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Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease, affecting approximately 25% of
the general population worldwide, and is forecasted to increase global health burden in the 21st century. With the
advancement of non-invasive tests for assessing and monitoring of steatosis and fibrosis, NAFLD screening is now
feasible, and is increasingly highlighted in international guidelines related to hepatology, endocrinology, and pediatrics.
Identifying high-risk populations (e.g., diabetes mellitus, obesity, metabolic syndrome) based on risk factors and
metabolic characteristics for non-invasive screening is crucial and may aid in designing screening strategies to be more
precise and effective. Many screening modalities are currently available, from serum-based methods to ultrasonography,
transient elastography, and magnetic resonance imaging, although the diagnostic performance, cost, and accessibility
of different methods may impact the actual implementation. A two-step assessment with serum-based fibrosis-4
index followed by imaging test vibration-controlled transient elastography can be an option to stratify the risk of liver-
related complications in NAFLD. There is a need for fibrosis surveillance, as well as investigating the cost-effectiveness
of different screening algorithms and engaging primary care for first-stage triage screening. (Clin Mol Hepatol
2023;29(Suppl):S103-5122)
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most com-
mon chronic liver disease that places an increasing burden
on global health in the 21st century, and is known to affect
approximately 25% of the general population worldwide.'
NAFLD includes two pathologically distinct conditions: non-
alcoholic fatty liver and non-alcoholic steatohepatitis (NASH);
the latter covers a wide spectrum of disease severity, includ-
ing inflammation, hepatocyte injury (hepatocellular balloon-

ing), and fibrosis at different stages.”* Without appropriate
management, it can progress to cirrhosis and liver-related
complications, including hepatocellular carcinoma (HCC) and
liver failure." Compared to the general population, individu-
als with NAFLD have an increased risk of overall mortality,
with common causes of death, besides liver-related ones, be-
ing cardiovascular disease and malignancy.”® A modelling
study forecasted the total NAFLD population of eight major
countries to increase by 18.3% from 2016 onward, reaching a
prevalence of 28.4% by 2030.” Most individuals with NAFLD
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remain undiagnosed and, worryingly, the prevalence of ad-
vanced fibrosis and cirrhosis is projected to double by 2030.”
Despite the high population prevalence of NAFLD, recogni-
tion and management of the condition varies, with improve-
ments still required in investigations at the primary care level
and in the staging of fibrosis."

The need for NAFLD screening in the community has been
questioned given the high associated direct and indirect
costs, the low predictive value of non-invasive tests, the risks
of liver biopsy, and the lack of effective treatment for
NAFLD." However, the progressive form of NAFLD (i.e.,
NASH), particularly when associated with advanced fibrosis,
should be identified in patients at risk (age >50 years, type 2
diabetes mellitus or metabolic syndrome),12 due to its prog-
nostic implications. Although familial clustering occurs,
based on current evidence, family screening is not generally
advisable.” There is also a lack of validated cost-utility studies
on the effectiveness of screening.

Currently, there is no consensus on the recommended
population requiring screening for NAFLD. The American As-
sociation for the Study of Liver Diseases (AASLD) recom-
mends against routine screening in any population, regard-
less of body mass index (BMI),” but also endorses “vigilance”
in patients with type 2 diabetes mellitus (T2DM). The guide-
lines issued by the European Association for the Study of Liv-
er (EASL), European Association for the Study of Diabetes
(EASD), and European Association for the Study of Obesity
(EASO) recommend screening in individuals with obesity or
metabolic syndrome;12 the recommendations from the Asian
Pacific Association for the Study of the Liver (APASL)"* and the
Korean Association for the Study of the Liver (KASL)" are sim-
ilar. There are also variations in the recommendations from
British,”® diabetic and pediatric professional associations (Ta-
ble 1).”%°

In this review, we aimed to highlight the high-risk popula-
tions in which NAFLD screening may prove beneficial, sum-

marize recent non-invasive tests for the screening for NAFLD,
and discuss the importance of fibrosis surveillance.

SCREENING FOR NAFLD IN HIGH-RISK POPU-
LATIONS: A PROMISING STRATEGY TO MITI-
GATE THE FUTURE BURDEN OF LIVER DISEASE

Screening should ideally be performed via an organized
program that has the capacity to identify target populations,
and perform thorough evaluation, monitoring, and treat-
ment.”’ Screening should preferably be the main purpose of
the program; if risk factors of NAFLD require management,
patients should be referred to appropriate healthcare provid-
ers (Table 2).

DIABETES MELLITUS

NAFLD is found in 50-60% of T2DM patients and up to 45%
of type 1 diabetes mellitus (T1DM) patients,”> which raises an
important question: Should we screen for NAFLD in the dia-
betic population?

Disease progression is more aggressive in T2DM patients
with underlying hepatic necroinflammation and fibrosis.
Mechanistically, lipotoxicity-induced mitochondrial dysfunc-
tion and activation of inflammatory pathways, rather than
steatosis, cause progressive liver damage.”” Among patients
with T2DM, NASH is a leading cause of end-stage liver dis-
ease and a risk factor for cardiovascular disease.”* Similar to
diabetic retinopathy and nephropathy, NASH is increasingly
being recognized as a complication of T2DM,” which may
imply the condition should be considered for incorporation
into diabetic complication screening programs. Since T2DM
patients are at high risk of developing NASH, concomitant
NAFLD can be present even when liver transaminases are

Abbreviations:

NAFLD, non-alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; HCC, hepatocellular carcinoma; AASLD, American Association for the Study of Liver
Diseases; BMI, body mass index; EASL, European Association for the Study of Liver; EASD, European Association for the Study of Diabetes; EASO, European Association
for the Study of Obesity; APASL, Asian Pacific Association for the Study of the Liver; KASL, Korean Association for the Study of the Liver; T2DM, type 2 diabetes mellitus;
TIDM, type 1 diabetes mellitus; 'H-MRS, proton-magnetic resonance spectroscopy; MRI-PDFF, magnetic resonance imaging-estimated proton density fat fraction; MRE,
magnetic resonance elastography; NFS, NAFLD fibrosis score; MAFLD, metabolic dysfunction-associated fatty liver disease; NASPGHAN, North American Society of
Pediatric Gastroenterology, Hepatology and Nutrition; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ELF, enhanced liver fibrosis; NAS, NAFLD activity
score; SHG/TPEF, second harmonic generation/two-photon excitation fluorescence; VCTE, vibration-controlled transient elastography; CAP, controlled attenuation
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lipocalin-2; EIT, electrical impedance tomography; FLI, fatty liver index
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normal.”®

