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Abstract

Over recent years, the nomenclature of non-alcoholic fatty liver disease has
undergone significant changes. Indeed, in 2020, an expert consensus panel
proposed the term “Metabolic (dysfunction) associated fatty liver disease”
(MAFLD) to underscore the close association of fatty liver with metabolic
abnormalities, thereby highlighting the cardiometabolic risks (such as metabolic
syndrome, type 2 diabetes, insulin resistance, and cardiovascular disease) faced
by these patients since childhood. More recently, this term has been further
replaced with metabolic associated steatotic liver disease. It is worth noting that
emerging evidence not only supports a close and independent association of
MAFLD with chronic kidney disease in adults but also indicates its interplay with
metabolic impairments. However, comparable pediatric data remain limited.
Given the progressive and chronic nature of both diseases and their prognostic
cardiometabolic implications, this editorial aims to provide a pediatric perspective
on the intriguing relationship between MAFLD and renal function in childhood.
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Core Tip: Metabolic (dysfunction) associated fatty liver disease (MAFLD) has been closely linked to a wide spectrum of
cardiometabolic consequences. Among these, accumulating data demonstrated an association between MAFLD and renal
function in children with obesity. Worthy of note, a shared pathophysiology has been reported with a pivotal role of insulin-
resistance in this dangerous interplay among obesity, renal hemodynamics, and metabolic derangements. Considering the
relevant clinical and prognostic implications of this association, an increased awareness of this growing health concern for
clinicians is needed.
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INTRODUCTION

In 2020, an expert panel proposed replacing the nomenclature of non-alcoholic fatty liver disease (NAFLD) with the more
inclusive term metabolic (dysfunction) associated fatty liver disease (MAFLD) to underscore the pathogenic link between
the disease and metabolic derangements in both adults and children[1,2]. According to the definition[2], the acronym
MAFLD was introduced to strengthen the association of pediatric hepatic steatosis (diagnosed by biopsy with histological
evaluation, imaging, or blood biomarkers) with at least one of the following criteria: (1) Excess adiposity; (2) Prediabetes
or type 2 diabetes (T2D); and (3) Evidence of metabolic dysregulation[2].

Similar to NAFLD, the prevalence of MAFLD has been increasing worldwide in parallel with the obesity epidemic
since childhood[1-3]. Current estimates suggest that approximately a quarter of the global adult population presents with
MAFLD, while pediatric data indicate a global prevalence of 34% among children and adolescents with obesity in the
general population, and 45% among peers in the obesity clinical setting[3]. Given this, MAFLD represents a major health
and economic concern.

Indeed, MAFLD has been closely linked to cardiovascular disease (CVD) risk, but recent evidence also supports its role
as a predictor of atherosclerosis, heart failure, T2D, and cancer-related mortality[1,3]. Consistent with previous evidence
for NAFLD[4,5], a higher incidence of chronic kidney disease (CKD) has also emerged in patients with MAFLD[6-10],
underscoring the impact of the disease on cardiometabolic health. Notably, robust adult data document a stronger
association of MAFLD with CKD than NAFLD[10,11]. However, similar evidence linking MAFLD to CKD is still limited
in childhood[12,13], though the underlying complex interplay among liver, kidney, adiposity, and metabolic dysfunction
has been highlighted in these young patients[14-17]. Therefore, in this editorial, we aim to discuss the available evidence
in the field to provide a perspective on the relevant clinical and prognostic implications of the interplay between MAFLD
and CKD in children with obesity.

THE PATHOPHYSIOLOGICAL COMPLEXITY OF THE INTERPLAY BETWEEN MAFLD AND KIDNEY

Although the interplay of several determinants such as genetics, lifestyle, and environmental factors has been well-
documented in the development of MAFLD, its exact pathogenesis remains to be fully elucidated[1-3]. In particular,
certain features of MAFLD, such as systemic inflammation, metabolic dysfunction, and vascular dysfunction, have been
found to act as mediators in the tangled inter-organ crosstalk underlying the close association of MAFLD with
extrahepatic diseases (e.g., CVDs, cognitive impairment, thyroid dysfunction, and CKD)[1,3,6,8]. On this basis, the
relationship between MAFLD and renal function is unsurprising given their shared pathogenic factors such as low-grade
inflammation, oxidative stress, and insulin resistance (IR)[8,9,18] (Figure 1).

