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Abstract: Steatosis is a condition of hepatic fat overload that is associated with overweight 
and the metabolic syndrome. Nonalcoholic fatty liver disease (NAFLD) has become the most 
common liver disease with a global impact on healthcare. A proportion of NAFLD patients 
develops nonalcoholic steatohepatitis (NASH), liver fibrosis, cirrhosis or hepatocellular 
carcinoma (HCC). Identifying patients at risk for potentially life-threatening complications 
is crucial in their prevention, surveillance and treatment. In addition to hepatic disease 
progression (cirrhosis, portal hypertension, HCC), NAFLD patients are also at risk of 
cardiovascular and metabolic diseases as well as extrahepatic malignancies. Liver fibrosis 
is related to morbidity and mortality in NASH patients, and biomarkers, imaging techniques 
(ultrasound, elastography, MRI) as well as liver biopsy help in diagnosing fibrosis. In this 
review, we discuss the tools for identifying patients at risk and their reasonable application in 
clinical routine in order to stratify prevention and treatment of this emerging disease. 
Keywords: NAFLD, fibrosis, cirrhosis, hepatocellular carcinoma, elastography, liver- 
stiffness measurement

Epidemiology of Fatty Liver Disease
Nonalcoholic fatty liver disease (NAFLD) is a chronic disease characterized by 
excessive hepatocytic accumulation of triglycerides and subsequent steatosis. If inflam
mation and liver injury are also present, patients may develop nonalcoholic steatohe
patitis (NASH) that can progress to liver fibrosis, cirrhosis and hepatocellular 
carcinoma (HCC). Steatosis can progress to NASH but also directly to liver fibrosis.1 

The natural course of disease is variable: In a study of 108 NAFLD patients, 42% 
displayed progression of fibrosis while 18% had a regression of fibrosis within 6.6 
years.1 Severity of fibrosis is a predictor of the subsequent need for liver transplantation 
and also of mortality.2 In a recent meta-analysis, biopsy-confirmed fibrosis was asso
ciated with liver-related morbidity and overall mortality during long-term follow-up in 
patients with NAFLD.3 Fibrosis is subclassified in early fibrosis (F0/1), significant 
fibrosis (F2), advanced fibrosis (F3) and cirrhosis (F4).4

NASH is strongly associated with the metabolic syndrome, a widespread cluster of 
conditions including central obesity, hypertriglyceridemia, reduced HDL-cholesterol, 
hypertension and impaired fasting glucose.5 Nevertheless, it can also be present in lean 
persons.6 NAFLD in lean persons is diagnosed in 10% to 20% of nonobese Americans 
and Caucasians. Suspected risk factors in this patient group include amongst others 
metabolic disorders such as visceral obesity, altered lipid turnover or decreased muscle 
mass.7 Two position papers, which are controversially discussed in the field, have 
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recently proposed changing the name “NAFLD“ to 
“MAFLD“, ie metabolic associated fatty liver disease, in 
order to highlight the metabolic disorder aspect of the 
disease.8 NAFLD and NASH have to be distinguished from 
excessive alcohol consumption which is usually defined as 
daily intake of more than 20g/d in women and more than 30g/ 
d in men4 and from secondary causes of steatosis such as 
parenteral nutrition or storage diseases.9

NAFLD is a common disease with a global prevalence of 
about 25% in adults and is in more than 50% associated with 
obesity.10 47% of NASH patients also have diabetes 
mellitus.10 Vice versa, more than 50% of patients with type 
2 diabetes also have NAFLD.11 NASH prevalence is esti
mated to be around 6.45% in the general population.10 Some 
extent of fibrosis is present in more than 60% of patients with 
NAFLD.12

Fibrosis progression rates estimate that around 2% of 
American adults develop NASH cirrhosis, and these cir
rhotic patients display an incidence of 1–2% per year of 
HCC development.13

NASH is also highly common in children and adoles
cents who are at risk of liver-related morbidity such as 
cirrhosis or liver cancer later in life.14,15 A recent popula
tion-based study in the UK found that one in five young 
people at the age of around 24 years has NAFLD and one 
in 40 has liver fibrosis.16 It has been shown that NASH 
already is the second leading cause of liver disease of 
patients awaiting liver transplantation in the US.17

Fibrosis, Cirrhosis and HCC: The 
Hepatic Complications of NAFLD
The risk of liver-related mortality increases exponentially 
with the stage of fibrosis (F0-F4).18 Recently, a large sur
vey of primary care databases in Europe found 
a significantly increased risk of HCC and cirrhosis in 
patients with NAFLD and NASH. The risk was greater 
in patients with NASH compared to NAFLD and higher in 
patients with fibrosis.19 Hence diagnosis and grading of 
fibrosis and progression of fibrosis are immensely impor
tant in predicting disease outcome in NAFLD and NASH.