Several studies have reported the results of screening for
liver fibrosis in the general population or individuals with
T2DM using non-invasive methods (mainly by transient elas-
tography). A population-based study from Hong Kong® in-
vestigated liver fat and fibrosis using proton-magnetic reso-
nance spectroscopy (‘H-MRS) and transient elastography in
922 healthy individuals recruited by random selection. The
prevalence of NAFLD (defined by an intrahepatic triglyceride
content >5%) was 27.3%, and the prevalence of advanced fi-
brosis (liver stiffness >9.6 kPa) was 3.7%. In another study in-
volving 1,918 T2DM patients,”® the prevalence of increased
liver stiffness (>9.6 kPa, suggestive of stage >F3) was 18%.

Saisai Zhang, et al.
Screening for NAFLD

Among approximately one-third of patients who underwent
a liver biopsy, 56% had steatohepatitis, 21% had advanced fi-
brosis, and 29% had cirrhosis. A prospective study demon-
strated the feasibility of using two accurate, precise, and vali-
dated non-invasive image-based biomarkers: magnetic
resonance imaging-estimated proton density fat fraction
(MRI-PDFF) to quantify liver fat, and magnetic resonance
elastography (MRE) to detect advanced fibrosis in T2DM pa-
tients in a primary care setting,” with a 65% prevalence of
NAFLD and a 7.1% prevalence of advanced fibrosis found in
the study population.

Altogether, these results confirmed the increased preva-
lence of advanced fibrosis among individuals with T2DM,

Table 1. Current guidance on screening for NAFLD

Professional organizations Year Guidance statements

European Association for the Study of Liver (EASL), 2016  Screening for NAFLD in people with obesity, metabolic syndrome, and
European Association for the Study of Diabetes in particular, T2DM
(EASD), and European Association for the Study
of Obesity (EASO)"”

American Association for the Study of Liver 2018  1.Routine screening for NAFLD in high-risk populations (obesity, T2DM)
Diseases (AASLD)" is not advised due to uncertainties in diagnostic testing, long-term

management, and cost-effectiveness

2. Endorses “vigilance” in patients with T2DM

3. Systematic screening of family members for NAFLD is not currently
recommended

Asian Pacific Association for the Study of the Liver =~ 2020  Screening in those with T2DM or metabolic syndrome, or those who
(APASL)" are overweight/obese according to ethnic-specific cut-offs
The American Academy of Pediatrics” " 2007, 1. Currently, the best screening test for NAFLD in children is ALT;

2014; however, it has substantial limitations.

2017  2.Screening should be considered for obese youth with additional
risk factors (central adiposity, insulin resistance, pre-diabetes or
diabetes, dyslipidemia, sleep apnea, or family history of NAFLD/
NASH)

3. Follow-up screening for NAFLD is recommended. When the initial
screening test is normal, consider repeating ALT every 2-3 years if
risk factors remain unchanged

The American Diabetes Association (ADA)* 2019  Patients with type 2 diabetes or prediabetes and elevated liver
enzymes (ALT) or fatty liver on ultrasound should be evaluated for the
presence of non-alcoholic steatohepatitis and liver fibrosis

Korean Association for the Study of the Liver 2021 1. Subjects who have persistent liver enzyme elevation, metabolic

(KASL)"® syndrome, or diabetes should be screened for NAFLD

2. Abdominal ultrasonography is the primary screening modality

British Association for the Study of the Liver (BASL) 2022 1. Services should have an agreed local clinical pathway for the

and British Society of Gastroenterology (BSG)
NAFLD Special Interest Group'®

investigation of suspected liver disease
2. Consider the possibility of liver fibrosis due to NAFLD in people with
T2DM or metabolic syndrome

NAFLD, non-alcoholic fatty liver disease; T2DM, type 2 diabetes mellitus; ALT, alanine aminotransferase; NASH, nonalcoholic

steatohepatitis.
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Table 2. Differences among international guidelines in screening recommendations for NAFLD in high-risk populations

Populations Supporf:lng Guidelines Agaln.st Guidelines
screening screening
Age >50 years V 2016 EASL-EASD-EASO
Obesity W 2016 EASL-EASD-EASO X 2018 AASLD
2019 APASL
Type 2 diabetes WY 2016 EASL-EASD-EASO X 2018 AASLD
2019 APASL
2021 KASL
Metabolic syndrome VW 2016 EASL-EASD-EASO
2019 APASL
2021 KASL
Persistently abnormal liver enzymes VW 2016 EASL-EASD-EASO
2019 APASL
2021 KASL
Obese youth with additional risk factors* v The American Academy of ediatrics

First-degree relatives of NAFLD

Genetic variants

XX 2016 EASL-EASD-EASO
2018 AASLD

XX 2016 EASL-EASD-EASO
2018 AASLD

NAFLD, non-alcoholic fatty liver disease; EASL, European Association for the Study of Liver; EASD, European Association for the Study of
Diabetes; EASO, European Association for the Study of Obesity; APASL, Asian Pacific Association for the Study of the Liver; KASL, Korean
Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; NASH, nonalcoholic steatohepatitis.

+ indicated the number of guidelines that support screening for NAFLD in this population. X indicated the number of guidelines against
screening for NAFLD in this population. The number of markers indicate the strength of recommendation.

*Such as central adiposity, insulin resistance, pre-diabetes or diabetes, dyslipidemia, sleep apnea, and family history of NAFLD/NASH.

thereby justifying the potential benefits of screening for
NAFLD among T2DM patients, although the use of magnetic
resonance (MR)-based technologies would raise issues relat-
ed to cost and accessibility.

