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a b s t r a c t
Non-alcoholic fatty liver disease (NAFLD) currently represents an epidemic worldwide. NAFLD is the
most frequently diagnosed chronic liver disease, affecting 20–30% of the general population. Furthermore, its prevalence is predicted to increase exponentially in the next decades, concomitantly with the
global epidemic of obesity, type 2 diabetes mellitus (T2DM), and sedentary lifestyle. NAFLD is a clinical
syndrome that encompasses a wide spectrum of associated diseases and hepatic complications such as
hepatocellular carcinoma (HCC). Moreover, this disease is believed to become the main indication for liver
transplantation in the near future. Since NAFLD management represents a growing challenge for primary
care physicians, the Asociación Latinoamericana para el Estudio del Hígado (ALEH) has decided to organize this Practice Guidance for the Diagnosis and Treatment of Non-Alcoholic Fatty Liver Disease, written
by Latin-American specialists in different clinical areas, and destined to general practitioners, internal
medicine specialists, endocrinologists, diabetologists, gastroenterologists, and hepatologists. The main
purpose of this document is to improve patient care and awareness of NAFLD. The information provided
in this guidance may also be useful in assisting stakeholders in the decision-making process related to
NAFLD. Since new evidence is constantly emerging on different aspects of the disease, updates to this
guideline will be required in future.
© 2020 Published by Elsevier España, S.L.U. on behalf of Fundación Clı́nica Médica Sur, A.C. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/
).

1. Introduction
Non-alcoholic fatty liver disease (NAFLD) currently represents
an epidemic worldwide. NAFLD is the most frequently diagnosed
chronic liver disease, affecting 20–30% of the general population
[1]. Furthermore, its prevalence is predicted to increase exponentially in the next decades, concomitantly with the global epidemic
of obesity, type 2 diabetes mellitus (T2DM), and sedentary lifestyle.
NAFLD is a clinical syndrome that encompasses a wide spectrum
of associated diseases and hepatic complications such as hepatocellular carcinoma (HCC) [2]. Moreover, this disease is believed to
become the main indication for liver transplantation in the near
future [3]. Since NAFLD management represents a growing challenge for primary care physicians, the Asociación Latinoamericana
para el Estudio del Hígado (ALEH) has decided to organize this Practice Guidance for the Diagnosis and Treatment of Non-Alcoholic
Fatty Liver Disease, written by Latin-American specialists in different clinical areas, and destined to general practitioners, internal
medicine specialists, endocrinologists, diabetologists, gastroenterologists, and hepatologists. The main purpose of this document
is to improve patient care and awareness of NAFLD. The information
provided in this guidance may also be useful in assisting stakeholders in the decision-making process related to NAFLD. Since new
evidence is constantly emerging on different aspects of the disease,
updates to this guideline will be required in future.
2. Methodology
In order to rate the recommendations provided by authors,
we used the Delphi method. Its objective is to obtain a degree

of consensus among the consulted experts regarding the available recommendations on a given subject. Its rationale is based on
the premise that a collective group judgment should be superior
to individual expert opinion. This is a useful tool in controversial topics, where strong recommendations are not feasible. For
its implementation, each recommendation was submitted to a
vote by the expert reviewers. Reviewers had to select their degree
of concordance with each statement, considering the following
options: (a) complete agreement; (b) agreement with minor comments/doubts; (c) agreement with major comments/doubts; (d)
rejection with some comments/doubts; (e) complete rejection.
Consensus was defined when >70% of participants expressed complete agreement/agreeing with minor comments/doubts with a
statement. When there was a lack of positive consensus on the
first round, recommendations were reviewed with co-authors in
concordance with observations of reviewers, and they were rewritten and re-submitted to expert revision. If consensus was not
reached, the third round of revision was undertaken. Finally, in case
of a lack of consensus despite three rounds of revisions, this was
informed in the corresponding recommendation in the final draft
of the manuscript [4].
3. Definition and epidemiology
NAFLD is defined as the presence of hepatic steatosis, either
by histology or imaging, in the absence of secondary causes of
hepatic fat accumulation, such as excessive alcohol consumption,
prolonged use of steatogenic medications, hepatitis C (genotype 3),
or monogenic hereditary disorders. Histologically, it is confirmed
when macrovesicular steatosis is present in ≥5% of hepatocytes
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[5]. NAFLD comprises two conditions with different prognosis and
distinction between them can only be done by histology: (1) nonalcoholic fatty liver (NAFL), also called isolated steatosis, defined
as the presence of ≥5% hepatic steatosis without evidence of hepatocellular injury in the form of hepatocyte ballooning, and (2)
non-alcoholic steatohepatitis (NASH), defined as the presence of
≥5% hepatic steatosis, associated with hepatocyte ballooning and
lobular inflammation, with or without fibrosis [6]. NASH is more
prone to evolve to advanced fibrosis, cirrhosis, and its complications than NAFL. Patients with NAFLD usually precede or follow
other features of metabolic syndrome, such as obesity, type 2 diabetes, dyslipidemia, or arterial hypertension.
Regarding epidemiology, a recent meta-analysis estimated the
global prevalence of NAFLD, including data from 86 studies with
a sample size of 8,515,431 individuals from 22 countries. The
pooled global prevalence of NAFLD in adults was estimated to be
25.2% (95% CI, 22.1–28.6) [1]. The highest prevalence of NAFLD
was reported in South America [30.4% (95% CI, 22.7–39.4)] and the
Middle East, whereas Africa had the lowest rate of this disease.
However, only two South American studies were included in this
meta-analysis. Both studies included subjects undergoing health
screenings: the first was a Brazilian study that enrolled middleaged patients [7], detecting NAFLD in 35.2% of them, whereas the
second study was performed in Colombia, including 263 young
males [8]: NAFLD was found in 26.6% of them and was associated
with higher insulin levels.
Only a few more Latin American studies assessing the prevalence of NAFLD have been published [9]. In a retrospective analysis
of 2503 records of individuals who underwent a pre-occupational
evaluation in Mexico City, NAFLD was detected in 14.3% [10]. Being
overweight or obese and dyslipidemia were the main factors associated with NAFLD. Another population-based study performed in
Santiago, Chile showed NAFLD in 23.4% of 832 Hispanic subjects,
associated with a body mass index (BMI) >26.9, abnormal AST,
increased levels of HOMA, and C-reactive protein [11].
Most of these studies were performed over a decade ago, thus
they may underestimate the current NAFLD prevalence. Other studies including more specific and sensitive non-invasive procedures
able to detect steatosis or fibrosis at earlier stages have been undertaken. In a recent Mexican study that investigated women with
polycystic ovary syndrome, the prevalence of NAFLD in the control
group determined by Fibroscan’s controlled attenuation parameter (CAP) was 34.6%. In another Mexican study, 57% of 505 young
adults had at least one risk factor for NASH; 171 of these at-risk
patients were assessed for fibrosis. In 106 patients that underwent
transient elastography, abnormal liver stiffness was found in 54%,
whereas in 65 obese patients that underwent liver biopsy, 90.8%
had NASH and liver fibrosis [12].

3.1. Metabolic associated fatty liver disease (MAFLD)
Recently, a new proposal for modification of the NAFLD acronym
to metabolic dysfunction-associated fatty liver disease (MAFLD)
has been suggested to more accurately reflect its pathogenesis
and to avoid the use of a nosological definition based on negative
grounds [13]. Suggested MAFLD diagnostic criteria are described in
the diagnosis section. In this new definition, the presence of other
liver diseases including excessive alcohol intake does not exclude
the presence of MAFLD. This definition reflects a better pathogenic
knowledge and dynamic characteristics of the disease, abandoning
the traditional need for exclusion of other liver disease and adopting inclusion criteria, in concordance with its elevated prevalence
and coexistence with other liver diseases. However, there is still a
lack of consensus regarding its widespread use of the new acronym,

and consensus between the main scientific associations, including
ALEH, needs to be reached.
3.2. Recommendations
- The prevalence of NAFLD ranges from 14.3% to 35.2% in Latin
American population-based studies, but most of them were performed more than 10 years ago.
- The variances in the prevalence of NAFLD/NASH may be related
to differences in both genetic and environmental risk factors. As
the frequency of obesity and metabolic syndrome continues to
increase, further studies on NAFLD/NASH prevalence should be
performed in the general population of Latin America.
Delphi consensus: Achieved on the first round of revision – all
experts expressed complete agreement or agreement with minor
comments.
4. Pathogenesis, genetics, and genetic testing
NAFL and NASH develop due to a complex interaction among
epigenetic, genetic, and environmental factors (i.e. Western diet)
that result in disturbed lipid homeostasis and an excessive hepatocellular accumulation of triglycerides and other lipid species (i.e.
diacylglycerol, saturated fatty acids, free cholesterol, and ceramides
among others) [14]. Emergence and progressive worsening of
insulin resistance (IR) is a central pathophysiological mechanism
in NAFLD that is closely connected to its development and progression [15]. The exact mechanisms of IR in NAFLD are unknown but a
number of phenomena, such as adipose tissue inflammation as well
as uninhibited lipolysis in this compartment, leading to increased
serum free fatty acids may be a root cause. Also, an increase in
hepatic de novo lipogenesis and changes in gut microbiota with a
dysfunctional gut barrier may contribute to hepatic fat loading and
may trigger hepatic inflammation and hepatic stellate cell activation, which in turn leads to progressive fibrogenesis and disease
progression first to NASH and eventually to cirrhosis [16].
Regarding genetic factors, initial studies of family aggregation and heterogeneous prevalence of NAFLD among different
ethnic groups have confirmed the genetic role of the disease.
Genome-wide association study (GWAS) has identified powerful and reproducible associations with NAFLD, including variants
in patatin-like phospholipase domain-containing 3 (PNPLA3),
transmembrane 6 superfamily member 2 (TM6SF2), membranebound O-acyltransferase domain containing 7 (MBOAT7), and
more recently in the 17-beta hydroxysteroid dehydrogenase 13
(HSD17B13) genes, contributing to a better understanding of
NAFLD pathogenesis [17]. PNPLA3 I148M variant (rs738409C > G)
is the most studied genetic determinant of NAFLD. This variant
modifies the remodeling of triglycerides and phospholipids in hepatic lipid deposits, which is associated with susceptibility to the
whole spectrum of NAFLD. This is the strongest genetic risk factor
for NAFLD and its severity, with odds ratios (ORs) ranging from 2.1
to 18.2 in different populations. The frequency of the (G) risk allele
is 23.1% in the general population, with higher frequencies reported
in Hispanic/Latino populations (47.2%) than in European American
(22.8%) and African American (13.7%) [18].
Due to the presence of greater Hispanic ancestry held by Latin
American countries, PNPLA3 can be an important genetic factor to
be considered in the evolution of NAFLD in Latin America. However, it is important to consider the heterogeneous genetic makeup
among different countries, with a greater contribution of African
genetic ancestry in the Brazilian population and of native American
ancestry in Bolivia, Peru, Mexico, Ecuador, Chile, and Colombia [19].
In Chile, an elevated frequency of G allele has been reported, reach-
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ing 59% in a preliminary population-based study [20]. In a Brazilian
study, it was observed that PNPLA3 CG + GG increased the risk of
NAFLD among subjects, and PNPLA3 GG was associated with liver
enzyme elevation and fibrosis in NASH patients [21]. In Brazilian
individuals with diabetes and NAFLD, the G allele was a marker for
the risk of significant liver fibrosis and cardiovascular disease [22].
In a case-control association study from Argentina, the G allele was
significantly associated with NAFLD, independent of other main
contributing factors [23]. Recently, in a study that used electronic
health records from a large multiethnic biobank suggested that
stratifying risk within populations known to have an enhanced risk
of liver disease, such as Hispanic carriers of the rs738409 variant,
would be effective in earlier identification of those who would benefit most from NAFLD prevention and treatment strategies [18].
Thus, PNPLA3 genotyping might have a role in the Latin American
population due to Hispanic ancestrality, which causes more risk to
NAFLD development and progression.
4.1. Recommendations
- Carriers of the PNPLA3 I148M and the TM6SF2 E167K variants
have a higher liver fat content and increased risk of NASH.
- Genotyping might be considered in the Latin American population, however, it still has not proven to be able to guide therapy on
an individual basis and is costly. Thus, its role in clinical practice
is yet to be established.
Delphi consensus: Achieved on the second round – all experts
expressed complete agreement or agreement with minor comments.
5. How should we diagnose NAFLD? (screening, clinic,
laboratory, and images)
5.1. Clinical features
NAFLD is usually diagnosed in three clinical scenarios: (a) after
incidental abnormal liver tests in a clinical check-up, (b) when
abdominal imaging is conducted for other reasons and it detects
steatosis or (c) when NAFLD screening is undertaken in high-risk
populations. Diagnosis is based on demonstrating the presence
of liver steatosis of more than 5% of hepatocytes in the absence
of other liver diseases, particularly excluding significant alcohol
intake (males >30 g/day, females >20 g/day) [5]. NAFLD should be
suspected in subjects with obesity or features of metabolic syndrome such as T2DM, dyslipidemia, arterial hypertension, etc. This
is based on the growing evidence that supports a bidirectional relationship between NAFLD and metabolic syndrome [24,25].
5.2. Screening
There is currently no consensus for recommending NAFLD
screening in the general population, due to the low costeffectiveness of this practice and the associated risks of invasive
tests [26]. Screening seems suitable for patients with increasing
age (>50-year-old), one or more features of metabolic syndrome,
or obesity (BMI > 30) due to their higher prevalence of NAFLD (over
60%) and their higher risk of steatohepatitis, advanced fibrosis, and
liver-related mortality [27,28].
5.3. Laboratory and imaging
5.3.1. NAFLD diagnosis
Liver ultrasound is the most recommended technique as the
first approach because of its wide availability, low-cost, and safety.