In this complex pathophysiological puzzle, the contribution of genetics has also been well-documented[8,9,19]. The risk
variant 1s738409 C>G of the Patatin-like phospholipase domain-containing 3 gene represents a major genetic determinant
of MAFLD in both adults and children[19-21]. Additionally, other polymorphisms such as the transmembrane 6
superfamily member 2 loss-of-function variant rs58542926[22] and the rs641738 C>T variant in the membrane-bound O-
acyltransferase 7 gene[23,24] have been found to increase susceptibility to MAFLD[8,19]. Notably, recent evidence also
supports a multifaceted role of these polymorphisms in renal health[21,22,24,25].

Furthermore, a prominent pathogenic role for inflammation needs to be underlined[26], as demonstrated by the
inclusion of C-reactive protein among MAFLD diagnostic criteria[1,2]. Indeed, both chronic low-grade inflammation and
oxidative stress lead to hepatic fibrosis by exacerbating pro-inflammatory signaling pathway activation[18,26], which in
turn promotes endothelial dysfunction[18]. Consequently, this deleterious cycle impairs renal function by increasing
glomerular permeability and proteinuria[18,27]. Notably, this increase in systemic inflammation might also affect
cardiovascular health[6,8,18].

To complicate matters, IR - as a shared pathophysiological factor - plays a central role in the development of both
MAFLD and CKDJ28,29]. In fact, certain processes mediated by IR, such as an increased release of free fatty acids and an
altered secretion of adipokines, affect both the liver and kidney[18,30-32].
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Figure 1 The complex pathophysiological interplay between metabolic (dysfunction) associated fatty liver disease and renal function.
T2D: Type 2 diabetes; FFA: Free fatty acids; MAFLD: Metabolic (dysfunction) associated fatty liver disease; CKD: Chronic kidney disease; ROS: Reactive oxygen
species; RNS: Reactive nitrogen species; SCFAs: Short chain fatty acids; TMAOs: Trimethylamine-N-oxides; PNPLA3: Patatin-like phospholipase domain-containing
3; TMBSF2: Transmembrane 6 superfamily member 2; MBOAT7: Membrane-bound O-acyltransferase 7.

Interestingly, recent insights into the complex pathogenic interplay between MAFLD and CKD highlight a role for the
gut-liver-kidney axis, suggesting an intriguing contribution of gut microbiota to the development and progression of both
diseases[18,33,34]. This realizes a vicious circle among dysbiosis, IR, inflammation, and oxidative stress[18,32]. In
particular, metabolites derived from the gut microbiota such as trimethylamine-N-oxides[34,35] exert systemic effects
impairing both liver[33,34] and renal function[35]. Additionally, the crosstalk between the liver and kidney also affects
the production of short-chain fatty acids[36], further amplifying the underlying pathophysiological processes (e.g., inflam-
mation, IR, and oxidative stress) of MAFLD and CKD[36-38].

MAFLD AND CARDIOMETABOLIC HEALTH: THE RENAL PERSPECTIVE

MAFLD has been widely recognized as a strong predictor of all-cause mortality including CVD-related mortality[39-42].
More interestingly, recent data have unveiled an intriguing correlation between MAFLD and renal impairments[43-45],
particularly CKD[18,38,40].

Several shared pathophysiological factors such as metabolic abnormalities (e.g., obesity and IR), inflammation,
adipokines, gut dysbiosis, and genetics contribute to liver and renal damage development[4,18,19,38]. In particular, IR
appears to play a central role in the tangled interplay between MAFLD and CKD through various molecular pathways[6,
8,18,38]. This exacerbates not only hypertension and atherogenic dyslipidemia but also activates renin-angiotensin system
(RAS), which is closely related to endothelial dysfunction[6,8]. RAS activation further amplifies both proinflammatory
and pro-coagulant states by releasing numerous mediators[6,8,18,38].

Moreover, evidence supports not only the intricate link between MAFLD and kidney function[8,43-45] but also the
severity of hepatic damage with specific renal parameters in adults[46-48]. Indeed, recent studies have revealed associ-
ations between liver fibrosis, assessed via transient elastography, and kidney dysfunction parameters such as urinary
albumin-to-creatinine ratio and estimated glomerular filtration rate (eGFR)[46-48]. However, research exploring the
association between MAFLD and renal damage in pediatric populations remains limited[12,13].

