Hepatology

Baishideng Publishing Group Inc



# World Journal of
Hepatology

Jaishideng®

Contents Monthly Volume 14 Number 6 June 27, 2022

REVIEW

1053  Impact of direct-acting antiviral regimens on hepatic and extrahepatic manifestations of hepatitis C virus
infection
Salama 11, Raslan HM, Abdel-Latif GA, Salama SI, Sami SM, Shaaban FA, Abdelmohsen AM, Fouad WA
MINIREVIEWS

1074  Second-line treatment of advanced hepatocellular carcinoma: Time for more individualized treatment
options?
Rajappa S, Rau KM, Dattatreya PS, Ramaswamy A, Fernandes P, Pruthi A, Cheng R, Lukanowski M, Huang YH

1087  Metabolic-associated fatty liver disease from childhood to adulthood: State of art and future directions
Lanzaro F, Guarino S, D'Addio E, Salvatori A, D'Anna JA, Marzuillo P, Miraglia del Giudice E, Di Sessa A

1099 Liver dysfunction during COVID-19 pandemic: Contributing role of associated factors in disease
progression and severity
Sahu T, Pande B, PL M, Verma HK

1111 Understanding fatigue in primary biliary cholangitis: From pathophysiology to treatment perspectives
Lynch EN, Campani C, Innocenti T, Dragoni G, Biagini MR, Forte P, Galli A

1120  Fibrosis regression following hepatitis C antiviral therapy
Elsharkawy A, Samir R, El-Kassas M
ORIGINAL ARTICLE
Basic Study

1131  COVID-19 liver and gastroenterology findings: An in silico analysis of SARS-CoV-2 interactions with liver
molecules
Peiter GC, de Souza CBT, de Oliveira LM, Pagliarin LG, dos Anjos VNF, da Silva FAF, de Melo FF, Teixeira KN
Case Control Study

1142 Clinical outcomes of coronavirus disease 2019 in liver transplant recipients
Shafiqg M, Gibson C
Retrospective Cohort Study

1150  Intensive care unit readmission in adult Egyptian patients undergoing living donor liver transplant: A
single-centre retrospective cohort study
Salah M, Montasser IF, El Gendy HA, Korraa AA, Elewa GM, Dabbous H, Mahfouz HR, Abdelrahman M, Goda MH,
Bahaa El-Din MM, El-Meteini M, Labib HA

WJH | https://www.wjgnet.com I June 27,2022 | Volume14 | Issueb6



World Journal of Hepatology
Contents
Monthly Volume 14 Number 6 June 27, 2022
1162  Impact of alcohol consumption on treatment outcome of hepatocellular carcinoma patients with viral
hepatitis who underwent transarterial chemoembolization
Rattanasupar A, Chang A, Prateepchaiboon T, Pungpipattrakul N, Akarapatima K, Songjamrat A, Pakdeejit S, Prachayakul
V, Piratvisuth T
Retrospective Study
1173  Relationship between phase angle, steatosis, and liver fibrosis in patients coinfected with human
immunodeficiency virus/hepatitis C virus
Fernandes SA, Tovo CV, da Silva ALM, Pinto LP, Carteri RB, Mattos AA
1182  DNA and RNA oxidative damage in hepatocellular carcinoma patients and mortality during the first year
of liver transplantation
Lorente L, Rodriguez ST, Sanz P, Gonzalez-Rivero AF, Pérez-Cejas A, Padilla J, Diaz D, Gonzalez A, Martin MM, Jiménez
A, Cerro P, Portero J, Barrera MA
1190  Direct-acting antivirals for hepatitis C virus-infected patients with hepatocellular carcinoma
Tajiri K, Ito H, Kawai K, Kashii Y, Hayashi Y, Murayama A, Minemura M, Takahara T, Shimizu Y, Yasuda 1
1200  Use of doppler ultrasound to predict need for transjugular intrahepatic portosystemic shunt revision
Duong N, Healey M, Patel K, Strife BJ, Sterling RK
Observational Study
1210  Gut dysbiosis and body composition in cirrhosis
Maslennikov R, Ivashkin V, Alieva A, Poluektova E, Kudryavtseva A, Krasnov G, Zharkova M, Zharikov Y
1226  Prevalence of nonalcoholic fatty liver disease and its association with age in patients with type 2 diabetes
mellitus
Yamane R, Yoshioka K, Hayashi K, Shimizu Y, Ito Y, Matsushita K, Yoshizaki M, Kajikawa G, Mizutani T, Watarai A, Tachi
K, Goto H
SYSTEMATIC REVIEWS
1235  Factors early in life associated with hepatic steatosis
Quek SXZ, Tan EXX, Ren YP, Muthiah M, Loo EXL, Tham EH, Siah KTH
META-ANALYSIS
1248  Efficacy and safety of sofosbuvir/velpatasvir with or without ribavirin in hepatitis C genotype 3
compensated cirrhosis: A meta-analysis
Loo JH, Xu WXF, Low JT, Tay WX, Ang LS, Tam YC, Thurairajah PH, Kumar R, Wong YJ
1258  Spontaneous bacterial empyema in cirrhosis: A systematic review and meta-analysis
Reiche W, Deliwala S, Chandan S, Mohan BP, Dhindsa B, Ramai D, Perisetti A, Rangray R, Mukherjee S
Gishidengs WIH | https://www.wjgnet.com I June?27,2022 | Volumel4 | Issue6