677

However, reports assessing its accuracy vary greatly: its sensitivity ranges from 53% to 100% and its specificity from 77% to 98%,
with higher accuracy when evaluating only patients with moderate to severe hepatic steatosis (histologic grade 30%–33%) and
lower values when all grades of hepatic steatosis are considered
[29]. Additionally, its performance is less accurate when assessing
obese patients [30]. Computer tomography has a similar steatosis detection rate than ultrasound. Magnetic resonance imaging
(MRI) spectroscopy and MRI proton density fat fraction (MRI-PDFF)
have better sensitivity and can accurately quantify liver steatosis but they are less accessible methods. Controlled attenuation
parameters (CAP) is an ultrasound-based method for liver steatosis
quantification that is associated with vibration-controlled transient elastography (VCTE) with excellent accuracy for the detection
of liver steatosis [AUROC 0.87 (CI 95% 0.82–0.92] [31]. Serological scores such as the fatty liver index, NAFLD liver fat score
(NAFLD-LFS), Hepatic Steatosis Index (HSI), and SteatoTest-2 have
been proven useful tools for steatosis diagnosis in large cohorts or
population-based studies [32,33].
5.3.2. Concomitant or competing chronic liver disease diagnosis
Initial workup should aim at the diagnosis of other etiologies
that may present with hepatic steatosis, such as significant alcohol consumption, chronic viral hepatitis, autoimmune liver disease,
or others. Some abnormalities that may be present do not always
reflect concomitant liver disease: elevated serum ferritin and/or
elevation in serum autoantibodies are frequently found and should
be interpreted after the diagnosis algorithm for hemochromatosis
or autoimmune liver disease are carried out.
5.3.3. MAFLD diagnostic criteria
This syndrome includes the presence of liver steatosis associated with metabolic risk factors such as T2DM, obesity, or metabolic
dysfunction. The latter is defined as the presence of at least
2 of the following criteria: hypertriglyceridemia (≥150 mg/dL),
low high-density lipoprotein (≤40 mg/dL), high blood pressure
(≥130/85 mmHg), increased waist circumference, pre-diabetes,
high HOMA-IR (≥2,5) or elevated high-sensitivity C reactive protein
(≥2 mg/L) [13].
5.4. Recommendations
- NAFLD screening is not recommended in the general population.
NAFLD screening is recommended for patients with repeatedly
altered liver enzymes, features of metabolic syndrome, or obesity
(BMI > 30). In patients with a high-risk profile (type 2 diabetes or
metabolic syndrome and >50 years old) NASH and liver fibrosis
diagnosis should be undertaken.
- The recommended method for initial screening for NAFLD in clinical practice is an abdominal ultrasound.
Delphi consensus: Achieved on the second round – all experts
expressed complete agreement or agreement with minor comments.
6. How should we use non-invasive assessment and images
in NAFLD? (risk stratification)
The estimation of the degree of liver inflammation and fibrosis is key to establishing NAFLD prognosis since it predicts the
progression to cirrhosis, liver-related and all-cause mortality, and
even HCC [34,35]. The gold standard method is liver biopsy, an
invasive and expensive method, subjected to sampling error, interobserver variability, and potential complications. Thus, several
non-invasive tests have been analyzed for the assessment of liver
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fibrosis in NAFLD, namely scores based on clinical and laboratory parameters, as well as tests based on physical or imaging
characteristics of the liver. More sophisticated biomarkers such as
proteomics, lipidomics, microRNAs, and microbiome-related products are beyond the scope of this document and are reviewed
elsewhere [36].
6.1. Scores based on clinical and laboratory parameters
The following scores can be calculated with inexpensive and
widely available clinical and biochemical parameters. Their variables, Area Under the Receiver Operating Characteristic (AUROC)
curve values and respective cutoffs for the detection (rule-in) of
advanced fibrosis are shown in Table 1.
- Aspartate aminotransferase (AST) to Platelet ratio (APRI): Originally developed and validated in hepatitis C, its accuracy has been
questioned in the context of NAFLD [36].
- BARD score: this score was developed specifically for NAFLD
fibrosis assessment. In its validation cohort, it reached a negative predictive value (NPV) of 96% for advanced fibrosis with a
result <2 [37].
- NAFLD fibrosis score (NFS): In the original work by Angulo et al.
this index showed an accuracy of 82% and 88% to detect and
exclude advanced fibrosis respectively [38].
- FIB-4: with a threshold of 2.67 and 3.25, the sensitivities and
specificities of the FIB-4 score for advanced fibrosis were 26.6%
and 96.5%, and 31.8% and 96.0%, respectively [39].
When these biomarkers were compared in a recent metaanalysis assessing accuracy for the detection of advanced fibrosis in
NAFLD, both NFS and FIB-4 yielded an AUROC of 0.84; being superior to BARD and APRI score [40]. It has been found that both NFS
and FIB-4 scores have lower specificity when used in individuals
>65 years old (35% for FIB-4 and 20% for NFS). Mc Pherson et al.
proposed and validated new cutoffs in this particular age group,
increasing specificity to 70% without affecting sensitivity [41].
In a retrospective study that included diabetic patients, NFS, FIB4, and APRI had lower accuracy for the prediction of cirrhosis and
liver-related outcomes. Despite that FIB-4 yielded an acceptable
accuracy for the detection of advanced fibrosis, authors found that
diabetic patients with a low NAFLD-FS, FIB4, or APRI score had a
15%–21% 5-year rate of liver decompensation and a 10%–27% 5year rate of HCC, demonstrating that an isolated assessment with
these algorithms may not be ideal in this population [42].
- Hepamet fibrosis score (HFS): This recently validated score [43]
had an AUROC of 0.85 for advanced fibrosis, compared to 0.8
obtained for NFS and FIB-4. It showed homogeneity across different ethnic populations without the need for age-adjusted cutoffs,
with uniform performance across all BMI categories and aminotransferase levels. However, it has not been validated in Latin
America.
6.2. Biomarkers based on physical properties of the liver
- Vibration controlled transient elastography (Fibroscan® ): the
most commonly utilized point-of-care technique in clinical practice for the evaluation of liver fibrosis. It can achieve a diagnostic
accuracy (AUROC) over 0.92 for advanced fibrosis in NAFLD
patients [39]. It is less precise for intermediate stages. Liver stiffness measurements can be overestimated by the ingestion of a
meal, inflammation, vascular congestion, or cholestasis [44].
- Acoustic radiation force impulse (ARFI) and shear wave elastography (SWE): These ultrasound-based techniques integrate
ultrasound imaging and liver stiffness information, they both

yield an accuracy comparable to Fibroscan [36]. However, there is
still insufficient data regarding their quality criteria, confounders,
or accuracy during follow-up [39].
- Magnetic resonance elastography (MRE): this method has the
advantage of accurately assessing morphologic details and liver
stiffness simultaneously, with an AUROC of 0.9 for cirrhosis. However, it is not widely available, is costly, and not easy to perform
in claustrophobic patients [36].
6.3. Risk stratification strategy
In clinical practice, it has been proposed to use non-invasive
tests for initial risk stratification. Due to their optimal NPV, serum
biomarkers such as FIB-4 and NFS could be used initially to rule out
advanced fibrosis. Patients with intermediate or high risk for fibrosis should undergo a further assessment of an elastography-based
technique such as Fibroscan (other elastography techniques may
be considered according to local availability). Whenever advanced
fibrosis cannot be excluded, patients should be considered for liver
biopsy [39] (Fig. 1).
6.4. Recommendations
- NAFLD Fibrosis Score and FIB-4 are useful tools for the initial
assessment of fibrosis in NAFLD patients
- When NFS score and FIB-4 score are unable to exclude advanced
fibrosis, an elastography based method is the suggested method
in the risk stratification algorithm. Vibration controlled transient
elastography is the best validated and available tool; other elastography techniques should be considered upon availability.
- When non-invasive methods are unable to exclude significant
fibrosis, liver biopsy should be considered.
Delphi consensus: Achieved on the first round of revision – all
experts expressed complete agreement or agreement with minor
comments.
7. When should we perform a liver biopsy in NAFLD?
Liver biopsy remains the gold standard for differentiate patients
presenting isolated steatosis from those with steatohepatitis
(steatosis, lobular inflammation, hepatocytes ballooning) and for
fibrosis staging. Although there have been advancements in noninvasive testing and methods, these tests are still unable to diagnose
NASH and to display the full range of findings provided by liver
biopsy. However, performing a liver biopsy in patients with suspected NAFLD is still controversial in daily practice due to several
limitations of this procedure: it requires expertise for accurate
interpretation, involves risk, and entails a high cost [45]. Additionally, the elevated NAFLD prevalence worldwide and lack of effective
medical therapy makes the routine indication of liver biopsy unfeasible, thus it requires careful indication.
The most frequent indications for performing a liver biopsy in
patients with NAFLD are to confirm or exclude NASH diagnosis and
to stage the severity of the disease, as inclusion criteria of patients
in clinical trials or to perform a differential diagnosis when another
liver disease is suspected.
Performing a liver biopsy can be useful to perform a differential diagnosis or to detect concomitant liver disease and to stage
the severity of each condition. In a study that analyzed 354 biopsied patients with unexplained abnormal liver tests, 66% were
found to have steatosis, one half of them presented with NASH,
and 19% had other liver disease diagnosed by histologic evaluation including autoimmune hepatitis, primary biliary cholangitis,
hereditary hemochromatosis and alcohol-associated liver disease
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Table 1
Non-invasive scoring systems based on biochemical markers and elastography in NAFLD [Adapted from Refs. [40,41]].
Score

Components

AUROC (advanced fibrosis)

Lower cut-off (RULE OUT AF)

Higher cut-off (RULE IN AF)

NFS

Age, impared fasting
glucose/diabetes, BMI, platelets,
albumin, AST/ALT ratio

0.84

<−1.455 (36−64 years)

> 0.675

FIB-4

Age, AST,ALT, Platelets

0.84

BARD score

BMI, AST/ALT ratio, type 2 diabetes
mellitus
AST, platelets
Age, gender, HOMA score, presence
of diabetes, AST, albumin, platelets

0.76

<0.12 (65 years or older)
<1.3 (36−64 years)
<2 (65 years or older)
≤1

0.77
0.85

<0.4
<0.12

> 1.5
> 0.47

Transient elastography

0.88
0.85
0.95
0.96

<5.8
<4.8
<2.6
<3.4

>8.7
>5.7
>3.02
>3.62

APRI
Hepamet fibrosis score
Fibroscan
- M probe
- XL probe
SWE
MRE

Shear-wave elastography
Magnetic resonance elastography

> 2.67
>2

Online calculators:
HFS: https://www.hepamet-fibrosis-score.eu.
NFS: https://nafldscore.com.
FIB-4 and APRI: https://www.rccc.eu/calculadoras/Fib4.htm.