Valentino ef al[12] examined a cohort of Italian children with MAFLD and CKD during the initial coronavirus disease
2019 pandemic lockdown. After a six-month follow-up, children with MAFLD and CKD exhibited lower eGFR levels and
an overall worse cardiometabolic profile compared to those without MAFLD[12]. De Groot et al[13] showed that children
with a liver fat fraction > 2% and MAFLD presented with a worse cardiometabolic risk profile including higher blood
pressure levels (as renal injury expression) compared to both children with a liver fat fraction < 2% and 2 2% liver fat
without MAFLD. Of note, children with a liver fat fraction > 2% and MAFLD had an increased odds of clustering cardio-
metabolic risk factor compared to those with liver fat fraction < 2% independently of MAFLD presence (odds ratio = 7.65,
95% confidence interval: 5.04-11.62)[13]. In line with adult findings[42-44], these results underscore an association
between MAFLD and renal damage in childhood[12,13]. Nevertheless, further large-scale studies are warranted to
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validate this intriguing link comprehensively.

CONCLUSION

Recently, several lines of evidence have supported not only a pathogenic link between renal health and metabolic
dysfunction but also its prognostic impact, both in children[12,13,18] and adults[18,40-43]. A complex inter-organ
crosstalk sustained by metabolic impairments (e.g., IR, visceral adiposity) has been supposed to be responsible for the
relationship of MAFLD with extrahepatic diseases, including CKD[18]. More specifically, an intricate interplay among
cardiometabolic risk factors, genetics, lipid nephrotoxicity, and hemodynamic changes has likely been implied in the
relationship between MAFLD and renal impairment, but knowledge gaps in its exact pathophysiology still remain[8,18].

Compared to NAFLD, a better diagnostic and prognostic performance in identifying subjects at greater risk of hepatic
and extra-hepatic complications has been demonstrated for the more inclusive MAFLD definition[8,18,41,48]. Based on
these premises, children with MAFLD should receive more attention from clinicians through a multidisciplinary
assessment that takes into account the intriguing MAFLD-associated multi-organ crosstalk.

Given the prognostic implications of the tangled relationship of MAFLD with extra-hepatic diseases[2,40-43], more
scientific efforts are needed in this research area for a deeper understanding of the intricate interplay of molecular
pathways contributing to hepatic and renal damage. On the other hand, this might also implement strategies for overall
MAFLD management (including prevention, diagnosis, and treatment) to optimize patient outcomes since childhood.

FOOTNOTES

Author contributions: Nardolillo M and Di Sessa A wrote the manuscript; Marzuillo P, Miraglia del Giudice E, and Di Sessa A conceived
the manuscript; Guarino S, Miraglia del Giudice E, and Di Sessa A supervised the manuscript drafting; Nardolillo M, Rescigno F,
Bartiromo M, and Piatto D reviewed the literature data; Rescigno F prepared the figure. Each author contributed important intellectual
content during manuscript drafting or revision.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: Italy

ORCID number: Michele Nardolillo 0000-0002-1608-4777; Mario Bartiromo 0000-0002-5958-3314; Stefano Guarino 0000-0002-0551-5236;
Pierluigi Marzuillo 0000-0003-4682-0170; Emanuele Miraglia del Giudice 0000-0002-1492-076X; Anna Di Sessa 0000-0002-5877-3757.

S-Editor: Wang J]
L-Editor: A
P-Editor: Cai YX

REFERENCES

1 Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M, Zelber-Sagi S, Wai-Sun Wong V, Dufour JF, Schattenberg
JM, Kawaguchi T, Arrese M, Valenti L, Shiha G, Tiribelli C, Yki-Jarvinen H, Fan JG, Grenbzk H, Yilmaz Y, Cortez-Pinto H, Oliveira CP,
Bedossa P, Adams LA, Zheng MH, Fouad Y, Chan WK, Mendez-Sanchez N, Ahn SH, Castera L, Bugianesi E, Ratziu V, George J. A new
definition for metabolic dysfunction-associated fatty liver disease: An international expert consensus statement. J Hepatol 2020; 73: 202-209
[PMID: 32278004 DOL: 10.1016/j.jhep.2020.03.039]

Eslam M, Alkhouri N, Vajro P, Baumann U, Weiss R, Socha P, Marcus C, Lee WS, Kelly D, Porta G, EI-Guindi MA, Alisi A, Mann JP,