OBESITY AND THE ENTITY OF LEAN NAFLD

It has been well-documented that obesity is associated
with an increased risk of NAFLD. Increased BMI and waist cir-
cumference, a measure of visceral adiposity, are positively re-
lated to the presence of NAFLD* and predict advanced disease,
particularly in the elderly.”’ Common obesity comorbidities,
such as sleep apnea,” also contribute to the disease burden
of NAFLD. The majority (>95%) of patients with morbid obe-
sity undergoing bariatric surgery would have underlying
NAFLD,*?* of which the prevalence of advanced fibrosis is es-
timated at 10%.” Since obesity can limit successful liver stiff-
ness measurements, the XL probe (lower ultrasound fre-
quency of 2.5 MHz; can reach deeper liver tissue 35-75 mm
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from the skin surface) has been shown to be effective in liver
stiffness measurement in obese patients with increased suc-
cess rates of measurements, compared to the standard M
probe.**¥

In addition, patients with BMI <25 kg/m” but with visceral
fat accumulation or dysfunctional adipose tissue can exhibit
NAFLD with or without elevation in liver aminotransferas-
es;”®* these individuals are usually described as “lean
NAFLD.” The populations of lean NAFLD vary worldwide,
comprising 17.3% of the NAFLD cohort in the United States,*
but with higher proportions of 50% and 75% in Japan*' and
India, respectively.” However, the concept of lean NAFLD is
somewhat misleading and simplistic, as it draws a line at 25
kg/m’ (or 23 kg/m’ for Asian people). The definition of “lean”
is based on BMI, but it does not consider how the weight is
distributed in the body (fat vs. muscle, intra-abdominal fat vs.
subcutaneous fat). Thus, lean NAFLD refers to the presence of
NAFLD in lean people who often have some abdominal fat
accumulation or other subtle metabolic abnormalities.” Cau-
casian lean subjects with NAFLD represent a wide spectrum

http://www.e-cmh.org



of NAFLD, which can develop into advanced liver disease,
metabolic comorbidities, cardiovascular disease, as well as
liver-related mortality.” These findings illustrate the oversim-
plified concept of lean NAFLD.

The indications for screening of NAFLD in lean individuals
are not well-defined; NAFLD may be easily missed since such
patients do not fit the classic phenotype of obesity.* The fi-
brosis-4 (FIB-4) index and NAFLD fibrosis score (NFS), while
well-validated, are generally more useful in excluding fibrosis
than identifying it. A recent study found NFS and FIB-4 to be
less accurate in discriminating the severity of disease in lean
NAFLD patients.” Meanwhile, both non-obese and lean
groups had substantial long-term liver and non-liver comor-
bidities. A retrospective study from 1999-2016 indicated that
non-obese NAFLD individuals had higher 15-year cumulative
all-cause mortality (51.7%) compared to obese NAFLD (27.2%)
and non-NAFLD (20.7%) individuals in the United States.*®
These findings suggest that obesity should not be the sole
criterion for NAFLD screening.”

METABOLIC SYNDROME

A third condition in which screening may be considered is
metabolic syndrome, which comprises multiple metabolic
and cardiovascular risk factors, primarily increased waist cir-
cumference, and a mixed combination of dyslipidemia, hy-
pertension, and diabetes/prediabetes.” NAFLD parallels the
prevalence of metabolic syndrome and its components,
which also increases the risk of advanced disease. The link
between metabolic syndrome and NAFLD is complex and bi-
directional. Evidence indicated that NAFLD diagnosed via ul-
trasonography was associated with an increased risk of inci-
dent metabolic syndrome with a pooled relative risk of 3.22,”
suggesting that a vicious cycle of worsening disease states is
likely to exist.

A cohort study over a 6-year follow-up period has observed
3,913 new cases of NAFLD in 15,791 Han Chinese individuals,
and the risk of incident NAFLD was markedly higher in those
with metabolic syndrome.” The hazard ratios for incident
NAFLD increased when three features of metabolic syn-
drome were present as compared to individuals who exhibit-
ed no metabolic syndrome components. Advanced fibrosis
was observed in 10.4% of health checkup examinees by FIB-
4 index and shear wave elastography in health checkup ex-

http://www.e-cmh.org
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aminations.”’ Furthermore, metabolic syndrome with mild-
to-moderate alcohol consumption was associated with
advanced fibrosis.”

The EASL-EASD-EASO Clinical Practice Guidelines 2016 indi-
cated that all individuals with steatosis should be screened
for features of metabolic syndrome, independent of liver en-
zymes.” For patients with newly-presenting metabolic syn-
drome, screening for NAFLD by liver enzymes and/or ultra-
sound should be routine.” Since all components of metabolic
syndrome correlate with liver fat level, regardless of BMI, the
presence of metabolic syndrome in any particular patient
should prompt an assessment of the risk of NAFLD, and vice
versa, the presence of NAFLD should prompt an examination
of all components of metabolic syndrome. A thorough evalu-
ation of each element of the metabolic syndrome is required
as part of the metabolic workup.

METABOLIC DYSFUNCTION-ASSOCIATED
FATTY LIVER DISEASE IN CONCOMITANT LIVER
DISEASE

The diagnosis of NAFLD conventionally requires the exclu-
sion of other chronic liver diseases, including excess alcohol
use and viral hepatitis.”” Steatosis of metabolic origin can oc-
cur in chronic hepatitis B, chronic hepatitis C, and alcoholic
liver disease. In fact, the distinction between “alcoholic” and
“non-alcoholic” may not be clear-cut, with overlap and het-
erogeneity between the two conditions. One example would
be a high-alcohol-producing bacteria-Klebsiella pneumoniae,
which resides in the gut microbiota of >60% Chinese NAFLD
patients, and produces high levels of ethanol which acceler-
ates the development of steatosis regardless of alcoholic in-
take.”