HCC incidence was found to be 2.4-12.8% in NASH 
cirrhosis and was lower than in controls with hepatitis 
C virus (HCV)-related cirrhosis.20 NAFLD-associated 
HCC is often diagnosed in more advanced tumor stages 
than in other underlying liver diseases such as HCV cir
rhosis, possibly explaining the overall worse prognosis 
that was found in two cohort studies.21,22 Other studies 

comparing NAFLD with HCV cohorts, however, found 
similar mortalities.23,24

As fibrosis can derive directly from NAFLD without 
steatohepatitis,12 HCC development is not necessarily 
related to cirrhosis but can also be seen in early stages of 
NASH fibrosis25,26 or in NAFLD.10 A study of a cohort of 
US veterans with HCC found that 34.6% of patients with 
HCC and NAFLD had no evidence of cirrhosis.22 

Accordingly, a systematic review by White et al found 
a majority of more than 70% of HCC patients to be 
cirrhotic.20 Guidelines recommend to screen patients with 
cirrhosis for HCC,27 which is the fifth most cancer 
worldwide.28 Given the high prevalence of NAFLD and 
the relatively small proportion of related HCC or liver- 
related mortality, optimal screening and follow-up strate
gies are still under debate.4,29

Identifying patients at risk for NAFLD and NASH 
related morbidity and mortality is crucial in defining sur
veillance and treatment strategies.

Comorbidities Associated with 
Increased Risk for NAFLD 
Progression
The progression of NAFLD is not only driven by lifestyle 
(eg nutrition, exercise), genetic risk factors and patient 
characteristics (eg age, male sex, obesity), but heavily 
impacted by comorbidities, particularly metabolic 
diseases30 as depicted in Figure 1.

Diabetes was found to be an independent risk factor for 
progression to cirrhosis or HCC in NAFLD/NASH 
patients10,19 and screening for diabetes (by determining 
blood glucose, HbA1c or glucose tolerance test) is there
fore considered mandatory in patients with NAFLD.4 

Older age and iron overload may also predispose for 
HCC in NAFLD patients.31 Alcohol is another risk factor 
in patients who already have liver fibrosis. Heavy alcohol 
intake may accelerate fibrosis progression, and even mod
erate alcohol use may increase the risk of liver cancer in 
patients with advanced fibrosis.32

Extrahepatic Complications of 
NAFLD
Fatty liver disease patients are not only at risk of devel
oping liver-related complications but also carry an 
increased risk of extrahepatic morbidity. Cardiovascular 
or cancer-related mortality can surpass liver-related death 
in NAFLD patients.33
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Cardiovascular Disease
NAFLD and cardiovascular disease, which includes ischae
mic heart disease and stroke, relate to common risk factors 
such as the metabolic syndrome, abdominal obesity, athero
genic dyslipidaemia, hypertension and hyperglycaemia.34 

Therefore, an increased risk for cardiovascular disease is 
associated with NAFLD which is mediated by various 
mechanisms such as insulin resistance, systemic inflamma
tion, oxidative stress and changes in the gut microbiota.35 

Despite these joint pathomechanisms, Alexander et al could 
not find an association of NAFLD and acute myocardial 
infarction (AMI) or stroke in a large European cohort 
study,36 which warrants more research on identifying 
NAFLD patients at risk for AMI or stroke. Fatty liver disease 
has been associated with a higher likelihood of cardiovascular 
death than liver-related mortality.10,34 In biopsy-diagnosed 
NAFLD, all-cause, cardiovascular and liver-related mortality 
is elevated.37 Even at advanced fibrosis, the top causes for 
mortality are cardiovascular diseases and non-HCC malig
nancies, then followed by liver-related complications.38

Diabetes Mellitus
Patients with type 2 diabetes mellitus (T2DM) have a two- to 
threefold elevated mortality risk due to non-alcohol and non- 
virus-related chronic liver disease which is mainly 

attributable to NAFLD.39 The association of T2DM with 
NAFLD has been shown by examination of biochemical 
markers40 or non-invasive imaging.41 Ekstedt et al described 
higher risk of developing T2DM in NASH than in simple 
steatosis by histologic assessment.42 It is uncertain if cur
rently available biomarkers for monitoring NAFLD severity 
or progression can be applied evenly on the especially vul
nerable cohort of patients with NAFLD and T2DM.37