Fig. 1. Algorithm for the follow-up of patients with NAFLD. MI; myocardial infarction, CV; cardiovascular, HCC; hepatocellular carcinoma.
Notes. Initial assessment and risk stratification for NAFLD patients (adapted from Castera and Yoneda). Patients with NAFLD should be screened for differential diagnosis,
undergo assessment for cardiovascular risk and alcohol consumption. Initial NAFLD fibrosis risk assessment should be performed using non-invasive scores (NAFLD fibrosis
score and FIB-4). When advanced fibrosis is not excluded, other non-invasive tests such as transient elastography should be performed. If this test is unavailable or fails to
obtain results, other elastography techniques such as shear-wave elastography or magnetic resonance elastography can be selected. In patients with intermediate-high risk
for advanced fibrosis, a liver biopsy should be considered. There is no current consensus regarding an interval for the follow up of these patients. It can be tailored according
to the presence of risk factors for fibrosis progression. In patients with cirrhosis HCC and esophageal varices screening must be undertaken. In patients with advanced fibrosis,
HCC screening should be considered.

[46]. On the other hand, several studies have proven the benefits of a liver biopsy in NAFLD by demonstrating its presence in
association with diseases such as hepatitis C, autoimmune liver disease, hemochromatosis, drugs, and occupational exposures [47,48].
Data obtained from decision-tree modeling suggests that early liver
biopsy with interventions guided by the specific liver histology
leads to a decrease in mortality as well as a decrease in progression
to NASH with cirrhosis [49].
The NAS (NAFLD activity score) or the SAF (steatosis, inflammatory activity, fibrosis) score systems have been proposed to increase

the reproducibility and homogeneity of liver biopsy results; these
scores grade or quantify steatosis, inflammatory activity, and fibrosis [50,51].

7.1. Recommendations
- Liver biopsy should be considered in patients with NAFLD who are
at increased risk of having NASH and fibrosis when noninvasive
tests are unable to exclude advanced fibrosis.
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- Liver biopsy should be considered in the differential diagnosis
of patients with suspected NAFLD/NASH and other competing
etiologies. It should also be considered in patients with known
or suspected coexisting chronic liver diseases that cannot be
assessed without this procedure.
- The pathology report should describe the presence of steatosis,
inflammation, and/or the presence of NASH. The stage of severity should be described (ideally by proposed score systems). The
amount of fibrosis should be mentioned.

should be requested according to baseline fibrosis assessment and
corresponding HCC screening recommendations.

Delphi consensus: Achieved on the first round of revision – all
experts expressed complete agreement or agreement with minor
comments.

Delphi consensus: Achieved on the second round – all experts
expressed complete agreement or agreement with minor comments.

8. How should we follow subjects with NAFLD? Risk
stratification periods
Liver fibrosis is undoubtedly the main predictor of morbidity and mortality in NAFLD and therefore it should be considered
the most important factor that sets the tone in the prognosis and
follow-up in these patients. In a biopsy-proven NAFLD study, when
compared to controls, the risk of severe liver disease increased
per stage of fibrosis (F0; HR: 1.9 to F4; HR: 104.9) and the time
for the development of liver decompensation progressed from 22
to 26 years in F0 stage to 0.9 years in F4 stage [52]. A further
meta-analysis comprising 4428 patients with NAFLD found that
compared with no fibrosis (F0), cirrhotic patients (F4 stage) presented an increase in all-cause mortality (RR: 3.42), liver-related
mortality (RR: 11.13), liver transplantation (RR: 5.42), and liverrelated events (RR: 12.78), even after adjustment for confounders
[53].
The interval of fibrosis reassessment is subject to intense debate.
Some experts in the field have suggested that patients with mild
fibrosis (F0–F1) can be reassessed every 12 months, using the suggested approach of stepwise non-invasive tests (Fig. 1) [39,54]. In
patients with moderate to severe fibrosis (F2–3), reassessment can
be performed with elastography or a liver biopsy can be considered, if not performed initially. Regarding the ideal timing, there
is insufficient data to recommend a specific interval; it should
be tailored to the individual risk factors of fibrosis progression
[55]. Re-assessment using liver biopsy could be considered every 5
years in those patients with advanced fibrosis and adequate control of their disease. In those patients with risk factors such as
advanced age, BMI ≥ 30 kg/m2 , features of metabolic syndrome, the
persistence of elevated transaminases despite an adequate medical
control, detection of one of the polymorphisms associated with a
worse prognosis of NAFLD (PNPLA3, TM6SF2, MBOAT7) or suspicious of progression to advanced disease, a liver biopsy could be
done within a shorter interval.
However, fibrosis staging should only be one part of an extensive approach that must be designed individually for each patient
at the moment of NAFLD diagnosis and in subsequent follow-up
visits. Since NAFLD is associated with an increased risk of fatal
and non-fatal cardiovascular events [56], an assessment of cardiovascular risk by an efficient and simple score system like the
Framingham score represents a cost-effective tool that could be
routinely performed in each patient for an early referral to a cardiologist [57]. Moreover, assessment of adequate control of other
chronic degenerative diseases and alcohol consumption must be
evaluated within follow-up for the increased risk that they represent for fibrosis progression and HCC development [58] (Fig. 1).
Routine laboratory studies comprising complete blood count, blood
chemistry, and liver function tests should be obtained in every
follow-up visit; impedance measurements and imaging studies

8.1. Recommendations
- There is no consensus regarding the optimal interval for fibrosis
reassessment. Periodic reassessment of liver fibrosis should be
considered according to individual risk factors of progression.
- Assessment of cardiovascular risk should be performed in every
follow-up visit.

9. Referral algorithms: when to refer to the hepatologists?
When to refer to other specialties?
Due to the burden that NAFLD imposes on health systems, it is
necessary to design and implement patient referral algorithms. This
is particularly important because just a minority of patients with
NAFLD will require specialized care [59]. In practice, most patients
with NAFLD are diagnosed by front-line healthcare providers, such
as general practitioners, who should be able to stratify patients
according to their cardiovascular and liver-related risk. To identify
patients with a higher risk of liver fibrosis, several scores and algorithms were proposed over the last decade [39,60]. These methods
should be inexpensive and easy to implement so that they can be
extensively applied. On the other side, hepatologists should identify patients with NAFLD who require a specialized consultation
due to their associated comorbidities.
9.1. When should patients with NAFLD be referred to a
hepatologist consultation?
As mentioned, several scores were designed to identify patients
with NAFLD at a higher risk of liver fibrosis. Non-invasive scores
such as FIB-4 [61] and the NAFLD fibrosis scores [38] are the
most attractive tools to stratify patients in the front-line. In everyday practice, various algorithms propose that front-line physicians
should use the scores to rule-out advanced fibrosis with the objective to identify patients with NAFLD who do not need to be referred
to a hepatologist consultation. Thus, in patients in whom advanced
fibrosis cannot be ruled out by these scores (results compatible with
indeterminate or high risk of advanced fibrosis), they should be
referred to the specialist for further evaluation, including transient
elastography and liver biopsy, when appropriate [39,62].
9.2. When should Hepatologists refer patients with NAFLD to
other specialist consultation?
All patients with NAFLD should be screened at least for
the following comorbidities: type 2 diabetes, obesity, dyslipidemia, hypertension, and cardiovascular disease. Additionally,
when present, risk stratification is advised to decide which patients
to refer for a specialist consultation.
Even though there are no universal recommendations, it is
advisable to consider referral to a specialist in any of the following
situations:
-

Non-diabetic hyperglycemia (pre-diabetes) and diabetes [62].
Obesity [62].
Moderate to high cardiovascular risk [63].
Severe dislipidemia (for example LDL cholesterol > 190 mg/dL,
triglycerides > 500 mg/dL), familial or genetic dyslipidemia and in
cases of treatment-intolerance.
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- Secondary, refractory, occult, or white coat hypertension.
- Clinical or biochemical findings that are compatible with chronic
kidney disease (GFR < 60 ml/min/1.73 m2 ) or obstructive sleep
apnea.

9.3. Recommendations
- FIB-4 and/or NAFLD fibrosis score (ideally both) should be calculated in all patients with NAFLD at their initial assessment.
- Patients with indeterminate scores should be referred if they portray a high-risk profile (type 2 diabetes or metabolic syndrome
and >50 years old).
- Patients with high results in at least one of the two scores should
be referred to a hepatologist for further evaluation.
- Hepatologists should refer patients with significant or difficultto-treat comorbidities to a specialized consultation.

Delphi consensus: Achieved on the second round – all experts
expressed complete agreement or agreement with minor comments.

10. Alcohol consumption and thresholds in NAFLD
Currently, the NAFLD definition requires the exclusion of significant alcohol consumption. This threshold has been set at 20 g/per
day for women and 30 g/day in men, which can be simplified
for patients as less than 2 and 3 daily drinks for women and
men, respectively. This cut-off point has been adopted for patient
inclusion in NAFLD treatment trials [64] due to classic studies
that found that higher alcohol consumption over two years was
related to a higher risk for liver disease [65]. However, the effect
of moderate amounts of alcohol consumption (below 30 g/daily)
and health-related risk in the general population is controversial: there is data that reflects an association with a lower risk for
metabolic syndrome and cardiovascular disease, even though these
results have geographical disparities. On the other hand, recent
data suggests that any amount of alcohol consumption increases
the risk of cancer-related mortality and all-cause mortality [66].
In a recent longitudinal population-based cohort study, moderate
alcohol intake (below the selected thresholds for NAFLD definition)
was found to be related to incident liver disease, thus suggesting a
safe amount of alcohol consumption regarding liver risk may not
exist [67].
In NAFLD patients the effect of moderate alcohol consumption is also controversial. There are several observational studies
dated back from 2001 that suggest a possible beneficial effect
regarding disease progression and liver fibrosis in NAFLD patients
with moderate-low alcohol intake in comparison with abstinent
patients. However, the majority have a cross-sectional or retrospective design and consider present alcohol consumption, with
scarce data regarding their alcohol history. Furthermore, selection
bias should be considered (completely abstinent patients are more
prone to having severe comorbidities or prior heavy alcohol use)
and bias related to self-assessment methods to obtain consumption information [68]. Regarding the risk of hepatocarcinoma, a
synergistic effect of alcohol and NAFLD has been suggested, indicating that alcohol may be an independent risk factor for HCC in
NAFLD/NASH-cirrhosis [69]. When analyzing cardiovascular risk
and NAFLD patients, despite evidence suggesting a protective role,
a recent longitudinal cohort failed to find an association between
alcohol and cardiovascular risk factors or subclinical markers of
cardiovascular disease [70].
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10.1. Recommendations
- Current data do not allow for recommendations of any amount
of alcohol consumption to reduce cardiovascular or other healthrelated risks in NAFLD patients.
- The safest strategy in NAFLD patients is to restrain from any
alcohol consumption. However, if patients choose to consume
alcohol, it should be recommended below the threshold of 14
and 21 drinks per week for women and men, respectively.
- Patients with NASH and/or moderate to advanced fibrosis should
abstain from alcohol consumption, due to their high risk for disease progression.
Delphi consensus: Achieved on the first round of revision – all
experts expressed complete agreement or agreement with minor
comments.

