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Abstract
Background: The prevalence of nonalcoholic fatty liver dis-
ease (NAFLD) is increasing and strongly associated with the 
metabolic syndrome, especially with obesity. A subtype, 
nonalcoholic steatohepatitis (NASH), might progress to ad-
vanced fibrosis and cirrhosis. NASH patients have an in-
creased all-cause mortality. First and foremost are malignan-
cies, followed by cardiovascular diseases. Summary: The 
NAFLD fibrosis score and noninvasive liver stiffness measure-
ment (transient hepatic elastography) are essential compo-
nents for the diagnostic risk assessment of NAFLD patients. 
Other steatoses (alcohol, genetic disorders, drugs, toxins, 
malnutrition, etc.) must be considered in the differential di-
agnosis. So far, there is no approved liver-specific drug ther-
apy with a proven effect on NAFLD for patients without dia-
betes mellitus. Obeticholic acid (FXR agonist), cenicriviroc (a 
dual inhibitor of the chemokine receptors (CCR), CCR2 and 
CCR5), acetyl-CoA carboxylase inhibitors, and several thyroid 
hormone analogs are the most advanced substances in clin-
ical development in ongoing phase 2 and 3 studies. Key Mes-
sages: Weight loss, physical training, and the screening and 
treatment of risk factors represent the cornerstones of NAFLD 
therapy. Treatment with glucagon-like peptide 1 analogs 
(e.g., liraglutide, semaglutide) and sodium-dependent glu-
cose transporter 2 inhibitors can be recommended in pa-
tients with diabetes and NASH. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

According to the current guidelines of the DGVS, Eu-
ropean Association for the Study of the Liver (EASL), 
American Association for the Study of Liver Diseases 
(AASLD), Asian Pacific Association for the Study of the 
Liver (APASL), and World Gastroenterology Organiza-
tion the nonalcoholic fatty liver disease (NAFLD) in-
cludes fatty liver or nonalcoholic fatty liver (NAFL), non-
alcoholic steatohepatitis (NASH), NASH fibrosis, and 
NASH cirrhosis. New nomenclatures (e.g., metabolically 
associated fatty liver disease) have so far not been able to 
establish themselves internationally [1]. The progression 
of NASH is associated with liver cell stress, consecutive 
inflammation, and fibrosis, with the potential develop-
ment of liver cirrhosis, portal hypertension, and the so-
called end-stage liver disease. NASH also displays a rele-
vant risk factor for the occurrence of hepatocellular car-
cinoma (HCC) and in rare cases of intrahepatic 
cholangiocarcinoma. The pathogenesis and natural 
course of NAFLD are increasingly better understood, 
even if the heterogeneity of affected patients and the mul-
tifactorial genesis make it difficult to assess an individual 
prognosis. NASH-associated end-stage liver disease is ex-
pected to represent the highest proportion of patients list-
ed for liver transplantation in the future [2]. The disease 
– although genetic factors have also been identified – is 
viewed as a result of hyperalimentation and the hepatic 
manifestation of what is known as the metabolic syn-
drome [3]. The clinical symptoms of noncirrhotic NAFLD 
are usually nonspecific. With a global prevalence of 
around 25%, NAFLD is now the leading cause of chronic 
liver disease worldwide and a growing public health chal-
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lenge. A further increase in NAFLD in the sense of the 
obesity epidemic, especially among adolescents and 
younger patients, is to be expected. Changes in lifestyle, 
demographic change, and the increasing complexity of 
pharmacological therapies cause an increase in the preva-
lence of NAFLD. Doctors and patient organizations have 
to deal with it collectively and individually [4].

