connected to social 

and economic status in systems (135). Differences in socio-cultural characteristics, such as dietary 
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patterns, exercise, and quality of life, are equally crucial in NAFLD as sex differences (136, 137). 

However, gender and sex, while separate concepts, are intimately linked and reciprocally influence 

each other. While research on the differences between the sexes is essential, it is critical to explore 

further how sex and gender operate collectively to influence health outcomes and behaviours 

(135). 

 

2.7.2.1 Sex-differences in NAFLD prevalence 

Numerous studies have sex differences in NAFLD's risk, onset, progression, and treatment 

response (138, 139). Despite considerable advances, the molecular mechanisms by which sex 

modulates NAFLD's pathogenesis and clinical outcome are not entirely understood, and most of 

the available information comes from animal studies (138). Profound differences have been 

indicated in lipid metabolism, glucose homeostasis, oxidative stress, inflammation, and fibrosis 

(137, 138, 140). The liver shows sexual dimorphisms in a complex set of genes related to lipid 

metabolism, drug metabolism, and glucose homeostasis (138). Moreover, Sex is a major 

determinant of body composition, energy storage and partitioning (140). For example, compared 

to men and postmenopausal women, women of fertile age are typically spared from storing fat in 

the visceral and ectopic compartments, are more insulin-sensitive, and display a higher capacity to 

secrete insulin and incretin, being relatively protected against the development of T2D and 

NAFLD (140). Central obesity or visceral fat, excess fat in the abdomen, is often associated with 

the development and progression of NAFLD or more advanced forms of liver disease (141). A 

recent study shows that a lower threshold of total body fat (26.73% vs. 32.23%) or abdominal fat 

(13.76% vs. 21.42%) is needed to increase the risk of developing NAFLD in men compared to 

women, respectively (142). Furthermore, other major risk factors for NAFLD, including MetS, gut 



45 
 

microbiome, and T2DM, also display profound sex differences (138). Therefore, a better 

understanding of the molecular mechanisms and the role of sexual dimorphism is of paramount 

importance to improve both prevention and therapeutic strategies of NAFLD. The comprehensive 

discussion of sex-differences in NAFLD pathogenesis is beyond the scope of this paper, however 

we have briefly reviewed the role of sex hormones as a major factor to the development and 

progression of NAFLD. 

 

2.7.2.2 Role of sex hormones in NAFLD 

The prevalence of NAFLD is higher in men than women, but it is also higher among 

postmenopausal women compared to women of reproductive age (138). Hormone replacement 

therapy in postmenopausal women lowers the prevalence of NAFLD (143). Moreover, oral 

contraceptive pills are associated with a reduction in insulin sensitivity (144). All such evidence 

suggests that estrogens may protect females against insulin resistance. The role of estrogen 

signalling in the metabolism of lipids and glucose has been shown in several publications 

(reviewed in (145)). In vitro and animal studies strongly suggest that estradiol has a protective 

effect in females by enhancing fatty acid oxidation and reducing hepatic lipogenesis (146). 

Estrogens are believed to regulate systemic insulin sensitivity and glucose tolerance through 

modulation of the metabolic function of adipose tissue, glucose homeostasis in skeletal muscle 

and liver, central regulation of energy balance, and protective actions on beta-cell preservation and 

maintenance of insulin secretion (146). Such helpful regulatory effects of estrogens are mediated 

mainly through ER-alpha receptors (146). In postmenopausal women, estrogen deficiency 

accelerates visceral obesity, IR and T2DM, while estradiol therapy improves insulin sensitivity 

and glucose homeostasis (146, 147). 
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Similar to estrogens effects in women, androgens in men exert positive metabolic effects 

by improving insulin sensitivity and lowering body fat (148). Although primarily a male hormone, 

testosterone is also produced in women's ovaries, adrenal glands, and peripheral tissues in far less 

quantities than men (149). In men, a low level of testosterone is associated with the features of 

MetS, and its supplementation causes favourable effects (150). Conversely, in women, insulin 

resistance and obesity are associated with increased testosterone levels (151). A systematic review 

of the association of testosterone and NAFLD has shown that NAFLD is associated with lower 

serum testosterone levels in men and higher serum testosterone levels in women (152). Similar 

associations have been reported between testosterone levels and T2DM (153). Low testosterone 

levels also correlate with the development of NASH and increasing fibrosis stage (154).  

 

2.7.2.3 Gender influence on NAFLD prevalence 

Gender includes socially constructed roles, values, relationships, behaviours, attitudes, 

relative power, and influence that society assigns to the two sexes on a differential basis (133, 

134). Gender roles, the behavioural norms applied to men and women in society, do not exist in 

isolation and are dependent on time and location (133, 134). 

Gender-focused epidemiologic studies regarding NAFLD are currently limited. This 

warrants the need for research to generate a systematic body of knowledge on the influence of 

gender on NAFLD since gender differences are as important as sex differences in human health 

and influence communities, clinicians, and patients (133). The evidence on gender differences in 

the determinants of chronic non-communicable diseases has been reviewed by Vlassoff 

(2007)(133). In particular, the section on the gender differences in social determinants of nutrition 

reasonably applies to NAFLD since diet plays a crucial role in the development of NAFLD (155).  
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A healthy diet, sufficient physical activity, and weight reduction, which are currently the 

foundations of NAFLD prevention and treatment, are all influenced by gender. Gender differences 

in eating behaviours have historically been reported, with women experience more pressure to be 

thin and attempt more dieting behaviour even from early adolescence when compared to men (156, 

157). Unhappiness with body weight and shape is more common among women than men (156). 

Compared to men, women are more likely to have stronger beliefs in healthy eating, avoid high-

fat foods, and eat fruit and fibre (157). 

Gender influences the social determinants of nutrition patterns and hence on health 

outcomes (133, 158). As an example from the developing countries, in women, social factors such 

as the degree of education, income, or participation in public life, affect their knowledge about 

health problems and how to prevent and treat them, which positively affects the nutritional status 

of themselves and their children, as well as preventing gender bias in children food allocation 

(159). Gender bias in children's food allocation refers to the preferential food allocation to males 

over females in families in developing countries, mainly for their future gender role as families’ 

primary source of income (160). Another example of a family’s lack of access to nutritional food 

due to gender roles is that while women are selected for nutritional education because they are 

responsible for the preparation of meals, they often lack access to nutritional food because men, 

as breadwinners, generally make decisions about buying and making food without receiving any 

education about nutrition (161).  

Gender can influence the amount of physical activity as well. For instance, in many 

societies, the physical activity of women remains low due to barriers resulting from culturally 

imposed gender norms and roles (162, 163). This way, a gender norm can influence NAFLD 
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prevalence since physical activity is directly associated with both NAFLD development and 

treatment. 

These differences, besides many more, indicate that gender-related differences in lifestyle 

(157, 164, 165) are crucial in explaining NAFLD prevalence differences between males and 

females. Gender differences, however, are not limited to nutrition. Gender constructs affect many 

other social determinants of diseases, including access to health care as well as the behaviour of 

the community, clinicians, and patients in a healthcare system (133).  

 

2.7.3 Diagnostic modalities for fatty liver in NAFLD prevalence/incidence studies 

According to the AASLD practice guidance, the definition of NAFLD requires evidence 

of hepatic steatosis, either by imaging or histology, and the absence of other causes of hepatic 

steatosis, like significant alcohol consumption, viral hepatitis, use of steatogenic medications, etc. 

(1). Therefore, a crucial part of NAFLD diagnosis is the confirmation of hepatic steatosis, hence 

detecting and quantifying the amount of fat inside the liver (76).  

In our study, ultrasound was the most common imaging modality used for the diagnosis of 

fatty liver. Among imaging modalities used for diagnosing NAFLD, ultrasound is the most 

common as it is safe, relatively cheap, and widely available. It is considered an accurate method 

in the diagnosis of fatty liver with an AUROC of 0.93 and high sensitivity (85%) and specificity 

(94%), especially with steatosis grades over 20% (166, 167). However, the sensitivity drops 

considerably when steatosis is <20%, and it also tends to be inaccurate in the presence of fibrosis, 

iron overload, morbid obesity, and renal disease (166, 168, 169). Nonetheless, it is recommended 

as the first-line diagnostic procedure for imaging of NAFLD by European Associations for the 
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Study of Liver (EASL), Diabetes (EASD), and Obesity (EASO), considering its overall pros and 

cons (170).  

The gold standard for diagnosis of hepatic steatosis is a liver biopsy. Yet, it is not feasible 

for prevalence studies of the general population nor for initial screening for NAFLD, as it is 

invasive, expensive, and with complications (171, 172), ranging from pain (20%) to less common 

but potentially severe complications including hemorrhage, bile leak and visceral perforation that 

happen in around 1% of the procedures with 0.1% mortality rate (172-174). Biopsies are performed 

on a limited subset of the population. The indications for liver biopsy include a histological 

demonstration of the disease (as in auto-immune hepatitis), a part of diagnostic workup (in 

cholestatic liver diseases or storage diseases), and an assessment of inflammation and fibrosis (e.g., 

for NASH, or viral hepatitis) (174). Thus, retrospective pathology-based studies cannot be used as 

prevalence estimation reference as their study sample would never represent the general population 

(e.g., Mohanty et al. (175) in (4)). For this reason, the prevalence studies generally use non-

invasive methods to ascertain fatty liver, which includes imaging modalities or panels of serum 

biomarkers.  

CT scan has shown better accuracy than ultrasound for the diagnosis of hepatic steatosis; 

however, its disadvantages include radiation exposure and low sensitivity for mild grades of 

steatosis (166, 176). MRS is shown to have a high correlation with biopsy and has a sensitivity 

and specificity of 80% for steatosis at grades as low as 5% (177); however, it is expensive, scarce, 

and complicated (166, 171). CAP is a novel physical parameter that measures hepatic steatosis 

with ultrasound attenuation using FibroScan® (178). While it is a rapid, non-invasive, and 

relatively low-cost procedure, it has limited efficacy due to the lack of optimal threshold for 

detecting hepatic steatosis, high failure rates in obese patients, and mediocre sensitivity (166, 178).  
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Panels of surrogate biomarkers of liver steatosis are acceptable alternatives for the 

diagnosis of steatosis. They are non-invasive and are based on aggregate scores from individual 

anthropometric and biochemical components that can be routinely measured in clinical practice 

and, therefore, easy to employ (171, 179). Biomarker-based panels are recommended when the 

imaging tools are not available or logistically possible (e.g., large epidemiological studies) (170). 

The two most used panels in prevalence studies are the Fatty Liver Index (FLI) and Hepatic 

Steatosis Index (HSI). FLI is calculated out of body mass index (BMI), waist circumference, and 

serum triglyceride and gamma-glutamyl-transferase (GGT) levels. In comparison, HSI is 

calculated using serum transaminases ratio (ALT/AST), BMI, and the existence of T2DM (180, 

181). Although these methods have been recommended for epidemiological studies on NAFLD, 

and they have acceptable diagnostic accuracy for detection of steatosis, the existing evidence 

points to their limitations in quantifying steatosis as defined by MRI or liver biopsy; besides; their 

accuracy can be affected by the presence of steatohepatitis and fibrosis (171, 182). Previous 

systematic reviews have shown that the biomarker-based prevalence reports underestimated the 

NAFLD prevalence compared to imaging, roughly by half. For instance, Younossi et al. reported 

that the pooled global prevalence by FLI was 9-13% for different continents, compared to overall 

25.2% by imaging (4). Similarly, Li et al. reported a prevalence of 15.8% among patients 

diagnosed with FLI or HSI versus 30.6% by ultrasound and 25% with CT scan or MRI in Asia 

(111). Therefore, since imaging has been a more reliable method than the biomarker-based panels, 

we only included the imaging-based studies in our analysis.  