Chronic Kidney Disease
The prevalence of chronic kidney disease (CKD) is ele
vated in patients with fatty liver disease.43,44 It has been 
shown that in biopsy-diagnosed NAFLD, liver disease 
severity was associated with CKD stages.43,45 A meta- 
analysis by Musso et al found that NASH was associated 
with a higher prevalence and incidence of CKD than 
simple steatosis. Accordingly, advanced fibrosis was asso
ciated with a higher prevalence and incidence of CKD 
than non-advanced fibrosis.46 The relationship between 
NAFLD and CKD is not completely understood. 
However, mechanisms linking NAFLD and CKD such as 
an altered renin-angiotensin system activation, impaired 
antioxidant defense, and damaged lipogenesis are in the 
focus of further research.47

Extrahepatic Cancer
Extrahepatic malignancies are another leading cause for 
mortality in NAFLD patients.33 In a large longitudinal 
cohort study by Allen and colleagues, a nearly 2-fold 
increase in the risk of incident cancers in 4722 NAFLD 
patients was found over a period of 21 years. Malignancies 
other than in the liver were located in the uterus, stomach, 
pancreas and colon. Increased cancer risk was stronger 
associated with NAFLD than to obesity.48

Diagnostic Tools for Detection of 
High-Risk Patients
Genetic Factors
Genetic investigations revealed hereditary single- 
nucleotide polymorphisms (SNPs) that indicate an 
increased risk for NASH, fibrosis and cirrhosis in patients 
with NAFLD such as patatin-like phospholipase domain- 
containing protein 3 (PNPLA3) and transmembrane 6 
superfamily member 2 (TM6SF2).49,50 In a meta-analysis 
by Singal and colleagues, an increased PNPLA3-related 
risk of HCC was found in patients with NASH or alcohol- 
related cirrhosis (OR 1.67, 95% CI 1.27–2.21).51 Donati 

Figure 1 Risk factors for NAFLD progression. Sedentary lifestyle with over- 
alimentation, obesity and diabetes are the main risk factors that promote disease 
severity progression from simple steatosis to NASH, fibrosis (stages F1-F3) and 
cirrhosis.
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et al demonstrated an association of the membrane-bound 
O-acyltransferase domain-containing 7 (MBOAT7) 
rs641738 variant with HCC in patients without 
cirrhosis.52 This variant increases the risk of liver inflam
mation and fibrosis and not only in NAFLD53 but also in 
hepatitis B54 and C.55 17β-Hydroxysteroid dehydrogenase 
13 (HSD17B13) is an enzyme that has a critical role in the 
regulation of hepatic homeostasis since it promotes lipid 
accumulation in the liver. Therefore, it may have a role as 
a biomarker in patients with NAFLD.56 However, guide
lines do not recommend testing of genetic polymorphisms 
for surveillance in NAFLD, since it is not cost-effective.4

Identifying NAFLD Patients with 
Liver Fibrosis
Histology
Diagnosing and staging liver fibrosis as the crucial prog
nostic factor can be achieved via biopsy or in a non- 
invasive way. Besides providing a reliable distinction 
between NAFLD and NASH and assessment of histologi
cal disease activity by scores such as the NAFLD activity 
score (NAS),57 biopsy is regarded as gold standard for 
fibrosis measurement.

Several histopathological fibrosis staging schemes 
according to different underlying diseases have been 
described. Commonly used scores are METAVIR58 and 
Ishak59 score which are primarily used in hepatitis 
B and C and Brunt score for NAFLD and NASH.60 

These scores scale a visual accumulation of fibrous tissue 
from 0 to 4: F1: portal fibrosis without septa; F2: portal 
fibrosis with few septa between portal tracts or hepatic 
veins; F3: bridging septa between central and portal 
veins and F4: cirrhosis with regenerative nodules. Stage 
F2 and higher is commonly regarded as advanced fibrosis.

Since liver biopsies only display a small part of the 
liver, sampling error and intraobserver variation can 
occur.61 These limitations are a particular challenge in 
clinical trials evaluating anti-NASH drugs, as this lack of 
reliability can potentially affect the patient population (eg, 
introducing patients who do not properly meet study entry 
criteria) or misclassify fibrosis and treatment effects.62 In 
addition, biopsies cannot be easily repeated during follow- 
up of individual patients, because the procedure is com
paratively expensive and, even though liver biopsy-related 
mortality is low, procedural risks such as bleeding, intest
inal perforation and pneumothorax cannot be ruled out 
completely.63

Therefore, fibrosis measurement has shifted towards 
non-invasive techniques as first-line investigation. Non- 
invasive methods of assessing fibrosis in NAFLD and 
NASH patients include laboratory-based scores, blood 
tests, ultrasound, liver stiffness measurement via transient 
elastography (TE), shear wave elastography (SWE), point 
shear wave elastography (pSWE) and magnetic resonance 
elastography (MRE).