NAFLD Diagnosis

Transabdominal ultrasound (US) should be used as 
primary imaging in patients with suspected NAFLD, but 
does not exclude hepatic steatosis and does not differenti-
ate between NAFL and NASH [5]. US is a widely avail-
able, cost-effective, and radiation-free method that allows 
the diagnosis of fatty liver disease when the liver paren-
chyma presents with increased echogenicity. In the case 
of a higher degree of obesity, there is also a dorsal weak-
ening of the parenchymal signal. Therefore, US is suitable 
as a screening method for determining fatty liver disease 
[5, 6]. Reference is made here to S3 guidelines HCC [6, 7], 
the EASL-EASD-EASO Clinical Practice Guideline 
NAFLD, and current reviews [8, 9].

For the safe use of US diagnostics, knowledge of sound 
physics and device configuration is required. The exam-
ination should therefore be carried out under the guid-
ance of or by experienced examiners. Under these condi-
tions, US has an excellent specificity (>95%) for the de-
tection of advanced fatty liver disease [5], but the 
sensitivity is insufficient for minor changes (e.g., for ste-
atosis degree S1 65%) [10]. It is therefore not possible to 
exclude hepatic steatosis using US. An exact, noninvasive 
determination of the degree of steatosis is not possible 
using controlled attenuation parameter (CAP) [11]. In 
the case of severe obesity, a critical interpretation of the 
findings is necessary. The CAP technology can be used 
in connection with the liver stiffness measurement for 
the current assessment of the extent of fatty liver disease. 
The routine clinical use of CAP in NAFLD diagnostics 
cannot currently be recommended due to the limited 
amount of data [11].

Magnetic resonance-based procedures (MR-PDFF, 
MR-S) can be performed to measure fat in the liver quan-
titatively. Computed tomography (CT) should not be 
used in the primary diagnosis of NAFLD because of its 
radiation exposure [12, 13]. In terms of method, however, 
CT is a highly reproducible and objective imaging meth-
od for displaying the fat content of the liver. Fatty liver 
disease can be diagnosed by means of multiparametric 
comparisons of the signal weakening of the parenchyma 
in native CT. For example, the attenuation of the paren-
chymal signal of >10 Hounsfield units compared to the 
spleen is a suitable diagnostic criterion.

In several comparative studies, MR-PDFF showed the 
highest sensitivity and specificity of all noninvasive meth-
ods for the detection of hepatic steatosis [14] and is cur-
rently the only method that can reliably noninvasively 
graduate the extent of steatosis in NAFLD. It should be 
noted that the information is based on the relative triglyc-
eride content but cannot provide any information about 
the histological distribution [14]. Due to the diagnostic 
precision, MR-based methods appear to be suitable as a 
reference standard for diagnostic and interventional 
studies [15]. However, the clinical significance is current-
ly limited to centers due to the low availability and the 
requirements for hardware and software.

Diagnostic Algorithm
For the primary clarification of high-risk patients (e.g., 

with obesity, type 2 diabetes [T2D] or metabolic syn-
drome) in whom the diagnostic imaging (e.g., using US) 
has shown fatty liver or who have elevated liver values 
(GOT, GPT, and/or γGT) and for whom NAFLD is sus-
pected after other causes have been ruled out, noninva-
sive fibrosis scores such as FIB-4 [16] or NAFLD fibrosis 
score (NFS) are suitable for risk assessment [17, 18] 
(Fig. 1). Due to the high negative predictive value of FIB-
4 or NFS (≥90%) and taking into account the respective 
low limit value (FIB-4 ≤1.3 or NFS < −1.455), advanced 
fibrosis can be highly probable and be excluded [16]. In 
patients with a low risk of fibrosis, follow-up monitoring, 
for example, by FIB-4 or NFS and the transaminases, can 
be carried out at regular intervals.

The diagnostic value for the exclusion of advanced liv-
er fibrosis is comparable for the NFS and FIB-4 index, 
although the FIB-4 is based on fewer parameters. The 
FIB-4 is therefore easier to identify, less expensive, and 
should be used as a priority.

