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Non-alcoholic fatty liver disease (NAFLD) is becoming the most common liver disease worldwide, and its burden is 
expected to increase due to the growing epidemic of obesity and diabetes. The key challenge among NAFLD patients 
is to identify those with advanced fibrosis (F3F4), who are at high risk of developing complications and will benefit from 
specialized management and treatment with new pharmacotherapies when they are approved. Liver biopsy appears 
unrealistic and unsuitable in practice, given the large number of high-risk patients and its well-known limitations. 
Non-invasive sequential algorithms using fibrosis-4 index as first-line test, followed by vibration-controlled transient 
elastography or patented blood test, are the best strategy for case finding of high-risk subjects. In fact, they are now 
recommended by several international guidelines, and should be used and disseminated to increase awareness among 
physicians beyond liver clinics where most NAFLD patients are seen. (Clin Mol Hepatol 2023;29(Suppl):S196-S206)
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) affects around 
one-fourth of the general population worldwide.1 NAFLD en-
compasses a wide range of lesions, ranging from simple ste-
atosis to non-alcoholic steatohepatitis (NASH), with faster liv-
er fibrosis progression as well as the risk of developing 
cirrhosis and its complications, including hepatocellular car-
cinoma (HCC).2 However, the vast majority of NAFLD patients 
will not progress, and only a minority, namely those with 
NASH and advanced fibrosis (F3, bridging fibrosis and F4, cir-
rhosis), are at the greatest risk of developing complications of 
chronic liver disease.3 Patients with metabolic risk factors, 
particularly obesity and type 2 diabetes (T2DM), are at the 

highest risk of progressing to cirrhosis and HCC.4 Due to the 
growing epidemic of obesity and diabetes, the burden of 
NAFLD is expected to increase.5 Despite its high burden, 
NAFLD remains a largely under-recognized disease in prima-
ry care where most patients are seen. Additionally, the ma-
jority of NAFLD cases are asymptomatic with mild liver test 
abnormalities, making their identification a tough challenge 
for physicians in their daily clinical practice. As a result, less 
than 10% of patients diagnosed with NAFLD are referred to 
specialists.6 Finally, there currently is no approved pharmaco-
logic treatment for NAFLD. Therefore, the key challenge is to 
identify the minority of NAFLD patients with advanced fibro-
sis, who are at the greatest risk of developing complications, 
and will benefit from specialized management and treat-
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ment with new pharmacotherapies when they are approved.
For many years, liver biopsy has been considered the gold 

standard for the staging of liver fibrosis. However, it appears 
unrealistic and unsuitable, given the large number of high-
risk patients and its well-known limitations.7 Non-invasive 
strategies have been proposed as an alternative, and they 
have been an area of intensive research over the past de-
cade.8 These strategies include serum biomarkers of fibrosis 
and liver stiffness measurement (LSM), using either ultra-
sound- or magnetic resonance-based elastography tech-
niques. Although none of these non-invasive tests can ade-
quately discriminate NASH from simple steatosis in patients 
with NAFLD, they are now extensively used in liver clinics to 
detect advanced liver fibrosis and are recommended by in-
ternational guidelines.9-11 In this review, we discuss the per-
formance, advantages, and limitations of non-invasive tests 
for identifying high-risk NAFLD patients.

WHO ARE THE HIGH-RISK NAFLD PATIENTS? 

In NAFLD patients, NASH is the driver of fibrosis progres-
sion, but the presence of NASH without significant fibrosis is 
not associated with increased liver-related mortality or over-
all mortality.12,13 probably due to the competing mortality 
risks of cardiovascular disease and non-liver related cancers 
in these patients. Several studies have reported that, besides 
the high rate of liver-related complication, the risk of all-
cause mortality is clearly increased in NAFLD patients with 
advanced fibrosis.14,15 In addition, two meta-analyses, based 
mostly on longitudinal retrospective studies, have shown 
that, the main prognosis driver for liver-related and overall 
mortality in NAFLD patients is the stage of liver fibrosis, 
namely advanced fibrosis.16,17 These findings have been re-
cently confirmed prospectively in the NASH CRN cohort 
(n=1,773 NAFLD patients), followed over a median period of 
4.0 years (total: 8,120 person years).18 Indeed, all-cause mor-
tality increased with increasing fibrosis stages (0.32 deaths 
per 100 person-years for stage F0 to F2, 0.89 deaths per 100 
persons-years for stage F3, and 1.76 deaths per 100 person- 
years for stage F4. Thus, it has now been well established 