Mouane N, Baur LA, Dhawan A, George J. Defining paediatric metabolic (dysfunction)-associated fatty liver disease: an international expert

consensus statement. Lancet Gastroenterol Hepatol 2021; 6: 864-873 [PMID: 34364544 DOI: 10.1016/S2468-1253(21)00183-7]

3 Liu J, Mu C, Li K, Luo H, Liu Y, Li Z. Estimating Global Prevalence of Metabolic Dysfunction-Associated Fatty Liver Disease in Overweight
or Obese Children and Adolescents: Systematic Review and Meta-Analysis. Int J Public Health 2021; 66: 1604371 [PMID: 34690666 DOI:
10.3389/ijph.2021.1604371]

4 Mantovani A, Scorletti E, Mosca A, Alisi A, Byrne CD, Targher G. Complications, morbidity and mortality of nonalcoholic fatty liver disease.
Metabolism 2020; 1118S: 154170 [PMID: 32006558 DOI: 10.1016/j.metabol.2020.154170]

5 Mantovani A, Petracca G, Beatrice G, Csermely A, Lonardo A, Schattenberg JM, Tilg H, Byrne CD, Targher G. Non-alcoholic fatty liver
disease and risk of incident chronic kidney disease: an updated meta-analysis. Gut 2022; 71: 156-162 [PMID: 33303564 DOI:
10.1136/gutjnl-2020-323082]

6 Pipitone RM, Ciccioli C, Infantino G, La Mantia C, Parisi S, Tulone A, Pennisi G, Grimaudo S, Petta S. MAFLD: a multisystem disease. Ther
Adv Endocrinol Metab 2023; 14: 20420188221145549 [PMID: 36726391 DOIL: 10.1177/20420188221145549]

7 Kwon SY, Park J, Park SH, Lee YB, Kim G, Hur KY, Koh J, Jee JH, Kim JH, Kang M, Jin SM. MAFLD and NAFLD in the prediction of

o

3%9@) WIG | https://www.wjgnet.com 2084 April 21,2024 | Volume30 | Issuel5 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-1608-4777
http://orcid.org/0000-0002-1608-4777
http://orcid.org/0000-0002-5958-3314
http://orcid.org/0000-0002-5958-3314
http://orcid.org/0000-0002-0551-5236
http://orcid.org/0000-0002-0551-5236
http://orcid.org/0000-0003-4682-0170
http://orcid.org/0000-0003-4682-0170
http://orcid.org/0000-0002-1492-076X
http://orcid.org/0000-0002-1492-076X
http://orcid.org/0000-0002-5877-3757
http://orcid.org/0000-0002-5877-3757
http://www.ncbi.nlm.nih.gov/pubmed/32278004
https://dx.doi.org/10.1016/j.jhep.2020.03.039
http://www.ncbi.nlm.nih.gov/pubmed/34364544
https://dx.doi.org/10.1016/S2468-1253(21)00183-7
http://www.ncbi.nlm.nih.gov/pubmed/34690666
https://dx.doi.org/10.3389/ijph.2021.1604371
http://www.ncbi.nlm.nih.gov/pubmed/32006558
https://dx.doi.org/10.1016/j.metabol.2020.154170
http://www.ncbi.nlm.nih.gov/pubmed/33303564
https://dx.doi.org/10.1136/gutjnl-2020-323082
http://www.ncbi.nlm.nih.gov/pubmed/36726391
https://dx.doi.org/10.1177/20420188221145549

Nardolillo M et al. Kidney function in pediatric MAFLD

incident chronic kidney disease. Sci Rep 2023; 13: 1796 [PMID: 36720976 DOI: 10.1038/s41598-023-27762-6]

8 Mantovani A, Lombardi R, Cattazzo F, Zusi C, Cappelli D, Dalbeni A. MAFLD and CKD: An Updated Narrative Review. Int J Mol Sci 2022,
23 [PMID: 35806010 DOI: 10.3390/ijms23137007]

9 Sun DQ, Jin Y, Wang TY, Zheng KI, Rios RS, Zhang HY, Targher G, Byrne CD, Yuan WJ, Zheng MH. MAFLD and risk of CKD.
Metabolism 2021; 115: 154433 [PMID: 33212070 DOI: 10.1016/j.metabol.2020.154433]

10 Tanaka M, Mori K, Takahashi S, Higashiura Y, Ohnishi H, Hanawa N, Furuhashi M. Metabolic dysfunction-associated fatty liver disease
predicts new onset of chronic kidney disease better than fatty liver or nonalcoholic fatty liver disease. Nephrol Dial Transplant 2023; 38: 700-
711 [PMID: 35612975 DOI: 10.1093/ndt/gfac188]