World Journal of Hepatology

Contents

Monthly Volume 14 Number 6 June 27, 2022

ABOUT COVER

Editorial Board Member of World Journal of Hepatology, Lemonica Koumbi, MSc, PhD, Postdoctoral Fellow,
Department of Nutritional Sciences and Dietetics, International Hellenic University (IHU), Thessaloniki 57400,
Thessaloniki, Greece. lemonica.koumbi@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World | Hepatol) is to provide scholars and readers from
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and
Technology Journal Database, and Superstar Journals Database. The 2022 edition of Journal Citation Reports® cites
the 2021 Journal Citation Indicator (JCI) for WJH as 0.52. The WJH’s CiteScore for 2021 is 3.6 and Scopus CiteScore
rank 2021: Hepatology is 42/70.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y7-Xuan Cai; Production Department Director: Xiang I7; Editorial Office Director: Xiang Li.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Hepatology https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5182 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 31, 2009 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Nikolaos Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-5182/editorialboard.htm https:/ /www.wignet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 27, 2022 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WJH | https://www.wjgnet.com 11 June 27,2022 | Volume14 | Issue6


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

# World Journal of
Hepatology

Submit a Manuscript: https:/ /www.f6publishing.com World | Hepatol 2022 June 27; 14(6): 1087-1098

DOI: 10.4254 / wijh.v14.i6.1087 ISSN 1948-5182 (online)

MINIREVIEWS

Metabolic-associated fatty liver disease from childhood to
adulthood: State of art and future directions

Francesca Lanzaro, Stefano Guarino, Elisabetta D'Addio, Alessandra Salvatori, José Alberto D'Anna, Pierluigi
Marzuillo, Emanuele Miraglia del Giudice, Anna Di Sessa

Specialty type: Pediatrics Francesca Lanzaro, Stefano Guarino, Elisabetta D'Addio, Alessandra Salvatori, José Alberto
D'Anna, Pierluigi Marzuillo, Emanuele Miraglia del Giudice, Anna Di Sessa, Department of

Provenance and peer review: Woman, Child, and General and Specialized Surgery, University of Campania “Luigi

Invited article; Externally peer Vanvitelli”, Naples 80138, Italy

reviewed.

Corresponding author: Pierluigi Marzuillo, MD, PhD, Assistant Professor, Department of
Peer-review model: Single blind Woman, Child, and General and Specialized Surgery, University of Campania “Luigi

Vanvitelli”, Via de Crecchio, 2, Naples 80138, Italy. pierluigi.marzuillo@gmail.com
Peer-review report’s scientific

quality classification
Grade A (Excellent): 0 Absiract
Grade B (Very good): 0
Grade C (Good): C,C,C, C
Grade D (Fair): D