that the risk of liver-related complications in NAFLD expo-
nentially increases when transitioning to stage F3 and then 
F4. Advanced fibrosis is, therefore, the primary lesion to tar-
get when designing strategies to detect high-risk NAFLD pa-
tients who have the worse clinical outcomes.

Despite major efforts in the development of new drugs.19 
no pharmacologic treatment has yet been approved for 
NAFLD. The current consensus is that pharmacotherapy 
should be reserved for patients with NASH and at least sig-
nificant fibrosis. At-risk NASH (or fibrotic NASH) is defined by 
the presence of NASH (NAFLD activity score ≥4 with one item 
of each, at least) and significant fibrosis (fibrosis stage ≥2).20 
Identification of these patients is important in tertiary refer-
ral centers, as they are the main target population for ongo-
ing NASH phase 2 and 3 trials.

HOW TO IDENTIFY HIGH-RISK NAFLD PA-
TIENTS?

Available non-invasive tools

Non-patented blood tests
The most commonly used non-patented blood tests are 

the fibrosis-4 index (FIB-4) and the NAFLD fibrosis score (NFS). 
The FIB-4 includes four simple parameters: age, platelets, 
and serum transaminases (aspartate aminotransferase [AST] 
and alanine aminotransferase [ALT]). The NFS includes seven 
parameters: age, body mass index (BMI), impaired fasting 
glucose/T2DM, AST, ALT, platelets, and albumin. The FIB-4 
was initially developed for the non-invasive diagnosis of fi-
brosis in a set of 555 patients with HIV-chronic hepatitis C co-
infection,21 and then was also evaluated for the diagnosis of 
advanced liver fibrosis in NAFLD.22 Contrary to FIB-4, the NFS 
has been developed specifically in NAFLD, in a large set in-
cluding 480 patients.23 Evidence for the accuracy of FIB-4 and 
NFS in NAFLD has now reached the level of meta-analysis, 
with area under the receiver-operating-characteristic curve 
(AUROC) at 0.76 for FIB-4 and 0.73 for NFS.22 The results of 
these two tests were interpreted using two diagnostic 
thresholds, a lower to rule-out advanced liver fibrosis (FIB-4 

Abbreviations: 
ELFTM, Enhanced Liver Fibrosis; GPs, general practitioners; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; NFS, NAFLD fibrosis score; VCTE, 
vibration controlled transient elastography; T2DM, type 2 diabetes mellitus
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<1.30, NFS <-1.455), and a higher to rule-in advanced liver fi-
brosis (FIB-4 >2.67, NFS >0.676). Meta-analyses have shown 
that the sensitivity for advanced liver fibrosis with the rule-
out threshold of FIB-4 and NFS is acceptable, at around 75%, 
and specificity with the rule-in threshold is very good at 
94%.22,24 

Context of use, particularly in a clinical setting, is important 
when dealing with blood tests, knowing that NFS is not the 
best test for the screening of advanced liver fibrosis in pa-
tients with T2DM.25-27 Also, age28 and BMI,29 included in the 
NFS formula, affect its performance in older patients with 
morbid obesity. By contrast, FIB-4, which is only affected by 
age, seems to be a better option in these populations. Both 
FIB-4 and NFS can be calculated for free through websites 
and smartphone applications. FIB-4, however, is the most 
popular and most studied non-patented blood fibrosis test 
due to its simplicity and the fact that serum transaminases 
and platelet count are largely prescribed by general practi-
tioners (GPs) in their check-up for metabolic diseases. In large 
populations of unselected patients, at a threshold of 1.30, 
FIB-4 has the strong advantage to very easily rule-out a large 
proportion (60–80%) of the subjects evaluated.30 Moreover, 
repeating FIB-4 measurement could evaluate the risk of liver-
related complication31 within time.