11. Hepatocellular carcinoma screening
Although the incidence of hepatocellular carcinoma (HCC) in
NAFLD patients has been increasing and it is the fastest-growing
cause of HCC in liver transplant candidates [71], the surveillance
strategies are markedly suboptimal. A study showed that NAFLD
patients were less likely to receive HCC screening than chronic hepatitis C patients (HR 0.44, 95%CI 0.19–0.99, p < 0.05) [72]. Thus, there
is a need to improve the coverage of this intervention in high-risk
NAFLD patients.
NAFLD has been related to an increased risk of HCC in the
presence of cirrhosis. Although the annual incidence of HCC in
NAFLD-related cirrhosis is lower than in that related to HCV, it
is significantly higher than in controls. A study that followed 195
patients with NAFLD related cirrhosis during a median of 3.2 years
found an annual incidence of HCC of 2.6% [58]. However, HCC has
also been reported in NAFLD patients with liver fibrosis and even in
the absence of fibrosis [73]. Thus, the need to delimit a population
where HCC screening is cost-effective is warranted.
Based on cost-effectiveness studies it has been suggested
that in a population with an annual incidence of ≥1.5% HCC
screening is recommended assuming the availability of therapies
and acceptable performance status and liver function. Therefore,
HCC screening in NAFLD-related cirrhosis is mandatory. However, screening should not be performed if the treatment of
HCC is not feasible or if it will not improve survival. Another
study showed that, although higher than in controls, the risk of
HCC in non-cirrhotic NAFLD patients is markedly lower than in
cirrhotic patients (0.08/1000 person-years vs. 10.6/1000 personyears). Thus, the risk in non-cirrhotic NAFLD patients doesn’t reach
the minimum threshold to perform cost-effective HCC surveillance
[74]. Notably, the authors found that the HCC risk in those patients
without cirrhosis but with a high FIB-4 score result was 0.39/1000
person-years compared to 0.04/1000 person-years on those without cirrhosis and a persistently low FIB-4 result.
Importantly, obesity, tobacco, and alcohol consumption have all
been associated with an increased risk of HCC in NAFLD patients.
Thus, the recommendation of weight loss, increase physical activity, and to discontinue alcohol and tobacco consumption should be
reinforced [73].
A proper strategy for effective HCC screening needs to be followed. An ultrasonography (US) performed every six months is the
preferred method considering that it was employed in most studies
and has an acceptable diagnostic yield [75]. Notably, increasing its
frequency doesn’t improve the detection rate [76]. The use of alphafetoprotein in addition to the US does not add a clear benefit, thus
its use is not mandatory [77].
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A few observational studies have reported that the likelihood of
inadequate ultrasound quality is significantly higher in overweight
or obese patients. Thus, to employ an alternative radiologic method
such as CT or MRI is recommendable if the liver cannot be properly
evaluated using US [73]. Nonetheless, routinely use of CT or MRI as
a screening method seems non-cost-effective [78].

12.1. Recommendations
- A reduction in calorie intake to 1200−1800 kcal/day and the
achievement of a weight reduction of 7−10% is beneficial in
NAFLD management.
- A low-refined sugar diet based on the Mediterranean diet is beneficial in the management of NAFLD.
- The consumption of coffee in moderate amounts is recommended
in patients with NAFLD.

11.1. Recommendations
- Universal HCC screening is not recommended in NAFLD patients.
HCC must be performed in all patients with cirrhosis and should
be considered in patients with advanced fibrosis due to NAFLD if
curative or palliative therapies are available and without reduced
short-term survival.
- HCC screening must be performed employing ultrasonography
every six months with or without a simultaneous measurement
of alpha-fetoprotein levels. Only if a proper liver visualization is
not achieved employing ultrasonography, a different radiologic
test can be employed (CT scan or MRI).

Delphi consensus: Achieved on the first round of revision – all
experts expressed complete agreement.
Management:

12. Is diet effective for NAFLD treatment?
Diet, as part of lifestyle interventions, is key in NAFLD treatment,
although the effect of these interventions is often difficult to assess
due to the lack of standardization of the study designs. It has been
established that a decreased caloric intake and reductions of at least
5% of bodyweight achieve a significant reduction in intrahepatic
lipid content; furthermore, a decrease of 7−10% of body weight
or greater is ideal, because it has been associated with improvement in all the histological parameters (steatosis, inflammation,
and fibrosis) in a higher percentage of subjects [62,79–81].
Experts recommendations suggest a caloric reduction between
500−1000 kcal/day, or total intake between 1200−1800 kcal/day,
low in fat and carbohydrates and rich in fiber, avoiding fructose, especially if it derives from sugary drinks [62,79], which are
highly consumed in Latin-America. Carbohydrates, especially fructose and/or sucrose added to beverages, foods, and desserts, have
been shown to be related to the development of NAFLD, increasing
liver triglyceride synthesis.
Studies have shown that the Mediterranean diet is beneficial
independently of achieving weight loss. The Mediterranean diet
is characterized by reduced carbohydrate intake, especially sugars and refined carbohydrates (40% of the calories vs. 50–60% in a
typical low-fat diet), and increased monounsaturated and omega-3
fatty acid intake (40% of the calories as fat vs. up-to 30% in a typical low-fat diet), and has been shown to improve insulin resistance
(IR) and steatosis assessed by MRI spectroscopy or elastography
[81–84]. Polyunsaturated fatty acids, particularly omega-3 types,
have been shown to improve insulin sensitivity and reduce intrahepatic triglyceride content, thus improving steatohepatitis [83].
Finally, regular coffee consumption, mainly due to its antioxidant effect, would have a beneficial role in both the general
population and in patients with NASH, improving liver fibrosis.
These effects on fibrosis are best seen in patients with low levels of
insulin resistance [85,86]. Two or three cups of coffee per day are
recommended.

Delphi consensus: Achieved on the first round of revision – 4 out
of 5 experts expressed complete agreement.
13. Is exercise effective for NAFLD treatment?
Exercise has shown to be an effective intervention to reduce
intrahepatic triglyceride content, independent of weight loss in
patients with NAFLD [80,87]. A meta-analysis that included 28
randomized controlled trials, showed that exercise, independent
of changes in diet, is associated with a significant reduction in
intrahepatic triglyceride (IHTG) content (p < 0.0001), and with a
reduction in ALT (p < 0.004) and AST (p = 0.01) values [88]. Regular
exercise not only modifies the IHTG but improves cardiovascular comorbidities and insulin-resistance specifically associated
with NAFLD [89]. The data is less clear regarding the type, frequency, and intensity of exercise. There is consensus among
experts that exercise should be prescribed in 3–5 sessions per
week (150−200 min/week) of moderate-intensity aerobic exercise
associating sessions of resistance exercise [62]. Both aerobic and
resistance exercise are effective in reducing hepatic steatosis, in
sessions of at least three times a week for twelve weeks, although
in resistance exercise, energy consumption and exercise intensity
were lower (MET 3.5 vs. 4.8 in aerobic exercise) [87]. A resistance
exercise program lasting 24 weeks showed similar benefits to those
experienced by aerobic exercise in terms of IHTG, ALT levels, and
insulin sensitivity [90].
A study compared the effect of 12 weeks of an exercise program
on obese men with NAFLD, randomized into 3 groups (resistance
exercise (n = 20) vs. high-intensity interval aerobic exercise (n = 21)
vs. moderate-intensity aerobic exercise (n = 20)). Besides clinical
and biochemical parameters, they used MRI to assess abdominal
fat distribution, in addition to controlled-attenuation parameter
and spectroscopy to assess intrahepatic lipid content. The authors
concluded that intrahepatic lipid content was similar in all three
groups (−14.3% vs. −13.7% vs. −14.3%), with no specific changes
in weight or visceral fat. Hepatic stiffness significantly improved
only in the group randomized to high-intensity interval exercise
(−16.8%) [91]. Recently, an 8-week high-intensity interval aerobic exercise showed a beneficial effect on IHTG, visceral lipids, and
quality of life in diabetic obese patients with NAFLD [92].
13.1. Recommendations
- Regular exercise (aerobic, resistance, or combined) should be part
of the first line of non-pharmacological treatment of NAFLD.
Delphi consensus: Achieved on the first round of revision – all
experts expressed complete agreement.
14. Are antioxidants, insulin-sensitizers, and lipid-lowering
drugs effective for the treatment of NAFLD?
Despite the imperative need for effective pharmacotherapy for
NASH patients, there is no standard-of-care treatment currently
available. Several treatment strategies have been evaluated, with
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different study populations and efficacy endpoints, and thus, with
heterogeneous results.
14.1. Antioxidants
Vitamin E is a potent antioxidant that has been extensively
studied for NAFLD. However, there are only a few randomized
placebo-controlled trials addressing vitamin E alone for the treatment of NASH patients considering histological endpoints. The
PIVENS trial assessed its efficacy in adult non-cirrhotic nondiabetic patients with NASH: vitamin E met the primary endpoint,
defined as a two-point reduction in the NAFLD Activity Score, with
improvement in ballooning and inflammation or steatosis, without worsening of fibrosis. However, it failed to improve fibrosis
[93]. In NASH patients with type 2 diabetes, it failed to achieve a
two-point reduction in the nonalcoholic fatty liver disease activity score without worsening of fibrosis, being only efficacious in
reducing steatosis [94]. Finally, in the TONIC trial performed in
non-diabetic non-cirrhotic children and adolescents, vitamin E was
significantly associated with the resolution of NASH mainly due to
improvement in hepatocellular ballooning but had no significant
effects on steatosis, inflammation, or fibrosis [95]. There have been
concerns regarding its long-term safety since few meta-analyses
have found an association of long-term vitamin E treatment and
higher all-cause mortality, risk of hemorrhagic stroke [96], and
prostate cancer in males older than 50 [97]. These findings need
to be confirmed in well-designed randomized controlled trials.
14.2. Insulin sensitizers
Metformin is a first-line agent for the treatment of type 2
diabetes mellitus, it inhibits hepatic gluconeogenesis, increases
glucose uptake in skeletal muscle, and improves peripheral insulin
sensitivity. In a recent meta-analysis addressing NAFLD treatment,
metformin was found to be associated with a significant reduction
in body mass index, serum aminotransferases levels, cholesterol,
and fasting glucose. However, histological parameters such as ballooning, fibrosis, steatosis, or NAFLD histological score were not
modified, and inflammation worsened [98].
Thiazolidinediones are ligands for the nuclear transcription
factor PPAR-␥ implicated in the regulation of glucose and lipid
metabolism. Pioglitazone is a thiazolidinedione that has been
extensively studied as a treatment option for NAFLD. In a 2011
meta-analysis that included 7 randomized trials involving thiazolidinediones in the treatment of diabetic and non-diabetic patients
with NASH, pioglitazone showed a significant reduction in hepatic steatosis, lobular inflammation, and hepatocellular ballooning,
with modest effects on fibrosis in diabetic and non-diabetic patients
[99]. Regarding its safety, weight gain (mean, 4.4 kg) is the main
concern. Bone loss has been reported in women, and there are
controversial findings regarding its role in risk for bladder cancer
[100].