Grade E (Poor): 0

In 2020, an international group of experts proposed to replace the term of
nonalcoholic fatty liver disease with metabolic-associated fatty liver disease
(MAFLD). This recent proposal reflects the close association of fatty liver with
metabolic derangements, as demonstrated by previous robust data. Several factors
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relationship with metabolic dysfunction both in children and adults with
subsequent increased cardiovascular risk, early strategies for MAFLD identi-
fication, treatment and prevention are needed. Novel therapeutic insights for
MAFLD based on promising innovative biological techniques are also emerging.
We aimed to summarize the most recent evidence in this intriguing research area
both in children and adults.
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Core tip: Recently, experts have proposed to rename nonalcoholic fatty liver disease as metabolic-
associated fatty liver disease (MAFLD), by emphasizing the close association of fatty liver with the
metabolic milieu. Given that, a growing number of studies have tested the effectiveness of the new
definition in adults and children, although evidence in this latter population is still limited. However,
expanding knowledge about MAFLD and its pathophysiology is crucial for a better identification of
subjects at greater metabolic risk.
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INTRODUCTION

As proposed by an international consensus in 2020[1], the nomenclature of nonalcoholic fatty liver
disease (NAFLD) has been updated to metabolic-associated fatty liver disease (MAFLD). MAFLD
diagnosis is based on histological (biopsy), imaging or blood biomarker evidence of hepatic steatosis,
and on the presence of any condition among: (1) Overweight/obesity; (2) diabetes mellitus; or (3)
evidence of metabolic dysregulation[1], commonly defined as > 2 of these characteristics: (1) Waist
circumference > 102 cm in Caucasian male subjects and 88 cm in women (or = 90/80 cm in Asian
individuals); (2) blood pressure = 130/85 mmHg or specific drug treatment; (3) triglyceride level > 1.70
mmol/L or specific drug treatment; (4) high-density lipoprotein (HDL)-cholesterol < 1.0 mmol/L for
men and < 1.3 mmol/L for women; (5) prediabetes (i.e., fasting glucose levels 5.6-6.9 mmol/L, or 2-h
post-load glucose levels 7.8-11.0 mmol/L or hemoglobin Alc 5.7%-6.4%; (6) homeostasis model
assessment-insulin resistance (HOMA-IR) score > 2.5; and (7) high-sensitive C-reactive protein (hs-CRP)
level > 2 mg/L.

Numerous different factors such as inflammation, sex, age, ethnicity, diet, microbiota, hormones, and
genetics have been pathogenically linked to NAFLD[2-4], but current knowledge about MAFLD
pathophysiology is still limited[5-6].

During the past decades, research focused on the strong association between insulin resistance (IR)
and NAFLDI[7]. In particular, previous data have largely supported the role of NAFLD as a hepatic
manifestation of systemic metabolic disorders[2,3]. Based on these premises, the new nomenclature aims
to strengthened the close association of fatty liver with metabolic dysfunction[2,8-12] to identify early
subjects at higher risk of long-term metabolic consequences.

As noted for obesity and its related consequences [e.g., metabolic syndrome (MetS) and Type 2
diabetes (T2D)[13-15]], a key pathogenic role has been described for the low-grade systemic inflam-
mation in modulating fibrosis development and the overall course of the hepatic disease. As a result, an
inflammatory biomarker such as hs-CRP, has been considered as a MAFLD diagnostic criterion.
However, it should be kept in mind that further specific diagnostic criteria for MetS define this peculiar
cluster of metabolic abnormalities, according to age group[16,18]. In fact, the MetS definition provided
for adults and children aged > 10 years by the International Diabetes Federation (IDF)[16,17] was further
integrated for subjects aged 2-11 years (Table 1). The comparison between MetS and MAFLD criteria
(Tables 2 and 3) allows identification of MetS subjects with fatty liver as MAFLD patients. Although
both conditions allow identification of subjects at higher cardiometabolic risk, the inclusion of fatty liver
as a MAFLD criterion enhances the multifactorial pathophysiology of the disease and its close
relationship with metabolic derangements[16-20]. Given the overall emphasis of this latter association in
MAFLD definition (from normal weight to obesity), the new term includes a wide phenotypical range
from metabolically unhealthy normal weight to metabolically unhealthy. Nevertheless, an accurate
definition of metabolic health is still lacking, especially in patients with obesity[21].