In order to establish defined “positive” clinical criteria, an
international panel of experts have detailed the rationale for
an update of the nomenclature describing the liver disease
associated with metabolic dysfunction, known as metabolic
dysfunction-associated fatty liver disease (MAFLD).”* Accord-
ing to the recent international consensus statement, the di-
agnosis of MAFLD is based on the detection of liver steatosis
combined with the coexistence of at least one of three posi-
tive criteria, which include overweight or obesity, T2DM, or
clinical evidence of metabolic dysfunction, such as an in-
creased waist circumference and an abnormal lipid or glyce-
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mic profile.”* The diagnosis can be established irrespective of
any presence of concomitant chronic liver disease. Concomi-
tant MAFLD has been shown to be associated with adverse
outcomes in both chronic hepatitis B virus (HBV) infection®
and alcoholic liver disease.*® Concomitant presence of diabe-
tes, obesity, and metabolic screening should prompt screen-
ing, although it remains uncertain if screening may be bene-
ficial for additional sub-groups.

AGE, SEX, AND ETHNICITY

An important risk factor for NAFLD development is increas-
ing age, demonstrated by a NAFLD prevalence of over 50% in
elderly Taiwanese (mean age: 70.3 years),”” as well as over
60% of middle-aged (age >45 years) Southeast Asians.”® An-
other important factor is sex, with NAFLD more common in
men than in women, although NAFLD risk increases in wom-
en after menopause, suggesting that estrogen has a protec-
tive role.”” Moreover, the impact of ethnicity cannot be ig-
nored. As evidenced by a population—based cohort in the
United States, NAFLD prevalence differs significantly be-
tween ethnicities, being more common in non-Hispanic
whites (28.4%) compared to Asian Americans (18.3%).%° Con-
sistently, in another population study of 4,538 people, NAFLD
prevalence was the lowest in non-Hispanic Blacks (18.0%)
and Asians (18.1%), and the highest amongst Mexican Ameri-
cans (48.4%). Within the NAFLD group, advanced fibrosis was
the highest in non-Hispanic Blacks (28.5%) and the lowest
amongst non-Hispanic Asians (2.7%)."'

NAFLD is underdiagnosed in children due to a lack of rec-
ognition, screening, or appreciation of associated complica-
tions by healthcare providers. One study showed that less
than one-third of children with obesity were screened for
NAFLD through laboratory testing at clinic visits.”” Children
may not be recognized as being obese at clinic visits, and
age-appropriate norms for BMI may go unacknowledged.
Similar to adults, children with features of metabolic syn-
drome, such as obesity, hypertension, insulin resistance, and
dyslipidemia, are at higher risk for NAFLD.” NAFLD may also
be incidentally discovered in children while undergoing im-
aging. The 2017 North American Society of Pediatric Gastro-
enterology, Hepatology and Nutrition (NASPGHAN) guide-
line'® recommends that screening for NAFLD should be
considered for all obese youths starting at the age of 9-11

5108

https://doi.org/10.3350/cmh.2022.0336

years with additional risk factors (central adiposity, insulin re-
sistance, pre-diabetes or diabetes, dyslipidemia, sleep apnea,
or family history of NAFLD/NASH) by alanine aminotransfer-
ase (ALT) levels, but recommends against using routine ultra-
sonography owing to low sensitivity. However, the 2018 AAS-
LD guidance” has no recommendation regarding screening
in children who are overweight and obese, due to a paucity
of evidence.

GENETIC SUSCEPTIBILITY

Knowledge of the genetic component of NAFLD has grown
exponentially, in part owing to genome-wide association
studies and the advent of high-throughput omics technolo-
gies. Currently, at least five variants in different genes have
been robustly associated with NAFLD,** such as patatin-like
phospholipase domain-containing protein 3 (PNPLA3), trans-
membrane 6 superfamily member 2 (TM6SF2), membrane
bound O-acyltransferase domain-containing 7 (MBOAT?),
glucokinase regulator (GCKR), and Hydroxysteroid 17-Beta
Dehydrogenase 13 (HSD17B13). Carriers of the PNPLA3
1148M**” and the TM6SF2 E167K variants®** have a higher
liver fat content and increased risk of NASH. Nevertheless,
the incorporation of NAFLD genetic markers into routine clin-
ical testing for the dynamic assessment of disease status and
response to therapy has been protracted. While PNPLA3
[148M is the best-characterized genetic variant associated
with NAFLD, its contribution to NAFLD heritability remains
modest.”*”" Accordingly, the EASL-EASD-EASO Clinical Prac-
tice Guidelines 2016" do not recommend the testing of these
genetic variants in routine clinical practice, although geno-
typing may be considered in selected patients and clinical
studies.

FIRST-DEGREE FAMILY RELATIVES

The risk of undiagnosed liver disease in first-degree rela-
tives of NAFLD patients has been of concern, particularly in
those who have more advanced fibrosis. By using magnetic
resonance elastography to quantify hepatic fibrosis in sib-
lings, parents, and offspring of patients with NAFLD-cirrho-
sis,”” first-degree relatives of patients with NAFLD-cirrhosis
have a 12 times higher risk of advanced fibrosis than healthy

http://www.e-cmh.org



controls, even after adjustment for age, sex, ethnicity, BMI,
and diabetes status, signifying that screening for advanced
fibrosis in first-degree relatives of patients with NAFLD-cir-
rhosis can be beneficial. With that being said, both the 2016
EASL-EASD-EASO™ and 2018 AASLD guidelines"” stated that,
until further evidence emerges, systematic screening of fam-
ily members for NAFLD is not advisable currently.

SCREENING IN THE PRIMARY CARE SETTING

Primary care would be taking up the main bulk of identify-
ing patients with diabetes, dyslipidemia, hypertension, and
components of metabolic syndrome; and are the optimal
providers to identify patients with NAFLD, make appropriate
referrals to specialists, and arrange appropriate surveillance.
Once patients develop advanced fibrosis, the risk of liver-re-
lated mortality is exponentially increased.” Therefore, the
challenge for primary care providers is the early identification
of high-risk patients for specialist referral.