The NFS consists of age, BMI, glucose/T2D, platelet 
count, albumin, and AST/ALT quotient, which can be 
calculated free of charge via http://nafldscore.com. In a 
meta-analysis of 64 studies with 13,046 patients, the di-
agnostic accuracy (AUC) of the NFS for the diagnosis 
of advanced fibrosis (F ≥3) was 0.84 [19]. The NFS en-
compasses a low and high limit value of <1.455 and 
>0.676. With an NFS of < −1.455, advanced fibrosis 
could be excluded with a sensitivity of 82% (exploration 
cohort, n = 480) or 77% (validation cohort, n = 253) and 
a negative predictive value of 93% or 88% [20]. The FIB-
4 Index is a test that can be calculated free of charge at 
http://gihep.com/calculators/hepatology/fibrosis-
4-score/ and consists of age, platelet count, AST, and 
ALT. For the FIB-4 index in NAFLD, a low and high 
limit value of 1.3 and 2.67 was identified for clarifying 
advanced fibrosis [21]. Others describe a cutoff of 1.3 as 
inappropriate because of including patients with F2 fi-
brosis [22].
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In patients with FIB-4 or NFS in the intermediate (be-
tween the 2 limit values) or high (FIB-4 ≥2.67 or NFS 
>0.676), an elastography using vibration-controlled tran-
sient elastography (VCTE; FibroScan®) is used as an ad-
ditional test method. However, taking relevant comor-
bidities into account is recommended [17, 18]. Alterna-
tively, shear wave-based elastography methods can be 
used, whereby the manufacturer’s specific cutoffs must be 
taken into account [23]. Shear wave elastography meth-
ods are available as software components for many mod-
ern US devices and can therefore be easily used when per-
forming an abdominal US. Compared to the VCTE, the 
shear wave elastography procedures are less well evalu-
ated for the risk stratification of NAFLD and are not yet 
included in the current recommendations of internation-
al specialist societies for clarifying NAFLD (AWMF/
DGVS 2015, EASL Guideline 2016, AASLD Practice 
Guidance NAFLD 2018) [8, 17, 24]. A potential diagnos-
tic algorithm is shown in Figure 1.

In summary, risk stratification should be carried out 
in all patients with regard to the underlying fibrosis stage 
when NAFLD is diagnosed for the first time. For this pur-
pose, noninvasive tests/scores (NFS, FIB-4) or elastogra-
phy (VCTE), possibly also in combination, should be 
used. Control intervals for noninvasive test procedures 
should be based on the initial findings. US-based elastog-
raphy methods can be used to rule out advanced liver fi-
brosis and liver cirrhosis in NAFLD. A liver biopsy should 
be performed if fibrosis is to be reliably detected or ruled 
out. Note that patients with noninvasive or histological 
evidence of cirrhosis should be monitored regularly for 
the development of liver-related complications.

Therapy

A reduction in body weight in overweight or obese 
NAFLD patients is accompanied by regression of steato-
sis [25, 26]. The decrease in steatosis and ALT is propor-
tional to the weight loss; there is a clear relationship be-
tween dose and effect [27]. And it is entirely irrelevant in 
which way the weight loss was achieved [26, 28].

To answer the question of regression of an already ex-
isting NASH cirrhosis or the prevention of disease pro-
gression with the development of HCC, no results from 
studies on lifestyle intervention are available so far. All in 
all, a weight reduction of at least 10% is extremely effec-
tive in the treatment of NASH (90% cure rate), but in 
clinical practice a goal that was only achieved by 10% of 
patients [29].

Meta-analyzes show that aerobic training and/or iso-
metric training in NAFLD patients also improved trans-
aminases and hepatic fat content independently of weight 
loss [30, 31]. Both training concepts are apparently equal-
ly effective. Overweight or obese NAFLD patients should 
be recommended to lose weight by means of hypocaloric 
nutrition in accordance with the recommendations of the 
DAG, S3 Guideline on Obesity (AWMF 050-001). A 
Mediterranean diet might be considered [32].