An increasing number of studies have explored metabolically healthy obesity (MHO) and metabol-
ically unhealthy obesity (MUO) in adult and pediatric cohorts[22-24]. MUO individuals have a higher
cardiovascular risk than their metabolically healthy counterparts. However, MHO also might
predispose over time to an increased risk of cardiometabolic derangements[25-27]. In light of this, a
detailed clinical assessment of the cardiometabolic risk in children (including evaluation of anthropo-
metric measures such as weight, height, waist, and hip circumferences according to age- and gender-
specific percentiles and Acanthosis nigricans detection as a clinical marker of IR) represents a crucial
first step for the evaluation of these patients.
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Table 1 Comparison between metabolic associated fatty liver disease and non-alcoholic fatty liver disease diagnostic criteria

MAFLD criteria[1] NAFLD criteria[62]

Histological (biopsy), imaging or blood biomarker evidence of hepatic ~Presence of steatosis in > 5% of hepatocytes detected by biopsy
steatosis and the presence of one of these criteria:

(1) Overweight/ obesity -The proton density fat fraction (providing a rough estimation of the volume
fraction of fatty material in the liver) > 5.6% assessed by proton magnetic
(2) Diabetes mellitus resonance spectroscopy

(3) Evidence of metabolic dysregulation defined as the presence of > 2
of the following conditions:

(a) Waist circumference = 102 cm in Caucasian men and 88 cm in
women (or = 90/80 cm in Asian men and women);

(b) Blood pressure > 130/85 mmHg or specific drug treatment; (c)
triglyceride > 1.70 mmol/L or specific drug treatment;

(d) High-density lipoprotein cholesterol < 1.0 mmol/L for men and <
1.3 mmol/L for women;

(e) Prediabetes (i.e., fasting glucose levels 5.6-6.9 mmol/L, or 2-h
postload glucose levels 7.8-11.0 mmol/L or hemoglobin Alc
5.7%-6.4%;

(f) Homeostasis model assessment-insulin resistance score 2 2.5;
and (g) High sensitive C-reactive protein >2 mg/L

-Quantitative fat/water selective magnetic resonance imaging

Exclusion of both secondary causes and a daily alcohol consumption > 30 g for
men and 20 g for women

MAFLD: Metabolic associated fatty liver disease; NAFLD: Non-alcoholic fatty liver disease.

Adipose distribution pattern is considered to have a critical influence on MAFLD development, as
demonstrated by the positive correlation of amount of visceral adipose tissue with liver inflammation
and fibrosis[4].

To date, the clinical feasibility of MAFLD definition has been mostly studied in adults, but a similar
growing interest is also emerging in children. Therefore, we aimed to provide a comprehensive
overview by summarizing the most recent evidence on the tangled puzzle of MAFLD in adults and
children.

PATHOPHYSIOLOGY

Fatty liver pathophysiology includes a well-known spectrum of determinants such as inflammation, IR,
genetics and environment[4,28,29]. Genetic determinants commonly implied in NAFLD susceptibility
(such as PNPLA3[30-32], TM6SF2[33], MBOAT7[34-36] and HSD17B13[37-42] genes) have been also
linked to MAFLD pathogenesis[43-45] (Table 2). In particular, the effect of the PNPLA3 1148M
polymorphism as a key genetic factor for NAFLD susceptibility across different ethnicities has been
largely recognized both in adults and children[45]. Similarly, robust data have also supported the role of
the TM6SF2 gene in hepatic steatosis development both in adults and children[46-48]. Noteworthy, a
pleiotropic effect has been described for both genes because of their extrahepatic role in affecting also
kidney function in children with obesity[49,50] and adult with T2D and fatty liver[51]. In addition,
robust evidence showed that the downregulation of the MBOAT?7 gene predisposed to fatty liver
development both in children and adults[34,52,53]. In contrast, the HSD17B13 variant has been
recognized as a protective factor against liver injury and its progression[38,54,55]. As described for other
well-known single nucleotide polymorphisms related to fatty liver, this variant has been found also to
influence kidney function[56].

Minor genetic variants affecting IR, oxidative stress and inflammation pathways have been found to
be related to fatty liver development[45,57]. In particular, a significant association between the
rs17618244 G>A variant in the KLB gene and hepatic fibrosis has been described, and this gene is a
central player in obesity and lipid and glucose metabolism, as demonstrated by its association with
lobular inflammation and cirrhosis in patients clustered according to obesity degree[57].

