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Abstract
Background: Nonalcoholic fatty liver disease (NAFLD) de-
scribes a continuum of liver abnormalities from simple non-
alcoholic fatty liver (NAFL) to nonalcoholic fatty liver hepati-
tis or steatohepatitis (NASH) to NASH fibrosis. It has a vari-
able course, but just like alcoholic fatty liver disease, it can 
lead to liver cirrhosis and cancer (hepatocellular carcinoma). 
Summary: NAFLD is a clinical entity characterized by the 
presence of liver steatosis, which affects at least 5% of hepa-
tocytes. Affected are people who consume little or no alco-
hol and who have no secondary cause of liver steatosis such 
as viral hepatitis, drug intake (e.g., tamoxifen, amiodarone, 
methotrexate, etc.), or lipodystrophy. NAFLD is, nowadays, 
the most common liver disease in Europe, with an estimated 
prevalence of 25%. The currently widely recognized recom-
mendation for the therapy of NAFLD is a lifestyle modifica-
tion with the goal of weight loss. Although no drugs are cur-
rently approved for the treatment of NAFLD, several candi-
dates are in clinical trials. Besides weight loss and physical 
activity, corresponding single active ingredients or combi-
nation therapies are intended to stop the progression of the 
disease and, in the best case, reverse it. The newly propa-
gated name MAFLD (metabolic-associated fatty liver dis-
ease) should indicate that the disease is associated with met-
abolic disorders. The term MAFLD also implies multiple over-

lapping causes and drivers of this soaring disease. Key 
Messages: The prevalence of NAFLD continues to rise world-
wide. NAFLD, NASH, and fibrosis in NAFLD occur predomi-
nantly in patients with obesity and type 2 diabetes (T2DM) 
or else precede these conditions. The progression of NAFLD 
is highly dependent on changes in glucose, lipid metabo-
lism, and fibrogenesis. A new definition and nomenclature 
of fatty liver disease, “metabolic associated fatty liver dis-
ease” (MAFLD), should be discussed carefully, since around 
40% of the global population with NAFLD are classified as 
non-obese and almost 1/5 as lean. Since the pathogenesis of 
fatty liver disease, obesity, and glucose and lipid metabolism 
diseases are very closely related, it is important to continue 
to look for mechanisms that these diseases have in common 
and develop new therapeutic approaches.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

In 1986, the term nonalcoholic fatty liver disease 
(NAFLD) was introduced by Schaffner [1]. NAFLD is a 
clinical entity characterized by the presence of liver ste-
atosis, which affects at least 5% of hepatocytes. Compro-
mised are people who consume little or no alcohol and 
who have no secondary cause of liver steatosis such as 
viral hepatitis (especially HCV), Wilson’s disease, drug 
intake (e.g., tamoxifen, amiodarone, methotrexate, etc.), 
or lipodystrophy [2, 3]. NAFLD is, nowadays, the most 
common liver disease in Europe with an estimated preva-
lence of 25% [4]. Fatty liver disease (steatosis hepatis) is 
present if, histologically, > 5% of the hepatocytes show an 
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accumulation of triglycerides (steatosis), or if the liver fat 
content on magnetic resonance (MR) spectroscopy or 
quantitative MR tomography (MRT) is > 5% [2]. Nonal-
coholic steatohepatitis (NASH) is characterized by addi-
tional inflammatory changes, and it represents the pro-
gressive form of NAFLD with an increased risk of devel-
oping fibrosis, cirrhosis, and hepatocellular carcinoma 
(HCC) [3]. 

Macrovesicular fat is assessed as a central component 
of NAFLD grading. If, in addition to fat, there are also 
(obesity-associated) inflammatory foci and so-called bal-
looning of the hepatocytes, NASH is present [2]. Balloon-
ing is defined as swelling and rounding of the hepato-
cytes. It is often associated with small drops of fat. Fibro-
sis that occurs as a result of steatohepatitis often begins in 
the center of the lobule in the form of a perivenular and 
perisinusoidal fibers (fibrosis of the wire mesh type). As 
the disease progresses, portal fibrosis develops, with the 
formation of bridging (portoportal and portocentral) 
septa and, ultimately, cirrhosis of the liver [2].

Depending on the alcohol consumption, a distinction 
is made between NAFLD and alcoholic fatty liver disease 
(ALD). Since the threshold dose for alcohol toxicity to the 
liver varies from person to person, the guidelines do not 
contain standardized daily alcohol limits for differentiat-
ing between NAFLD, ALD, and mixed forms (10–20 g per 
day for women; 20–30 g per day for men [2]).