In NAFLD people of normal weight (Lean NAFLD), 
regardless of weight loss, physical activity should be 
aimed for in accordance with the age-adapted WHO rec-
ommendations with the aim of building muscle. A Medi-
terranean diet can also be recommended for NAFLD peo-
ple of normal weight (Lean NAFLD) [33].

Fig. 1. Diagnostic of NAFLD. FLI; NFS; and T2D. This algorithm 
corresponds well to the so-called European algorithm of the EASL-
EASD-EASO Clinical Practice Guidelines and a recently proposed 
procedure for general practitioners and diabetologists [18] but is 
simpler in handling. The sequence of FLI and FIB-4 is dedicated 
to screening in a risk group with T2D. The use of age-adjusted 

limit values (in brackets) is recommended for FIB-4 and NFS to 
reduce the high proportion of intermediate tested persons. 
NAFLD, nonalcoholic fatty liver disease; NFS, NAFLD fibrosis 
score; EASL, European Association for the Study of the Liver; T2D, 
type 2 diabetes; FLI, fatty liver index.
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The rapidly increasing prevalence of obesity over the 
past few decades has been associated with the increasing 
consumption of fructose and fructose-containing corn 
syrup in processed foods and beverages [34–36]. How-
ever, meta-analyzes did not show that fructose consump-
tion in the context of a normo-caloric diet favors the de-
velopment or progression of NAFLD [37, 38]. In a dou-
ble-blind study in overweight people, excessive calorie 
intake, but not fructose compared to isocaloric amounts 
of glucose, was associated with an increase in the hepatic 
fat content and transaminases [39].

Systematic reviews and meta-analyzes suggest that 
coffee drinking leads to a reduction in the risk of HCC. 
Higher doses of coffee resulted in a higher risk reduction 
[40, 41]. However, increased coffee consumption is not 
associated with a reduced risk of hepatobiliary carcinoma 
[42]. The protective agents from coffee and the molecular 
mechanisms of HCC prevention remained unclear so far.

Positive effects with regard to coffee consumption can 
be derived from epidemiological studies [43, 44]. These 
showed a protective effect of coffee consumption in rela-
tion to the risk of suffering from NAFLD and also in rela-
tion to the fibrosis stage. To date, no controlled studies 
are available on this subject. In a pooled meta-analysis 
with a total of 11 studies, people who drank coffee had a 
relative risk of 0.77 (95% CI 0.60–0.98) of suffering from 
NAFLD. In addition, there is also a significantly reduced 
risk of advanced liver fibrosis compared to patients who 
do not drink any coffee (RR 0.68 (95% CI 0.68–0.79) [44].

Up to now, there are no approved medications for the 
indication NAFLD. The general use of drugs such as ur-
sodeoxycholic acid, pioglitazone, metformin, silymarin, 
or pentoxifylline as well as dietary supplements such as 
vitamin E or omega-3 fatty acids should not take place 
due to the current data on the treatment of NAFLD. Due 
to the beneficial effects on NASH, noncirrhotic NAFLD 
patients with T2D should use metformin plus glucagon-
like peptide 1 (GLP-1) agonists (e.g., liraglutide or sema-
glutide). The use of sodium-dependent glucose trans-
porter 2 (SGLT2) inhibitors, for example, empagliflozin 
and dapagliflozin, or the thiazolidinedione pioglitazone 
may be considered in these patients as well.

Patients with NASH-associated liver cirrhosis and 
T2D with compensated cirrhosis of the liver in Child A 
stage and normal kidney function are allowed to receive 
metformin. There is currently insufficient experience 
with the possible use of GLP-1 agonists, SGLT2 inhibi-
tors, or pioglitazone in patients with NASH-associated 
liver cirrhosis.