MAFLD genetic susceptibility is still poorly explored[58,59]. Liu et al[59] confirmed the role of the
HSD17B13 region in a cohort of 427 Han Chinese adults as a genetic factor predisposing to MAFLD-
related fibrosis and of modulated PNPLA3 rs738409 polymorphism on fatty liver development[58].
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Table 2 Main findings of the studies on MAFLD genetics

Gene

Study design

Population

Gene pathophysiology

Main findings

b-Klotho (KLB) gene

Panera et al[57], Hospital-
based retrospective cohort
study

Hydroxysteroid 17-beta Liu et al[59], Cross-sectional
dehydrogenase 13 analysis
(HSD17B13) gene

Membrane-bound O-

(1) Meroni et al[52], Review:

acyltransferase 21 studies: -6 case control
domain-containing studies; -10 case only; -2
protein 7 (MBOAT?) metanalysis; -2 GWAS; -1

cohort studies

(2) Ismaiel et al[53], Review:
22 studies: -7 case control
studies; -3 case only; -5
metanalysis; -7 cohort
studies

1111 adult Italian MAFLD patients from
the Metabolic Liver Diseases outpatient
service at Fondazione IRCCS Ca’Granda
of Milan between January 1999 and
December 2019. Patients were stratified
according to obesity status:

-BMI > 35: 708 subjects
-BMI < 35: 403 subjects

Inclusion criteria were liver biopsy or
severe obesity and availability of DNA
samples

427 Han Chinese from the PERSONS
cohort with biopsy confirmed MAFLD;

Aged 218 yr

(1) Age: -4 pediatric studies; -17 adult
studies; Ethnicity: -14 Caucasian; -5
multiethnic; -2 Asian

(2) A total of 22 studies: -4 pediatric
studies with ultrasound (US) diagnosis of
fatty liver; -18 adult studies: 17 with fatty
liver diagnosis with liver biopsy/ imaging
and 1 with US

The rs17618244 G>A variant in the b-Klotho (KLB) gene
encodes for a transmembrane protein which complexes
with Fibroblast Growth Factor Receptors to bind the
hormones FGF21 and FGF19. Both genes play an
important role in lipid and glucose metabolism and in

obesity

Hydroxysteroid 17-beta dehydrogenase 13 (HSD17B13)
gene encodes a hepatic lipid droplet protein

The MBOATY? codifies for an enzyme highly expressed
in hepatocytes, hepatic stellate cells and hepatic
sinusoidal cells; It has been involved in fatty acid
metabolism and in hepatic both inflammation and

fibrosis

KLB rs17618244 variant was linked to hepatic fibrosis

KLB A allele was associated with lobular inflammation and cirrhosis in
patients stratified for obesity status; Hepatic KLB mut expression seemed to
be linked to proliferative rate improvement and pro-fibrogenic genes
induction

Data confirmed that the HSD17B13 region is a susceptibility locus for
MAFLD-related fibrosis

An effect of modulated PNPLA3 rs738409 on hepatic steatosis
was reported

Significant differences in levels of fasting glucose, triglycerides, and high-
density lipoprotein cholesterol among subject with HSD17B13- rs72613567
(TA allele) genotypes were observed, but no differences in biochemical
parameters among the rs6531975 (A allele) genotypes were found; The
minor TA allele was linked to an increased risk of fibrosis, while the minor
A allele had a protective effect against liver damage

(1) In patients with MAFLD, MBOAT7 might affect liver damage

Downregulation of liver expression of MBOAT? induces changes in
phosphoinositide composition pattern with subsequent modified
membrane lipid composition and lipid mediator profiles

Hyperinsulinemia, is a cofactor for MBOAT impairment;
MBOATY? dysfunction may influence liver disease progression to
steatohepatitis and fibrosis and chronic hyperinsulinemia to
steatosis development

(2) Except for Asian population, studies on European, Hispanic, and
African American adults with MAFLD evaluating the rs641738 variant
reported a downregulation of the MBOAT? expression, which increased
MAFLD severity, liver fat, NASH progression, advanced fibrosis, and HCC

No association with coronary artery disease was found. In children with
obesity this variant was associated with increased plasma ALT levels

MAFLD: Metabolic associated fatty liver disease; FGFR: Fibroblast growth factor receptor; ALT: Alanine transaminase; MBOAT7: Membrane-bound O-acetyltransferase domain-containing protein 7; US: Ultrasound; GWAS: genome-
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Recent evidence supports an inverse allelic effect of the association of HSD17B13 variants on liver
damage: in particular, hepatic fibrosis risk has been found to be increased by the minor allele TA of the
rs72613567 variant, while a protective role against liver damage for the minor A allele of the rs6531975
variant has been demonstrated[59].