Using disease-identifying codes like ICD codes is another method that is sometimes used 

to estimate NAFLD prevalence. However, these parameters tend to underestimate the prevalence 

rates mainly because NAFLD is a profoundly under-diagnosed condition and is under-registered 
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in health record databases. It is estimated that over 75% of patients with NAFLD remain 

undiagnosed (183, 184). A study of the health records from four major European countries, the 

UK, Italy, Spain, and the Netherlands, showed a pooled NAFLD prevalence of 1.9% in 2014 (185), 

which is hugely lower than the 30.5% prevalence that we estimated for Europe. Another example 

is the ICD-based 2.92% NAFLD prevalence extracted from the paper by Sanyal et al. (186) in 

Supplementary Fig 1D in Younossi et al. (4) compared to the estimated 28.3% prevalence 

estimated for the same period in the USA (187). 

 

2.7.4 NAFLD prevalence in different regions of the world 

Most of the reports in our study were from Asia (44 out of 49 papers), with an overall Asian 

NAFLD prevalence of 32.5%. Among the Asian countries with multiple reports, the highest 

NAFLD prevalence was from Iran with 37.4%, followed by Taiwan (34.4%), South Korea (34%), 

and China (32%), while Japan had a lower prevalence at 25.1%. Our results are comparable to the 

recent report by Li et al. (111), who estimated a NAFLD prevalence at 38.1%, 33.3%, 32.9%, 

29.8%, and 22.3% for Iran, Taiwan, South Korea, China, and Japan, respectively, with an overall 

ultrasound-based prevalence of 30.6% for the whole continent (111). The study by Younossi et al. 

also reported an overall NAFLD prevalence of 27.4% (4), indicating a steady rise in the prevalence 

of NAFLD in this region. The highest prevalence for NAFLD, as reported by Younossi et al., was 

from the Middle East with 32% (compared with a 25.2% global rate) (4). That estimation was 

based on three publications,  2 being population-based studies (188, 189) and another from Turkey, 

which studied a sample of non-obese gastroenterology and internal medicine outpatients, which 

neither represented the general population nor were appropriate for NAFLD prevalence study for 

their selected weight range (190). Excluding the Turkish publication, the estimated NAFLD 
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prevalence would have been ~20%. Nevertheless, our estimated prevalence of 36% from the 

papers from the region is in line with their claim, although we refrain from generalizing our finding 

to the whole region of the Middle East since we only have data from two countries, against some 

18 countries associated with the region. Apart from Iran, for which several recent reports have 

been published on NAFLD prevalence (111, 191), there has been no new data from the region. A 

relatively recent study estimated the all-age prevalence of NAFLD at 24.8% for Saudi Arabia and 

23.7% for the United Arab Emirates for 2015, using modeling based on changes in prevalence 

rates of adult obesity and T2DM (192). Similarly, we estimated the overall NAFLD prevalence for 

Europe at 30.5%, which is higher than the 23.7% reported by Younossi et al. (4), suggesting an 

increasing NAFLD prevalence trend in Europe. 

We were not successful in including any papers from North America. While conventionally 

estimated NAFLD prevalence data from Canada are not available, a recently published modeling 

study estimated NAFLD prevalence to be over 20%, based on BMI trends (193). For the USA, 

however, there are a substantial number of published prevalence studies. However, many of the 

NAFLD research publications in the USA have focused on the National Health and Nutrition 

Examination Survey (NHANES) cohort, a population-based program of studies designed to assess 

the health and nutritional status of adults and children in the United States. The NHANES study is 

based on a complex multistage, stratified, clustered probability-sample design that yields a 

representative sample of the US population (41). NHANES III was a cross-sectional study from 

1988-1994 containing ultrasound imaging information that allowed imaging-based NAFLD 

assessment (41). Of the 13 publications analyzed by Younossi et al., eight were from that database 

(4). All these publications showed a NAFLD prevalence of about 34% for mild to severe grades 

of steatosis (determined by ultrasound) and a prevalence in the low 20s for moderate to severe 
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liver steatosis (4, 194). The other four publications evaluated subpopulations and hence did not 

represent the general population (4). Since NHANES III was outside the temporal scope of our 

study, we did not include any of those publications. The ongoing phase of NHANES started in 

1999. Although it does not include imaging data anymore, NAFLD prevalence is calculated using 

biomarker-based panels, especially the US-FLI, a version of FLI that includes ethnicity and age 

coefficients to improve accuracy for the American population (195). Based on US-FLI, the 

prevalence of NAFLD is estimated at 28.3% for 1999-2004, 33.2% for 2009-2012, and 31.9% for 

2013-2019 (187). Such high estimates are not unexpected considering the 68% estimated 

prevalence of overweight and obese individuals reported for the USA in 2016 (196). 

South America was reported by Younossi et al. as having the second-highest prevalence of 

NAFLD in the world at 30%, slightly behind the Middle East (4). We could not verify that claim, 

as neither of the two South American publications met the criteria for inclusion in our analysis. 

The Columbian report by Perez et al. only studied males aged 29–54 years enlisted in the 

Colombian Air Force (197), and the Brazilian report by Karnikowski et al. only recruited subjects 

aged 55 years or older (198), which may explain why the estimated NAFLD prevalence was so 

high in that study. Therefore, the prevalence of NAFLD remains unknown in South America 

because of insufficient epidemiological data. However, considering the high prevalence of 

overweight and obesity in most countries in South America (e.g., Brazil (56.6%), 

Argentina(62.7%), Colombia (59.0%), Chile (63%), etc.) (196), and a growing rate of T2DM in 

that region (199), the NAFLD prevalence is likely high.  

Previous estimates had suggested Africa had the lowest NAFLD prevalence worldwide at 

13.5%, roughly half the global average (4). However, we were unable to confirm this finding since 

neither of the two papers used for that estimation met our inclusion criteria, and there were no 
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more recent publications available for analysis. The publication by Onyekwere et al. from Nigeria 

was a case-control study, and the population used to calculate NAFLD prevalence were non-

diabetic hospital workers and students who were age and sex-matched to the case group (200). 

That population did not represent the general population. The publication by Almobarak et al. from 

Sudan did not exclude viral hepatitis cases (201), even though hepatitis B is highly endemic in 

Africa (202). Hence, the low reported prevalence of NAFLD in Africa is probably a result of 

limited available information (203). The obesity data provided by WHO estimates the prevalence 

of overweight and obesity at 31.1% and rising for Africa, which is lower than the global estimate 

of 39% (196). Similarly, the prevalence of T2DM in Africa has risen steadily at the same rate as 

the global average (204), and a few limited available studies indicate that the prevalence of 

NAFLD among patients with T2DM in Africa is similar to those reported globally (203). 

Therefore, the prevalence of NAFLD in Africa is likely similar to, or maybe slightly less than, the 

global average. However, accurate estimates of NAFLD prevalence in Africa await future reliable 

studies.  

 

2.7.5 Definition limitations in NAFLD prevalence estimation: NAFLD vs. MAFLD 

Currently, a NAFLD diagnosis requires the exclusion of other causes of hepatic steatosis, 

including excessive alcohol use, viral and autoimmune hepatitis, etc. (1). This has resulted in an 

inherent limitation both in NAFLD diagnosis and in proper NAFLD prevalence estimation. The 

current method for prevalence estimation requires that subjects with excessive alcohol use and 

viral hepatitis be excluded from the study sample size before NAFLD prevalence ratios can be 

calculated, as there is no way to determine the exact cause of fatty liver (4). This exclusion is often 

done assuming that the distribution of NAFLD in these populations is similar to the general 
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population, and their exclusion would not affect the estimation, an assumption with little literature 

support. It is worth noting that hepatic steatosis due to multiple etiologies is possible and even 

frequent (205, 206). For example, individuals with NAFLD might have excessive alcohol intake 

and may contract hepatitis, and vice versa. For that reason, exclusion of cases with alternative 

causes of hepatic steatosis can negatively affect the accuracy of NAFLD prevalence estimates, 

even more so in places where such alternative causes are prevalent. For example, in the studies 

from Japan by Omagari et al. (207), Nishioji et al. (208), and Hamaguchi et al. (209), 55%, 31%, 

and 25% of the original study samples respectively were excluded due to daily alcohol 

consumption. Moreover, individual patient alcohol consumption reporting is usually subjective 

and prone to underestimation (210).  In countries where alcohol consumption is outlawed, there is 

always a possibility of under-reporting due to concerns for retribution or stigma (211, 212). Like 

excessive alcohol intake, the exclusion of subjects with hepatitis B in Hong Kong would result in 

the exclusion of nearly 8% of the general population from the NAFLD prevalence studies (213). 

To address such diagnostic limitations, a recent attempt was made to define specific positive 

diagnostic criteria for NAFLD and introduce the term metabolic dysfunction-associated fatty liver 

disease (MAFLD) to replace NAFLD (214, 215). The diagnostic criteria for MAFLD are based on 

evidence of fatty liver, in addition to one of the following three criteria, overweight/obesity, 

presence of T2DM, or evidence of at least two metabolic abnormalities if the person is lean (214). 

MAFLD is not a diagnosis of exclusion but is diagnosed based on the presence of metabolic 

dysfunction (214). It supports the existence of multiple etiologies for fatty liver and is not based 

on the exclusion of individuals based on subjective parameters like alcohol consumption, although 

it is not yet widely accepted by the hepatology community. 

 



56 
 

2.7.6 NAFLD incidence rate 

Our study highlights the high NAFLD incidence rate of 49.8/1000 person-years. The 

incidence rate is higher in males than females, at 78.2 and 31.4/1000 person-years, respectively. 

Unfortunately, although NAFLD publications were sought worldwide, the publications found to 

be suitable for analysis were all from Asia. Therefore, it is not surprising that our NAFLD estimates 

were close to Zhou et al. (112), at 50.0/1000 person-years based on studies from China and Li et 

al. at 50.9/1000 person-years for the whole of Asia (111). Published studies examining the 

worldwide incidence of NAFLD in the general adult population are few, and to the best of our 

knowledge, only three meta-analysis papers exist in the literature, all of which have similarly only 

included papers from Asia (4, 111, 112). Lack of published robust data from outside Asia is an 

important issue that undermines the generalizability of estimated NAFLD incidence rates to 

anywhere outside of Asia. To the best of our knowledge, our study is the first systematic review 

to examine sex differences in NAFLD incidence. 

To accurately report the NAFLD incidence rate, the study cohort needs to include healthy 

adults free of fatty liver and negative for alternative causes of hepatic steatosis at the beginning of 

the follow-up period. Since there is no exact definition of a healthy adult, this is interpreted 

differently in publications and ranges from the exclusion of cases with other medical conditions, 

including a history of any malignancy, cardiovascular diseases, and stroke, thyroid disease, or 

chronic renal disease (216) to studies only focusing on liver-related health with exclusion limited 

to autoimmune liver disease, drug-induced hepatitis, liver malignancies, infections and biliary tract 

infections (217). This variability could lead to considerable heterogeneity among the studies. 
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2.7.7 Strengths and limitations of this study 

Our study has several strengths. The epidemiological data provided through our meta-

analysis and systematic review are the most up-to-date on NAFLD prevalence and incidence 

globally. Due to the application of strict inclusion/exclusion criteria, the reports that we have 

included from the existing literature provide the most accurate available estimates that best 

represent the general adult population for specific regions. We selected publications that included 

a wide age range to improve the generalizability of our estimates to the overall adult population. 