A prospective cohort study was designed to assess 1,118
patients with incidental abnormal liver function tests in the
primary care setting and found the incidence rate of NAFLD
to be 26.4%.” However, the number of primary care patients
with abnormal liver enzymes may underestimate the true
underlying prevalence, given the poor association between
liver enzyme derangement and the presence of NAFLD. In
terms of identifying patients with advanced fibrosis using the
Enhanced Liver Fibrosis (ELF) test, with the low population
prevalence of advanced fibrosis in the primary care setting,
the positive predictive value of non-invasive testing was sim-
ilarly low.” The use of non-invasive blood tests (a two-step
algorithm combining FIB-4 score and ELF) for liver fibrosis
improves the detection of advanced fibrosis and cirrhosis
while reducing unnecessary referrals in patients with
NAFLD.”® With that being said, in order to implement primary
care as a first-stage triage screening, primary care physicians
need to be aware of the asymptomatic presentation of most
NAFLD patients and understand the differences between
NAFLD and NASH.”

MODALITIES OF SCREENING

Liver biopsy is essential for the diagnosis of NASH, and is
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the only procedure that reliably differentiates NAFL from
NASH.” A histologically-based scoring system, NAFLD activi-
ty score (NAS),”* was developed and validated to fulfill the
diagnostic criteria for NASH and include the full spectrum of
NAFLD. Recent accurate quantitative assessments of liver fi-
brosis based on liver biopsy, such as second harmonic gener-
ation/two-photon excitation fluorescence (SHG/TPEF) mi-
croscopy imaging,®' can improve the efficacy endpoint for
fibrosis in NASH clinical trials and give a more precise method
for NASH staging. According to the 2018 AASLD guideline,”
liver biopsy should be considered in patients with NAFLD
who are at increased risk of steatohepatitis and advanced fi-
brosis. However, the risks of percutaneous liver biopsy, in-
cluding bleeding, organ perforation, sepsis, and death, are
also critical.”

With the vast majority of NAFLD patients being stable and
asymptomatic, performing liver biopsies on all patients is un-
feasible and unethical for disease screening, diagnosis, or
progression assessment. Non-invasive diagnostic methods
using plasma samples, ultrasonography, liver elastography
(including both transient and magnetic resonance) have
been developed with good diagnostic performance for liver
steatosis and fibrosis.”* These methods have been widely
used for early steatosis detection, disease severity assess-
ment, identification of patients needing a liver biopsy for
confirmatory diagnosis (e.g., after discrepant results) and for
the assessment of fibrosis progression. While avoiding the
risks associated with a liver biopsy, these non-invasive tools,
with the possible exception of transient elastography, are
also hampered by several limitations, including suboptimal
sensitivity to evaluate the complete spectrum of NAFLD his-
tological lesions and the lack of validity to be used for routine
diagnosis (Table 3).

Several scoring systems have been established for further
elucidation of the presence of NAFLD.** The FIB-4 index
(calculated by four clinical variables: age, aspartate amino-
transferase [AST], ALT, and platelet count)™ and NFS (age,
BMI, impaired fasting glucose and/or diabetes, AST, ALT,
platelet count, and albumin)***” have been recommended by
the EASL-EASD-EASO guidelines"” as part of the diagnostic
algorithm for ruling out advanced fibrosis. Importantly, the
NFS has been shown to predict liver decompensation and
mortality in patients with NAFLD.”

Conventional ultrasonography is the most common meth-
od for the qualitative assessment of hepatic steatosis due to
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Table 3. Current non-invasive methods for NAFLD screening

Diagnostic panel

Cost

Features

Detection abilities

Steatosis

Advanced

fibrosis Cirrhosis

Serological markers

Fatty liver index®

Hepatic steatosis
index®

87,88

SteatoTest

FIB-4*

N FS95—97

BARD score”

ELF89-91

FibroTest”***

Imaging modalities

99-101

Ultrasonography

VCTE105-107,111

MRI-PDFF"* ™

$$

$$

$$

$$$

Common parameters involved (BMI, WG, triglycerides, and
GGT)
Cannot distinguish between steatosis grades

Common parameters involved (AST: ALT ratio, BMI, female
sex, and DM)
Inadequate distinction of the severity of steatosis

Involves biomarkers that are not routinely done (a2M,
haptoglobin, ApoA-1, total bilirubin, GGT, fasting glucose,
triglycerides, cholesterol, and ALT, adjusted for patient's
age, sex, weight, and height)

A formula comprising age, platelet, AST, and ALT

One of the best non-invasive tests for diagnosing advanced
fibrosis in NAFLD

Rules out advanced fibrosis

A formula comprising age, hyperglycemia, BMI, platelet
count, albumin, and AST/ALT ratio

Identifies advanced fibrosis well

Needs independent adjustment of BMI across ethnic groups

A formula comprising BMI, AST/ALT ratio, and diabetes

Does not predict fibrosis well in patients with mild NAFLD
(specifically in patients with obesity or T2DM), which limits
its clinical use

Consists of an algorithm of three fibrosis markers (HA, PIIINP,
and TIMP-1) that are not routinely measured
Rules out advanced fibrosis

Involves biomarkers that are not routinely done (a2M,
haptoglobin, ApoA-1, total bilirubin, GGT)

Affected by other causes of hyperbilirubinemia and elevated
GGT

AUROC 0.97 good predictive tool for steatosis but does not
provide information regarding fibrosis, unless cirrhosis is
established

AUROC 0.84 for F2 fibrosis with the M probe

AUROC 0.93 for F3 fibrosis with the M probe

AUROC 0.95 for F4 fibrosis with the M probe

AUROC 0.80-0.85 for F2 fibrosis with the XL probe
AUROC 0.84-0.90 for F3 fibrosis with the XL probe
AUROC 0.91-0.95 for F4 fibrosis with the XL probe
Not accurate in patients with cholestasis, ascites, and

congestive heart failure

Good specificity and sensitivity in detecting steatosis

Less reliable for grading steatosis in patients with advanced
fibrosis or cirrhosis

Cannot be performed in patients with claustrophobia, and
the measurements are affected by hepatic iron deposition