A panel of experts recently proposed a simplified algo-
rithm for diagnosing the metabolically associated form of 
fatty liver disease and renamed it “metabolic dysfunction-
associated fatty liver disease” (MAFLD) [5]. MAFLD can 
be diagnosed if, in the presence of steatosis (diagnosed 
using histology, imaging, or biomarkers), 1 of 3 addition-
al criteria is also met:
1. Overweight/obesity
2. Type 2 diabetes mellitus (T2DM)
3. Evidence of metabolic dysregulation, which includes 

parameters such as waist circumference, blood pres-
sure, serum triglyceride levels, and insulin resistance 
[5].
Excessive alcohol consumption and the presence of 

other liver diseases that favor the development of steato-
sis do not rule out a diagnosis of MAFLD [5]. Patients 
with T2DM and/or obesity have a significantly increased 
NAFLD prevalence rate of 60–90% [6]. While NAFLD/
MAFLD doubles diabetes-associated mortality rates, the 
presence of T2DM increases the likelihood of NAFLD/
MAFLD progression [6, 7]. The name MAFLD takes 
these observations into account as well as the close asso-
ciation between metabolic dysfunction, metabolic syn-
drome, and hepatic steatosis.

Epidemiology

NAFLD is the leading cause of liver disease in Western 
countries. An increasing prevalence is currently also be-
ing observed in developing countries [8]. According to a 
recent meta-analysis, the prevalence of NAFLD in the US 
adult population is 31.9%; worldwide, it is about 28% [4, 
6, 9], with the most affected regions being South America 
(31%) and the Middle East (32%). In addition, some 
Asian countries have an increased prevalence rate, par-
ticularly Japan, where the prevalence exceeds 50%, fol-
lowed by Korea (almost 50%), Singapore, India, and Chi-
na [6]. Similar data are available in the USA and Europe 
(> 30 and 24%, respectively) [6, 7]. On the other hand, 
Africa has the lowest prevalence (14%). Interestingly, the 
incidence of NAFLD rises steadily with the prevalence of 
obesity and diabetes, although it is not clear whether fat-
ty liver is the cause or the consequence of a disturbed me-
tabolism [10]. Data from the National Health and Nutri-
tion Examination Surveys show that the prevalence of 
NASH cirrhosis and NAFLD-associated advanced fibro-
sis increased 2.5-fold and 2-fold, respectively, in the pe-
riod 2009–2012 compared to 1999–2002. In addition, 
NAFLD made up 75.1% of chronic liver diseases in 1994–
2004 [11]. Very recently, a Swedish cohort study with de-
tailed histological data showed that even mild forms of 
NAFLD are associated with increased mortality [12].

Fatty Liver in Children

As part of the global obesity pandemic, the incidence 
and prevalence of NAFLD is also increasing in children. 
The obesity rate has more than tripled since the 1960s and 
is now 18.5% in the USA or affects 13.7 million children 
and adolescents [13]. In Germany, the latest data from the 
2nd wave of the KIGGS study found a prevalence of 15.4% 
for the presence of overweight and 5.9% for the presence 
of obesity [13, 14].

The prevalence of NAFLD in children and adolescents 
varies significantly according to the screening method 
used (transaminases, ultrasound, or biopsy) and the pa-
tient population (regional-ethnic, genetic, and environ-
mental differences, gender, and other risk factors). Ulti-
mately, noninvasive biomarkers are missing for the precise 
recording of NAFLD prevalence. Estimates assume 3–10% 
of all children and adolescents in Western industrialized 
nations [13]. A pooled analysis of > 16,000 obese children 
showed a prevalence of 34.2% (95% CI 27.8–41.2%) versus 
7.6% (95% CI 5.5–10.3%) in the general pediatric popula-
tion [15]. In an autopsy study in San Diego, CA, USA, his-
tologically confirmed NAFLD was found in 9.6% of all the 
children and adolescents examined; the prevalence of 
obese nutritional status accounts for 38% [16].
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NAFLD in Overweight, Obesity, and Diabetes