Patented blood tests
The most studied patented blood fibrosis tests in NAFLD 

include FibroTest®, FibroMeterTM, and Enhanced Liver Fibrosis 
(ELFTM) test.7 These non-invasive tests combine indirect and 
direct markers of liver fibrosis, the latter being components 
of liver fibrosis or proteins directly involved in the processes 
of fibrogenesis and fibrolysis in the liver during chronic liver 
diseases. Recent meta-analyses evaluating the accuracy of 
these tests in NAFLD patients reported an AUROC for ad-
vanced liver fibrosis of 0.77 for FibroTest®,32 0.83 for ELFTM,33 
and 0.89 for FibroMeterTM.34 Direct comparison performed in 
417 patients with biopsy-proven NAFLD has found similar di-
agnostic accuracy between FibroMeterTM and ELFTM.35 Patent-
ed blood tests are more accurate than non-patented blood 
tests,35,36 but their cost and limited availability limit their 
widespread application. Therefore, they are more suited 
when used as a second-line option, to further confirm the 
risk of advanced liver fibrosis suggested by the first-line non-
patented blood fibrosis test.

Importantly, studies are concordant about the fact that 

negative predictive values (NPVs) for excluding advanced fi-
brosis are higher than the corresponding positive predictive 
values (PPVs). Thus, blood tests may be confidently used for 
first-line risk stratification to exclude advanced fibrosis. How-
ever, most of these studies have been conducted in tertiary 
referral centers where the pre-test probability of advanced 
fibrosis is higher (20–30%) than that in primary care (<5%), 
which could have a major impact in the accuracy results.37

Elastography
Elastography include ultrasound-based techniques, such as 

vibration-controlled transient elastography (VCTE) (Fi-
broScan, Echosens, France), point shear wave elastography 
(pSWE), two-dimensional shear wave elastography (2D-SWE), 
and magnetic resonance elastography (MRE).38 Among them, 
VCTE is the method with the largest amount of evidence.7 
Two large multicenter studies39,40 reported high VCTE appli-
cability (96–97%) in NAFLD patients. Moreover, the same cut-
offs can be used without further adjustment for steatosis 
when the M and XL probes are used according to the appro-
priate BMI (30 kg/m2). In a recent meta-analysis including 
5,489 NAFLD patients in 37 studies, VCTE had excellent accu-
racy for diagnosing advanced fibrosis and cirrhosis, with AU-
ROCs of 0.85 and 0.90, respectively.22

As for the remaining techniques, a recent systematic review 
of 82 studies (14,609 patients) and a meta-analysis of 70 stud-
ies (12,547 patients) showed that only MRE and pSWE had a 
specificity greater than 80% for the diagnosis of advanced fi-
brosis (89% and 86%, respectively).41 Nonetheless, all evalu-
ated techniques had a good diagnostic accuracy. The report-
ed summary AUROC for diagnosing advanced fibrosis with 
VCTE, MRE, pSWE, and 2D-SWE were 0.85, 0.92, 0.89, and 0.72, 
respectively.41 Although MRE had the best diagnostic accura-
cy, it remains a research tool due to its limited availability and 
cost. Moreover, pSWE/ARFI and 2D-SWE are not included in 
the current guidelines on the management of NAFLD due to 
the limited amount of data.9-11 Taken together, these results 
suggest that VCTE is currently the technique with the highest 
level of evidence to confidently exclude advanced fibrosis 
and cirrhosis with a high negative predictive value (around 
90%) in NAFLD patients.7 For example, VCTE had a 94% to 
100% NPV at a cut-off <8 kPa. On the other hand, the PPV did 
not exceed 64% at a cut-off >10 kPa. Finally, VCTE is a point-
of care technique, available in most liver clinics worldwide, 
and is thus the technique of choice for the second-line test-
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ing of advanced fibrosis.