Table 2
List of drugs for the treatment of NAFLD/NASH currently being evaluated in phase
3 clinical trials (as available by July 30th, 2020).
Drug

Mechanism
of action

ClinicalTrials.gov
identifier

Interim results

Obeticholic acid
Elafibranor
Cenicriviroc
Resmetirom
Aramchol

FXR agonist
PPAR-␣/␦ agonist
CCR2/CCR5
THR-ß agonist
SCD1 inhibitor

NCT02548351
NCT02704403
NCT03028740
NCT03900429
NCT04104321

Available, positive
Available, negative
Not available
Not available
Not available

Abbreviations: FXR, farnesoid X receptor; PPAR, peroxisome proliferator-activated
receptor; CCR, C-C chemokine receptor; THR-ß, thyroid hormone receptor ß; SCD-1,
Stearoyl-CoA desaturase 1.

are insufficient studies with histological endpoints to recommend
their use [104].
Ezetimibe, an inhibitor of cholesterol absorption, has been
related to the improvement of liver enzyme levels, but only
reduced hepatocyte ballooning in randomized-controlled trials
[105]. Finally, the supplementation with omega 3 polyunsaturated
fatty acid may be related to beneficial changes in liver fat and
transaminase levels, but further data with randomized control
design and histological endpoints are needed [104].
14.4. Recommendations
- Vitamin E (in non-cirrhotic, non-diabetic patients) and pioglitazone (in non-cirrhotic patients with or without diabetes) have
shown to be effective for the treatment of patients with histological diagnosis of NASH and may be used after discussing their
risks and benefits. However, larger randomized controlled trials
are needed before they can be firmly recommended.
- No evidence supports the efficacy of metformin or lipid-lowering
agents for NAFLD/NASH treatment. However, they should be used
to treat comorbidities.
Delphi consensus: Achieved on the first round of revision – 4
out of 5 experts expressed complete agreement or agreement with
minor comments.
15. Which are the drugs under development for the
treatment of NAFLD?
At the present time, more than 70 active studies are testing a
myriad of drugs for the treatment of NAFLD (www.clinicaltrials.
gov). However, to date, none of these drugs has been approved by
the main regulatory agencies [106]. Although ongoing phase 3 clinical trials are expected to provide useful information to advance
the field of NASH treatment in the near future, the majority of
completed studies so far have yielded negative results [107]. The
field is evolving rapidly and effective drug treatment for NASH is in
sight but data is still lacking. Thus, to answer the question posed in
this section we will focus on drugs currently in advanced stages of
clinical testing (Table 2).

14.3. Lipid-lowering agents
15.1. FXR agonists
Statins are lipid-lowering agents that reduce cholesterol biosynthesis by inhibiting 3-hydroxy-3-methyl-glutaryl-coenzyme
A(HMG-CoA) reductase. Even though these drugs are effective in
reducing cardiovascular risk and mortality in patients with NAFLD,
they are often under-prescribed due to concerns regarding their
safety. However, data suggests statins are safe and well-tolerated
in NAFLD and NASH patients with type 2 diabetes mellitus [101],
including those with slightly elevated transaminases [102], and
may even be beneficial in patients with chronic liver diseases
[103]. Regarding its efficacy for NAFLD/NASH treatment, there

15.1.1. Obeticholic acid (OA)
Obeticholic acid (OA) is the first-in-class agonist of the farnesoid X receptor (FXR), which is an intracellular bile acid receptor
involved in the regulation of lipogenesis and bile acid homeostasis.
Experimental evidence shows that FXR agonism influences several pathways resulting in beneficial effects in NASH including a
reduction in hepatic lipogenesis and amelioration of liver inflammation and fibrosis. A phase 2b trial (FLINT, NCT01265498) showed
that OA improved the histological features of NASH with a statisti-
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cally significant improvement in fibrosis. More recent data, from
an interim analysis of an international phase 3 trial (REGENERATE, NCT0254835) that evaluated two doses of OA 10−25 mg/day
in adult patients with definite NASH and fibrosis stages F2–F3, or
F1 with at least one accompanying comorbidity showed that while
the co-primary endpoint of NASH resolution without worsening
of fibrosis was not reached, all variables of the histologic NAFLD
activity score improved [108]. The endpoint for the improvement
in fibrosis was achieved by 37 (12%) patients in the placebo group,
55 (18%) in the OA 10-mg group (p = 0.045), and 71 (23%) in the OA
25-mg group (p = 0.0002). Thus, OA is a potentially effective drug
for NASH treatment pending the long-term follow-up phase of this
study. Other FXR agonists (i.e. tropifexor) have also been tested in
phase 2 trials with promising results [109] and are entering phase
3 testing.
15.1.2. Elafibranor
Elafibranor is a PPAR-␣/␦ agonist being tested in the RESOLVEIT phase 3 clinical trial. Results of an interim analysis of data from
1070 patients with NASH and F2 and F3 fibrosis stage were recently
released and showed that the predefined primary endpoint of NASH
resolution without worsening of fibrosis was not met [110]. The
response rate in those patients receiving the study drug was 19.2%
compared to 14.7% for patients in the placebo arm. The secondary
endpoint of at least one stage of liver fibrosis improvement was
similar in patients receiving elafibranor and placebo (24.5% vs.
22.4%).
15.1.3. Cenicriviroc (CVC)
CVC is a CCR2/CCR5 receptor inhibitor that after a positive signal in a phase 2b study showing improvement in fibrosis and no
worsening of NASH compared with placebo [111] is being tested in
a large multicenter phase 3 study (AURORA trial) [112]. The final
results of the study are still pending at the time of the writing of
this document.
15.1.4. Resmetirom
Resmetirom is an orally active, selective thyroid hormone
receptor-␤ agonist (thyromimetic) that has shown beneficial
effects in NASH in both preclinical and clinical studies. Of note,
a phase 2b trial [113] showed that in addition to decreasing
liver fat, the drug was associated with NASH histological resolution. Currently, resmetirom is being tested in a Phase 3 study
(MAESTRO-NASH trial), which is expected to enroll 2000 patients
with biopsy-proven NASH.
15.1.5. Aramchol
Aramchol is a fatty acid bile acid conjugate (arachidyl amido
cholanoic acid) able to inhibit the stearoyl-CoA desaturase 1 (SCD1) enzyme, which is a key enzyme in fatty acid metabolism. SCD-1
inhibition determines a reduction in hepatic lipogenesis and an
increase in mitochondrial ␤-oxidation of fatty acids, thus decreasing in liver fat content. Preliminary results of a phase 2b trial
showed positive effects with NASH resolution without fibrosis
worsening occurring more often (16.7%) in patients receiving the
active drug compared to those receiving placebo (5.0%). Also, a
≥1 stage fibrosis reduction without NASH worsening was seen in
29.5% of aramchol treated patients compared with 17.5% of patients
receiving placebo [114], a phase 3 trial is underway.
15.1.6. Combination therapies
The use of drug combinations attempting to tailor NAFLD/NASH
treatment according to the predominant pathway involved, disease
stage, and associated conditions (e.g. presence of type 2 diabetes) is

being explored in several phase 2 trials. This approach is promising
but more data is needed [115,116].

16. Is bariatric (metabolic) surgery effective for the
treatment of NAFLD?
Bariatric surgery (BS) is an effective treatment for obesity.
Regarding NAFLD/NASH, there is clinical and experimental evidence that BS is cost-effective and has beneficial effects, inducing
histological resolution of NASH through weight loss-dependent
and independent mechanisms, involving hormonal and bile acid
metabolism changes [117]. Indeed, steatosis, inflammation, and
fibrosis appear to improve or completely resolve in the majority
of patients after BS–induced weight loss, as it was demonstrated in
2008 by a meta-analysis comprising 15 studies, including 4 LatinAmerican cohorts [118]. However, most data evaluating NAFLD
and BS are derived from retrospective studies. A recent French
study showed that BS provides a long-term resolution of NASH
and regression of fibrosis. They observed the resolution of NASH
in paired liver biopsies from 84% of patients 5 years after the procedure. Additionally, they concluded that the reduction of fibrosis is
progressive, beginning during the first year and continuing through
5 years. Even before this study, some experts considered that BS
should be offered as a treatment for NASH without the need for
further clinical trials [117].
Some comprehensive or systematic reviews and meta-analysis
have been published in the last few years [104,119–121]. The most
recent one analyzed data from 32 studies comprising 3093 biopsy
specimens, with a biopsy-confirmed resolution of steatosis in 66%
of patients, inflammation in 50%, ballooning degeneration in 76%,
and fibrosis in 40%. Mean NAFLD activity score (NAS) also presented a significant reduction (mean of −2.39 points). Moreover,
the authors emphasized that the overall grading of recommendations and evidence quality was very low and concluded that
randomized studies are still needed to better evaluate the effect
of BS in this population [121], especially to consider NASH as a sole
indication for metabolic surgery regardless of BMI.
Other issues deserve further discussion, such as concerns about
BS in patients with advanced liver disease due to NAFLD, as well
as the choice of the type of procedure. Currently, patients with
compensated NASH cirrhosis (Child–Pugh A) may represent candidates for BS, especially those with MELD less than 10 and without
significant portal hypertension. However, no clear recommendations can be made, due to the lack of solid data [117]. There is
debate whether these patients should undergo Roux-en-Y gastric
bypass (RYGB) or sleeve gastrectomy (SG). Liver decompensation is
more common after primarily malabsorptive procedures, such as
jejunoileal bypass, that is no longer performed [117]. In a recent
meta-analysis that compared RYGB and SG on NAFLD patients considering AST, ALT, NAS, and NAFLD fibrosis score as outcomes.
The authors demonstrated that BS significantly improved these
biochemical and histologic parameters but failed to indicate superiority between RYGB and SG in ameliorating NAFLD [120].