Not widely available

v

vy

vy vy
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Table 3. Continued

Detection abilities

Diagnostic panel Cost Features Advanced
Steatosis . Cirrhosis
fibrosis
MRS $$$  Results of this tool might be affected by respiration Vi X X
movements, claustrophobia, and implanted devices
Only available in specialized centers
MRE"*"16 $$$ AUROC 0.86-0.89 for F2 fibrosis X YRR YRR
AUROC 0.89-0.96 for F3 fibrosis
AUROC 0.88-0.97 for F4 fibrosis
Accessibility is limited by requirement of specific scanner
hardware
SWE®*17118 $  Nowell-established cutoffs for NAFLD X v VA

Results may differ from liver biopsy; accurate if >30% of
hepatocytes are steatotic
Reduced sampling errors

NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; WC, waist circumference; GGT, gamma—glutamyltransferase; DM, diabetes
mellitus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FIB-4, fibrosis-4; NFS, NAFLD fibrosis score; T2DM, type 2
diabetes mellitus; ELF, enhanced liver fibrosis; AUROC, area under the receiver operating characteristic curve; VCTE, vibration-controlled
transient elastography; MRI-PDFF, magnetic resonance imaging-estimated proton density fat fraction; MRS, magnetic resonance
spectroscopy; MRE, magnetic resonance elastography; SWE, shear wave elastography; a2M, a2-macroglobulin; ApoA-1, Apolipoprotein
Al; BARD, body mass index, AST/ALT ratio, and diabetes; HA, hyaluronic acid; PIIINP, type Il procollagen peptide; TIMP-1, tissue inhibitor of
metalloproteinases-1.

$ indicated the relative cost of using this method for NAFLD screening. $, relatively low; $$, relatively medium; $$$, relatively high. v/
indicated the relative detection abilities of this method. $, relatively low; +/, relatively medium; v/, relatively high. X indicated that this
screening method could not detect steatosis, advanced fibrosis, or cirrhosis.

its accessibility and low cost.” However, the ability to detect
steatosis in patients with NASH is limited by the presence of
advanced fibrosis.”” Ultrasonography is useful at detecting
moderate-to-severe steatosis with high diagnostic accuracy,
with an area under the receiver operating characteristic
curve (AUROC) of 0.93,' but is unable to discriminate be-
tween steatosis, fibrosis, inflammation, or NASH."' Further-
more, ultrasonography is also limited by both inter- and in-
tra-observer reliability.'”

Vibration-controlled transient elastography (VCTE) is the
most validated and commonly used elastography method
'% VCTE measures the tissue elasticity, which is di-

rectly related to liver stiffness, and in turn, is related to the
104

worldwide.
degree of fibrosis.™ Besides liver stiffness assessment, con-
trolled attenuation parameter (CAP) is obtained by VCTE to
quantify the liver fat.” A CAP value >248 dB/m is the com-
monly used cut-off to define hepatic steatosis."®'”” Mild
(equivalent to number of affected hepatocytes: 5-33%),
moderate (34-66%), and severe (>66%) steatosis are defined
as CAP 248-267 dB/m, CAP 268-279 dB/m, and CAP >280 dB/

m, respectively.” According to recently published cut-offs in

http://www.e-cmh.org

https://doi.org/10.3350/cmh.2022.0336

a large multicenter study'® and a meta-analysis,® low risk of
advanced fibrosis was defined as liver stiffness measure-
ments <8.0 kPa, intermediate risk (8.0-12.0 kPa), and high
risk >12.0 kPa.

MRI provides high specificity and sensitivity in detecting
liver steatosis, especially MRI-PDFF. MRI-PDFF enables fat
mapping of the entire liver, which is more accurate than CAP
in detecting all grades of steatosis in NAFLD patients (AUROC
0.99)."° MRI-PDFF is usually used as a research tool and is not
easily accessible in clinical practice due to the logistical com-
plexities, lengthy scan time, and lack of required expertise at
the majority of medical imaging centers."" Additionally, H-
magnetic resonance spectroscopy (H-MRS) is a well-estab-
lished and validated method of non-invasive liver fat quanti-
fication by directly measuring chemical composition of
tissue.*® H-MRS is highly accurate for even minimal amounts
of steatosis,"”
pered by its cost and availability.

MRE enables non-invasive assessment of hepatic fibrosis,
and is currently considered the most accurate non-invasive
modality. MRE uses a modified phase-contrast method to

but its widespread application is also ham-
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image the propagation of the shear wave in the liver paren-
chyma for quantitatively assessing tissue stiffness.”*"™* A me-
ta-analysis found that MRE detected fibrosis in NAFLD with a
high level of accuracy (AUROC 0.86-0.91) for all stages. This
technique is more accurate than VCTE in detecting F2 fibrosis
(AUROC 0.86-0.89 vs. AUROC 0.84) and F4 fibrosis (AUROC
0.88-0.97 vs. AUROC 0.95)."%""® However, its wider applica-
tion is limited by cost, expertise, and availability. Currently,

Table 4. Potential future modalities for NAFLD screening

MRI-related techniques are unlikely to be applied as a first-
line screening method in clinical practice.

Shear wave elastography (SWE) was developed based on
the technological foundation of conventional ultrasonogra-
phy. A potential advantage of SWE is the ability to perform
measurements over a wider region of interest, thereby re-
ducing sampling error."” Point shear wave elastography
(pSWE) has similar advantages to VCTE in that the perfor-

Developing modalities Components

AUROC Comments

Perilipin-2 (PLIN2)"
mean fluorescence

Serum-based Combined with waist

circumference, triglyceride,

An accuracy of 93% in
the discovery cohort

Using flow cytometry to measure
PLIN2 in peripheral blood

intensity ALT and presence/ and 92% in the monocytes
absence of diabetes as validation cohort Current form not feasible for
covariates as a biomarker for screening
NASH
Ras-related protein Combined with age, waist 99.3%, significantly Using flow cytometry to measure
(RAB14)"® circumference, high-density  higher than NFS RAB14 in peripheral blood
mean fluorescence lipoprotein cholesterol, (85.2%), FIB-4 (62.2%), monocytes
intensity plasma glucose, and ALT APRI (61.8%) Current form not feasible for
levels as covariates as a screening

biomarker for NASH

Thrombospondin-2

(TSP2)™ NAFLD in T2DM

Lipocalin-2 (LCN2)™'

from NAFL to NASH

Metabolomics Amino acids”"** The ratio of glutamate/
(serine+glycine)
Bile acids'*'"” 7-ketodeoxycholic acid