Moreover,  sex-specific trends in NAFLD prevalence are reported for the first time.  

There are several limitations to this study. Our data was limited to 12 countries from two 

continents, Asia and Europe. This stemmed from a lack of available quality data from many parts 

of the world and the high reporting standards used by us to include reports. We chose quality over 

quantity and think this limitation is a trade-off for more accurate estimates of the global NAFLD 

situation. In addition, our analysis includes many publications with sub-national level geographical 

coverage, e.g., from small towns or districts, which may not be generalizable to the whole country. 

We hope our report highlights the need for more accurate data to be generated from everywhere 

in the world to improve geographical coverage. Moreover, our meta-analysis demonstrated a 

significant level of heterogeneity. We have investigated variables that might explain the 

heterogeneity, including the geographical location, study time, sex ratio, sample source, size of the 

study population, and diagnostic modality; however, we could not fully explain the heterogeneity. 

 

2.7.8 Conclusion and implications 

In conclusion, NAFLD is a major public health concern worldwide. Our findings highlight 

that the worldwide prevalence of NAFLD is appreciably higher than what had previously been 
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estimated and is growing at an alarming rate. Furthermore, epidemiological reports regarding 

NAFLD from many parts of the world, including Africa, South America, or Oceania, are scarce or 

non-existent. Bearing in mind the hepatic and extrahepatic health burden associate with NAFLD, 

together with the lack of any available effective treatment, a dramatic rise in prevalence should 

drive enhanced awareness of NAFLD at the level of primary care physicians, public health 

specialists, and health policymakers, to encourage the development of more effective preventive 

policies. Since basic epidemiological data are the crucial cornerstones for every public health and 

preventive medicine attempt, continuous updates of the trend will be of the utmost importance.  
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2.8 Appendices: 

 

2.8.1 Appendix A: MEDLINE and EMBASE search terms for citation selection. 

Search terms 

1. incidence/ or incidence*.mp. or prevalence/ or prevalence*.mp. 
2. nafld.mp. or non-alcoholic fatty liver disease.mp. 
3. fatty liver/ or fatty liver.mp. or hepatic steatosis.mp. or nonalcoholic fatty liver/ 
4. Non-alcoholic steatohepatitis.mp. or NASH.mp. 
5. 2 or 3 or 4 
6. 1 and 5 
7. limit 6 to animals 
8. limit 7 to humans  
9. 6 not 7 
10. 8 or 9 
11. limit 10 to conference abstracts 
12. 10 not 11  

Lines 7-10 were used to exclude animal studies.  
Lines 11-12 were only used in EMBASE to exclude conference abstracts. 
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2.8.2 Appendix B: Included studies for NAFLD prevalence analysis 

Study 
Contin

ent Country 
Study 
years 

Sample 
size 

Mean age ± 
SD (y) 

%male 
Sample source Imaging modality 

NAFLD 
prevalen

ce (%) 

Amirkalali 2014 (131) Asia Iran 2008 5023 45.35 ± 15.9 56.70 population-based Ultrasound 43.78 

Caballeria 2010 (218) Europe Spain 2007-2008 766 53 ± 14.3 42.17 population-based Ultrasound 25.8 

Caserta 2017 (219) Asia Italy 2009-2011 867 - - population-based Ultrasound 28.37 
Chalmers 2019 (220) Asia India 2013-2016 2089 47.2 ± 11.6 ⴕ 38.87 population-based Ultrasound 51.46 

Chen 2006 (221) Asia Taiwan 2003-2004 2520 - 45.32 population-based Ultrasound 14.76 
Cheng 2013 (222) Asia Taiwan 2004-2009 8350 45.4 ± 11.7 ⴕ 54.18 health checkup visitors Ultrasound 34.41 

Dai 2017 (223) Asia China 2014 40459 43.7 ± 14.1 45.32 health checkup visitors Ultrasound 30.03 
Eshraghian 2013 (188) Asia Iran 2011-2012 832 38.7 ± 18.4 ⴕ 38.70 population-based Ultrasound 15.26 

Fan 2018 (224) Asia China 2013-2014 28171 48.3 ± 15 51.08 health checkup visitors Ultrasound 34.30 
Gruchot 2014 (225) Europe Germany 2002 1195 40.8 ± 12.3 47.62 population-based Ultrasound 23.3 
Hamaguchi 2005 (209) Asia Japan 2001 4401 47.6 ± 8.8 58.44 health checkup visitors Ultrasound 18.45 

Hong 2012 (226) Asia China 2007 3835 46 45.92 population-based Ultrasound and CT 16.30 

Huan 2016 (227) Asia China 2013-2014 3455 - - population-based Ultrasound 32.82 

Huang 2020 (228) Asia Taiwan 2005-2016 2483 46.9 ± 13.4 30.37 health checkup visitors Ultrasound 44.54 

Hung 2018 (229) Asia Taiwan 2005-2011 32346 50.4 ± 12.3 52.11 health checkup visitors Ultrasound 41.39 

Jeong 2013(230) Asia South Korea 2009-2010 141610 41.6 ± 8.6 57.16 health checkup visitors Ultrasound 27.30 

Jiang 2018 (231) Asia China 2014-2015 9694 53.7 ± 14.1 ⴕ 41.18 population-based Ultrasound 27.55 

Kim 2009 (232) Asia South Korea 2000 2895 47 ± 8.7 51.88 health checkup visitors Ultrasound 32.12 
Kim 2011 (233) Asia South Korea 2006-2007 5083 47.1 ± 11.8 ⴕ 50.21 health checkup visitors Ultrasound 38.23 

Kim 2015 (234) Asia South Korea 2008-2010 15676 47.9 ± 11.5 ⴕ 53.03 health checkup visitors Ultrasound 41.18 

Kim 2018 (235) Asia South Korea 2011-2015 160862 36.1 ± 7.2 51.74 health checkup visitors Ultrasound 25.47 

Kure 2019 (236) Asia Japan 2007-2017 3197 56.8 ± 10.5 ⴕ 53.89 health checkup visitors Ultrasound 37.00 

Lai 2008 (237) Asia Taiwan 2001-2004 3488 49.4 ± 12.4 50.63 health checkup visitors Ultrasound 46.96 

Lee 2009 (238) Asia South Korea 2005-2006 13768 - 53.12 health checkup visitors Ultrasound 26.18 

Lee 2016 (239) Asia South Korea 2007-2009 7917 49 ± 12.8 ⴕ 44.84 health checkup visitors Ultrasound 45.98 

Lee 2017 (240) Asia South Korea 2013-2014 2749 54 58.24 health checkup visitors CAP 42.85 

Lee 2017 (241) Asia Taiwan 2006-2009 7568 52.6 ± 12.1 ⴕ 59.36 health checkup visitors Ultrasound 24.21 

Lee 2018 (242) Asia South Korea 2012-2014 751 49.5 ± 11.3 39.95 health checkup visitors Ultrasound 33.16 

Li 2013 (243) Asia China 2008 712 46.5 ± 12.7 ⴕ 39.04 population-based Ultrasound 22.33 

Li 2017 (244) Asia China 2016 19804 46.76 ± 14.1 ⴕ 76.08 health checkup visitors Ultrasound 36.98 

Lu 2016 (245) Asia China 2006 1948 41.3 ± 11.4 ⴕ 65.86 health checkup visitors Ultrasound 35.47 
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Nishioji 2015 (208) Asia Japan 2011-2012 3271 56.8 ⴕ 44.24 health checkup visitors Ultrasound 24.61 

Omagari 2002 (207) Asia Japan 2000 1559 - - health checkup visitors Ultrasound 20.46 

Ostovaneh 2015 (246) Asia Iran 2008-2011 7723 39.8 ±19.9 ⴕ 54.75 population-based Ultrasound 39.84 

Petta 2018 (129) Europe Italy 2015 890 53 ± 14 48.09 health checkup visitors CAP 48.09 

Qiao 2017 (247) Asia China 2009-2011 7583 45.1 ± 9.1 ⴕ 65.79 health checkup visitors Ultrasound 48.08 

Saha 2017 (248) Asia Bangladesh 2012 1019 38.2 ± 13.3ⴕ 31.01 patients’ companions Ultrasound 18.55 

Salmanroghani 2019 (249) Asia Iran 2017 590 44.8 ± 12.3 54.58 health checkup visitors Ultrasound 51.02 

Shin 2015 (250) Asia South Korea 2009-2011 16592 48.3 ± 10.6 ⴕ 40.87 health checkup visitors Ultrasound 28.1 

Uchil 2009 (251) Asia India 2006 1003 - 56.33 health checkup visitors Ultrasound 22.43 

Volzke 2005 (252) Europe Germany 1997-2001 3307 - - population-based Ultrasound 27.15 

Wang 2015 (253) Asia China 2014 13729 - - health checkup visitors Ultrasound 34.97 

Wei 2015 (254) Asia Hong Kong 2008-2010 911 48 ± 11 41.93 population-based MRS 28.76 

Wu 2018 (255) Asia China 2007 646 46 ± 11.9 ⴕ 41.95 population-based Ultrasound 20.74 

Zelber-Sagi 2006 (256) Europe Israel 2003-2004 326 50.5 ± 10.3 - population-based Ultrasound 30.06 

Zhai 2016 (257) Asia China 2014 5066 52.2 ± 14 31.64 population-based Ultrasound 43.29 

Zhai 2017 (130) Asia China 2014 2011 54 ± 13  26.11 population-based Ultrasound 40.97 

Zhang 2017 (258) Asia China 2013 815 46.31 ± 10.3 ⴕ 70.80 health checkup visitors Ultrasound 33.25 

Zhou 2019 (259) Asia China 2012-2014 3166 49.6 ± 11.9 ⴕ 39.10 population-based CT 22.62 

ⴕ Mean age was calculated by us from the provided data. 
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2.8.3 Appendix C: Included studies for NAFLD incidence analysis. 

Study 
Country/ 
Territory 

Study 
period 

Sample 
size 

Mean age ±  
SD (y) 

%Male Sample source Imaging 
follow 
up (y) 

NAFLD Incidence 
(/1000 person-

years) 

Chang 2018 (260) South Korea 
2002-
2016 

219641 - 43.19 
health checkup 

visitors 
US 5.31 42.27 

Hamaguchi 2005 (209) Japan 
2001-
2003 

3147 47.2 ± 8.8 ⴕ 53.83 
health checkup 

visitors 
US 1.134 86.31 

Kim 2014 (261) South Korea 
2001-
2007 

1475 51.1 ± 11.1 ⴕ   35.59 
health checkup 

visitors 
US 2.39 99.28 

Kim 2020 (216) South Korea 
2006-
2014 

718 42 ± 8.8 ⴕ 48.05 
health checkup 

visitors 
US 3.8 56.08 

Kitae 2019 (262) Japan 
1994-
2015 

14086 40 ± 9.6 ⴕ 48.44 
health checkup 

visitors 
US 5.6 33.85 

Okamoto 2018 (263) Japan 
2003-
2013 

3860 41.1 ± 10.1ⴕ 39.17 
health checkup 

visitors 
US 3.96 28.98 

Wang 2017 (264) China 
2006-
2013 

6948 44.5 ± 12.8 ⴕ 64.02 
health checkup 

visitors 
US 5.98 27.41 

Wang 2018 (265) China 
2014-
2017 

2717 40.6 ± 12 51.09 
health checkup 

visitors 
US 1.61 60.35 

Wong 2015 (266) Hong Kong 
2008-
2013 

563 48 ± 10 37.12 Population-based MRS 3.92 34.44 

Wu 2015 (267) China 
2010-
2013 

10915 40.9 ± 12.4 ⴕ 42.38 
health checkup 

visitors 
US 1.975 70.16 

Zelber-Sagi 2014 (189) Israel 
2003-
2010 

147 51.0 ± 9.8 47.62 Population-based US 6.8 28.01 

Zhao 2012 (217) China 
2007-
2011 

838 46.5 ± 14.2 49.40 
health checkup 

visitors 
US 3.21 58.36 

ⴕ Mean age was calculated by us from the provided data. 
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2.8.4 Appendix D1: Quality assessment of analyzed studies for prevalence estimation 

Publication 

Was the study’s target 
population a truly or 

somewhat representation 
of the general population 

Was the 
sample size 
adequate? 