Scoring Systems
Several scores have been developed to determine the pre
sence of fibrosis using clinical data and laboratory results 
(see Table 1). The overall idea of these scores is to inte
grate routine parameters of liver injury (eg transaminase 
activity, platelet count) and risk characteristics (eg obesity, 
age, diabetes).

Angulo et al showed that the NAFLD fibrosis score 
(NFS), that comprises age, albumin, aminotransferases, 
body mass index (BMI), blood glucose and platelet count, 
had a high negative predictive value (NPV) of 93% (at a low 
cut-off score) in excluding advanced fibrosis, while a high 
cut-off score had high positive predictive value for advanced 
fibrosis (90%).64 Other schemes such as Fib-4 score that 
encompasses age, aminotransferases and platelets or APRI 
(AST/platelet ratio) are used to exclude advanced fibrosis.65 

The rather simple APRI score did show an inferior predictive 
value in NAFLD patients when compared to HCV patients 
and is therefore preferably used in this context.66 The BARD 
score is calculated by summing BMI, AST/ALT ratio and 
diabetes mellitus. Since it showed a high negative predictive 
value (≥95%) for the presence of advanced fibrosis, it can be 
used for excluding advanced fibrosis in NAFLD patients.67 

A longitudinal study by Angulo and colleagues suggested 
that the mentioned four scores, especially NFS, can predict 
liver-related complications or death.68 In a recent cross- 
sectional study, FIB-4, APRI, and NFS detected advanced 
fibrosis and fibrosis progression in patients with NAFLD.69 

However, all these scores have a limited ability to screen for 
fibrosis in the general population. In a large population-based 
analysis, higher scores from noninvasive scoring systems 
such as APRI, NFS or FIB-4 were associated with an 
increased risk of cirrhosis, but their predictive ability was 
very modest in the general population.70 Another novel score 
is the ADAPT Score. In addition to age, platelets and dia
betes, the ADAPT algorithm also includes PRO-C3, a marker 
of type III collagen formation, that is an independent pre
dictor of fibrosis stage in NAFLD.71
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Novel Composite Tests and Biomarkers
More expensive blood tests for evaluating liver fibrosis are 
FibroTest (FT), Fibrometer and the Enhanced Liver Fibrosis 
Test (ELF).

As displayed in Table 2, FT includes α2-macroglobulin, 
apolipoprotein A1, haptoglobin, total bilirubin, and γ- 
glutamyl-transpeptidase (GGT). It was demonstrated that 
a lower FT cut-off of 0.30 had a 90% NPV for advanced 

fibrosis while a higher FT cut-off of 0.70 had a 73% positive 
predictive value for the presence of advanced fibrosis in 
NAFLD patients.72 Fibrometer is based on platelets, pro
thrombin index, aspartate aminotransferase, α2-macroglobu
lin, hyaluronate, urea and age73 and has displayed a high 
accuracy of 91.4% applying to three diagnostic intervals (F0/ 
1, F0/1/2, F2/3/4) in NAFLD patients.74 Enhanced Liver 
Fibrosis (ELF) test incorporates hyaluronic acid, tissue inhi
bitor of matrix metalloproteinases-1 and aminoterminal pro
peptide of procollagen type III. ELF test was shown to 
predict liver-related outcome in a cohort of patients with 
chronic liver disease including NAFLD.75 In a recent meta- 
analysis, ELF test exhibited a high sensitivity but limited 
specificity to exclude advanced and significant fibrosis in 
NAFLD patients when low cutoff parameters were applied. 
In a context of low disease prevalence, the use of higher 
cutoff scores was found to be associated with a more limited 
test performance.76 The NAFLD Diagnostic Panel contains 
adiponectin, resistin, glucose, M30, M65, Tissue inhibitor of 
metalloproteinases-1, ProCollagen 3 N-terminal peptide and 
hyaluronic acid. In the validation study, the panel displayed 
an AUROC of 0.80 for predicting any degree of fibrosis.77

However, many of these tests include parameters that 
are not widely available and/or use patented (and thereby 
expensive) algorithms. In addition, non-invasive liver 
fibrosis assessment scores and blood tests have been 

Table 2 Composite Fibrosis Tests

Test Variables Required Cut-off Values

Fibrotest 

(FT)

α2-macroglobulin, 

apolipoprotein A1, 

haptoglobin, total 
bilirubin, GGT

Low probability (FT 

<0.30), Intermediate 

probability (FT 
0.30–0.70), High 

probability (FT >0.70)