NAFLD is very common in overweight and obese peo-
ple [17–20]. However, since increased fat mass does not 
always go hand in hand with a change in metabolism, the 
prevalence of NAFLD for a given fat mass could also be 
very variable. In fact, the Tübingen family study on the 
pathogenesis of diabetes in overweight and obesity found 
a prevalence of NAFLD of 21 and 42%, respectively, if no 
prediabetes was present, but 46 and 70% if prediabetes 
was diagnosed [21]. Similar frequencies arise when, not 
only hyperglycemia, but a global metabolic disorder con-
sisting of hyperglycemia, dyslipidemia, and arterial hy-
pertension was used to stratify people with overweight 
and obesity. Correspondingly, the prevalence of NAFLD 
is also increased with normal weight if there is any form 
of prediabetes (11 vs. 3%) or a global metabolic disorder 
(19 vs. 3%) [21]. Among people with diabetes, NAFLD 
was found in 55.5% and NASH in 37.3%; when stratified 
according to their BMI, a higher NAFLD prevalence was 
found in the presence of overweight and obesity [6].

Pathogenesis of NAFLD

By investigating the most important factors that cause 
NAFLD, it is helpful to visualize the pathogenesis of glu-
cose and lipid metabolic diseases, which primarily evolve 
from an unhealthy lifestyle. In addition to a positive en-
ergy balance, there is also an increased intake of glucose, 
fructose, and saturated fatty acids. This leads to an in-
crease in hepatic lipogenesis and subclinical inflamma-
tion, particularly in the adipose tissue, intestines, and liv-
er. This metabolic inflammation in adipose tissue and the 
intestine mediates an increase in hepatic lipogenesis and 
inflammation through dysregulation of cytokines, fatty 
acids, the intestinal microbiome and a deterioration of the 
intestinal barrier [19]. Furthermore, presumably due to 
the increased hepatic lipid content, there is an increased 
hepatic mitochondrial respiration in the beginning, which 
indicates mitochondrial adaptation to this situation. In 
the further course, and especially in the case of NASH, 
mitochondrial respiration drops again, and mitochondri-
al dysfunction as well as oxidative stress occur [22]. These 
processes determine increased hepatic inflammation, but 
also hepatic fibrogenesis. Thereby saturated fatty acids, 
ceramides and diacylglycerol are able to provoke hepatic 
fat metabolism disorders by hepatic insulin resistance but 
also intensified hepatic gluconeogenesis.

Hyperglycemia, which is partly caused by insulin resis-
tance of the skeletal muscles and/or an insulin secretion 
disorder, intensifies the abovementioned processes. In the 
early phase of type 2 diabetes, hyperglycemia also leads to 
an increased secretion of insulin, which, in turn, induces 

lipogenesis in the liver [17, 19]. Dysregulation of the pro-
duction and secretion of hepatokines (e.g., fetuin A) in-
creases the inflammation of the adipose tissue and induces 
insulin resistance [23]. If this metabolic imbalance meets a 
genetic susceptibility for a disproportionate accumulation 
of adipose tissue, the development of NAFLD and its pro-
gression are accelerated. During aging and the associated 
change in sex hormone production, there is a redistribu-
tion of adipose tissue from the gluteofemoral to the ab-
dominal area. Hypertrophy of adipocytes is most likely 
mediated by their impaired differentiation in the subcuta-
neous adipose tissue. The associated increased lipolysis in 
adipose tissue leads to an enhanced accumulation of lipids 
in the liver. This process is exacerbated by an unhealthy 
and high-calorie diet as well as reduced physical activity 
[2]. Also, an acquired lipodystrophy, mediated by inflam-
mation of the subcutaneous adipose tissue, or caused by 
therapy with immune checkpoint inhibitors, can be in-
volved in these pathophysiological processes [24]. Geneti-
cally determined increased hepatic lipogenesis and fibro-
genesis depict additional risk factors in the pathogenesis of 
NAFLD [25]. On the other hand, increased glucose pro-
duction, a dysregulation of the synthesis and secretion of 
cytokines, lipids, and hepatokines, and any prothrombotic 
status can lead to a worsening of the glucose metabolism 
and the development of cardiovascular diseases. 

In addition, there is a close interaction between the 
liver and the intestine, in which eubiosis or dysbiosis of 
the enteral microbiome play an important role. The dys-
biosis of the enteral microbiome leads to alteration of the 
intestinal barrier and the transfer of cellular and molecu-
lar (danger- and pathogen-associated molecular patterns 
[DAMPs and PAMPs]) messenger substances to the liver. 
In the liver, this is followed by the activation of macro-
phages and hepatic stellate cells as well as an affection of 
the hepatic metabolism, with consecutive progression of 
fatty liver disease, which can lead to NASH, liver fibrosis, 
liver cirrhosis, and finally HCC. Figure 1 illustrates the 
main pathophysiological pathways of NAFLD and pres-
ents typical histological features. A targeted influencing 
of the microbiome represents a promising approach for 
the treatment of metabolic diseases such as NAFLD/
NASH. The possibilities and limitations of probiotic in-
terventions, antibiosis, and fecal microbiome transfer 
(FMT) have been examined in clinical studies, but not yet 
included in guidelines [2, 3]. Important NAFLD risk fac-
tors are summarized in Table 1.