EVIDENCE ON MAFLD: FROM ADULTHOOD TO CHILDHOOD

As the renaming of the liver condition, the clinical usefulness of MAFLD definition has been tested in
several studies[60-64] (Table 2). Lin et al[60] first compared MAFLD and NAFLD criteria in a large
cohort of 13 083 subjects grouped as MAFLD (31.24%), NAFLD (33.23%) and non-metabolic-
dysfunction-associated NAFLD (non-MD-NAFLD) (4.74%) (e.g., subjects with NAFLD but not covered
by MAFLD criteria)[61-62]. Authors found that patients with fatty liver were older, more likely to be
male, and have worse cardiometabolic and hepatic profile independently of the used criteria[60].

Compared to NAFLD, MAFLD subjects were older (48.39 + 15.20 years) and presented with higher
body mass index (BMI), liver enzymes, and noninvasive liver fibrosis scores. In addition, an increased
percentage of metabolic comorbidities (including diabetes, IR and hypertension) was reported in these
patients[60]. Patients in the non-MD-NAFLD group were the youngest and presented with a better
metabolic profile than those belonging to the MAFLD and NAFLD groups. In this framework, a more
accurate identification of patients at higher risk of negative metabolic consequences seemed to be
achieved by MAFLD criteria[60].

Conversely, no significant differences for the main clinical and biochemical variables between
NAFLD and MAFLD were found in a large cohort of 780 adult patients with biopsy-proven fatty liver
diagnosis [55]. Taking into account the alcohol consumption in MAFLD definition, patients with
MAFLD with significant alcohol intake showed a worse hepatic profile (characterized by higher
steatosis degree and transaminase levels) compared to those with MAFLD only[55].

The usefulness of MAFLD definition has been also examined by Sun et al[65] in a highly selected
population such as patients with chronic kidney disease (CKD). Authors demonstrated a better
performance of MAFLD diagnostic criteria than NAFLD in identifying patients with CKD[65], as
previously found[64]. Of note, a strong and independent relationship of MAFLD and MAFLD with
increased liver fibrosis scores with CKD and abnormal albuminuria was described[65].

Recently, differences between NAFLD and MAFLD criteria were tested in a 2-year follow-up Italian
study conducted in 221 patients receiving a new diagnosis of celiac disease (CD) as a high-risk condition
for fatty liver[66]. Compared to NAFLD, MAFLD definition allowed a better identification of CD
patients at risk of disease progression and the coexistence of fibrosis seemed to enhance the occurrence
of adverse outcomes in these patients[66].

Yamamura et al[67] compared the diagnostic accuracy of MAFLD and NAFLD in identifying
individuals with significant hepatic fibrosis and clarified the influence of mild alcohol consumption (<
20 g/ d) on the degree of the hepatic disease in a large cohort of 765 subjects clustered in two groups as
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Table 3 Metabolic syndrome criteria in adults and children

Abdominal obesity Hypertension Dyslipidemia Fasting glucose
IDF central obesity + 2 of 4 10-15 yr old waist circum- Systolic BP 2 130 mmHg or TG 2150 mg/dL or specific 2100 mg/dL or
criteria in adult patients and  ference (WC) > 90t diastolic BP > 85 mmHg treatment HDL < 40 mg/dL diagnosis of type 2
children aged >10 yr[87-89] percentile for age and sex (male), HDL < 50 mg/dL (female)  diabetes mellitus

>15 yr old WC 2 94 cm (male) b WC 2 80 cm (female)

Panel: IDEFICS definition of ~ 10-15 yr old WC > 90 Blood pressure: systolic > TG: 2 90" percentile or HDL Insulin > 90

metabolic syndrome in percentile for age and sex 90" percentile or diastolic>  cholesterol: < 10" percentile percentile or fasting

children aged 2-11 yr[90]' 90™ percentile glucose > 90"
percentile

>15 yr old adults criteria

Children would require close monitoring if three or more of these risk factors exceed the 90" percentile (or < 10" percentile for HDL cholesterol), and an

intervention if three or more of these risk factors exceed the 95" percentile (or < 5 percentile for HDL cholesterol).