Fibrometer platelet count, 

prothrombin index, AST, 

α2-macroglobulin, 
hyaluronate, urea, age

Score 0–1 correlates to 

Metavir fibrosis stage F0- 

F4

Enhanced 
Liver 

Fibrosis 

Test (ELF)

hyaluronic acid, tissue 
inhibitor of matrix 

metalloproteinases-1, 

aminoterminal 
propeptide of 

procollagen type III

Low probability (ELF 
<7.7), Intermediate 

probability (ELF 7.7–9.5), 

High probability (ELF 
>9.5)

Table 1 Commonly Used Scores for NAFLD, NASH and Fibrosis

Algorithm Variables Required Cut-off Values

Fibrosis-4 Index (FIB-4) 
FIB-4 = [age (years) × AST (U/L)]/[platelets (109/L) × 

(ALT (U/L)1/2]

age, AST (U/L), platelet count, ALT (U/L) Low probability (FIB-4 <1.30), 
Intermediate probability (FIB-4 

1.30–2.67), High probability (FIB-4 >2.67)

NAFLD Fibrosis Score (NFS) 
NFS = −1.675 + (0.037 × Age [yrs]) + (0.094 × BMI 

[kg/m2]) + (1.13 × impaired fasting glucose/Diabetes 
[yes = 1; no = 0]) + (0.99 × AST/ALT)— (0.013 × 

Platelet[109/L]) — (0.66 × Albumin [g/dL])

age, body mass index (BMI), presence of 

impaired fasting glucose or diabetes, AST (U/ 

L), ALT (U/L), platelet count, albumin (g/dL)

Low probability (NFS <−1.455), 

Intermediate probability (NFS = 0.676 to 

−1.455), High probability (NFS >0.676)

Hepatic Steatosis Index (HSI) 
HSI=8×(ALT/AST) + BMI (+2 if type 2 diabetes yes, 
+2 if female)

body mass index (or height and weight), AST 

(U/L), ALT, diabetes diagnosis

36 to define presence of NAFLD

Aspartate Aminotransferase-Platelet Ratio 
Index 
(APRI) 
APRI=AST (/ULN) ×100/Platelet (109/L)

AST (U/L), platelet count Low probability (APRI <0.5), 
Intermediate probability (APRI 0.5–1.5), 

High probability (APRI >1.5)

BARD Score (BARD) 
BARD=BMI (>or=28 = 1; <28 = 0) + AST/ALT ratio 
(>or= 0.8 = 2; <0.8 = 0) + type 2 diabetes (1 if yes; 0 if no)

body mass index (BMI), aspartate 

aminotransferase (AST)/alanine 
aminotransferase (ALT) ratio, type 2 diabetes

Low probability (BARD 0–1), High 

probability (BARD 2–4)
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usually tested and validated in heterogeneous, in part 
highly selected patient cohorts, often in the setting of 
underlying HCV infection and need further validation in 
different clinical frameworks in NAFLD patients. As it has 
been demonstrated for the ELF test, it can be necessary for 
the clinician to consider the local NAFLD prevalence in 
order to obtain the most accurate test result by a suitable 
test. Another potential biomarker in NAFLD is the macro
phage activation marker sCD163,78 which has been linked 
to histological inflammatory activity and fibrosis in hepa
titis C.79

The intestinal microbiome influences hepatic carbohy
drate and lipid metabolism and also affects the balance 
between pro-inflammatory and anti-inflammatory effectors 
in the liver.80 Via various possible mechanisms such as the 
dysbiosis-induced dysregulation of gut endothelial barrier 
function leading to bacterial translocation and hepatic 
inflammation, the microbiome has been linked to chronic 
liver disease81 and changes in the gut microbiota composi
tion have been linked to liver fibrosis82 or liver cancer83 

and is a field of ongoing research. Another new approach 
in finding biomarkers associated with NAFLD and its 
complications are microRNAs (miRNAs)84 that control 
complementary target mRNAs at the post-transcriptional 
level and whose dysregulation has been shown to have 
a prognostic impact in NAFLD.85 In the future, miRNAs 
may serve as novel biomarkers for identifying NAFLD 
patients at risk. For example, miR-34a and miR-122 cir
culating levels were correlated with liver enzymes, inflam
mation activity and fibrosis score.86 Furthermore, miR-192 
and miR-200a also have associations with NAFLD sever
ity by histology87 indicating a potential role in risk strati
fication of NAFLD patients.