Metabolic-Associated Fatty Liver Disease

Since NAFLD, especially NASH and fibrosis, is very 
often diagnosed in the context of overweight, obesity, and 
glucose and lipid metabolism disorders, and the patho-
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Table 1. Risk factors for NAFLD (according to Friedman et al. [19] and Lin et al. [26])

Dietary contributors Hepatocellular mechanisms
including adipokines

Others/genetic risks

Fats mitochondrial β-oxidation uric acid

Sugars (fructose) peroxisomal β-oxidation hypoxia (e.g., sleep apnea)

Insulin resistance diabetes lipotoxicity sedentary lifestyle

Obesity ER stress hepatic stellate cell activation

Metabolic syndrome oxidative stress macrophage activation

Dysbiosis of intestinal flora inflammasome activation genetic polymorphisms (PNPLA3, HSD17B13,
TM6SF2, MBOAT7, GCKR...)

Mucosal inflammation, loss of tight junctions apoptosis gender

Increased intestinal permeability to gut  
microbiota, bacterial translocation

necroptosis age

Endotoxins absorbed to the liver release of cytokines and chemokines medication (e.g., glucocorticoids)

Activation of toll-like receptors IL-6 (interleukin 6)
TNF-α (tumor necrosis factor α)
CCL2 (chemokine C-C motif ligand 2)
PAI-1 (plasminogen activator inhibitor 1)
leptin
angiotensinogen

Summarized here are environmental factors, genetic components, and changes in the intestinal microbiome which influence the development of 
hepatic steatosis and the progression of NAFLD. NAFLD is characterized as >5% triglyceride accumulation in hepatocytes. This can be isolated hepat-
ic steatosis or accompanied by minimal inflammation within the lobules. An altered gut-liver-axis, enhanced susceptibility for hepatic triglyceride ac-
cumulation, altered lipid metabolism, dyslipidemia, and insulin resistance are the key components of NAFLD pathophysiology.

Fig. 1. Pathophysiological aspects of NAFLD and histological examples of NAFL, NASH, and NASH fibrosis. 
H&E staining of liver sections are presented on the left side. Inflammatory cells (blue) assembled around injured 
hepatocytes (upper right panel). Moderately enhanced chicken-wire fibrosis was stained (lower right panel).
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genesis of these diseases is closely interconnected, many 
experts in the field of NAFLD research are now calling for 
a new definition and a change in terminology [5]. Ad-
vanced liver fibrosis and the NAFLD fibrosis score are 
independent risk factors for cardiovascular diseases, even 
after considering traditional risk factors and cardiovascu-
lar risk scores. In a prospective study, cardiovascular 
events could be predicted quite accurately [27].

However, it is justifiably stated that fatty liver often oc-
curs in patients with liver diseases, which previously 
served to rule out NAFLD. The course of these diseases 
(e.g., tamoxifen-induced fatty liver and acute pregnancy 
fatty liver) is also significantly influenced by the presence 
of fatty liver. It is also stated that many patients develop 
liver fibrosis and/or HCC without going through the 
NASH stage, i.e., inflammation. This means that hepatic 
inflammation would cease to exist as an independent en-
tity within NAFLD. 

In patients with NAFLD, any additional component of 
the metabolic syndrome increases the risk of cirrhosis 
and HCC. Diabetes is associated with the highest risk of 
progression to HCC. Patients with T2DM and simultane-
ous arterial hypertension and obesity could therefore be 
an important target cohort for secondary prevention [28].

Finally, it should be noted that it is very difficult to 
control for alcohol consumption (especially a long time 
ago) to be able to quantify precisely, and that a brisk de-
mand for this usually has a negative impact on the doctor-
patient conversation.

If this new definition and nomenclature “metabolic 
(dysfunction)-associated fatty liver disease” (MAFLD) 
prevails and is recognized by medical societies, then over-
weight, obesity, diabetes, and/or metabolic disorders (pa-
rameters of the metabolic syndrome, insulin resistance, 
and increased concentrations of C-reactive protein), in 
addition to steatosis as a diagnostic parameter of fatty liv-
er disease, will come to the fore.