IDENTIFYING NAFLD PATIENTS WITH AD-
VANCED FIBROSIS

What is the best strategy?

The context of use is critical when using non-invasive tests, 
as it will strongly influence their diagnostic performance. The 
pretest probability of the target condition (advanced fibrosis) 
will impact PPV and NPV.9 When dealing with patients in pri-
mary care, where the prevalence of advanced fibrosis is low 
(<5%), non-invasive tests are far better for ruling out (high 
NPV) rather than for diagnosing (high PPV) the presence of 
advanced fibrosis. This indicates the need for at least two 
tiers of non-invasive fibrosis tests for selecting patients from 
low-prevalence populations for further investigations and 
follow-up to reduce false positive results.42 Therefore, using 
widely available, easy-to-obtain, and cheap blood tests (non-
patented serum markers) as the first-line procedure followed, 
if positive, by a second-line confirmatory test (elastography 
or patented serum markers) seems the most appropriate 
strategy. The use of sequential algorithms is more effective 
than single tests in both low and high prevalence set-
tings.22,43

Sequential strategies using blood tests 
followed by elastography

Several sequential strategies using non-invasive tests have 
been proposed to identify patients with advanced fibrosis in 
clinical practice.9-11 The first algorithm proposed by the Euro-
pean Association for the Study of Liver (EASL) targets pa-
tients with high risk of NAFLD seen in primary care or diabe-
tology clinics, using FIB-4 (single cutoff 1.3) followed by VCTE 
(single cutoff 8.0 kPa) (Fig. 1).9 Patients with FIB-4 >1.3 are 
considered to be at intermediate-high risk of advanced fibro-
sis and should undergo VCTE, which may be performed be-
fore or after referral to liver specialist according to local avail-
ability and pathways. Finally, in patients with LSM >8.0 kPa, a 
third test (a patented blood test) can be performed, if avail-
able. In case of concordant results with VCTE, advanced fibro-
sis is highly likely. Otherwise, liver biopsy may be considered 
when results are discordant results or if a patented blood test 

is unavailable. Patients with FIB-4 <1.3 and/or LSM <8.0 kPa 
have a low risk of advanced fibrosis and can be monitored by 
their GP with repeated measurements during follow-up. The 
use of this algorithm in “real life” has been recently validated 
in a retrospective, multicenter French cohort of 1,051 patients 
with biopsy-proven NAFLD.44 Compared with the perfor-
mance of single non-invasive tests (NITs), agreement be-
tween two NITs (FIB4 and VCTE, VCTE and patented serum 
tests) increased specificity and PPV by 20%, thereby justify-
ing the sequential use proposed in the EASL algorithm. The 
FIB-4/VCTE/FibroMeterTM and FIB-4/VCTE/FibroTest® algo-
rithms performed similarly, providing 85% diagnostic accura-
cy and a liver biopsy requirement rate of only 10%.

Interestingly, in the same cohort of patients, the EASL algo-
rithm was also able to predict the risk of liver-related events 
(LRE).45 In patients with FIB-4 >1.3, the risk of LRE increased 
according to the VCTE results with adjusted hazard ratio of 
3.9 (95% confidence interval [95% CI] 1.3–10.9) in those with 
8.0<LSM<12.0 kPa and 12.4 (95% CI 5.1–30.2) in those with 
LSM >12.0 kPa. Finally, the utility of EASL algorithm has been 
examined in 467 patients with type 2 diabetes seen in prima-
ry care, independently from their transaminase levels.46 
Twenty of 440 (4.5%) patients were found to have advanced 
liver disease, compared to three patients who were previous-
ly identified through standard care (odds ratio 6.71, 95% CI 
2.0–22.7; P=0.002). Alcohol and obesity were predictors of 
advanced disease, a finding consistent with previous stud-
ies.47-49