Other antidiabetic agents, such as metformin, dipepti-
dyl peptidase IV inhibitors, or insulin, have shown no spe-
cific advantages with regard to NAFLD therapy so far. 
However, large retrospective studies have reported that 
metformin in NAFLD patients has a reduced risk of devel-

oping HCC [45]. Even in patients with NASH-associated 
compensated cirrhosis of the Child A stage, the use of met-
formin for the treatment of diabetes is associated with a 
reduced risk of hepatic decompensation and HCC (a dose 
of 2 g per day with normal kidney function can be used) 
[46, 47]. Metformin is not allowed if the GFR is below 30 
mL/min. However, there are no prospective controlled 
studies on the use of metformin in liver cirrhosis to date.

A placebo-controlled study of patients with NASH and 
T2DM showed a greater reduction in liver fat content for 
vitamin E (800 IU/day) and a more frequent reduction in 
NASH without improvement in fibrosis [48]. The risk of 
increased mortality and morbidity with vitamin E supple-
mentation limits its use, particularly in patients with T2D.

Because lipid metabolic disorders, such as familial hy-
percholesterolemia, hypertriglyceridemia, lipoprotein (a) 
elevation, or isolated HDL cholesterol lowering, repre-
sent a greatly increased risk of cardiovascular diseases, 
and NAFLD might increase the risk of cardiovascular dis-
eases regardless of a lipid metabolism disorder, the lipid 
metabolism disorder should be effectively treated [49, 
50].

If obesity is present in NAFLD patients, it should be 
treated effectively as well. Due to the favorable effects on 
NASH, in noncirrhotic NAFLD patients with obesity and 
an indication for medicinal weight reduction, GLP-1 ago-
nists, for example, liraglutide, can be used. Orlistat, which 
is approved for the treatment of obesity, can be used in 
overweight and obese patients with NASH in almost the 
same manner. Current treatment strategies are summa-
rized in Figure 2.

Fig. 2. Therapy of NAFLD with or without comorbidities. The base 
of NAFLD therapy is the so-called lifestyle modification. Over-
weight or obese NAFLD patients should be recommended to lose 
weight by means of hypocaloric nutrition. Aerobic training and/or 
isometric training in NAFLD patients improves transaminases 
and hepatic fat content independently of weight loss. Comorbidi-
ties should be treated as recommended. NAFLD, nonalcoholic fat-
ty liver disease.
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A number of substances are currently being investi-
gated in clinical phase 3 and phase 2 studies whose mech-
anisms of action lie in the pathophysiological processes of 
glucose metabolism, the inhibition of de novo lipogene-
sis, inflammation, or fibrogenesis. These substance class-
es include agonists of the nuclear receptors FXR (or its 
action mediator fibroblast growth factor/FGF19) and 
peroxisome proliferator-activated receptors (PPAR), 
chemokine receptor (CCR) inhibitors, thyroid hormone 
receptor-ß agonists, inhibitors of lipogenic key enzymes 
such as FASN and SCD-1, and enterohepatic hormones 
and their agonists, such as GLP-1, FGF19, or FGF21. 
Medicines with a primarily antidiabetic effect, such as the 
group of SGLT2 inhibitors, should also be mentioned 
here.

Obeticholic acid (FXR agonist), resmetirom (thyroid 
hormone receptor-ß agonist), and aramchol (SCD-1 in-
hibitor) are currently in phase 3 (for review see Roeb and 
Geier [51]). Only for obeticholic acid are positive data 
available from an interim analysis with regard to fibrosis 
improvement as a co-primary endpoint (REGENERATE 
study) [52]. Several substances did not produce positive 
results in phase 3 and are therefore no longer being devel-
oped as individual substances in this indication, namely 
elafibranor (PPARα/δ agonist), cenicriviroc (CCR2/5 in-
hibitor), and selonsertib (ASK1 inhibitor). Further FXR 
agonists (Tropifexor, Cilofexor), recombinant FGF19 
(Aldafermin), different variants of FGF21 (Pegbelfermin, 
Efruxifermin), GLP1 analogs (liraglutide, semaglutide), 
and pan-PPAR agonists (Lanifibranor) showed promis-
ing results in phase 2 studies. According to the current 
status, obeticholic acid is the only drug with a significant 
benefit on fibrosis in the phase 3 interim analysis, the pri-
mary candidate for the first conditional approval; how-
ever, this was not granted at the time this review was pub-
lished [53].