In a recent systematic review and meta-analysis, how-
ever, around 40% of the global population with NAFLD 
was classified as nonobese and almost 1/5 as lean. Both 
nonobese and lean individuals had significant long-term 
liver-associated and nonliver comorbidities. These re-
sults suggest that obesity should not be the only criterion 
for NAFLD screening. In addition, clinical studies on 
NAFLD treatment should include subjects from all BMI 
categories [29]. Taken together, the chapter on correct 
designation of NAFLD is not yet closed.

Genetic Factors and MAFLD

The results of several studies suggest that around 50% 
of observed interindividual differences in liver fat content 
are influenced by genetic factors [30]. In recent years, var-

ious genetic risk variants have been identified that influ-
ence the development and/or course of steatosis, includ-
ing cirrhosis and the development of HCC [30]. These 
genetic risk factors include variants in the genes: PNPLA3 
(patatin-like phospholipase-containing 3), TM6SF2 
(transmembrane 6 superfamily member 2), MBOAT7 
(membrane-bound O-acyltransferase domain-contain-
ing 7), GCKR (glucokinase regulator), and HSD17B13 
(hydroxysteroid 17β dehydrogenase 13).

With increasing BMI, there is an increased risk of de-
veloping fatty liver mediated by the PNPLA3, TM6SF2, 
and GCKR gene variants [31]. For carriers of the PNPLA3 
risk variant (M variant), with increasing body weight, 
there is also an increase in the ALT values and the risk of 
progression to cirrhosis [31]. Conversely, the influence of 
the protective HSD17B13 variant is particularly pro-
nounced in obese individuals [32]. Patients with NAFLD/
MAFLD are more likely to be insulin-resistant than peo-
ple without fatty liver, even if they are not overweight and 
do not have any diabetic metabolic condition. Insulin re-
sistance, in turn, increases the risk of developing NAFLD/
MAFLD [2]. High insulin levels also increase the influ-
ence of the PNPLA3 risk allele on the development of ste-
atosis [33]. Thus, both obesity and increased insulin levels 
potentiate the influence of the PNPLA3 risk variant on 
NAFLD/MAFLD development and its progression. The 
cardiovascular risk is reduced in carriers of the PNPLA3 
and TM6SF2 variants by reducing the serum triglyceride 
and lipid levels, but it is increased in carriers of the GCKR 
risk variant through increased serum lipid levels [34]. Ge-
netic variants thus influence the development of different 
phenotypes of the metabolic syndrome (obesity, hyper-
lipidemia, T2DM, cardiovascular risk, and MAFLD). 

The prevalence of NAFLD in pregnancy has nearly tri-
pled in the past decade and is independently associated 
with hypertensive complications, hemorrhage postpar-
tum, and premature delivery. NAFLD should therefore 
be viewed as a high-hazard obstetric disease and affect 
counseling and prenatal care [35].

Treatment Strategies

Lifestyle Intervention
The currently widely recognized recommendation for 

the therapy of NAFLD is a lifestyle modification with the 
goal of weight loss. A weight reduction of even 5% of body 
weight can lead to a reduction of liver fat content, and a 
weight loss of ≥10% can significantly improve existing 
liver fibrosis [2, 3, 36]. In a large, prospective cohort study 
to simultaneously evaluate the impact of obesity and 
physical activity on the long-term risk of liver-related 
mortality, Simon et al. [37] demonstrated that a high lev-
el of physical activity lowers obesity-related mortality. 
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However, it is difficult for most patients to achieve this 
weight loss and then maintain it for life [17]. A diet rich 
in protein but low in calories could significantly reduce 
liver fat. According to this relatively small study, proteins 
have an inhibitory effect on fat absorption and lipid syn-
thesis [38]. Such findings could influence nutritional rec-
ommendations in the future.