Liver Stiffness Measurement
In recent years, different ultrasound-based liver stiffness 
measurement (LSM) techniques have been introduced in 

clinical routines. These techniques differ in methodology, 
handling, interpretation and accuracy. All methods have to 
struggle with a poorer transmission of the ultrasound or 
mechanical beam in obese patients, which is common in 
NAFLD. Furthermore, possible confounders in LSM are 
influences on the viscoelasticity of the liver such as con
gestion, post-prandial hepatic hyperaemia and severe 
hepatitis (eg ALT levels >3 times the upper limit of 
normal).88 Cutoff values may vary among underlying dis
ease and manufacturers of the different LSM systems.

Transient Elastography
A commonly used non-invasive technique is transient 
elastography (TE), which is the most widely studied liver 
stiffness measurement instrument. It can be operated by 
trained medical assistants but results should be interpreted 
by a physician who is aware of the patient´s clinical 
context. In TE, a probe (“M-probe”) emits a low-energy 
3.5 MHz ultrasound wave into the liver transcutaneously 
within a right intercostal space, and wave propagation is 
then evaluated by a receiver in the probe. Results are 
expressed in kilopascals (kPa) as depicted in Figure 2.

Using the M-probe, Castera et al found a failure rate of 
3.1% in TE that was associated with the presence of 
obesity,89 failure rates in severely obese patients have 
been reported to be as high as 35%.90 In obese patients, 
a specific XL probe (2.5MHz) has shown improved 
reliability.91 It was demonstrated that TE has a good diag
nostic accuracy in detecting advanced fibrosis (F3-F4) in 
NAFLD (using M- or XL-probe).92 A systematic review of 
nine studies including 1047 NAFLD patients (out of which 
in 854 patients the M-probe was used) showed a high 
accuracy in diagnosing F3 and F4 fibrosis (sensitivity 
85% and 92% specificity 82% and 92%). For F2 fibrosis, 
accuracy was lower (79% sensitivity, 75% specificity).93 

At a cutoff value of 7.9 kPa, the NPV for F3 or greater 
disease was found to be 97% (using M-probe), which 

Table 3 SWE in Patients with NAFLD

Study n Age Mean 
BMI kg/ 
m(2)

Patients 
with 
Advanced 
Fibrosis (%)

AUROC for 
Advanced 
Fibrosis 
(F3-4)

Optimal 
Cut-off 
for F3-F4 
(kPa)

Sensitivity 
(%)

Specificity 
(%)

System

Cassinotto102 291 56.7 32.1 43.3 0.89 8.3 91 71 Aixplorer, Supersonic Imagine

Furlan92 57 50 34.8 42.1 0.89 8.1 71.4 94.4 GE Healthcare Logiq E9

Petzold104 33 53.3 30 27.3 1.00 8.94 100 100 GE Healthcare Logiq E9

Takeuchi105 71 50.8 29.2 45.1 0.82 13.07 63 57 Aixplorer, Supersonic Imagine

Herrmann103 156 53.7 31.2 32.1 0.93 9.2 93.1 80.9 Aixplorer, Supersonic Imagine
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indicates that TE is helpful in excluding advanced 
fibrosis.94 Recently, TE was reported to be an effective 
non-invasive tool in predicting survival in NAFLD 
patients.95

TE also allows to estimate the amount of hepatic fat by 
determination of so-called controlled attenuation para
meter (CAP). A meta-analysis determined a cut-off for 
mild steatosis (>S0) of 248 dB/m and for moderate stea
tosis (>S1) of 268 dB/m.96 CAP has also shown good 
accuracy in patients with fibrosis.97

The possible interference of the excessive hepatic sto
rage of fat in NAFLD patients in TE has been addressed 
by various studies. It has been shown that severe steatosis 
may bear a risk of false positive results in TE, especially in 
patients without advanced fibrosis.98 In contrary, Eddowes 
and colleagues found no affection of LSM due to 
steatosis.99 However, modification of TE results by simul
taneous CAP measurement may reduce the possible con
founder of severe steatosis.100

Shear Wave Elastography
Shear wave elastography (SWE) allows to perform an LSM 
via ultrasonography. Avoiding large vessels, a region of 
interest (ROI) at least 1 cm below the liver capsule is 
selected in a right intercostal position during a transient 
breath hold (see Figure 3). The shearwave propagation in 
the liver is visualized in the ultrasound picture and measured 
at least 3 times in m/s and can be converted to kPa.101

As displayed in Table 3, data for SWE in NAFLD 
patients are limited. In the largest study on SWE in 291 
NAFLD patients, Cassinotto et al found a good accuracy 
in detecting advanced fibrosis (AUROC 0.89). Using 

a cutoff of 8.3kPa, sensitivity was 91%, while at a cutoff 
of 10.7kPa specificity was 90% for F3 fibrosis or 
higher.102 A retrospective meta-analysis of 13 centers 
using the Aixplorer SWE equipment (SuperSonic 
Imagine, France) found comparable results for the 
NAFLD subgroup as displayed in Table 3.103