(7-Keto-DCA)

7-ketolithocholic acid (7-Keto-

A novel fibrosis biomarker of

A valuable NAFLD biomarker,
especially for the transition

0.80, indicating fibrosis Existing commercial enzyme-

>F3 on VCTE, linked Immuno-sorbent Assay
superior to both FIB-4 Cutoff: 3.6 ng/mL to identify >F3
and NFS fibrosis

AUC: 0.987 for NASH
diagnosis, and AUC:
0.977 for steatosis

Unable to establish an optimal
cut-off value for distinguishing
NASH from NAFL

Using a rapid, portable, point-of-
care, and user-friendly point-of-
care assay

FO-F2 vs. F3-F4, Using gas chromatography-mass

highest odds ratio spectrometry
(OR) for liver fibrosis  Current form not feasible for
(F3-4) screening

Advanced fibrosis
(OR, 4.2), NASH

Biomarkers for NAFLD progression
Independent validation is

(OR, 24.5), and required

hepatocellular Using a stable isotope-dilution LC-

ballooning MS/MS method

(OR, 18.7) Current form not feasible for
NASH (OR, 9.4) and screening

LCA) ballooning (OR, 5.9)
Stool-based Fecal-microbiome 37 bacterial species are used to A robust diagnostic Need to utilize metagenomics
derived metagenomic  construct a Random Forest accuracy (AUC0.936)  sequencing
signature'”® classifier model to detect Current form not feasible for
advanced fibrosis in NAFLD screening
S112
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Developing modalities Components

AUROC Comments

122

Device-based  Multi-spectral EIT

information

C-methacetin breath

test'”?® the cytochrome P450-

dependent liver function

Using waist-over-height
biometric as complementary

Quantitative evaluation of

Portable

Self-administrable

Potentially cost-effective and with
a short acquisition time
(3 minutes)

Only with pilot results, need
validation in large cohorts

Predict clinical-
standard CAP in
patients with or
without NAFLD

A good tool for
identifying patients
with histologically
proven NASH (AUROC:
0.824);

Predicts F3 or F4
fibrosis (AUROC: 0.936
and 0.973)

Separate patients with normal/
NAFL from patients with NASH

Fail to detect early stages of
fibrosis

Mainly investigated in patients
with chronic hepatitis C

NAFLD, non-alcoholic fatty liver disease; AUROC, area under the receiver operating characteristic curve; ALT, alanine aminotransferase;
NASH, nonalcoholic steatohepatitis; NFS, NAFLD fibrosis score; FIB-4, fibrosis-4; AST, aspartate aminotransferase; APRI, AST to platelet
ratio index; T2DM, type 2 diabetes mellitus; VCTE, vibration-controlled transient elastography; AUROC, the area under a receiver operating
characteristic curve; AUC, area under the curve; EIT, electrical impedance tomography; CAP, controlled attenuation parameter; LC-MS/MS,

liquid chromatography-mass spectrometry/mass spectrometry.

mance is better for severe fibrosis and cirrhosis than for the
lower stages of fibrosis.”*'""” Unfortunately, pSWE does not al-
low for the assessment or quantification of steatosis. Values
obtained with pSWE have a narrow range (0.5-4.4 m/s),
which limits the definitions of cut-off values for discriminat-
ing different fibrosis stages, reducing its impact on manage-
ment decisions."® There are no well-established cutoffs for
pSWE in NAFLD patients.

In addition to the currently used screening modalities men-
tioned above, there are also various serum, metabolomic,
stool, and device-based approaches (Table 4) that have po-
tential for screening. Measuring the mean fluorescence in-
tensity of perilipin-2 (PLIN2) or ras-related protein 14 (RAB14)
in peripheral blood monocytes has been demonstrated to be
an accurate liquid biopsy for NASH;"" however, since it is de-
tected by flow cytometry, its practicality for screening re-
mains uncertain. Other promising markers, including serum
thrombospondin-2 (TSP2)'*° and lipocalin-2 (LCN2),”*" lack
validation and well-established cut-off values. Multi-spectral
electrical impedance tomography (EIT)"* is a self-administra-
tive medical device for liver steatosis, but it is still in very early
phases of development. Other methods with potential in-
clude metabolomic-based markers for fibrosis, ballooning
and NASH,”" fecal-based bacterial signatures,” and the
BC-methacetin breath test.”'*

http://www.e-cmh.org
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SURVEILLANCE AND FOLLOW-UP ARRANGE-
MENT

Most of the screening algorithms proposed to use these
non-invasive assessments in a sequential algorithm.”*"" A
stepwise ultrasonography-FIB-4/NFS-VCTE strategy to screen
for NAFLD is shown in Figure 1. First, ultrasonography is the
preferred first-line diagnostic procedure for imaging of
NAFLD. Fatty liver index (FLI), SteatoTest, and NAFLD liver fat
score are acceptable alternatives for the diagnosis of steatosis
if imaging tools are not available or feasible.” For fibrosis as-
sessment, a non-invasive test with a single cut-off is per-
formed in primary care or endocrinology units to exclude pa-
tients with a low risk of advanced fibrosis. FIB-4 or NFS are
inexpensive, easy-to-perform tests for the exclusion of ad-
vanced fibrosis using a single cut-off (NFS <-1.455 and FIB-4
<1.30), and can be used as a first screening option for inter-
mediate-to-high-risk patients. Both these tests may be influ-
enced by age and should use a different cut-off for patients
aged >65 years (NFS <0.12 and FIB-4 <2.0).