BP: Blood pressure; HDL: High-density lipoprotein; IDEFICS: Identification and prevention of dietary- and lifestyle-induced health effects in children and
infants; IDF: International diabetes federation; TG: Triglycerides; WC: Waist circumference.
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NAFLD and MAFLD. Compared to NAFLD, MAFLD criteria provided careful detection of hepatic
fibrosis, as reflected by the strong relationship between certain hepatic fibrosis markers and liver
stiffness in patients diagnosed with MAFLD[67]. Given that, dysmetabolic patients at high risk of
adverse hepatic outcomes were better identified through MAFLD than NAFLD criteria[12,21].

As the well-known relevance of alcohol intake on hepatic fibrosis risk development was not included
in MAFLD definition, the authors also examined its influence on fatty liver severity[67]. Patients with
MAFLD and alcohol intake of 1-59 g/d were more likely to be male and to have higher fasting blood
glucose, serum liver enzymes, creatinine, and uric acid levels than those with MAFLD and no alcohol
consumption[67]. Of note, there is no evidence on the potential negative effect of alcohol intake on renal
damage risk in MAFLD individuals[67]. Authors concluded that MAFLD presence was an independent
risk factor for significant fibrosis (defined by FIB-4 index > 1.3 and liver stiffness > 6.6 kPa using Shear
wave elastography), and both MAFLD and mild alcohol intake were associated with increased
prevalence of significant fibrosis (25.0% vs 15.5%)[67].

Further data examining the role of alcohol intake in this context[60] demonstrated a better metabolic
profile but increased transaminase levels in subjects with MAFLD having a greater alcohol intake
compared to those with no alcohol consumption. However, no consensus has been reached on the effect
of alcohol in MAFLD, but some noninvasive fibrosis scores have been positively associated with
MAFLD and alcohol intake[60].

Despite accumulating data on the impact of MAFLD on liver disease severity[60,65,67], its influence
on the potential malignant transformation into hepatocellular cancer has been not evaluated.

Unlike adults, pediatric MAFLD data are limited. Because of the widespread distribution of this
hepatic condition in childhood, recent epidemiological data reported a worrying increase of pediatric
MAFLD prevalence[68-70].

MAFLD definition has been tested first in adult subjects; therefore, its clinical utility in a pediatric
setting is still under investigation, since the fatty liver etiology at this stage[71-73] and the obesity status
[21]. A recent Italian study investigated the usefulness of MAFLD criteria in 954 children with obesity
[21]. The authors grouped their cohort as subjects with (1) obesity only; (2) obesity and NAFLD; and (3)
obesity, NAFLD and metabolic dysregulation. The latter group was significantly older and showed
higher BMI, systolic blood pressure, diastolic blood pressure, waist/hip ratio, HOMA-IR, triglyceride
levels, baseline and 2-h oral glucose tolerance test glycemia, and transaminase levels. A higher
prevalence of carriers of the PNPLA3 rare allele was reported in this group compared with others. Taken
together, these findings suggest a worse cardiometabolic profile in subjects with obesity, fatty liver, and
metabolic dysregulation than in those belonging to other groups. As a preliminary study, MAFLD
diagnosis based on metabolic dysregulation in children with obesity seemed more accurate for
cardiometabolic risk stratification in a high-risk population such as children with obesity[21]. PNPLA3
gene seems to play a role in a wider metabolic milieu beyond NAFLD[21], as previously found in a
similar pediatric cohort[50,74].

More recently, an international panel[75] has proposed an age-appropriate MAFLD definition based
on sex and age percentiles. Diagnostic criteria for pediatric MAFLD are based on the presence of hepatic
steatosis (detected either by liver histology, imaging, blood biomarkers or blood scores) in addition to
one of the following conditions: excess adiposity, T2D or prediabetes, or evidence of metabolic dysregu-
lation (defined by the presence of at least two metabolic risk conditions according to sex and age
percentiles such as hypertension, increased waist circumference, hypertriglyceridemia, low serum HDL
cholesterol levels, triglyceride-to-HDL ratio > 2.25, and impaired fasting glucose)[75].
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Contrary to the adult findings, the natural history of fatty liver in children is still not fully understood
but its increase has been mainly linked to obesity[75]. Pediatric fatty liver usually does not occur in
children < 3 years and is rare in those aged < 10 years. To date, it has been demonstrated that the entire
spectrum of liver disease severity (from simple steatosis to steatohepatitis, fibrosis, and end-stage
cirrhosis) might occur also in pediatric patients diagnosed with fatty liver, and that the progression is
strongly related to IR severity[75]. As a consequence, the occurrence of severe complications (including
liver transplantation) at this early age has also been reported. The pivotal role of primary care for early
detection of pediatric fatty liver is widely recognized, and lifestyle modifications are the only valid
treatment for the disease[75]. Therefore, redefinition of pediatric MAFLD represents a crucial step for
global management improvement, including risk stratification and multidisciplinary care.