Were valid methods 
used for the 

identification of the 
condition? 

Amirkalali 2014 (131) Yes Yes Yes 

Caballeria 2010 (218) Yes Yes Yes 

Caserta 2017 (219) Yes Yes Yes 

Chalmers 2019 (220) Yes Yes Yes 

Chen 2006 (221) Yes Yes Yes 

Cheng 2013 (222) Yes Yes Yes 

Dai 2017 (223) Yes Yes Yes 

Eshraghian 2013 (188) Yes Yes Yes 

Fan 2018 (224) Yes Yes Yes 

Gruchot 2014 (225) Yes Yes Yes 

Hamaguchi 2005 (209) Yes Yes Yes 

Hong 2012 (226) Yes Yes Yes 

Huan 2016 (227) Yes Yes Yes 

Huang 2020 (228) Yes Yes Yes 

Hung 2018 (229) Yes Yes Yes 

Jeong 2013(230) Yes Yes Yes 

Jiang 2018 (231) Yes Yes Yes 

Kim 2009 (232) Yes Yes Yes 

Kim 2011 (233) Yes Yes Yes 

Kim 2015 (234) Yes Yes Yes 

Kim 2018 (235) Yes Yes Yes 

Kure 2019 (236) Yes Yes Yes 

Lai 2008 (237) Yes Yes Yes 

Lee 2009 (238) Yes Yes Yes 

Lee 2016 (239) Yes Yes Yes 

Lee 2017 (240) Yes Yes Yes 

Lee 2017 (241) Yes Yes Yes 

Lee 2018 (242) Yes Yes Yes 

Li 2013 (243) Yes Yes Yes 

Li 2017 (244) Yes Yes Yes 

Lu 2016 (245) Yes Yes Yes 

Nishioji 2015 (208) Yes Yes Yes 

Omagari 2002 (207) Yes Yes Yes 

Ostovaneh 2015 (246) Yes Yes Yes 

Petta 2018 (129) Yes Yes Yes 

Qiao 2017 (247) Yes Yes Yes 
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Saha 2017 (248) Yes Yes Yes 

Salmanroghani 2019 (249) Yes Yes Yes 

Shin 2015 (250) Yes Yes Yes 

Uchil 2009 (251) Yes Yes Yes 

Volzke 2005 (252) Yes Yes Yes 

Wang 2015 (253) Yes Yes Yes 

Wei 2015 (254) Yes Yes Yes 

Wu 2018 (255) Yes Yes Yes 

Zelber-Sagi 2006 (256) Yes Yes Yes 

Zhai 2016 (257) Yes Yes Yes 

Zhai 2017 (130) Yes Yes Yes 

Zhang 2017 (258) Yes Yes Yes 

Zhou 2019 (259) Yes Yes Yes 
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Amirkalali 
2014 (131) 

Yes 

> 30 g/day 
in men 

and > 20 
g/day in 
women 

Yes Yes 
lab 
test 

18-90 

patients with chronic 
liver diseases, 

autoimmune hepatitis 
or Wilson disease, 

patients with cognitive 
diseases, and 

individuals who were 
incapable of 

communicating. 

Caballeria 
2010 (218) 

Yes 

> 30 g/d in 
men and > 
20 g/d in 
women 

Yes Yes 
lab 
test 

17-83 

known chronic liver 
disease, individuals 
with incapacitating 

diseases or cognitive 
deterioration, 

institutionalized 
patients, or those with 
no fixed address in any 

of the centers 
participating in the 

study. 
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Caserta 2017 
(219) 

Yes 

>140 
g/week 

for 
women 

and > 210 
g/week 
for men 
over a 2-

year 
period 

before the 
study 

Yes Yes 
lab 
test 

18-75 

Other causes of chronic 
liver disease and not 
assuming potentially 

steatogenic drugs 

Chalmers 
2019 (220) 

Hepatitis 
excluded, 
but how 

they 
diagnosed 

hepatitis not 
mentioned 

>21 units 
per week 

Yes Yes 
did 
not 
say 

≥25 

alternate causes of an 
echo-bright liver such 

as a history of viral 
hepatitis or other liver 

diseases) 

Chen 2006 
(221) 

yes 

women: 
>20 

g/week, 
men: >30 
g/week 

Yes Yes 
lab 
test 

≥18 

known etiologies of 
liver disease. Subjects 
were excluded from 

NAFLD diagnosis when 
they ingested drugs 

known to produce fatty 
liver diseases, such as 
steroids, estrogens, 

amiodarone, 
tamoxifen, or other 
chemotherapeutic 
agents within the 

previous 6 months. 

Cheng 2013 
(222) 

yes >20 g/d Yes Yes 
lab 
test 

≥20 

clinical, biochemical, 
and ultrasound findings 

consistent with liver 
cirrhosis and other 

chronic liver diseases, 
taking amiodarone or 
other drugs known to 

promote fatty liver 
disease. 

Dai 2017 
(223) 

yes 

≥140 g for 
men and 
≥70 g for 
women 

Yes Yes 
histor

y 
18-94 

schistosomiasis liver 
disease or other 

chronic liver diseases, a 
history of taking 

steatogenic 
medications, pregnant, 
a history of taking lipid-
lowering medications. 

Eshraghian 
2013 (188) 

yes >20g/day Yes Yes 
lab 
test 

>18 
history of liver 

cirrhosis, underlying 
liver diseases such as 
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autoimmune or viral-
induced hepatitis, 

hepatobiliary cancers, 
medications known to 

produce fatty liver 
disease during the last 
six months before the 
study, and individuals 
receiving antithyroid 

medications. 

Fan 2018 
(224) 

yes 

>140 
g/week 
for men 
and 70 
g/week 

for 
women 

Yes Yes 
histor

y 
adults 

auto-immune hepatitis 
or other forms of 

chronic liver disease, a 
history of respiratory, 
heart failure, or renal 

diseases 

Gruchot 
2014 (225) 

yes 

> 20 g/d in 
women 
and > 40 

g/d in 
men 

Yes Yes 
lab 
test 

18-65 

positive history of liver 
diseases, chronic renal 
disorders; questionable 

hepatitis, 
hemochromatosis, and 
hypothyroidism (basal 

TSH > 4 mIU/liter); 
pharmacological 

treatment with beta-
blockers or diuretics 

Hamaguchi 
2005 (209) 

yes >20 g/d Yes Yes 
lab 
test 

21-80 

known liver diseases, 
including viral, genetic, 
autoimmune, and drug-
induced. Current use of 

medication. 

Hong 2012 
(226) 

yes 
>40 g per 

week 
Yes Yes 

lab 
test 

≥18 

other liver diseases. 
People who had 

abnormal 
autoantibodies, 

ceruloplasmin, and iron 
tests. 

Huan 2016 
(227) 

Hepatitis 
excluded 
but based 

on self-
report 

> 5 years, 
≥40 g/d in 
males and 
≥20 g/d in 
females 

Yes Yes 
questi
onnai

re 
20-82 - 

Huang 2020 
(228) 

Yes 
>140 g 
/week 

Yes Yes 

medic
al 

recor
ds 

20-70 - 

Hung 2018 
(229) 

Yes 

>20 g/d in 
men and 

>10 g/d in 
women 

Yes Yes 

histor
y or 
lab 
test 

≥20 
a history of liver or 
pancreas surgery 
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Jeong 
2013(230) 

Yes 

>210 g/ 
week in 
men and 
>140 g/ 
week in 
women 

Yes Yes 
lab 
test 

18-80 

liver cirrhosis, liver 
transplantation, 

malignant tumor, or 
other hepatobiliary 
diseases including 

cholecystitis, 
Clonorchis Sinensis, or 

chronic pancreatitis 

Jiang 2018 
(231) 

Yes 

>40 g/day 
for men or 
>20 g/day 

for 
women 

Yes Yes 
lab 
test 

≥18 

history of cirrhosis or 
hepatic carcinoma, 

long-term medications 
related to NAFLD 
(corticosteroids, 

estrogen, amiodarone, 
and methotrexate) 

Kim 2009 
(232) 

Yes 
> 3 times 
a week 

Yes Yes 
lab 
test 

20 - 79 

Lack of on drinking 
habits, hepatic enzyme 
concentrations greater 

than 3 times the 
normal upper limit, 

those with overt hypo- 
or hyperthyroidism, 
and those with any 

cancer or sonographic 
evidence of other 

chronic liver diseases at 
baseline. 

Kim 2011 
(233) 

Yes 

≥30 g/d 
for men 
≥20 g/d 

for 
women 

Yes Yes 
lab 
test 

≥20 - 

Kim 2015 
(234) 

Yes 

>140 g/we
ek for 

males and 
>70 g/wee

k for 
females 

Yes Yes 
histor

y 
>20 

human 
immunodeficiency 
virus, presence of 
thyroid disease, 

including 
hyperthyroidism, 

hypothyroidism, or 
thyroid hormone 

replacement therapy, 
abnormal 

ultrasonographic liver 
findings (i.e., suspected 

hepatocellular 
carcinoma, hepatic 

mass, or signs of 
Clonorchis Sinensis) 

Kim 2018 
(235) 

Yes 

>140 
g/week 
for men 
and >70 

Yes Yes 
lab 
test 

≥18 a history of HCC 
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g/week 
for 

women 

Kure 2019 
(236) 

Yes 
>20g per 

day 
Yes Yes 

medic
al 

recor
ds 

22-74 - 

Lai 2008 
(237) 

Yes 
did not 

say 
Yes Yes 

lab 
test 

20-87 - 

Lee 2009 
(238) 

Yes ≥20 g/day Yes Yes 
lab 
test 

adults 
biliary disease, liver 

cirrhosis, or malignant 
disease 

Lee 2016 
(239) 

Yes > 20g/d Yes Yes 
lab 
test 

>20 

liver cirrhosis, or 
hepatocellular 

carcinoma, elevated 
liver enzyme [aspartate 
aminotransferase (AST) 

or alanine 
aminotransferase (ALT) 

≥200 IU/l], and 
elevated gamma-

glucronyl 
transpeptidase (GGT) 

(≥1,000 IU/l), 
participants who had 
been taking medicine 
due to liver disease. 