16.1. Recommendations
- Bariatric (metabolic) surgery should be considered in obese
patients with NAFLD unresponsive to clinical and pharmacological management, as it is related to improvement in histological
outcomes, including fibrosis. However, the recommendation
should be weighted with the risk of complications.
- Additional randomized studies addressing BS in NAFLD are
needed, as well as to define the best surgical technique in this
population.
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Delphi consensus: Achieved on the first round of revision – 4
out of 5 experts expressed complete agreement or agreement with
minor comments.
17. How should we manage comorbidities in NAFLD
(hypertension, cardiovascular disease)?
During the last decade, it has been observed that NAFLD leads
to an increased cardiovascular risk with an acceleration of arteriosclerosis and events related to it, being the main cause of its
morbidity and mortality [122]. The higher incidence of cardiovascular events in the NAFLD population could be explained by several
mechanisms. Patients with NAFLD typically meet the diagnostic
criteria for metabolic syndrome and therefore have multiple risk
factors for cardiovascular disease [123]. Likewise, the presence of
systemic inflammation in combination with metabolic abnormalities may act synergistically to increase cardiovascular risk in these
patients. Pre-hypertension and hypertension are both significant
risk factors for the development of NAFLD independent of other
risk factors. Controlled blood pressure appears to be independently
protective of NAFLD and the absence of hypertension also protects
against moderate-to-severe hepatic fibrosis risk [124].
The estimation of cardiovascular risk is recommended and various easy-to-use tools are available for this purpose, such as the
Framingham Score or the Atherosclerotic Cardiovascular Disease
Risk Estimator of the American College of Cardiology [57,63,125],
however, traditional scores have limitations. On the one hand, these
predictive tools were not specifically developed for NAFLD patients.
The performance of these scores is suboptimal because traditional
cardiovascular risk factors do not fully explain the increased cardiovascular risk in patients with NAFLD, and current risk functions
do not represent other contributing factors (i.e. inflammation).
Thus, a multidisciplinary and step-wise approach is recommended.
In an attempt to address these limitations, it has been proposed
to add another predictive factor, such as the detection of subclinical atheromatosis. Indicators of early vascular atherosclerosis
such as carotid atherosclerotic plaques diagnosed by ultrasound
or coronary calcium score quantified by computed tomography
are frequently altered in patients with NAFLD. Two meta-analyses
showed that the patients with NAFLD had higher coronary calcium score and carotid plaque prevalence compared with controls,
independent of traditional risk factors [126,127].
A considerable amount of literature has shown the association
between NAFLD and cardiovascular disease. A recent meta-analysis
showed an elevated risk of cardiovascular events in NAFLD patients
compared to controls (RR 1.77; 95%CI 1.26–2.48, p < 0.001) [128].
Statin utilization is the cornerstone of cardiovascular risk management. To determine whether a patient is a candidate for statin
therapy, clinicians must first determine the patient’s risk of having
a future cardiovascular event. The statin use has historically been
hampered, in individuals with liver disease, owing to the fear of
hepatotoxicity. However, studies suggest that statins are not only
effective in reducing cardiovascular events but may also exert multiple beneficial effects on the liver [129].
17.1. Recommendations
- Risk scores should be used for the initial stratification of cardiovascular risk.
- NAFLD patients should get regular blood pressure measurement
and lipids checks during clinical visits, with specific thresholds
for intervention according to current guidelines.
Delphi consensus: Achieved on the first round of revision – all
experts expressed complete agreement.
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18. How should we manage comorbidities in NAFLD
(obesity, T2DM)?
NAFLD is considered the hepatic manifestation of metabolic
syndrome. Therapeutic principles for the management of patients
with NAFLD, obesity, and T2DM are mainly based on the implementation of lifestyle optimization strategies aiming to achieve
significant weight loss, which ideally should be planned in the
setting of multidisciplinary teams. Currently, there is no particular drug approved for the treatment of NAFLD/NASH in patients
with T2DM. Although, several approved diabetic medications hold
promise for NAFLD/NASH treatment and several NASH-specific
drugs are in evaluation in phase III RCTs.
The PIVENS trial (comparing vitamin E, pioglitazone, and
placebo) did not include diabetic subjects. Later publications suggested benefit of vitamin E in an observational study [130] but
limited benefit in a RCT in patients with diabetes [94]. Pioglitazone
efficacy in NAFLD therapy has been evaluated in five randomized
controlled trials (498 patients) with consistent results in resolution
of NASH and improvement in ballooning or inflammation, while the
improvement of fibrosis was reported in some of the studies [15].
Most of them included diabetic subjects, showing improvement in
steatosis and fibrosis [131]. However, some safety issues have been
raised with vitamin E and pioglitazone therapies.
From the standpoint of diabetes management, appropriate
glycemic control is associated with a reduction in steatosis, a
decrease in serum levels of aminotransferases, and eventually
improvement of fibrosis. Interestingly, there are medications for
the treatment of diabetes with potential efficacy for NAFLD/NASH.
Metformin, although it hasn’t been shown to be associated with a
significant hepatic histological improvement, has shown to reduce
the incidence of HCC of the diabetic population in basic studies [132]. Other anti-diabetic drugs have been associated with
potentially beneficial effects in NAFLD. Among the most promising therapies, Liraglutide, a GLP-1 agonist, is of special interest.
Liraglutide has demonstrated to induce a significant improvement in metabolic control and a reduction in cardiovascular
events and deaths in diabetic subjects (HR 0.78 95%CI 0.66−0.93;
N = 9340, follow-up 5 years) [133] and diabetes prevention in
subjects with prediabetes (HR: 0.21 95%CI 0.13−0.34, N = 2254)
[134]. Regarding NAFLD, a small (N = 52) phase 2 trial in nondiabetic subjects [135] demonstrated a significant increase in NASH
resolution using Liraglutide 1.8 mg/d (39% vs. 9%, P = 0.019). Exenatide, another GLP-1 analog, has demonstrated reducing weight
and liver enzymes [136] (ongoing trial in NAFLD -NCT01208649-).
Semaglutide (GLP-1 agonist administered once weekly) is currently being assessed in a phase III trial in NASH. Data on the
effects of dipeptidyl peptidase 4 inhibitors (DPP4) in NAFLD shown
conflicting results [137], thus further studies are needed. Sodiumglucose cotransporter2 (SGLT2) inhibitors have shown to have
reno- and cardio-protective effects and are recommended as an
add-on treatment when glycemic control is not achieved in diabetics. Empagliflozin has been shown to reduce cardiovascular deaths
(HR 0.62 95%CI 0.49−0.77), and hospitalizations for heart failure
(HR 0.65 95% CI 0.5−0.85) [138,139]. The E-LIFT study addressed
the effect of the empagliflozin in T2DM patients with NAFLD showing that it was associated with a reduction in steatosis (assessed
by MRI-PDFF) and in serum levels of aminotransferases [140]. Similar results were found with dapagliflozin [141] and other SGLT2
[142,143]. Regarding histological outcomes, only one very small
cohort study (N = 5) have reported improvement in steatosis and
NAS score with canagliflozin [144]. Thus, although some promising
data has been published, the effectiveness of this class of drugs for
NASH treatment remains to be determined in future RCTs.
Appropriate treatment of dyslipidemia in the T2DM population
is also very relevant and statins are effective and safe in subjects
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with NAFLD [145]. Finally, a combination approach with multiple
drug targeting different pathways will likely represent the future
of NASH therapeutics but more robust evidence for this approach
is needed.
18.1. Recommendations
- Therapeutic principles for the management of patients with
NAFLD and T2DM are mainly based on the implementation of
lifestyle optimization strategies aiming to achieve significant
weight loss, which ideally should be planned in the setting of
multidisciplinary teams.
- Metformin should be considered to be a first-line option for the
treatment of T2DM but with minimal benefit for treating NASH.
- Glucagon-like peptide-1 (GLP-1) agonists and sodium-glucose
cotransporter 2 (SGLT2) inhibitors are promising agents for the
treatment of T2DM in NAFLD.
Delphi consensus: Achieved on the first round of revision – 4
out of 5 experts expressed complete agreement or agreement with
minor comments.
19. When is liver transplantation indicated in NAFLD?
NASH-related cirrhosis is a growing indication for liver transplantation (LT) [146,147]. In western countries, the percentage of
LT for hepatitis C has declined in the last decades, and NASH has
become one of the most common indications. In a recent multicenter Latin America study, NASH-cirrhosis was the third etiology of
underlying disease in HCC candidates for LT [148].
19.1. Indication for LT in NAFLD patients
Indications for LT should be considered once a patient with
NASH-cirrhosis has developed a complication such as ascites,
hepatic encephalopathy, variceal hemorrhage, or hepatocellular
dysfunction that results in a MELD-Na score ≥15 or Child–Pugh
≥7 points [146,147]. LT is recommended as the first-line option for
NASH-cirrhosis and HCC within Milan criteria when the tumor is
unsuitable for resection, in the absence of tumor vascular invasion
and extrahepatic metastases. Patients beyond the Milan criteria can
be considered for LT after successful downstaging with locoregional
therapy [148].
19.2. Comorbidities of NAFLD patients in the LT setting
Patients with NASH-cirrhosis on the waiting list for LT have a
high prevalence of metabolic comorbidities: obesity (53.4–68%),
diabetes (49–72.9%), and arterial hypertension (37.5–75%) [149]. In
a recent meta-analysis, the presence of NAFLD was associated with
a 65% increased risk of developing fatal and nonfatal cardiovascular events over a median follow-up of almost 7 years. Based on this
strong link, most societies suggest that NAFLD should be considered
an independent risk factor for cardiovascular events. Unfortunately,
defining the best approach to assess cardiovascular risk in LT candidates is a focus of intense and moving debate [56]. Obesity alone
(BMI ≥ 30 kg/m2 ) does not constitute a contraindication for LT.
However, in the presence of medical comorbidities, particularly
concurrent diabetes, rigorous patient selection is recommended.
The presence of obesity represents technical challenges and is
associated with post-transplant complications, but the impact of
obesity on long-term mortality after LT is debated [147]. Despite
the presence of obesity, sarcopenia is the most common finding
in NASH cirrhosis and is associated with higher mortality while
waiting for LT as well as increased hospitalization rates in the
post-transplant setting [150]. The prevalence of cardiovascular diseases in patients transplanted by NASH is high: coronary artery