Other algorithms have been proposed since, including the 
American Gastroenterology Association (AGA) pathway11 and 
the American Association of Clinical Endocrinology (AACE) 
algorithm.10 The AGA pathway targets the same population 
as the EASL algorithm, and uses FIB-4 (dual cutoffs 1.3–2.67) 
followed by VCTE (dual cutoffs 8.0–12.0 kPa) (Fig. 2). Patients 
with FIB-4 in between 1.3 and 2.67 are considered as indeter-
minate risk, and should undergo VCTE. Patients with FIB-4 
<1.3 and/or LSM <8.0 kPa are considered to be at low risk of 
advanced fibrosis, and can be monitored by their GP with re-
peated measurements during follow-up. Those with 
8.0<LSM<12.0 kPa are considered at indeterminate risk, and 
should be referred to an hepatologist for liver biopsy or MRE. 
Those with FIB-4 >2.67 or LSM >12 kPa are considered at high 
risk, and should be referred to an hepatologist. 

As for the AACE algorithm, it is very similar to the AGA 
pathway but consider the use of ELFTM (dual cutoffs 7.7–9.8) 
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as an alternative to VCTE in patients with FIB-4 in between 1.3 
and 2.67 (Fig. 3). Patients with indeterminate risk (FIB-4 1.3–
2.67 or LSM 8–12 kPa or ELFTM 7.7–9.8) and high risk (FIB-4 
>2.67 or LSM >12 kPa or ELFTM >9.8) should be referred to an 
hepatologist for liver biopsy or MRE.

In summary, it is noteworthy that over the past year, guide-
lines from Hepatology, Gastroenterology, and Endocrinology 
International Societies recommended very similar sequential 
non-invasive strategies using the same tools and cutoffs. This 
will likely simplify the case finding and management of high-
risk patients with NAFLD in clinical practice.

IDENTIFYING NAFLD PATIENTS WHO ARE AT 
RISK OF NASH 

Several non-invasive scores combining serum and imaging 
biomarkers have been proposed to diagnose at-risk NASH 
patients. The first score is the FibroScan-AST (FAST), a contin-
uous and composite score, combining controlled attenuation 
parameter (CAP), LSM by VCTE, and AST level.50 The score 
ranges from 0 to 1 with a 0.35 rule-out cutoff (≥90% sensitiv-
ity) and a 0.67 rule-in cutoff (≥90% specificity). Patients with 
values between the two cutoffs are in the grey zone with in-
determinate results. FAST had an AUROC of 0.85 for the de-
tection of at-risk NASH patients in the pooled external valida-
tion cohort, with NPV of 94% for ruling out and PPV of 69% 
for ruling in at-risk NASH, respectively (Table 1). Overall, 60% 

Figure 1. EASL algorithm. FIB-4 can be used in patients with metabolic co-factors and/or alcoholic liver disease to identify patients requiring 
referral to the liver clinic (FIB-4 >1.3). VCTE may be performed before or after referral to liver specialist according to local availability and path-
ways. Adapted from the article of EASL (J Hepatol 2021;75:659-689).9 EASL, European Association for the Study of Liver; FIB-4, fibrosis-4; VCTE, 
vibration controlled transient elastography. *Transient elastography or FIB-4 may be performed before or after referral to liver specialist accor-
ding to local availability and pathways. †Cut-offs to use: ELFTM 9.8 (NAFLD/ALD); FibroMeter 0.45 (NAFLD), Fibrotest 0.48 (NAFLD). 
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of patients could be correctly classified and avoid a liver bi-
opsy. It should be acknowledged that performances of FAST 
may vary according to the prevalence of at-risk NASH pa-
tients in the applied population. For instance, in a USA cohort 
with a 12% prevalence, FAST had an AUROC of 0.86, allowing 
to classify 78% of patients, whereas in another cohort from 

Turkey with a 57% prevalence, its AUROC was 0.74, with 43% 
of patients correctly classified.50

The second score, the magnetic resonance imaging (MRI)-
AST (MAST) score, is based on the FAST concept, but using 
MRI (PDFF and MRE) instead of VCTE.51 MAST had an AUROC 
of 0.93, a NPV of 98% for ruling out and a PPV of 50% for rul-