Lee 2017 
(240) 

Yes 

>30 g/day 
for men 
and >20 

g/day for 
women 

Yes Yes 
lab 
test 

22-91 

autoimmune hepatitis 
or other cause of 

chronic or acute liver 
disease, right-sided 

heart failure 

Lee 2017 
(241) 

Yes 

>40 g/day 
for males 

or >20 
g/day for 
females 

Yes Yes 

medic
al 

recor
ds 

adults - 

Lee 2018 
(242) 

Yes 

>140 g/we
ek for 

men and 
>70 g/wee

k for 
women 

Yes Yes 
lab 
test 

adults 

more than 3 times the 
normal serum levels of 

alanine 
aminotransferase 
(ALT), aspartate 

aminotransferase 
(AST), or γ–

glutamyltransferase 
(GGT), history of 

chronic liver diseases, 
such as cirrhosis and 

malignancy 

Li 2013 (243) 
Alcohol use 

was 
assessed but 

habitual 
drinking 

Yes Yes 
lab 
test 

20-79 
specific diseases that 
could result in fatty 

liver 
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based on 
self-report 

Li 2017 (244) Yes 

20 g/day 
for males 

and 10 
g/day for 
females 

Yes Yes 
histor

y 
adults 

autoimmune hepatitis, 
drug-induced liver 

disease, or any other 
chronic liver disease 

Lu 2016 (245) Yes 

men >140 
g/week, 
women 

>70 
g/week 

Yes Yes 
lab 
test 

>20 

a history of 
autoimmune hepatitis 
or other chronic liver 

diseases with clear 
causes; and absence of 

uncontrolled biliary 
diseases (e.g., bile 

ductal stone, stenosis, 
biliary dilatation). 

Nishioji 2015 
(208) 

Yes ≥20 g/d Yes Yes 
lab 
test 

18-92 

autoimmune liver 
diseases (e.g., 

autoimmune hepatitis, 
primary biliary 

cirrhosis); uncontrolled 
biliary diseases (e.g., 

bile ductal stone, 
stenosis, biliary 

dilatation). 

Omagari 
2002 (207) 

Yes 
>23 g/day, 
5–7 times 
per week 

Yes Yes 
lab 
test 

24-68 - 

Ostovaneh 
2015 (246) 

Yes > 20 g/d Yes Yes 
lab 
test 

≥18 

decompensated liver 
disease; active 

malignancy; and history 
of hemochromatosis, 

celiac disease, Wilson’s 
disease, or 

autoimmune hepatitis. 

Petta 2018 
(129) 

Yes 

in the last 
year of 

>20 g ⁄d in 
females 

and >30 g 
⁄d in 

males 

Yes Yes 
lab 
test 

18-90 
Cases with no data 

about alcohol drinking 

Qiao 2017 
(247) 

Yes >20 g/d Yes Yes 
lab 
test 

Adults 

absence of a history of 
liver or gallbladder 

surgery; autoimmune 
hepatitis, gallbladder 

polyps, or 
inflammatory bowel 

disease; and complete 
abdominal ultrasound 
(US) results, physical 
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examination data, and 
clinical indicators. 

Saha 2017 
(248) 

Yes 

>30g/d for 
men >20 
g/d for 
women 

Yes Yes 

Interv
iew 
and 

medic
al 

recor
ds 

18-80 

Pregnant women, 
malignancies, severe 

illnesses, known 
hypothyroidism, fatty 

liver-related 
medications. 

Salmanrogha
ni 2019 (249) 

Yes 

>20 g/day 
for men 
and 10 

g/day for 
women 

Yes Yes 
histor

y 
≥18 

known cases of Wilson 
disease, 

hemochromatosis, and 
Cushing syndrome; 

with a recent effort at 
losing weight (during 

the last 6 months); with 
prolonged use of 

estrogen or regular 
consumption of drug 
associated with fatty 
liver diseases, such as 

corticosteroid, 
methotrexate, 
tamoxifen, and 

amiodarone; and with 
thyroid disease, such as 
goiter or uncontrolled 

hypothyroidism or 
hyperthyroidism that 
may interfere with NC 

measurement. 

Shin 2015 
(250) 

Yes > 20 g/d Yes Yes 
lab 
test 

≥30 

a history of chronic 
liver disease, previous 

coronary artery 
disease, impaired renal 

function (estimated 
glomerular filtration 

rate [GFR] < 60 
mL/min/1.73 m2), and 
out of normal range of 

albumin corrected 
calcium levels (Cac) 

Uchil 2009 
(251) 

Yes 
>20 

grams/day 
Yes Yes 

lab 
test 

18-80 

drugs, toxins, infectious 
diseases, or any other 
identifiable exogenous 

causes. 

Volzke 2005 
(252) 

Yes 

moderate 
(20-30 g/d 
in women, 
20-60 g/d 
in men) or 

heavy 

Yes Yes 
lab 
test 

20-79 liver cirrhosis 
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(>30 g/d 
in women, 
>60 g/d in 

men) 

Wang 2015 
(253) 

Yes 

>140 g/we
ek for 

men and 
70 g/week 

for 
women 

Yes Yes 
histor

y 
adults 

autoimmune hepatitis, 
or other forms of 

chronic liver disease 

Wei 2015 
(254) 

Yes 

≥140 
g/week 

men and 
≥70 

g/week in 
women 

Yes Yes 
lab 
test 

≥18 

active malignancy, 
metallic implants, or 

other contraindications 
to MRI, secondary 

causes of fatty liver 
(e.g., consumption of 

amiodarone and 
tamoxifen), and liver 

decompensation 

Wu 2018 
(255) 

Yes 

≧140 
g/week in 
men and 
≧70 

g/week in 
women 

during the 
past 

month 

Yes Yes 
lab 
test 

20-75 

those with other liver 
diseases or on 

medications for liver 
disease 

Zelber-Sagi 
2006 (256) 

Yes 

>30 g/day 
in men or 
20 g/day 

in women 

Yes Yes 
lab 
test 

24–70 
Hepatotoxic-drugs, IBD, 

relevant surgery 

Zhai 2016 
(257) 

Hepatitis 
excluded 
but based 

on self-
report, 

same for 
alcohol 

consumptio
n 

history of 
excessive 
alcohol 

consumpti
on 

Yes Yes 

Self-
repor
ted or 
from 
histor

y 

≥18 

patients taking vitamin 
supplements and 
without vitamin D 

results were excluded 

Zhai 2017 
(130) 

Hepatitis 
excluded 
but based 

on self-
report 

male > 20 
g/d, 

female 
>10 g/d 

Yes Yes 
self-

repor
ted 

≥18 - 

Zhang 2017 
(258) 

Hepatitis 
excluded, 
but how 

they 
diagnosed 

male >140 
g/week , 
female 

>70 
g/week 

Yes Yes 
did 
not 
say 

21-90 

cirrhosis, polycystic 
liver disease, primary 

liver cancer, drug-
induced liver disease, 

total parenteral 
nutrition, liver peas?  
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hepatitis not 
mentioned 

nucleus degeneration, 
autoimmune liver 

disease, etc., can lead 
to specific fatty liver 

Disease. 

Zhou 2019 
(259) 

Yes 

men >210 
g/week, 
women 

>140 
g/week 

Yes Yes 
lab 
test 

26-76 

Subjects with missing 
CT scan data, including 

women pregnant or 
tested positive for 

pregnancy. 
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2.8.6 Appendix E1: Quality assessment of analyzed studies for incidence estimation 

Publication 

Representativeness: 
Was the study’s target 

population a true or 
close representation of 
the general population 

Age range 
of the 

sample: 

Demonstration 
that outcome of 
interest was not 
present at the 
start of study 

Was follow-up 
long enough 
for outcomes 

to occur 

Chang 2018 (260) Yes Adults Yes Yes 

Hamaguchi 2005 (209) Yes 21-80 Yes Yes 

Kim 2014 (261) Yes >18 Yes Yes 

Kim 2020 (216) Yes >18 Yes Yes 

Kitae 2019 (262) Yes Adults Yes Yes 

Okamoto 2018 (263) Yes 18-80 Yes Yes 

Wang 2017 (264) Yes Adults Yes Yes 

Wang 2018 (265) Yes Adults Yes Yes 

Wong 2015 (266) Yes ≥18 Yes Yes 

Wu 2015 (267) Yes 18-65 Yes Yes 

Zelber-Sagi 2014 (189) Yes 24–70 Yes Yes 

Zhao 2012 (217) Yes 19-85 Yes Yes 

 

2.8.7 Appendix E2: Quality assessment of analyzed studies for incidence estimation (continued) 
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Chang 
2018 (260) 

Adults 

≥30 g/day 
for men or 
≥20 g/day 

for 
women 

Yes 
lab 
test 

history of malignancy, known 
liver disease, cirrhosis; or use of 

medications associated with 
NAFLD within the past year 

- 

Hamaguchi 
2005 (209) 

21-80 > 20 g/d Yes 
lab 
test 

reported a history of known 
liver disease (290), including 

viral, genetic, autoimmune, and 
drug-induced liver disease 

New start of 
medications 

Kim 2014 
(261) 

>18 > 20 g/d Yes 
lab 
test 

known liver disease because of 
another etiology and subjects 

taking medications for diabetes, 
hypertension, and 

hyperlipidemia. 

- 
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Kim 2020 
(216) 

>18 

>30 g for 
men and 
>20 g for 
women 

Yes 
lab 
test 

history of any malignancy, 
severe cardiovascular diseases 
(unstable angina, myocardial 

infarction, and stroke), thyroid 
disease, and hormone therapy, 
subjects with established liver 

disease such as chronic hepatitis 
or cirrhosis, AST or ALT serum 
levels three times higher than 

normal upper limits and 
estimated glomerular filtration 

rate <60 mL/min/1.73 m2. 

New cirrhosis. 

Kitae 2019 
(262) 

Adults 

>30 g/day 
in men 

and >20 
g/day in 
women 

Yes 
lab 
test 

current use of medication,  
autoimmune, genetic, viral, and 

drug-induced liver disease 
- 

Okamoto 
2018 (263) 

18-80 

>210 
g/week 
for male 
or >140 
g/week 

for female 

Yes 
lab 
test 

currently being treated with 
antidiabetic, antihypertensive, 

or lipid-lowering agents 

any change in 
alcohol 

consumption or 
smoking status 

Wang 2017 
(264) 

Adults 

> 140 
g/week 
for men 
and >70 
g/week 

for 
women 

Yes history 

autoimmune hepatitis, or other 
forms of chronic liver disease, 
those with body mass index 
(BMI) less than 18.5 kg/m2 

 

Wang 2018 
(265) 

Adults 

≥ 30 g/day 
for men 
and ≥20 

g/day for 
women 

Yes 
lab 
test 

a serum aspartate 
aminotransferase (AST) to 

alanine aminotransferase (ALT) 
ratio > 2, an ALT level more than 
twice the upper limit of normal, 
liver cirrhosis, or malignancy at 

baseline; patients who were 
treated with lipid-lowering 
agents or who had previous 

clinical cardiovascular diseases 
or diabetes. 