disease, 20%; congestive heart failure, 7%; stroke, 8% [151]. Cardiovascular mortality is responsible for a higher proportion of deaths
among NASH patients compared to non-NASH transplant recipients. Despite this, NASH patients have shown to have similar
overall post-transplant survival rates compared to patients without NASH. These results could be explained in part by the lower
risk of graft failure compared with other indications, particularly
hepatitis C in the pre-direct acting antiviral era [149]. NASH is an
independent risk factor for LT renal dysfunction before and after
LT, thus appropriate screening and management of kidney disease
is recommended. In addition, NASH cirrhosis is the most rapidly
growing indication for simultaneous liver-kidney transplantation
in the United States and Europe [152].
19.3. Recurrent and de novo NAFLD/NASH after LT
Recurrent and de novo NAFLD occurs in over one-half of recipients as soon as 1 year after LT. NASH recurs in most patients after
LT (53% at 1 year), whereas de novo NASH is less frequent (13%
at 1 year). NAFLD/NASH after LT is associated with metabolic risk
factors; in a recent meta-analysis, post-LT body mass index and
hyperlipidemia were the most consistent independent predictors
of outcomes. The impact of recurrent or de novo NAFLD/NASH after
LT on allograft and patient survival is unclear. In patients transplanted for NASH cirrhosis, immunosuppressive protocols with
short-term and low dose steroids and calcineurin inhibitor minimization should be preferred [153].
19.4. Recommendations
- Indication for liver transplantation should be considered once
a patient with NASH-related cirrhosis has developed an index
complication, hepatocellular dysfunction (MELD-Na Score ≥15 or
Child–Pugh ≥7), and/or hepatocellular carcinoma within Milan
criteria unsuitable for resection in the absence of tumor vascular
invasion and extrahepatic metastases.
- Liver transplant candidates with NASH-related cirrhosis should
be considered at higher risk of developing cardiovascular events
before and after transplantation. There is not enough evidence to
support a different approach to the pre-liver transplant cardiovascular assessment.
- Liver transplantation in patients with NASH-related cirrhosis
(w/o HCC) has a similar post-transplant survival as other liver
transplant etiologies. NAFLD/NASH usually recurs after transplant
but the impact of the recurrence on allograft and patient survival
is unclear.
Delphi consensus: Achieved on the first round of revision – all
experts expressed complete agreement or agreement with minor
comments.
Summary
A summary of the recommendations is presented in Table 3.
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Table 3
Summary of recommendations.
Definition and epidemiology
The prevalence of NAFLD ranges from 14.3% to 35.2% in Latin American
population-based studies, but most of them were performed more than 10
years ago.
The variances in the prevalence of NAFLD/NASH may be related to differences
in both genetic and environmental risk factors. As the frequency of obesity
and metabolic syndrome continues to increase, further studies on
NAFLD/NASH prevalence should be performed in the general population of
Latin America.
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Table 3 (Continued)
Pathogenesis, genetics, and genetic testing
Carriers of the PNPLA3 I148M and the TM6SF2 E167K variants have a higher
liver fat content and increased risk of NASH.
Genotyping might be considered in the Latin American population, however, it
still has not proven to be able to guide therapy on an individual basis and is
costly. Thus, its role in clinical practice is yet to be established.
How should we diagnose NAFLD? (screening, clinic, laboratory, and images)
NAFLD screening is not recommended in the general population. NAFLD
screening is recommended for patients with repeatedly altered liver
enzymes, features of metabolic syndrome, or obesity (BMI > 30). In patients
with a high-risk profile (type 2 diabetes or metabolic syndrome and >50
years old) NASH and liver fibrosis diagnosis should be undertaken.
The recommended method for initial screening for NAFLD in clinical practice is
an abdominal ultrasound.
How should we use non-invasive assessment and images in NAFLD? (risk
stratification)
NAFLD Fibrosis Score and FIB-4 are useful tools for the initial assessment of
fibrosis in NAFLD patients
When NFS score and/or FIB-4 score are unable to exclude advanced fibrosis, an
elastography based method is the suggested method in the risk stratification
algorithm. Vibration controlled transient elastography is the best validated
and available tool; other elastography techniques should be considered
upon availability.
When non-invasive methods are unable to exclude significant fibrosis, liver
biopsy should be considered.
When should we perform a liver biopsy in NAFLD?
Liver biopsy should be considered in patients with NAFLD who are at increased
risk of having NASH and fibrosis when noninvasive tests are unable to
exclude advanced fibrosis.
Liver biopsy should be considered in the differential diagnosis of patients with
suspected NAFLD/NASH and other competing etiologies. It should also be
considered in patients with known or suspected coexisting chronic liver
diseases that cannot be assessed without this procedure.
The pathology report should describe the presence of steatosis, inflammation,
and/or the presence of NASH. The stage of severity should be described
(ideally by proposed score systems). The amount of fibrosis should be
mentioned.
How should we follow subjects with NAFLD? Risk stratification periods
There is no consensus regarding the optimal interval for fibrosis reassessment.
Periodic reassessment of liver fibrosis should be considered according to
individual risk factors of progression.
Assessment of cardiovascular risk should be performed in every follow-up
visit.
Referral algorithms: when to refer to the hepatologists? When to refer to
other specialties?
FIB-4 and/or NAFLD fibrosis score (ideally both) should be calculated in all
patients with NAFLD at their initial assessment.
Patients with indeterminate scores should be referred if they portray a
high-risk profile (type 2 diabetes or metabolic syndrome and >50 years old).
Patients with high results in at least one of the two scores should be referred
to a hepatologist for further evaluation.
Hepatologists should refer patients with significant or difficult-to-treat
comorbidities to a specialized consultation.
Alcohol consumption and thresholds in NAFLD
Current data do not allow for recommendations of any amount of alcohol
consumption to reduce cardiovascular or other health-related risks in
NAFLD patients.
The safest strategy in NAFLD patients is to restrain from any alcohol
consumption. However, if patients choose to consume alcohol it should be
recommended below the threshold of 14 and 21 drinks per week for women
and men, respectively.
Patients with NASH and/or moderate to advanced fibrosis should abstain from
alcohol consumption, due to their high risk for disease progression.
Hepatocellular carcinoma screening
Universal HCC screening is not recommended in NAFLD patients. HCC must be
performed in all patients with cirrhosis and should be considered in patients
with advanced fibrosis due to NAFLD if curative or palliative therapies are
available and without reduced short-term survival.
HCC screening must be performed employing ultrasonography every six
months with or without a simultaneous measurement of alpha-fetoprotein
levels. Only if a proper liver visualization is not achieved employing
ultrasonography a different radiologic test can be employed (CT scan or MRI).
Is Diet effective for NAFLD treatment?
A reduction in calorie intake to 1200−1800 kcal/day and the achievement of a
weight reduction of 7−10% is beneficial in NAFLD management.
A low-refined sugar diet based on the Mediterranean diet is beneficial in the
management of NAFLD.
The consumption of coffee in moderate amounts is recommended in patients
with NAFLD.
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Table 3 (Continued)
Is exercise effective for NAFLD treatment?
Regular exercise (aerobic, resistance, or combined) should be part of the first
line of non-pharmacological treatment of NAFLD.
Are antioxidants, insulin sensitizers, and lipid-lowering drugs effective for
the treatment of NAFLD?
Vitamin E (in non-cirrhotic, non-diabetic patients) and pioglitazone (in
non-cirrhotic patients with or without diabetes) have shown to be effective
for the treatment of patients with histological diagnosis of NASH and may be
used after discussing their risks and benefits. However, larger randomized
controlled trials are needed before they can be firmly recommended.
No evidence supports the efficacy of metformin or lipid-lowering agents for
NAFLD/NASH treatment. However, they should be used to treat
comorbidities.
Is bariatric (metabolic) surgery effective for the treatment of NAFLD?
Bariatric (metabolic) surgery should be considered in obese patients with
NAFLD unresponsive to clinical and pharmacological management, as it is
related to improvement in histological outcomes, including fibrosis.
However, the recommendation should be weighted with the risk of
complications.
Additional randomized studies addressing BS in NAFLD are needed, as well as
to define the best surgical technique in this population.
How should we manage comorbidities in NAFLD (hypertension,
cardiovascular disease)?
Risk scores should be used for the initial stratification of cardiovascular risk.
NAFLD patients should get regular blood pressure measurement and lipids
checks during clinical visits, with specific thresholds for intervention
according to current guidelines.
How should we manage comorbidities in NAFLD (obesity, T2DM)?
Therapeutic principles for the management of patients with NAFLD and T2DM
are mainly based on the implementation of lifestyle optimization strategies
aiming to achieve significant weight loss, which ideally should be planned in
the setting of multidisciplinary teams.
Metformin should be considered to be a first-line option for the treatment of
T2DM but with minimal benefit for treating NASH.
Glucagon-like peptide-1 (GLP-1) agonists and Sodium-glucose cotransporter 2
(SGLT2) inhibitors are promising agents for the treatment of T2DM in NAFLD.
When is liver transplantation indicated in NAFLD?
Indication for liver transplantation should be considered once a patient with
NASH-related cirrhosis has developed an index complication, hepatocellular
dysfunction (MELD-Na Score≥15 or Child–Pugh ≥7), and/or hepatocellular
carcinoma within Milan criteria unsuitable for resection in the absence of
tumor vascular invasion and extrahepatic metastases.
Liver transplant candidates with NASH-related cirrhosis should be considered
at higher risk of developing cardiovascular events before and after
transplantation. There is not enough evidence to support a different
approach to the pre-liver transplant cardiovascular assessment.
Liver transplantation in patients with NASH-related cirrhosis (w/o HCC) has a
similar post-transplant survival as other liver transplant etiologies.
NAFLD/NASH usually recurs after transplant but the impact of the
recurrence on allograft and patient survival is unclear.
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[79] Arab JP, Candia R, Zapata R, Muñoz C, Arancibia JP, Poniachik J, et al. Management of nonalcoholic fatty liver disease: an evidence-based clinical practice
review. World J Gastroenterol 2014;20(September (34)):12182–201.
[80] Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-Gonzalez A, GraOramas B, Gonzalez-Fabian L, et al. Weight loss through lifestyle modification
significantly reduces features of nonalcoholic steatohepatitis. Gastroenterology 2015;149(August (2)):367–78.e5, quiz e14–5.
[81] Romero-Gómez M, Zelber-Sagi S, Trenell M. Treatment of NAFLD with diet,
physical activity and exercise. J Hepatol 2017;67(October (4)):829–46.
[82] Ryan MC, Itsiopoulos C, Thodis T, Ward G, Trost N, Hofferberth S, et al.
The Mediterranean diet improves hepatic steatosis and insulin sensitivity
in individuals with non-alcoholic fatty liver disease. J Hepatol 2013;59(July
(1)):138–43.
[83] Gepner Y, Shelef I, Komy O, Cohen N, Schwarzfuchs D, Bril N, et al. The beneficial effects of Mediterranean diet over low-fat diet may be mediated by
decreasing hepatic fat content. J Hepatol 2019;71(August (2)):379–88.
[84] Pintó X, Fanlo-Maresma M, Corbella E, Corbella X, Mitjavila MT, Moreno
JJ, et al. A Mediterranean diet rich in extra-virgin olive oil is associated with a reduced prevalence of nonalcoholic fatty liver disease

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]
[103]

[104]

[105]

[106]
[107]
[108]

[109]

689

in older individuals at high cardiovascular risk. J Nutr 2019;149(11):
1920–9.
Bambha K, Wilson LA, Unalp A, Loomba R, Neuschwander-Tetri BA, Brunt EM,
et al. Coffee consumption in NAFLD patients with lower insulin resistance
is associated with lower risk of severe fibrosis. Liver Int 2014;34(September
(8)):1250–8.
Alferink LJM, Fittipaldi J, Kiefte-de Jong JC, Taimr P, Hansen BE, Metselaar HJ,
et al. Coffee and herbal tea consumption is associated with lower liver stiffness
in the general population: the Rotterdam study. J Hepatol 2017;67(August
(2)):339–48.
Keating SE, Hackett DA, George J, Johnson NA. Exercise and non-alcoholic fatty
liver disease: a systematic review and meta-analysis. J Hepatol 2012;57(July
(1)):157–66.
Orci LA, Gariani K, Oldani G, Delaune V, Morel P, Toso C. Exercise-based
interventions for nonalcoholic fatty liver disease: a meta-analysis and metaregression. Clin Gastroenterol Hepatol 2016;14(October (10)):1398–411.
Brouwers B, Hesselink MKC, Schrauwen P, Schrauwen-Hinderling VB. Effects
of exercise training on intrahepatic lipid content in humans. Diabetologia
2016;59(October (10)):2068–79.
Takahashi A, Imaizumi H, Hayashi M, Okai K, Abe K, Usami K, et al. Simple
resistance exercise for 24 weeks decreases alanine aminotransferase levels in patients with non-alcoholic fatty liver disease. Sports Med Int Open
2017;1(January (1)):E2–7.
Oh S, So R, Shida T, Matsuo T, Kim B, Akiyama K, et al. High-intensity aerobic
exercise improves both hepatic fat content and stiffness in sedentary obese
men with nonalcoholic fatty liver disease. Sci Rep 2017;7(February):43029.
Abdelbasset WK, Tantawy SA, Kamel DM, Alqahtani BA, Soliman GS.
A randomized controlled trial on the effectiveness of 8-week highintensity interval exercise on intrahepatic triglycerides, visceral lipids, and
health-related quality of life in diabetic obese patients with nonalcoholic
fatty liver disease. Medicine 2019;98:e14918, http://dx.doi.org/10.1097/md.
0000000000014918.
Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM, Bass NM, et al.
Pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis. N Engl J
Med 2010;362(May (18)):1675–85.
Bril F, Biernacki DM, Kalavalapalli S, Lomonaco R, Subbarayan SK, Lai J,
et al. Role of vitamin e for nonalcoholic steatohepatitis in patients with
type 2 diabetes: a randomized controlled trial. Diabetes Care 2019;42(August
(8)):1481–8.
Lavine JE, Schwimmer JB, Van Natta ML, Molleston JP, Murray KF, Rosenthal
P, et al. Effect of vitamin E or metformin for treatment of nonalcoholic fatty
liver disease in children and adolescents: the TONIC randomized controlled
trial. JAMA 2011;305(April (16)):1659–68.
Schurks M, Glynn RJ, Rist PM, Tzourio C, Kurth T. Effects of vitamin E on stroke
subtypes: meta-analysis of randomised controlled trials. BMJ 2010;341,
http://dx.doi.org/10.1136/bmj.c5702, c5702–c5702.
Klein EA, Thompson Jr IM, Tangen CM, Crowley JJ, Lucia MS, Goodman PJ, et al.
Vitamin e and the risk of prostate cancer: the selenium and vitamin E cancer
prevention trial (SELECT). JAMA 2011;306(October (14)):1549–56.
Said A, Akhter A. Meta-analysis of randomized controlled trials of pharmacologic agents in non-alcoholic steatohepatitis. Ann Hepatol 2017;16(July
(4)):538–47.
Mahady SE, Webster AC, Walker S, Sanyal A, George J. The role of thiazolidinediones in non-alcoholic steatohepatitis–a systematic review and meta
analysis. J Hepatol 2011;55:1383–90, http://dx.doi.org/10.1016/j.jhep.2011.
03.016.
Billington EO, Grey A, Bolland MJ. The effect of thiazolidinediones on bone
mineral density and bone turnover: systematic review and meta-analysis.
Diabetologia 2015;58(October (10)):2238–46.
Bril F, Portillo Sanchez P, Lomonaco R, Orsak B, Hecht J, Tio F, et al. Liver safety
of statins in prediabetes or T2DM and nonalcoholic steatohepatitis: post
hoc analysis of a randomized trial. J Clin Endocrinol Metab 2017;102(August
(8)):2950–61.
Tziomalos K, Athyros VG, Paschos P, Karagiannis A. Nonalcoholic fatty liver
disease and statins. Metabolism 2015;64(October (10)):1215–23.
Gu Y, Yang X, Liang H, Li D. Comprehensive evaluation of effects and safety
of statin on the progression of liver cirrhosis: a systematic review and metaanalysis. BMC Gastroenterol 2019;19(December (1)):231.
Younossi ZM, Reyes MJ, Mishra A, Mehta R, Henry L. Systematic review with
meta-analysis: non-alcoholic steatohepatitis–a case for personalised treatment based on pathogenic targets. Aliment Pharmacol Ther 2014;39:3–14,
http://dx.doi.org/10.1111/apt.12543.
Nakade Y, Murotani K, Inoue T, Kobayashi Y, Yamamoto T, Ishii N, et al. Ezetimibe for the treatment of non-alcoholic fatty liver disease: a meta-analysis.
Hepatol Res 2017;47(13):1417–28.
Neuschwander-Tetri BA. Therapeutic landscape for NAFLD in 2020. Gastroenterology 2020;158(May (7)):1984–98.e3.
Ratziu V, Friedman SL. Why do so many NASH trials fail? Gastroenterology
2020;(May), http://dx.doi.org/10.1053/j.gastro.2020.05.046.
Younossi ZM, Ratziu V, Loomba R, Rinella M, Anstee QM, Goodman Z, et al.
Obeticholic acid for the treatment of non-alcoholic steatohepatitis: interim
analysis from a multicentre, randomised, placebo-controlled phase 3 trial.
Lancet 2019;394(December (10215)):2184–96.
Lucas KJ, Lopez P, Lawitz E, Sheikh A, Aizenberg D, Hsia S, et al. Tropifexor, a
highly potent FXR agonist, produces robust and dose-dependent reductions
in hepatic fat and serum alanine aminotransferase in patients with fibrotic