Once FIB-4 yields intermediate or high results, second-line
VCTE can be used to improve the identification of advanced
fibrosis, which has been shown to reduce the need for liver
132 patients can then undergo VCTE when advanced
" The cut-off for advanced fibro-

biopsy.
fibrosis cannot be excluded.
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At-risk population

Screening strategy

> Metabolic syndrome

> Increased age
* > Male
> T2DM
> Certain ethnicities
> Obesity

> Persistently abnormal liver enzymes

Assessment of steatosis

}

steatosis present

|

«Ultrasonography

steatosis absent

Follow-up 3-5 years

Assessment of fibrosis

1* Step
NFS <-1.455
or FIB-4 <1.30
LSM
<8.0 kPa

Low risk (FO-2)

NFS >-1.455
or FIB-4 >1.30
2" Step: VCTE

LSM
8.0-12.0 kPa

LSM
>12.0 kPa

NFS >0.676

or FIB-4 >3.25
Increased risk High risk (F3-4)

Referral to liver specialist

Surveillance

QORe-assess fibrosis in
3 years
QIf T2DM, annually

0 Confirmation of diagnosis and fibrosis stage

0 Monitor annually; If cirrhosis, 6-month intervals
Q Consider liver biopsy

Q Surveillance for HCC if cirrhosis

Figure 1. Diagnostic flow-chart to assess and monitor disease severity in the presence of suspected NAFLD. NFS threshold: -1.455 in patients
aged <65 years, 0.12 in patients aged >65 years. FIB-4 threshold: 1.30 in patients aged <65 years, 2.0 in patients aged >65 years. CAP, con-
trolled attenuation parameter; FIB-4, fibrosis-4 index; FLI, fatty liver index; HCC, hepatocellular carcinoma; NAFLD, nonalcoholic fatty liver dis-
ease; NFS, NAFLD fibrosis score; VCTE, vibration controlled transient elastography; T2DM, type 2 diabetes mellitus; LSM, liver stiffness measure-

ment.

sis with VCTE is 8.0 kPa (M probe) or 6.2 kPa (XL probe) for the
exclusion of advanced fibrosis. The XL probe is highly recom-
mended in obese patients. Patients above the recommended
thresholds should be referred to a hepatologist for subse-
quent management.

The optimal surveillance strategy for patients with NAFLD
is undetermined. The variable risk of progression of both the
hepatic disease and the underlying metabolic conditions, as
well as the cost and workload for healthcare providers, need
to be considered. According to the EASL-EASD-EASO algo-
rithm,"” monitoring should include routine biochemistry, as-
sessment of comorbidities, and non-invasive monitoring of
fibrosis. NAFLD patients without worsening of metabolic risk
factors, should be monitored at 2- to 3-year intervals. Pa-
tients with NASH and/or fibrosis should be monitored annu-
ally, and those with NASH cirrhosis at 6-month intervals. If in-
dicated on a case-by-case basis, liver biopsy could be
repeated after 5 years.
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COST-EFFECTIVENESS OF SCREENING

The question of whether NAFLD screening should be un-
dertaken is deeply influenced by cost-effectiveness. High di-
rect and indirect costs could be a barrier to screening. The
AASLD guidelines do not recommend population screening
for NAFLD.” Screening for liver fibrosis by VCTE at primary
care centers is a highly cost-effective intervention and leads
to earlier identification of patients in European and Asian
populations, better than by standard of care alongside or us-
ing serum biomarkers.** Whether a two-step screening pro-
gram using serum biomarkers followed by VCTE is more cost-
effective and cost-saving in population screening should be
tested in future studies. Moreover, the use of non-invasive
liver fibrosis tests (FIB-4, ELF, or VCTE) in primary care increas-
es early detection of advanced liver fibrosis, reduces unnec-
essary referral of patients with mild disease, and is cost-effi-

cient.”

Adopting a two-tier approach improves resource
utilization.”
For high-risk populations, one study found screening for

NASH in T2DM (age >50 years) by ultrasonography to lack

http://www.e-cmh.org



cost-effectiveness; however, that may in part be related to
the study’s design, with the outcome measures of HCC and
liver transplantation not being considered.”® More recent
data have supported the cost-effectiveness of screening. A
comprehensive cost-utility analysis indicated that screening
for NAFLD in patients with T2DM in the United States using
an algorithm-based approach, starting with ultrasound and
liver biochemistry and followed by VCTE for fibrosis to detect
those most likely to have advanced fibrosis, was more cost-
7 Moreover,
screening at a younger age will increase cost-effectiveness.

effective than the status quo of no screening.

However, comparisons of the cost-effectiveness of screening
for NAFLD in general populations versus high-risk popula-
tions are still required.

FIB-4 followed by either VCTE, MRE, or liver biopsy can be
cost-effective strategies for identifying cirrhosis in popula-
tions in whom the prevalence of cirrhosis varies between
0.27% and 4%."* Based on the U.S. health system, the combi-
nation of FIB-4 and VCTE, was the most cost-effective and
the least costly, followed by the combination of FIB-4 and
MRE. FIB-4 and VCTE remained the most cost-effective strat-
egy if the aim were to avoid liver biopsy. Again, these find-
ings require validation in other healthcare jurisdictions.

CONCLUSIONS

To this end, identifying high-risk populations based on the
risk factors and metabolic characteristics for non-invasive
screening is crucial. Screening all populations is generally not
advisable and is not cost-effective.”® Despite variations in in-
ternational guidelines regarding how and who to screen, pa-
tients with T2DM, metabolic syndrome or persistently elevat-
ed liver enzymes may benefit the most from screening (Fig.
1). Screening for NAFLD in these high-risk patients, starting
with ultrasound and liver biochemistry, and followed by non-
invasive testing for fibrosis to detect advanced liver fibrosis,
is more cost-effective than not screening this population.””’
The increasing availability of novel non-invasive tools, includ-
ing transient elastography and MRI-based methods, will ac-
curately quantify the severity of NAFLD and may help in
screening and monitoring disease outcomes. The stepwise
FIB-4/NFS-VCTE algorithm has been developed to rule out
patients with a low risk of advanced fibrosis.

Regardless of screening strategies, patient participation

http://www.e-cmh.org
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will always be a key determinant of success. This is a social
and behavioral challenge, as screening is a personal choice
that is ideally based on informed decision-making. Increased
patient participation’® and physician awareness of the im-
portance of screening will be crucial in reducing the morbidi-
ty and mortality related to NAFLD.
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