- 

Wong 2015 
(266) 

≥18 

> 20 g/d 
(140 

g/week) 
for men 

and > 10 g 
/d (70 g/ 
week) for 
women 

Yes 
lab 
test 

active malignancy, metallic 
implants or other 

contraindications to magnetic 
resonance imaging, secondary 

causes of fatty liver (e.g., 
amiodarone and tamoxifen), 

and decompensated liver 
disease 

New-onset  
heavy drinking 
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Wu 2015 
(267) 

18-65 

>140 
g/week 

for men & 
>70 

g/week 
for 

women 

Yes 
Not 

menti
oned 

systolic/diastolic blood pressure 
<90/60mmHg or >130/85mmHg; 

those taking antihypertensive, 
lipid-lowering agents, or with a 
history of CVD (including a self-

reported or diagnosed history of 
myocardial infarction, stroke, 

arterial revascularization, heart 
failure, arrhythmia); any other 

known potential causes of 
chronic liver disease, such as 

viral or autoimmune hepatitis or 
those using hepatotoxic 

medications 

- 

Zelber-Sagi 
2014 (189) 

24–70 

≥ 30 g/d in 
men or ≥ 
20 g/d in 
women 

Yes 
lab 
test 

fatty liver suspected to be 
secondary to hepatotoxic drugs, 

inflammatory bowel disease 

 

Zhao 2012 
(217) 

19-85 

male> 40 
g/week, 
female> 

20 g/week 

Yes 
lab 
test 

autoimmune liver disease, drug-
induced hepatitis, liver 

malignancies, infections, and 
biliary tract infections 
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2.8.8 Appendix F: Comparison of the NAFLD prevalence estimates of population-based and 

health checkup varistor-based studies 

 

As reported earlier in the results, the NAFLD prevalence from population-based studies 

was 29.2 (95% CI: 24.5, 34.0), and from health-checkup visitor-based studies were 34.7 (95% CI: 

31.4, 38.0). Although the difference was not quite statistically significant, a strong trend was 

indicated (p=0.06). We further explored the possible explanations for this observed difference.  

Since NAFLD is less prevalent in younger people and females, we hypothesized that the 

health-checkup visitor study subjects were older and/or included a higher number of males than 

population-based samples. The average age of the participants was not statistically different 

between population-based studies and the health checkup visitor-based studies [47.4 years (95% 

CI: 44.7, 50.1) (15 studies) vs. 47.8 years (95% CI: 45.9, 49.8) (25 studies), respectively; 

independent t-test, t=-2.6, p>0.05], but the proportion of male participants were indeed 

significantly lower in population-based studies [42.0% (95% CI: 37.8%, 46.3%) (15 studies) vs 

53.3% (95% CI: 49.5%, 57.1%)(27 studies), respectively; independent t-test, t=-3.88, p>0.001]. 

We then questioned if estimated sex-specific prevalence was different based on the sample 

source. We stratified the pooled NAFLD prevalence estimates of population-based and health 

checkup varistor-based studies by sex (Table 4: Comparison of NAFLD prevalence estimates of 

population-based and health checkup varistor-based studies stratified by moderator variables.). 

While the reported prevalence among females were no different [25.1 (95% CI: 18.4, 31.8) vs. 

26.2 (95% CI: 21.4, 30.9), respectively], the reported prevalence among males was significantly 

lower in population-based studies [32.3 (95% CI: 25.5, 39.1) vs. 43.2 (95% CI: 39.6, 46.8)].  
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To summarize, population-based studies recruit fewer male participants than health 

checkup visitor-based studies. Although studies of both sample sources similarly estimate the 

female-specific NAFLD prevalence, the male-specific NAFLD prevalence is estimated 

significantly higher in health checkup visitor-based studies. The combination of both above 

findings can explain an overall higher estimate of NAFLD by health checkup visitor-based studies. 

 

 

Table 4: Comparison of NAFLD prevalence estimates of population-based and health checkup 

varistor-based studies stratified by moderator variables.  

* Statistically significant. 
 

  

Moderator 
variables 

NAFLD Incidence  
(cases/1000 person-years)(95%CI)(n) 

Difference 
(95%CI) Population-based  I2 (%) Health check-up 

visitor-based 
I2 (%) 

Overall 29.2 (24.5, 34.0)(19) 99.33 34.7 (31.4, 38.0)(29) 99.84 5.5 (-0.1, 11.0) 

      

Period      

     ≤2005  23.6 (17.1, 30.2)(4) 97.58 29.5 (16.6, 42.3)(4) 99.62 5.7 (-8.7, 20.2) 

     2006-2010 26.3 (18.6, 34.1)(6) 98.82 32.8 (27.5, 38.2)(9) 99.75 6.5 (-2.6, 15.6) 

     2011-2015 31.4 (24.6, 38.1)(8) 99.41 35.3 (30.7, 39.9)(12) 99.83 4.0 (-3.9, 11.8) 

     2016-2020 51.5 (49.3, 53.6)(1) - 42.2 (35.7, 48.7)(4) 98.39 - 

      

Sex      
     Male 32.3 (25.5, 39.1)(12) 98.75 43.2 (39.6, 46.8)(23) 99.55 10.9 (3.9, 17.9)* 

     Female 25.1 (18.4, 31.8)(12) 99.14 26.2 (21.4, 30.9)(23) 99.81 1.1 (-7.1, 9.3) 
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2.8.9 Appendix G: Funnel plot for NAFLD prevalence studies. 
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2.8.10 Appendix H: Funnel plot for NAFLD incidence studies. 

 

Egger’s test p-value= 0.021 
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Chapter 3: Knowledge translation implications of the systematic review of the 

worldwide prevalence of Non-alcoholic fatty liver disease (NAFLD) 

 

Our systematic review of the worldwide prevalence of NAFLD specified three important 

implications, an overall high and growing prevalence of NAFLD in the past two decades, a 

considerable heterogeneity among included studies that could not be fully explained, and a relative 

scarcity of high-quality reports on the prevalence of disease from around the world. Updated 

prevalence data on NAFLD is essential to enhance awareness of the disease burden in all 

stakeholders, including patients, primary care physicians, public health specialists, and health 

policymakers.  

Addressing heterogeneity is important because it might limit the generalizability of 

research findings to other settings and populations (268). In this chapter, we discuss the role of 

diversity of study participants as a likely source of heterogeneity. Furthur, we provide directives 

aimed toward curbing the prevalence of NAFLD.  

 

3.1 Introduction: 

Non-alcoholic fatty liver disease (NAFLD) is a significant public health concern in many 

countries, especially in the western world (101, 269). Although associated with metabolic 

syndrome, NAFLD is not widely recognized as a public health issue as much as the more common 

metabolic syndromes such as diabetes, obesity, and cardiovascular diseases (270). NAFLD is one 

of the leading causes of chronic liver disease, and an increased prevalence of NAFLD and 

consequently of NASH could result in a rise in the cases of cirrhosis and HCC, which add to the 

burden of disease and the overall cost of health care (101, 269, 271). 
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The most effective treatment strategies against NAFLD remain preventive measures 

through regular physical activity, low caloric intake, and weight loss (101). A key public health 

concern with NAFLD is that the disease remains undiagnosed in the majority of the patients (272). 

When the disease advances to NASH, for which there is no proven medical therapy, the prognosis 

worsens with an increased risk of developing end-stage liver disease and HCC (271, 273). 

Furthermore, the co-existence of metabolic comorbidities like T2DM, increases the risk of 

NAFLD progression to NASH (274). Therefore, early screening and diagnosis of NAFLD, besides 

modifying its metabolic risk factors, are essential to reversing the progression of the disease (275). 

Our systematic review of the currently available data on the worldwide NAFLD prevalence 

and incidence shows that the overall prevalence in the past two decades has been 32.3%, with a 

constantly rising trend. NAFLD prevalence was significantly higher in men than in women (39.1% 

vs. 25.5%). The overall NAFLD incidence rate was 49.8 per 1000 person-years. Similar to 

prevalence trends, men showed a higher incidence rate than women (78.2 vs. 31.4 per 1000 person-

years).  

The epidemiology and demographic characteristics of NAFLD vary from place to place. 

Furthermore, a lack of epidemiological studies from many countries has resulted in an unknown 

prevalence status there. The worldwide pooled prevalence of our research came from 49 

publications from only 12 countries, which might limit the generalizability of our estimates to 

elsewhere. While epidemiological reports on NAFLD prevalence from many parts of the world, 

including Africa, North and South America, or Oceania, are sparse, given the trends in the 

prevalence of diabetes and obesity, the prevalence of NAFLD and its consequences are expected 

to show an increasing trend worldwide (276). However, such an assumption requires targeted 

research to verify. 
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Another observation from our study was that the meta-analysis of the data demonstrated a 

considerable heterogeneity indicating variation in the study outcomes between the included studies 

in both prevalence and incidence studies. Exploring the heterogeneity is vital because it might limit 

the generalizability of research findings (268, 277-279). In this chapter, we discuss the possible 

sources of heterogeneity with a particular focus on the role of diversity of study participants. 

 

3.2 Generalizability limitations of the worldwide prevalence/incidence estimates 

Epidemiologic studies provide a foundation for controlling the direction of the actions to 

monitor and prevent diseases. As a fundamental component of public health, epidemiologic 

research generates information that can be used in policy development to promote, prevent, and 

control health problems (280). Knowledge translation, as defined by the Canadian Institutes of 

Health Research as "a dynamic and iterative process that includes the synthesis, dissemination, 

exchange, and ethically sound application of knowledge to improve health, provide more effective 

health services and products, and strengthen the health care system" (281), relies on the 

information provided by both descriptive and analytical epidemiological studies. 

Systematic reviews provide the best evidence for healthcare management and policy-

making (282, 283). In systematic reviews, meta-analysis techniques are often used to combine data 

and calculate pooled point estimates, accompanied by a measure of precision (95% confidence 

interval). Such estimates are often incorporated by clinical practice guidelines (282). However, a 

limitation of many systematic reviews is that such estimates are not necessarily always valuable 

for decision-makers due mainly to concerns for generalizability (284, 285). Also referred to as 

applicability or external validity, generalizability describes whether and to what extent the results 

from a study can be generalized to different patient populations, outcomes, settings, as well as to 
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individual patients with varying risks and prognostic factors (286). Identifying variables that affect 

the estimated prevalence or incidence of a disease (i.e., effect-measure modifiers) is important to 

all stakeholders, including patients, health care providers, and policymakers, because it helps them 

recognize who is possibly more or less at risk of the disease, which in turn will define the focus of 

the preventive measures and help appropriately tailor individualized treatments (277). Examples 

of such effect-measure modifiers might include demographic variables like age, sex, income, 

comorbidities, or other disease risk factors. The risk of NAFLD might not be equal among every 

individual from the general population. For example, the young, the old, the females, or the people 

with diabetes have specific susceptibility to the disease (277). The precision and generalizability 

of the estimates from systematic reviews depend on heterogeneity, defined as the variation in the 

study outcomes between the included studies (287). There are several possible sources of 

heterogeneity among included studies in the meta-analyses. Clinical heterogeneity is the variability 

in the participants, the types or timing of outcome measurements, and intervention characteristics; 

Methodological heterogeneity is the variability in study design and how the studies were 

conducted, or the study's risk of bias; and Statistical heterogeneity refers to the variability in 

summary treatment effects between trials which can be tested and measured using statistical tests 

(287). Methodological and clinical sources of heterogeneity contribute to the magnitude and 

presence of statistical heterogeneity (288, 289).  

Our systematic review of the worldwide prevalence of NAFLD aimed mainly at the 

available reports on the prevalence and incidence of NAFLD that were the overall representatives 

of the disease status in the general adult population from different countries at different timepoints. 