690

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]
[126]

[127]

[128]

[129]

[130]

[131]

J.P. Arab et al. / Annals of Hepatology 19 (2020) 674–690
NASH after 12 weeks of therapy: FLIGHT-FXR part C interim results. Dig Liver
Dis 2020;52:e38, http://dx.doi.org/10.1016/j.dld.2019.12.129.
GENFIT: announces results from interim analysis of RESOLVE-IT phase 3 trial
of elafibranor in adults with NASH and fibrosis | GENFIT [Internet]. GENFIT.
[cited 9 July 2020]. Available from: https://ir.genfit.com/news-releases/
news-release-details/genfit-announces-results-interim-analysis-resolve-itphase-3.
Friedman SL, Ratziu V, Harrison SA, Abdelmalek MF, Aithal GP, Caballeria
J, et al. A randomized, placebo-controlled trial of cenicriviroc for treatment
of nonalcoholic steatohepatitis with fibrosis. Hepatology 2018;67:1754–67,
http://dx.doi.org/10.1002/hep.29477.
Anstee QM, Neuschwander-Tetri BA, Wong VW-S, Abdelmalek MF, Younossi
ZM, Yuan J, et al. Cenicriviroc for the treatment of liver fibrosis in adults with
nonalcoholic steatohepatitis: AURORA Phase 3 study design. Contemp Clin
Trials 2020;89(February):105922.
Harrison SA, Bashir MR, Guy CD, Zhou R, Moylan CA, Frias JP, et al. Resmetirom
(MGL-3196) for the treatment of non-alcoholic steatohepatitis: a multicentre, randomised, double-blind, placebo-controlled, phase 2 trial. Lancet
2019;394(November (10213)):2012–24.
Ratziu V, Ladron-De-Guevara L, Safadi R, Poordad F, Fuster F, Flores-Figueroa J,
et al. One-year results of the global phase 2b randomized placebo-controlled
arrest trial of aramchol, a stearoyl CoA desaturase inhibitor, in patients with
NASH. Hepatology 2018:1448A–9A. WILEY 111 RIVER ST, HOBOKEN 070305774, NJ USA.
Johnston MP, Patel J, Byrne CD. Multi-drug approaches to NASH: what’s in the
development pipeline? Expert Opin Investig Drugs 2020;29:143–50, http://
dx.doi.org/10.1080/13543784.2020.1668926.
Dufour J-F, Caussy C, Loomba R. Combination therapy for non-alcoholic
steatohepatitis: rationale, opportunities and challenges. Gut 2020;(May),
http://dx.doi.org/10.1136/gutjnl-2019-319104.
Perysinakis I, Pappis HC, Margaris E. Current controversies in metabolic
surgery for nonalcoholic fatty liver disease. Obes Surg 2019;29(March
(3)):1058–67.
Mummadi RR, Kasturi KS, Chennareddygari S, Sood GK. Effect of bariatric
surgery on nonalcoholic fatty liver disease: systematic review and metaanalysis. Clin Gastroenterol Hepatol 2008;6(December (12)):1396–402.
Fakhry TK, Mhaskar R, Schwitalla T, Muradova E, Gonzalvo JP, Murr MM.
Bariatric surgery improves nonalcoholic fatty liver disease: a contemporary
systematic review and meta-analysis. Surg Obes Relat Dis 2019;15:502–11,
http://dx.doi.org/10.1016/j.soard.2018.12.002.
Baldwin D, Chennakesavalu M, Gangemi A. Systematic review and metaanalysis of Roux-en-Y gastric bypass against laparoscopic sleeve gastrectomy
for amelioration of NAFLD using four criteria. Surg Obes Relat Dis
2019;15(December (12)):2123–30.
Lee Y, Doumouras AG, Yu J, Brar K, Banfield L, Gmora S, et al. Complete
resolution of nonalcoholic fatty liver disease after bariatric surgery: a systematic review and meta-analysis. Clin Gastroenterol Hepatol 2019;17(May
(6)):1040–60.e11.
Targher G, Day CP, Bonora E. Risk of cardiovascular disease in patients
with nonalcoholic fatty liver disease. N Engl J Med 2010;363(September
(14)):1341–50.
Brea Á, Pintó X, Ascaso JF, Blasco M, Díaz Á, González-Santos P, et al. Nonalcoholic fatty liver disease, association with cardiovascular disease and
treatment. (I). Nonalcoholic fatty liver disease and its association with cardiovascular disease. Clin Investig Arterioscler 2017;29(May (3)):141–8.
Aneni EC, Oni ET, Martin SS, Blaha MJ, Agatston AS, Feldman T, et al.
Blood pressure is associated with the presence and severity of nonalcoholic
fatty liver disease across the spectrum of cardiometabolic risk. J Hypertens
2015;33(June (6)):1207–14.
ACC/AHA ASCVD risk calculator [Internet]. [Cited 31 May 2020]. Available
from: http://www.cvriskcalculator.com/.
Jaruvongvanich V, Wirunsawanya K, Sanguankeo A, Upala S. Nonalcoholic
fatty liver disease is associated with coronary artery calcification: a systematic
review and meta-analysis. Dig Liver Dis 2016;48:1410–7, http://dx.doi.org/
10.1016/j.dld.2016.09.002.
Sookoian S, Pirola CJ. Non-alcoholic fatty liver disease is strongly associated
with carotid atherosclerosis: a systematic review. J Hepatol 2008;49(October
(4)):600–7.
Haddad TM, Hamdeh S, Kanmanthareddy A, Alla VM. Nonalcoholic fatty liver
disease and the risk of clinical cardiovascular events: a systematic review and
meta-analysis. Diabetes Metab Syndr Clin Res Rev 2017;11:S209–16, http://
dx.doi.org/10.1016/j.dsx.2016.12.033.
Nascimbeni F, Pellegrini E, Lugari S, Mondelli A, Bursi S, Onfiani G, et al. Statins
and nonalcoholic fatty liver disease in the era of precision medicine: more
friends than foes. Atherosclerosis 2019;284(May):66–74.
Vilar-Gomez E, Vuppalanchi R, Gawrieh S, Ghabril M, Cummings OW, et al.
Vitamin E improves transplant-free survival and hepatic decompensation
among patients with nonalcoholic steatohepatitis and advanced fibrosis. Hepatology 2020;71(February (2)):495–509.
Musso G, Cassader M, Paschetta E, Gambino R. Thiazolidinediones and
advanced liver fibrosis in nonalcoholic steatohepatitis: a meta-analysis. JAMA
Intern Med 2017;177(May (5)):633–40.

[132] Chen H-P, Shieh J-J, Chang C-C, Chen T-T, Lin J-T, Wu M-S, et al. Metformin decreases hepatocellular carcinoma risk in a dose-dependent manner:
population-based and in vitro studies. Gut 2013;62(April (4)):606–15.
[133] Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JFE, Nauck MA,
et al. Liraglutide and cardiovascular outcomes in type 2 diabetes. N Engl J Med
2016;375:311–22, http://dx.doi.org/10.1056/nejmoa1603827.
[134] le Roux CW, Astrup A, Fujioka K, Greenway F, Lau DCW, Van Gaal L, et al. 3 years
of liraglutide versus placebo for type 2 diabetes risk reduction and weight
management in individuals with prediabetes: a randomised, double-blind
trial. Lancet 2017;389(April (10077)):1399–409.
[135] Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, et al. Liraglutide safety and efficacy in patients with non-alcoholic steatohepatitis (LEAN):
a multicentre, double-blind, randomised, placebo-controlled phase 2 study.
Lancet 2016;387:679–90, http://dx.doi.org/10.1016/s0140-6736(15)00803x.
[136] Shao N, Kuang HY, Hao M, Gao XY, Lin WJ, Zou W. Benefits of exenatide on
obesity and non-alcoholic fatty liver disease with elevated liver enzymes in
patients with type 2 diabetes. Diabetes Metab Res Rev 2014;30:521–9, http://
dx.doi.org/10.1002/dmrr.2561.
[137] Sumida Y, Seko Y, Yoneda M, Japan Study Group of NAFLD (JSG-NAFLD). Novel
antidiabetic medications for non-alcoholic fatty liver disease with type 2 diabetes mellitus. Hepatol Res 2017;47:266–80, http://dx.doi.org/10.1111/hepr.
12856.
[138] Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.
Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N
Engl J Med 2015;373:2117–28, http://dx.doi.org/10.1056/nejmoa1504720.
[139] Kahl S, Gancheva S, Straßburger K, Herder C, Machann J, Katsuyama H, et al.
Empagliflozin effectively lowers liver fat content in well-controlled type 2
diabetes: a randomized, double-blind, phase 4, placebo-controlled trial. Diabetes Care 2020;43(February (2)):298–305.
[140] Kuchay MS, Krishan S, Mishra SK, Farooqui KJ, Singh MK, Wasir JS, et al. Effect
of empagliflozin on liver fat in patients with type 2 diabetes and nonalcoholic
fatty liver disease: a randomized controlled trial (E-LIFT trial). Diabetes Care
2018;41(August (8)):1801–8.
[141] Eriksson JW, Lundkvist P, Jansson P-A, Johansson L, Kvarnström M, Moris
L, et al. Effects of dapagliflozin and n-3 carboxylic acids on non-alcoholic
fatty liver disease in people with type 2 diabetes: a double-blind randomised
placebo-controlled study. Diabetologia 2018;61(September (9)):1923–34.
[142] Latva-Rasku A, Honka M-J, Kullberg J, Mononen N, Lehtimäki T, Saltevo J,
et al. The SGLT2 inhibitor dapagliflozin reduces liver fat but does not affect
tissue insulin sensitivity: a randomized, double-blind, placebo-controlled
study with 8-week treatment in type 2 diabetes patients. Diabetes Care
2019;42:931–7, http://dx.doi.org/10.2337/dc18-1569.
[143] Cusi K, Bril F, Barb D, Polidori D, Sha S, Ghosh A, et al. Effect of canagliflozin
treatment on hepatic triglyceride content and glucose metabolism in patients
with type 2 diabetes. Diabetes Obes Metab 2019;21(April (4)):812–21.
[144] Akuta N, Watanabe C, Kawamura Y, Arase Y, Saitoh S, Fujiyama S, et al. Effects
of a sodium-glucose cotransporter 2 inhibitor in nonalcoholic fatty liver disease complicated by diabetes mellitus: preliminary prospective study based
on serial liver biopsies. Hepatol Commun 2017;1(February (1)):46–52.
[145] Vargas JI, Arrese M, Shah VH, Arab JP. Use of statins in patients with chronic
liver disease and cirrhosis: current views and prospects. Curr Gastroenterol
Rep 2017;19, http://dx.doi.org/10.1007/s11894-017-0584-7.
[146] Haldar D, Kern B, Hodson J, Armstrong MJ, Adam R, Berlakovich G, et al. Outcomes of liver transplantation for non-alcoholic steatohepatitis: a European
Liver Transplant Registry study. J Hepatol 2019;71(August (2)):313–22.
[147] Cholankeril G, Wong RJ, Hu M, Perumpail RB, Yoo ER, Puri P, et al. Liver transplantation for nonalcoholic steatohepatitis in the US: temporal trends and
outcomes. Dig Dis Sci 2017;62(October (10)):2915–22.
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