Figure 2. AGA pathway. FIB-4 (dual cutoffs 1.3–2.67) is used as first-line followed by VCTE (dual cutoffs 8.0–12.0 kPa). Adapted from the article 
of Kanwal et al. (Gastroenterology 2021;161:1657-1669).11 AGA, American Gastroenterology Association; FIB-4, fibrosis-4; VCTE, vibration con-
trolled transient elastography; NAFLD, non-alcoholic fatty liver disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; MR, 
magnetic resonance.
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ing in at-risk NASH, respectively (Table 1). Overall, 70% of pa-
tients could be correctly classified and avoid a liver biopsy. Fi-
nally, the MRE combined with FIB-4 (MEFIB) index, a 
categorical score combining MRE and FIB-4, has been pro-
posed, but with a different primary objective of detecting 
F2-4 fibrosis in NAFLD.52 When evaluated for at-risk NASH, 
MEFIB had an AUROC of 0.77, a NPV of 93% for ruling out and 
a PPV of 55% for ruling in at-risk NASH, respectively (Table 1). 
Overall, 57% of patients could be correctly classified. 

Head-to-head comparison of FAST, MAST, and MEFIB 
showed conflicting results. One study suggested that MAST 
outperformed FAST,51 whereas another study suggested that 
MEFIB outperformed both MAST and FAST.53 These results 
deserve several comments. First, one of the challenges with 
these scores was dealing with patients in the grey zone. In-
terestingly, in the study comparing the three scores,53 the 
grey zone of MAST was significantly smaller than that of FAST 
and MEFIB (8.5% vs. 40.1% and 24.7%, respectively; P<0.001). 
As a result, the number of patients correctly classified as at-

risk NASH was higher with MAST than with MEFIB and FAST 
(69.4% vs. 57.4% and 45.3%, respectively).54 Second, when 
compared independently from the developers in a large co-
hort of T2DM patients with NAFLD, MAST and FAST outper-
formed MEFIB, and MAST allowed to correctly classify the 
largest number of patients.55 However, high cost and limited 
availability may compromise widespread application of MRI-
based scores. Further studies are needed.

CONCLUSIONS AND FUTURE PERSPECTIVES

The high-risk population in NAFLD patients is now well-
identified (i.e., patients with advanced fibrosis), and simple 
non-invasive tools are available for case finding. Algorithms 
based on these non-invasive tools are effective and recom-
mended by several international guidelines, but are mostly 
validated thus far in tertiary referral liver centers. The next 
step is to implement these algorithms beyond the liver clin-

Figure 3. AACE algorithm. FIB-4 (dual cutoffs 1.3–2.67) is used as first-line followed by VCTE (dual cutoffs 8.0–12.0 kPa). ELFTM (dual cutoffs 7.7–
9.8) can be used as an alternative to VCTE in patients with FIB-4 in between 1.3 and 2.67. Adapted from the article of Cusi et al. (Endocr Pract 
2022;28:528-562).10 AACE, American Association of Clinical Endocrinology; FIB-4, fibrosis-4; VCTE, vibration controlled transient elastography; 
ELFTM, Enhanced Liver Fibrosis; NAFLD, non-alcoholic fatty liver disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; T2D, 
type 2 diabetes; BMI, body mass index; MRE, magnetic resonance elastography; CVD, cardiovascular disease.
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ics, particularly in primary care and diabetes clinics where 
most NAFLD patients are seen. The main barrier against is the 
lack of awareness among physicians managing these pa-
tients. Indeed, NAFLD remains largely unknown outside the 
fields of hepatology and gastroenterology, and is overlooked 
by most physicians.56 As a result, less than 10% of NAFLD pa-
tients are referred to a specialist and opportunities for early 
interventions are missed, particularly in those with advanced 
fibrosis.6 In addition, NAFLD is absent from nearly all national 
and international strategies and policies for non-communi-
cable diseases, including obesity.57 Therefore, dissemination 
of guidelines on the use of non-invasive tests and multidisci-
plinary approaches are critical to increase awareness and to 
improve management of NAFLD patients.
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