MAFLD: NEW INSIGHTS AND FUTURE DIRECTIONS

The tangled and multifactorial physiopathology of MAFLD (including inflammation, sex, age, ethnicity,
diet and microbiota, hormones, and genetics) is still poorly defined. Despite the centrality of metabolic
dysfunction, diagnosing fatty liver is also essential for MAFLD definition. Liver biopsy represents the
common diagnostic gold standard for hepatic fat content assessment, but its invasiveness has limited its
clinical utility in children[76,77]. A growing number of studies has evaluated different noninvasive
biomarkers for MAFLD diagnosis, by identifying novel attractive therapeutic options for the
management of the disease[78-81]. In this context, investigation of the gut-liver axis has attracted
scientific attention[81-84]. Considering the relevance of the intestinal barrier in multiple biological
mechanisms and the crucial influence of the immune system (located in the liver, intestine and adipose
tissue)[84], this term strengthens the association of the liver with the gut barrier.

The association of gut-liver axis changes with MAFLD pathophysiology have recently been explored
[78], by pointing out the role of inflammation and release of chemokines and cytokines by liver-infilt-
rating macrophages as key factors for progressive forms of fatty liver[78].

Dysbiosis and gut barrier changes have both been linked to inflammation and metabolic abnor-
malities in MAFLD. Remarkably, a peculiar association of microbiome alterations with carbo-hydrates,
lipids and amino acids metabolism in MAFLD has also been described[81], but no consensus has been
reached in this field. Nevertheless, promising preclinical studies[81] have enriched the spectrum of
potential MAFLD therapeutic tools such as fecal microbiota transplantation[82-84]. A similar study on
MAFLD adults[84] investigated microbiota-derived metabolites as potential noninvasive biomarkers for
MAFLD, by identifying certain metabolites [e.g., phosphatidylcholine (PC), lysoPC, plasma eicosanoic
acid or fatty acid 20:1 (FA20:1), PCaaC24:0, xanthine, and triglycerides] as early microbiota-related
products involved in liver disease progression[84]. In addition, a significant association of the PNPLA3
gene with plasma monounsaturated fatty acid FA(20:1) or eicosanoic acid was also demonstrated.

Notably, serum mi-RNA-122 (as the major hepatic mi-RNA involved in metabolic diseases) is
significantly related to MAFLD progression in subjects with obesity and MAFLDI[80]; therefore
suggesting their potential prognostic utility for liver disease progression[80].

Although preliminary, some promising evidence supports the identification of novel potential
therapeutic targets for MAFLD|[85-88]. In particular, a significant decrease in MAFLD prevalence has
been reported in normal-weight adolescents treated with a low-dose combination of spironolactone,
pioglitazone and metformin (SPIOMET)[86-90] than those with classical hormone therapy, by
underlining the role of SPIOMET treatment as a promising new pathophysiological approach in
MAFLD patients[88]. Due to the relevant cardiometabolic burden of MAFLD and the absence of
effective pharmacological agents both in children and adults, further studies are needed to identify
specific noninvasive markers able to improve the management of MAFLD patients[75]. Several novel
therapeutic targets based on molecular pathways are under investigation[78,84], but there are no current
licensed MAFLD treatments[75].

CONCLUSIONS

The natural history of pediatric MAFLD remains to be defined, but mounting evidence from adults
supports a significant increased cardiovascular risk in view of the concomitant occurrence of metabolic
impairments with liver disease. Therefore, better knowledge of the intricate MAFLD pathophysiology
might pave the way for new therapeutic approaches to improve the management of these patients at
greater cardiometabolic risk.
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