Point Shear Wave Elastography
Point shear wave elastography (pSWE) is another LSM 
technique that is also integrated in a conventional ultrasound 
machine. The operator must place a ROI in ultrasound 
imaging where the regional shear wave speed is measured 
(see Figure 4). While acoustic radiation force imaging 
(ARFI) is a similar technology introduced by Siemens, 
pSWE is offered by multiple manufacturers. If examination 
quality is insufficient, the user is warned by an estimation 
algorithm. A recent meta-analysis of Jiang et al included 
nine studies evaluating pSWE found an AUROC of 0.94 for 
advanced fibrosis and 0.86 for significant fibrosis detection, 
indicating a good accuracy for fibrosis assessment in 
NAFLD patients particularly in more advanced stages.106

However, shear wave based stiffness measurement has 
a varying procedural duration and requires sufficient train
ing of operators in addition to availability of the appro
priate equipment.107 Research on cost-effectiveness is 
needed.

Magnetic Resonance Elastography
In addition to a conventional MRI scanner, magnetic reso
nance elastography (MRE) requires special software and 
added hardware to generate mechanical waves. 
A continuous vibration of 60Hz is transmitted into the 
abdomen via a passive driver attached to the patient ante
rior to the liver. As depicted in Figure 5, resulting shear 
waves are then visualized and processed by a specialized 
software resulting in an elastogram, that quantitatively 
depicts stiffness of the liver. By drawing ROIs into the 
elastogram, stiffness can be assessed.108

MRE is less operator-dependent than ultrasound-based 
LSM and the risk of failure in patients with severe obesity 
is lower.109 However, hepatic iron overload, ascites and 
overweight can be a reason for technical failure in MRE 
and failure rate was found to be 7.7% in a cohort of NASH 
patients.110 Patients with claustrophobia, extreme body 
weight or metal implants may be excluded from MRE. 
As additional examination during an MRE, proton density 
fat fraction (PDFF) allows to perform a quantification of 
fat accumulation in the liver (as CAP provides fat 

Figure 2 Transient elastography: TE (Fibroscan, Echosens): Display of 
a reconstructed view of the wavefront that passes through the liver from the 
handheld probe (M or XL). Controlled attenuation parameter (CAP) measurement 
is displayed on the left-hand side.
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accumulation assessment in TE). Accuracy of PDFF is 
considered to be higher than in CAP.111 Comparing TE 
and MRE, Park et al described a superior fibrosis detection 
rate (for ≤F1 fibrosis) in MRE with an AUROC of 0.82 
versus 0.67 in TE.112 In a recent study in 61 NAFLD 

patients comparing SWE, TE and MRE, MRE accuracy 
for detection of significant fibrosis was highest (AUROC 
0.80, 0.77 and 0.85, respectively).92 Limitations for a wide 
utilization of MRE in NAFLD fibrosis assessment are 
mainly high costs and low accessibility.

Risk Stratification Strategies in 
NAFLD
As described above, multiple diagnostic tools for risk 
stratification of NAFLD patients with acceptable accura
cies exist, especially for excluding advanced fibrosis. 
Given the high prevalence of NAFLD and its immense 
impact on morbidity and mortality now and in the future, 
determining diagnostic and surveillance strategies for 
NAFLD is crucial. In different healthcare systems, cost- 
effectiveness, allocation and availability of diagnostic 
instruments need to be investigated in detail in order to 
achieve the best possible outcome for patients that are at 
risk for NAFLD related complications. With new 

Figure 3 SWE measurement: SWE (Aplio 500, Toshiba) in a right intercostal probe position, LSM in region of interest (ROI) displayed by the white circle in the colour 
overlay style shearwave measurement. The color scale shows the distribution of the measured elasticity. (A) SWE in a 20-year-old female with a healthy liver; LSM was 4.9 
kPa. (B) SWE in a 66-year-old female with NASH fibrosis; LSM was 8.7 kPa.

Figure 4 pSWE in NAFLD: pSWE (Arietta V70, HITACHI) in a right intercostal probe position, LSM in region of interest (ROI) displayed by the yellow box. (A) pSWE in 
a 35-year-old male with a healthy liver; LSM was 2.88 kPa. (B) pSWE in a 84-year-old male with NASH fibrosis; LSM was 9.28 kPa.

Figure 5 Magnetic resonance elastography: MRE of the liver in a cirrhotic patient. 
Stiffness measures are depicted in a quantitative colour scale.
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pharmacological treatment options on the horizon that will 
likely also have a substantial financial repercussion, it 
must be secured that as many patients who require special 
treatment or further surveillance are detected in the most 
reliable and cost-effective way.