For the future, more “personalized” therapy concepts 
are to be expected. This might include the targeted “cor-
rection” of the intestinal microbiota to reduce NAFLD 
and cardiometabolic comorbidities [54] or targeted ther-
apies based on genetic risk stratification. The classic ex-
ample of this would be the single nucleotide polymor-
phism in the patatin-like phospholipase domain-contain-
ing 3 gene (PNPLA3), rs738409, which codes for the mis-
sense mutation I148M. Targeted drugs (e.g., antisense 
oligonucleotides, tyrosine kinase inhibitor momelotinib) 
could inhibit PNPLA3 levels in 148M homozygous per-
sons and thus a pathomechanism for progression [55].

Bariatric surgery has proven to be the most effective 
therapy for morbid obesity. Furthermore, obesity surgical 
operations usually lead to an improvement and often also 
a complete remission of obesity-associated secondary 
diseases [56]. According to the current German S3 guide-
line of the DGAV from 2018, obesity surgery is indicated 

in the presence of severe obesity with a BMI ≥40 kg/m2 
(even without concomitant diseases) if conservative mea-
sures for weight reduction (diet change, exercise mea-
sures, and, if necessary, behavioral therapy) have failed. 
In addition, this should be offered with a BMI ≥35 kg/m2 
and at least 1 major obesity-specific concomitant disease, 
such as NAFLD and NASH, if conservative measures for 
weight reduction have failed [56].

It should be noted that NAFLD and NASH are fre-
quent comorbidities in obese patients. Various studies 
and a current meta-analysis show that bariatric surgery 
led to high remission rates of NAFLD and NASH in these 
patients. The qualitatively best data come from the “Lille 
Bariatric Cohort,” which showed a high remission rate for 
NASH over 5 years with histologically confirmed NASH. 
The study also showed that bariatric surgery can lead to 
long-term improvement in existing liver fibrosis, even if 
the fibrosis progressed in a small percentage [56].

Before listing for LTX, a multidisciplinary evaluation 
of the patients should be carried out due to the increased 
perioperative risk, especially with regard to the increased 
occurrence of cardiovascular events and infectious com-
plications. According to LTX, the increased risk of recur-
rence of metabolic syndrome, cardiovascular disease, and 
recurrence of NAFLD should be taken into account in the 
patient management as well as in the selection of immu-
nosuppressive medication.

Note that in obesity and NAFLD sleeve gastrectomy, 
Roux-Y gastric bypass and single-anastomotic gastric by-
pass can be performed as metabolic surgical procedures. 
The adjustable gastric band should not be used in obesity 
and NAFLD because of its inferior effectiveness [56, 57].

Because of the risk of progressive liver failure, the se-
verity of NAFLD should be considered critically when 
malabsorptive procedures are indicated (e.g., biliopan-
creatic diversion, distal gastric bypass, and single-anasto-
motic bypass with a biliopancreatic loop >200 cm long). 
In the presence of liver cirrhosis, sleeve gastrectomy 
should preferably be used.

Conclusion

An established drug therapy for NAFLD, especially 
NASH, is not (yet) available. Besides the treatment of co-
morbidities (diabetes, lipid metabolism disorders, and 
obesity), regular physical endurance activity (endurance 
sports such as cycling, walking, or swimming for at least 
3 × 45 min per week) and an optimized diet (reduction in 
calorie intake) constitute the best recommendation. The 
aim is to slowly reduce body weight. This might also have 
a positive effect on the accompanying diseases, such as 
T2D and obesity. Reduction in body weight is also able to 
reduce the inflammatory activity in the liver tissue.
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