We applied carefully designed inclusion/exclusion criteria and selected a group of papers with 

similar research protocols to minimize heterogeneity. The included studies' methodological quality 
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was determined using robust appraisal tools, the Joanna Briggs Institute Prevalence Critical 

Appraisal Tool (118) for prevalence studies and an adapted version of the Newcastle-Ottawa 

Assessment Scale using criteria relevant to studies of incidence (120). Yet, we observed a 

significant amount of heterogeneity, evident by detecting a significant statistical heterogeneity 

using I2 statistics calculations. We investigated the heterogeneity using subgroups analysis 

followed by meta-regression to examine the influence of the possible effect modifiers and 

explained some of the heterogeneity associated with sex (26%) and study year (16%). However, a 

considerable portion of heterogeneity remained unexplained. We think that for some of the 

explanatory variables, including study setting (rural vs urban) and diagnostic imaging modality, 

our analysis might have lacked enough statistical power due to some groups' low number of 

studies. Nevertheless, despite clearly defined eligibility criteria, included studies often differ for 

population characteristics, settings, methodological rigour, outcome measurement, or specific 

elements in the study design (277). 

 

3.3 Clinical heterogeneity (diversity of study participants) in NAFLD 

prevalence/incidence studies 

Clinical heterogeneity arises from differences in participant characteristics (e.g., sex, age, 

baseline disease severity, ethnicity, comorbidities), types or timing of outcome measurements, and 

intervention characteristics (e.g., dose and frequency of dose) (288). This heterogeneity can cause 

significant statistical heterogeneity, biased point estimates and associated conclusions, and 

consequently mislead the stakeholders (288). Diversity in participant characteristics can imply 

diversity in disease susceptibility, NAFLD risk profiles, and possibly treatment responsiveness. 

Ignoring such diversity can challenge the proper identification of high-risk individuals and 
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personalized preventive/therapeutic strategies, thus hindering attempts to inhibit this ever-

increasing health hazard (277, 288). In this section, we discuss the heterogeneity associated with 

the diversity of the study participants. 

The general population in any specific geographical location is a heterogeneous group of 

people. It thus is expected to show heterogeneity in terms of NAFLD risk profiles when studied 

for NAFLD prevalence. Risk factors associated with NAFLD disease include but are not limited 

to age, sex, comorbidities including metabolic syndrome (or any one of its components, including 

obesity/overweight, T2DM, hypertension, and dyslipidemias), genetic factors, ethnicity, and 

environmental factors affecting dietary habits and physical activity (290).  

 

3.3.1 Sex and age 

The overall prevalence of NAFLD in adult men is significantly higher than in women 

(39.1% vs. 25.5% from our study). The incidence rate of NAFLD among men is almost double 

that in women (78.2 vs. 31.4 per 1000 person-years). In our study, a meta-regression analysis 

followed by calculation of R2 statistics showed that sex explained a considerable 26% of the 

heterogeneity observed with meta-analysis. The effect of sex on NAFLD prevalence, however, is 

age-dependent (271). When considering the age, the higher prevalence in men is only seen when 

the age is less than 50. However, the prevalence is like males in postmenopausal women (291). 

This observation has been attributed to the protective effects of sex hormones in premenopausal 

females (138). The sex differences in the prevalence of NAFLD have been discussed in detail in 

chapter 2. A subgroup analysis following stratification based on age group as performed by 

Younossi et al. (2016) and Zhou et al. (2019) will help explore the effect of age (4, 112). However, 

not all included publications provide enough information to enable such analysis.  
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3.3.2 Metabolic comorbidities 

The most well-known comorbidities associated with NAFLD are metabolic syndrome and 

its components (292, 293). Like NAFLD, the prevalence of T2DM is increasing globally and 

correlates with the increased prevalence of NAFLD (294). It is reported that the prevalence of 

NAFLD in patients with T2DM ranged between 50 to 75% and is also dependent on the patients' 

ethnicities (295). Lee (2010) showed that MetS at baseline increased the risk of developing 

NAFLD by almost six times (296), and even one or two components of MetS at baseline made the 

risk 2.4-fold (296). T2DM is a significant risk factor for the development of NAFLD; it accelerates 

the progression of NAFLD to advanced liver disease, and increases mortality risk (274). The 

prevalence of NAFLD/ NASH among T2DM is over 60% (297). Hypertension is another risk 

factor for NAFLD and has a bidirectional association with NAFLD (298). The severity and 

progression of NAFLD have been associated with hypertension, but also NAFLD is a possible risk 

factor for the development of hypertension (298-300). Similar associations exist between 

dyslipidemias, including hypercholesterolemia and hypertriglyceridemia with NAFLD (221, 299, 

300). 

The strong association of NAFLD with obesity is well known. Obesity is believed to be 

the most significant modifiable risk factor for NAFLD (101). While NAFLD prevalence is around 

30% of the general population, it climbs to 50-90% in obese subjects (301). Both obesity and 

NAFLD are associated with over-nutrition, a Western-type diet and a sedentary lifestyle, and 

NAFLD prevalence correlates with the obesity prevalence to a large degree (101, 302). Besides, 

the prevalence of NAFLD also correlates with the degree of obesity as well, NAFLD has a 
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prevalence of 65% and 85% in patients with grade I-II obesity (BMI = 30-39.9 kg/m2), and grade 

III obesity (BMI = 40-59 kg/m2), respectively (302).  

Since the comorbidity profile is not a component of NAFLD definition and based on the 

high prevalence of metabolic syndrome and its components, it can result in considerable diversity 

in susceptibility to NAFLD. Planning and considering such a source of diversity will help collect 

pertinent diagnostic data from study subjects and provide the opportunity to explore the effect 

measure modification capabilities of each comorbidity properly. For example, a recent comparison 

of NAFLD prevalence among overweight and obese patients with nonobese subjects in Asia shows 

that the prevalence is significantly higher among overweight/obese patients (26.3% vs 

11.8%)(111). Some authors limit the study subjects to individuals with one or more comorbidities 

(for example (303)), which provides valuable information related to that subgroup and might help 

explain some of the heterogeneity. Still, such restriction could result in limited generalizability of 

the research results (287). 

 

3.3.3 Diet and physical activity 

The association of diet and physical activity with NAFLD has already been exclusively 

discussed in chapter 1 (also (101)). Several dietary elements and dietary habits have been 

associated with NAFLD. A western-type diet containing high amounts of saturated fats, fructose, 

cholesterol-rich sources, and sugar-packed soft drinks predisposes individuals to NAFLD directly 

or through contribution to weight gain (101). Conversely, modified diets like a Mediterranean diet 

rich in fruits, vegetables, whole grains, nuts, legumes, and fish but low in red and processed meat, 

high sugar foods, and refined carbohydrates improves NAFLD (101). Similarly, sedentary 

behaviour has been increasingly accepted as an independent risk factor for NAFLD (304), and 
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physical activity like aerobic exercise can protect against NAFLD by decreasing body fat (305). 

The systematic reviews of the association of diet and exercise with NAFLD prevalence are limited. 

Zhou et al. (2019) showed that in China, a lifestyle that included exercise was associated with a 

significant decrease in the odd of NAFLD (OR=0.78 (95%CI: 0.68-0.89)) based on the results of 

10 publications (112). 

 

3.3.4 Genetic susceptibility 

The etiology of NAFLD is complex, with multiple factors contributing to NAFLD 

development and its progression (306). Besides metabolic and environmental factors, many 

genetic changes have been identified by the extensive research of the last decade that may be 

associated with the development of NAFLD and NASH (306, 307). There is ample 

epidemiological evidence on the role of genetic susceptibility in NAFLD, mainly coming from 

studies that show clustering of cases of NAFLD among families and the observation of differences 

in the prevalence and severity of NAFLD among ethnicities (308). Variations in genetic 

susceptibility may explain a significant portion of heterogeneity observed in the NAFLD 

prevalence/incidence estimates from different geographical regions. They can also explain 

variability in disease severity among individuals. The four genes most reported to be associated 

with NAFLD include PNPLA3, TM6SF2, MBOAT7, and GCKR (309). 

Patatin-like phospholipase domain-containing protein 3 (PNPLA3) is a lipid droplet-

associated protein that hydrolases triglycerides and retinyl esters (310) in adipocytes and 

hepatocytes, where it helps regulate both lipogenesis and lipolysis (7, 311). The expression of the 

PNPLA3 gene decreases during fasting and increases after eating, suggesting a role for PNPLA3 

protein in processing and storing fats in the diet (312). A variant of the PNPLA3 gene is rs738409 
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which is a single nucleotide substitution of cytosine (C allele) to guanine (G allele), resulting in 

the replacement of isoleucine with methionine at position 148 (I148M) of the protein (313). This 

nonsynonymous change in encoding results in a loss of function in the PNPLA3 protein, leading 

to increased accumulation of triglycerides in lipid droplets within hepatocytes (314). It has been 

shown that the G allele (either heterozygous or homozygous) is not only associated with NAFLD 

development but also with a more advanced liver fibrosis and NASH (311, 315). This gene variant 

is believed to be the most important genetic determinant of the full spectrum of NAFLD, from 

development to progression to NASH and HCC (40).  

Transmembrane 6 superfamily 2 (TM6SF2) is a gene that codes a lipid transporter with 

transmembrane domains in the endoplasmic reticulum and ER-Golgi intermediate compartment in 

the hepatocytes (308). TM6SF2 activity is required for normal VLDL secretion, and its impaired 

function contributes to NAFLD (308). The rs58542926 variant is a Glu167Lys missense mutation 

that alters serum lipid profiles in humans. As TM6SF2 controls hepatic lipid efflux, decreased 

effect by deletions or mutations diminishes lipoprotein secretion, causing triglyceride 

accumulation within the hepatocyte (316). After the PNPLA3 I148M variant, the TM6SF2 E167K 

(rs58542926) genetic variant has the most significant effect on NAFLD susceptibility (317). 

Patients with the TM6SF2 E167K variant have severe fatty liver disease, a decreased 

apolipoprotein B100 levels, and lower circulating lipids (308). 

Membrane-Bound O-acyltransferase Domain Containing 7 (MBOAT7) gene encodes an 

enzyme involved in hepatic phospholipid remodelling by transferring polyunsaturated fatty acids 

to lysophospholipids (318). Genetic studies indicate that low levels of MBOAT7 in a human's liver 

cells increase the severity of NAFLD and an inactivating mutation increases the risk of fat 

accumulating in the liver (318). A polymorphism (rs641738) in the locus carrying the membrane-
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bound MBOAT7 gene has been associated with the risk and severity of NAFLD through 

suppression of MBOAT7 at the messenger RNA and protein levels, and altered 

phosphatidylinositol profiles (319). It is both associated with NAFLD development and with 

progress and severity of fibrosis and HCC in patients without cirrhosis (320).  

The glucokinase regulator (GCKR) gene codes a regulatory protein in the hepatocytes, 

which negatively regulates glucokinase in response to fructose-1-phosphate, modulating glucose 

uptake in the liver (320). The GCKR rs1260326 variant is a loss-of-function mutation that 

increases hepatic glucose uptake and malonyl-CoA concentration, providing more substrates for 

de novo lipogenesis. The variant has been linked to NAFLD development and fatty liver in obese 

youths (320). 

Besides what was explained above, more genetic variants have now been recognized to 

affect the susceptibility to NAFLD. Such differences in the genetic components not only can 

explain heterogeneity associated with the diversity of susceptibility to NAFLD, but they can act 

as reliable susceptibility markers to help identify at-risk individuals at earlier ages for better 

management of the disease by timely patient education early interventions, and lifestyle changes. 