Scores that include routine laboratory results and clin
ical aspects such as Fib-4 and NFS are widely available 
and inexpensive and could serve as the first (but prelimin
ary) stratification in NAFLD patients. NFS alone and the 
combination of (increasingly available) TE and NFS has 
been shown to be cost-effective.113 Whether blood tests 
like FT or Fibrometer, TE, pSWE or SWE should be used, 
is often dependent on local technical equipment, reimbur
sement regulations and the operator expertise.

New pathways are currently being tested that combine 
different modalities. In a prospective longitudinal cohort 
study in a primary care setting, a 2-step algorithm (with 
FIB-4 and ELF) greatly improved the detection of 
advanced fibrosis and cirrhosis, while reducing unneces
sary referrals to secondary care centers in patients with 
NAFLD.114 In a similar intention, combining LSM by 
transient elastography, CAP, and AST, designated FAST 
(FibroScan-AST), in a predictive model was efficient in 
identifying patients with progressing NASH.115

MRE is less expensive than liver biopsy108 but way more 
expensive than ultrasound based fibrosis assessment meth
ods. Therefore, its utilization is currently restricted to 
selected cases such as severely obese patients in whom 
advanced fibrosis is suspected through scores or blood tests 
and patients with indeterminate results using other modal
ities. In the rising presence and availability of highly accurate 
non-invasive fibrosis measurement methods and large num
bers of NAFLD patients, the role of liver biopsy needs to be 
discussed. Currently, including NAFLD patients in clinical 
trials requires liver biopsy,116 because histological endpoints 
are mandated by regulatory agencies as surrogates for clini
cally meaningful endpoints in NASH trials.117

Genetic testing and the search for new biomarkers in 
the intestinal flora are fields of ongoing research and are 
currently not part of clinical routine testing.

HCC Surveillance in NAFLD 
Patients
HCC surveillance is recommended and well established in 
cirrhotic patients. Its role in non-cirrhotic NAFLD patients 
is not fully determined. In patients with NAFLD and ear
lier stages of fibrosis, systematic screening is not 

recommended by guidelines but there is consensus that 
NAFLD patients with advanced fibrosis are at an increased 
risk for HCC development, and HCC screening may be 
performed in this cohort,27,118 especially when other risk 
factors such as older age, diabetes, iron overload, augmen
ted alcohol consumption or genetic polymorphisms (such 
as PNPLA3 or MBOAT7) are present.

Alpha-fetoprotein (AFP) is the most widely tested tumor 
biomarker for HCC.27,118 AFP levels in patients with viral 
hepatitis of 20 ng/mL showed a good sensitivity but a low 
specificity, while at values above 200ng/mL the sensitivity 
was low with a high specificity.119 Using AFP as a screening 
tool for HCC did not improve mortality.120 The addition of 
AFP to screening ultrasound can lead to additional costs 
related to false-positive findings.121 Because of unclear cost- 
effectiveness and uncertainty regarding a potential benefit in 
mortality, AFP is not recommended as a surveillance para
meter for HCC detection in NAFLD patients by European 
guidelines27 while American guidelines recommend screen
ing ultrasound with or without AFP.122

Surveillance recommendations differ in the utilization of 
AFP, but agree on ultrasound as the essential screening tool at 
least every 6 months.27,123 Among chronic liver diseases, 
detection of HCC via operator-dependent ultrasound is espe
cially challenging in NAFLD patients since these patients are 
often obese (which impairs visualization of focal lesions) and 
may display inhomogeneous steatosis.124 Given the high pre
valence of NAFLD, high costs, limited availability and radia
tion exposure, MRI and computed tomography (CT) are 
currently not commonly recommended as surveillance ima
ging procedures.122 Nevertheless, in selected cohorts such as 
severely obese patients, MRI or CT can have a role in HCC 
surveillance.125 The recent best practice advices on HCC 
screening in NAFLD patients by the American 
Gastroenterological Association (AGA) recommend MRI or 
CT in case of suboptimal quality of screening ultrasound.118

Conclusions
Facing consequences of a sedentary lifestyle, overnutrition 
and rising numbers of obese patients, the growing burden 
of NAFLD is an urging challenge for individuals and 
healthcare systems. Since mortality affects only 
a minority of NAFLD patients, it is crucial to identify 
patients at risk. This will become even more important 
with more treatment options for NASH on the horizon.

A variety of invasive and non-invasive tests with high 
accuracy is already available for risk stratification in 
NAFLD. Further research on non-invasive biomarkers, that 
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can be cost-effective in large cohorts, is needed for the early 
identification of high-risk NAFLD patients.
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