Endoscopy and Bariatric Surgery
In patients unresponsive to lifestyle interventions, 

bariatric surgery is an option for long-term weight loss. 
The oftentimes severe weight loss leads to a reduction in 
liver fat and improves all histological components of 
NAFLD, including the degree of fibrosis [3, 36]. How-
ever, there are also obvious limitations, including possi-
ble complications from the operation, poor patient com-
pliance, the availability of bariatric centers, and the re-
sulting costs for the health system [36]. Contraindications 
for metabolic surgery are uncontrolled cancer or autoim-
mune diseases, a risk of surgery and anesthesia that is too 
high (e.g., high-grade cardiopulmonary insufficiency), 
uncontrolled psychoses and severe eating disorders (es-
pecially untreated bulimia), inadequate psychosocial sta-
bility (e.g., in the case of insurmountable difficulties, lack 
of a permanent residence, and nonaffordable life-long 
supplementation), an existing (not a planned) pregnan-
cy, and insufficient motivation and compliance of the pa-
tient, especially with regard to a necessary lifestyle 
change. A very advanced stage of liver cirrhosis (espe-
cially CHILD stage C) is also considered a contraindica-
tion (not CHILD stages A and B).

Gastrointestinal endoscopy is playing a growing role 
before, after, or as an alternative to metabolic surgery. 
Postoperative problems such as insufficiency of gut su-
tures or dumping syndrome can be treated endoscopi-
cally. Biliary access after bariatric surgery requires precise 
knowledge of the changed anatomy. In addition to the 
gastric balloon, the endoluminal tube bypass or the duo-
denal mucosal resurfacing, other endoscopic procedures 
are being developed that will be considered in the future 
as bridging or, in mild cases, as an alternative to surgery 
[39].

Pharmacological Therapies
The prevention of obesity and physical inactivity tar-

gets the most important risk factors. Physical activity has 
been shown to improve fatty liver even without reducing 
body weight. For patients with T2DM and hyperlipid-
emia, established pharmacological treatment has shown 
significant effects on NASH. However, up to now there is 
no specific drug therapy approved for NASH or NAFLD.

A number of new substances are currently in phase II 
and III of clinical development [40]. Four of these com-
pounds are currently in ongoing phase III trials, the nu-

clear bile acid receptor FXR agonist obeticholic acid (al-
ready approved for primary biliary cholangitis [PBC]), 
cenicriviroc, a CCR2/CCR5 chemokine antagonist, ar-
amchol, an SCD-1 inhibitor, and resmetirom, a thyroid 
hormone receptor β agonist. A concise overview is pre-
sented in Roeb and Geier [40] and 45 studies were found 
in the NIH US National Library of Medicine publication 
[41]. 

The results of a planned interim analysis of a phase III 
study with obeticholic acid in NASH showed a histologi-
cal improvement in fibrosis as well as in the key compo-
nents of NASH. Long-term proof of effectiveness is still 
pending [42].

As treatment can only be offered to those patients with 
identified disease, diagnostic algorithms need to be ap-
plied on a broader basis in primary care. A prerequisite 
will be the availability of respective diagnostic platforms 
for advanced NAFLD testing.

Conclusion

Fatty liver disease is a major problem for the develop-
ment of advanced liver diseases, such as liver cirrhosis 
and HCC. Furthermore, if fatty liver disease is present, 
there is a high risk of developing T2DM and cardiovascu-
lar diseases. Since the pathogenesis of fatty liver disease, 
obesity, and the metabolic diseases mentioned is very 
closely related, it is important to continue to search for 
mechanisms that these diseases have in common and de-
velop new therapeutic approaches, as their close inter-
linking will probably also lead to a new definition of fatty 
liver diseases.

Conclusion for General Practitioners

• The prevalence of NAFLD continues to rise world-
wide.

• NAFLD, NASH, and fibrosis in NAFLD occur pre-
dominantly in obesity and T2DM or precede them.

• The progression of NAFLD is highly dependent on 
changes in glucose metabolism, lipid metabolism, and 
fibrogenesis.

• A new definition and nomenclature of a form of fatty 
liver disease, “metabolic (dysfunction)-associated fat-
ty liver disease” (MAFLD), should be discussed care-
fully, since around 40% of the global population with 
NAFLD are classified as nonobese and almost 1/5 as 
lean. However, 40% of nonobese NAFLD patients in 
the meta-analysis published by Ye et al. [29] were just 
as metabolically unhealthy as obese people with 
NAFLD, and the definition MAFLD indeed includes 
lean patients with metabolic risk factors [5]. Up to 
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now, all FDA/EMA-accepted end points rely on the 
published NAFLD definition, so it seems practically 
impossible to implement a new name without chal-
lenging the search for new therapeutics.

• Since the pathogenesis of fatty liver disease, obesity, 
and glucose and lipid metabolism diseases are very 
closely related, it is important to continue to look for 
common mechanisms for the development of and 
therapeutic approaches for these diseases.
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