 

3.3.5 Race/ethnicity  

NAFLD has a complex etiology and is caused by a combination of environmental and 

genetic factors. Research has shown differences in susceptibility to NAFLD among races and 

ethnicities. Many have attributed the ethnic differences to genetic factors or other variables like 

lifestyle, dietary habits, comorbidity profiles, access to health care, socioeconomic status, or a 

combination of multiple factors (321, 322).  
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The comparative epidemiologic research on NAFLD prevalence among different 

ethnicities is relatively scarce and limited to only a couple of countries, especially the USA. In the 

USA, a systematic review has shown that in the population-based cohorts, 23% of Hispanics have 

NAFLD, compared to 14% of Caucasians and 13% of African Americans (323). Available data 

suggest that NAFLD may be less prevalent in African Americans than White and Latino 

populations, despite a similar prevalence of metabolic syndrome (324). In China, a recent 

systematic review has shown that NAFLD is significantly more prevalent among Uygur ethnics 

compared to Han people (46.6% vs 29.3%) (112). 

Genetic factors have been suggested as one of the underlying causes for ethnic differences 

in susceptibility to NAFLD. Differences have been recognized among different ethnicities in the 

expression of NAFLD-associated genes. PNPLA3 rs738409 variant has been implicated in various 

ethnicities, including Hispanics, African Americans, East Asians, and South Asians (305). This 

variant has primarily been associated with a  lean NAFLD phenotype from Asia (305). In those 

with GG alleles, compared to those with wild-type genotype, the risk of having NAFLD was 

similar in Asians and Caucasians (3-fold) and Hispanics (4-fold) but was much higher in Black 

patients (9-fold) (325). A considerable bulk of literature supports genetic, metabolic, and dietary 

differences among African, Hispanic, and Asian ethnicities (reviewed in (326)) though most 

studies were done in the USA. In Hispanics with American ancestry (Mexican-, Central-, and 

South American), the PNPLA3 rs738409 G allele frequency is higher than those from European 

or Afro-Caribbean backgrounds (327). The rs738409 variant was found to be more common in 

Hispanics (49%) compared to African Americans (17%) and Europeans (23%), corresponding to 

a high prevalence of NAFLD in Hispanics and low prevalence in African Americans (310). On the 

other hand, the TM6SF2-T allele mutation E167K had similar low frequencies between Hispanics 



92 
 

(327) and those from European ancestry, and was strongly associated with ALT levels (328). In 

individuals of European descent, a T mutation in the MBOAT7 gene (rs641738) has been 

associated with severity of NAFLD in those with TT homozygosity (329). 

Research done outside the USA shows that polymorphisms in PNPLA3 are frequent in 

Asian Indians with NAFLD, likely contributing to their increased prevalence of NAFLD (330). A 

study by Bale et al. (2017) (331) from India, comparing two distinct Indian ethnicities, showed 

that in South Indian ethnics, higher susceptibility to NAFLD was associated with TM6SF2 

rs58542926 variant (OR=2.7), while for North-East Indian ethnicities, an rs2281135 variant of 

PNPLA3 gene was associated with higher susceptibility to NAFLD (OR=2). 

Dietary differences are another factor that has been linked to ethnic disparities in 

association with NAFLD (305, 332). Differences in exercise and dietary behaviours exist in 

various ethnic groups (305, 333). However, the association of NAFLD risk in ethnicity with their 

dietary habits is not yet well supported. It is known that some aspects of diet and weight control 

would predispose specific populations to NAFLD (101). For example, the Mediterranean diet 

inspired by the eating habits of the people in the Mediterranean region has been associated with a 

lower prevalence of NAFLD or even have been recommended as a preventive solution for NAFLD 

(101); however, several Mediterranean countries have some of the highest NAFLD prevalence 

estimates in the world, including Turkey with estimates between 48.3-60.1% (334), Greece with 

41% (335), and Italy with 38.2% (our systematic review). Similarly, the traditional Chinese diet, 

while being high in carbohydrates, is vegetable-rich and believed to be low-risk for NAFLD (336), 

yet in China, NAFLD is a seriously surging health burden (112). Some authors associate such 

discrepancies with increased popularity and the dissemination of Western-type dietary behaviours 

worldwide (305). Assuming rural communities being less affected by the western type dietary 
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changes than urban communities, one could hypothesize that the prevalence of NAFLD is lower 

in rural than urban areas. Neither our study nor the study by Li et al. (2019) (111) showed a 

significant difference; however, the number of rural prevalence reports was disproportionately low 

in both studies (n=3 in either study). 

Interesting recent research by Noureddin et al. (2020) on a diverse ethnic population in the 

USA showed that diets high in consumption of cholesterol-rich foods like red and processed meats 

and low in fibre were associated with NAFLD independent of race and ethnic groups (337). This 

might indicate that the more substantial effect of lifestyle changes and environmental factors 

resulting in unhealthy dietary habits and lack of physical activity might conceal the more subtle 

racial/ethnic differences in NAFLD susceptibility. As already implicated in the obesity epidemic, 

several environmental factors promote the rise of metabolic diseases like obesity and NAFLD 

through encouraging energy consumption and discouraging energy expenditure (338, 339). The 

prevalence of western type diets that are mainly composed of large portions of readily available, 

good-tasting, inexpensive, energy-dense foods, besides reduction in energy expenditure in the 

form of jobs with decreased physical labour, easy commute, decreased physical activity at school 

and in daily living, and an increase in time spent on sedentary activities such as watching 

television, and web surfing (338, 339). This necessitates research on lifestyle modifications and 

the environmental policies for their effects on the health status of specific racial, ethnic and 

socioeconomic groups toward NAFLD treatment.  

A common challenge with medical literature on race and ethnicity is that individuals' race, 

ethnicity, and geographical origin have often been used synonymously to differentiate between 

populations. While studies tend to group participants as Latino, Black, Asian, White, or 

Indigenous, it is essential to acknowledge that these racial classifications are subjective or not 
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clearly defined (340). As noted by Bonacini et al. (2021), "ethnicity and race are fluid constructs 

that have no clear-cut definition" (325). While race might imply biological differences among 

groups, ethnicity distinguishes people more culturally and socially (325, 340); however, the 

historical biological-based racial groupings are now considered obsolete (341). Nevertheless, 

racial diversity among ethnicities, or ethnicities living in diverse geographical areas, will result in 

uncertainties of applicability of race- or ethnicity-focused research results (341, 342). 

Environmental and genetic factors differ considerably within these pooled ethnic groups, 

impacting study results and limiting inferences drawn based on ethnicity or race. The 

generalizability of described ethnic differences in disease prevalence, progression of the disease, 

and response to treatment is therefore limited by the many intrinsic geographic and socioeconomic 

disparities within ethnic groups. A study by Fleischman et al. (2014) showed that in the USA, the 

prevalence of NAFLD in Hispanics of Dominican origin (16%), and Hispanics of Puerto Rican 

origin (18%), was significantly lower than the Hispanics of Mexican origin (33%) (342). This 

observation raises the question whether the inferences regarding the high prevalence of NAFLD 

among Hispanics in the USA have been made with considerations of diversity within the pooled 

ethnicity (342). 

 

3.4 Addressing heterogeneity 

The meta-analysis in our systematic review showed significant statistical heterogeneity 

among studies that could not be fully explained by sub-group or meta-regression analyses. 

Recognizing the source of heterogeneity is crucial because it influences generalization (284, 285). 

However, our finding is not unique since similar systematic reviews on NAFLD prevalence 

reported considerable statistical heterogeneity (111, 112, 128). In general, heterogeneity is 
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commonly encountered by systematic reviews of the incidence or prevalence of any disease in 

diverse environments since they collect and analyze highly heterogeneous studies (279). Attempts 

to explore the statistical heterogeneity include applying pre-planned subgroup analysis, post hoc 

sensitivity analysis, and meta-regression assessment of the impact of study-level covariates (277). 

Several researchers have tried "restriction" of the study subjects to narrower subgroups, study 

settings, or a specific outcome measurement method, which would help address clinical 

heterogeneity; however, it also limits the generalizability of the study findings only to populations 

with similar conditions to the studied subgroup (287). For example, Liu et al. (2021) have limited 

their analysis of worldwide NAFLD prevalence to overweight and obese adults (343), while Lu et 

al. (2020) limited their systematic review to lean subjects (344). Nonetheless, even in these studies 

or after extensive exploration of the heterogeneity, the significant heterogeneity remains (111, 112, 

128, 343, 344), possibly due to the numerous known or unknown effect measure modifiers working 

simultaneously. The two common recommendations in the literature in regard to addressing 

clinical heterogeneity in systematic reviews, include identifying factors that may cause clinical or 

methodological heterogeneity during protocol development stage, and performing subgroup 

analyses (287). To be able to draw causal inferences, subgroup analyses have to be defined 

deductively at the protocol writing stage (287).  

A limitation of the available data to address heterogeneity and generalizability of NAFLD 

prevalence estimates is that the available data on the prevalence of NAFLD is still considerably 

scarce, and the reports of prevalence are from only very few countries. This could restrict the 

generalizability of the findings in two ways. First, available data from some countries are not 

generalizable to other countries due to correctly presumed environmental, ethnic, and risk profile 

differences between different individuals, and second, lack of enough high-quality research could 
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limit the power of biostatistical methods to recognize the effect-measure modifiers that might 

explain some of the heterogeneity in the pooled data. The sparsity of quality reports on NAFLD 

could result in the desperate inclusion of lower quality papers to systematic reviews resulting in 

biased inferences.  

 

3.5 Conclusion 

NAFLD is the most prevalent cause of liver disease worldwide, currently affecting 1 in 3 

people. Its high prevalence should boost NAFLD awareness in all stakeholders, from patients to 

primary care physicians, specialists, and policymakers. Lifestyle change, promoted by population-

level measures, is successful in preventing obesity and achieving weight loss, which has proven 

efficacy in treating NAFLD. Obesity prevention strategies require the engagement of all 

stakeholders, from patients to health care providers and health policymakers. Though, there is a 

constant need to develop more effective preventive measures to treat NAFLD and decrease the 

burden of the disease. Since the susceptibility to the development of NAFLD and response to 

treatment might not be equal among every individual, such measures require updated 

epidemiological data that could be generalized to the target population.  

The overall worldwide estimates of NAFLD prevalence/incidence offer a general appraisal 

of the current burden of the disease. Yet, such statistics cannot equally apply to every individual 

from the general population (284, 285). Although weight loss through appropriate dietary 

measures and increased physical activity remains the only effective preventive measure for 

NAFLD for everybody, recognizing diversity in NAFLD risk profiles, treatment responsiveness, 

and their associated factors might help tailor individual treatment protocols with higher success 

rates or more realistic expectations. While several of the risk factors associated with NAFLD like 
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age, sex, obesity, lifestyle, and metabolic comorbidities have been recognized, many still await 

well-constructed future research to be discovered.  

Currently, there is a stern need for epidemiologic publications on basic NAFLD 

prevalence/incidence data worldwide, with considerations for heterogeneity in mind. It is 

recommended that researchers from all over the world initiate high-quality research to produce 

reliable reports on the prevalence/incidence of NAFLD and associated risk factors, especially from 

locations where the data is scant, including Africa, South America, or Oceania. Uniform research 

protocols regarding disease definition, inclusion/exclusion criteria, and diagnostic modality will 

decrease the heterogeneity, at least partially. Comprehensive data collection will help include more 

studies into systematic reviews and therefore contribute to the production of reliable data and the 

assessment of possible risk factors for the disease. 
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