11 Liang Y, Chen H, Liu Y, Hou X, Wei L, Bao Y, Yang C, Zong G, Wu J, Jia W. Association of MAFLD With Diabetes, Chronic Kidney

Disease, and Cardiovascular Disease: A 4.6-Year Cohort Study in China. J Clin Endocrinol Metab 2022; 107: 88-97 [PMID: 34508601 DOI:

10.1210/clinem/dgab641]

Valentino MS, Marzuillo P, Esposito C, Bartiromo M, Nardolillo M, Villani AV, Maresca A, Furcolo G, Guarino S, Miraglia Del Giudice E,

Di Sessa A. The Impact of COVID-19 Pandemic Lockdown on the Relationship between Pediatric MAFLD and Renal Function. J Clin Med

2023; 12 [PMID: 36902824 DOI: 10.3390/jem12052037]

13 de Groot J, Santos S, Geurtsen ML, Felix JF, Jaddoe VWV. Risk factors and cardio-metabolic outcomes associated with metabolic-associated
fatty liver disease in childhood. EClinicalMedicine 2023; 65: 102248 [PMID: 37855025 DOI: 10.1016/j.eclinm.2023.102248]

14 Di Sessa A, Passaro AP, Colasante AM, Cioffi S, Guarino S, Umano GR, Papparella A, Miraglia Del Giudice E, Marzuillo P. Kidney damage
predictors in children with metabolically healthy and metabolically unhealthy obesity phenotype. /nt J Obes (Lond) 2023; 47: 1247-1255
[PMID: 37689826 DOI: 10.1038/s41366-023-01379-1]

15 Sawyer A, Zeitler E, Trachtman H, Bjornstad P. Kidney Considerations in Pediatric Obesity. Curr Obes Rep 2023; 12: 332-344 [PMID:
37558892 DOI: 10.1007/s13679-023-00522-3]

16 Mangat G, Nair N, Barat O, Abboud B, Pais P, Bagga S, Raina R. Obesity-related glomerulopathy in children: connecting pathophysiology to
clinical care. Clin Kidney J2023; 16: 611-618 [PMID: 37007691 DOI: 10.1093/ckj/sfac233]

17 Di Sessa A, Guarino S, Umano GR, Miraglia Del Giudice E, Marzuillo P. MASLD vs. NAFLD: A better definition for children with obesity at
higher risk of kidney damage. J Hepatol 2024; 80: e87-e89 [PMID: 37890724 DOI: 10.1016/j.jhep.2023.10.021]

18 Theofilis P, Vordoni A, Kalaitzidis RG. Interplay between metabolic dysfunction-associated fatty liver disease and chronic kidney disease:
Epidemiology, pathophysiologic mechanisms, and treatment considerations. World J Gastroenterol 2022; 28: 5691-5706 [PMID: 36338895
DOI: 10.3748/wjg.v28.139.5691]

19 Lanzaro F, Guarino S, D'Addio E, Salvatori A, D'Anna JA, Marzuillo P, Miraglia Del Giudice E, Di Sessa A. Metabolic-associated fatty liver
disease from childhood to adulthood: State of art and future directions. World J Hepatol 2022; 14: 1087-1098 [PMID: 35978659 DOI:
10.4254/wjh.v14.i6.1087]

20 Dongiovanni P, Donati B, Fares R, Lombardi R, Mancina RM, Romeo S, Valenti L. PNPLA3 1148M polymorphism and progressive liver
disease. World J Gastroenterol 2013; 19: 6969-6978 [PMID: 24222941 DOIL: 10.3748/wjg.v19.141.6969]

21 Mantovani A, Pelusi S, Margarita S, Malvestiti F, Dell'Alma M, Bianco C, Ronzoni L, Prati D, Targher G, Valenti L. Adverse effect of
PNPLA3 p.1148M genetic variant on kidney function in middle-aged individuals with metabolic dysfunction. Aliment Pharmacol Ther 2023;
57:1093-1102 [PMID: 36947711 DOI: 10.1111/apt.17477]

22 Marzuillo P, Di Sessa A, Cirillo G, Umano GR, Pedulla M, La Manna A, Guarino S, Miraglia Del Giudice E. Transmembrane 6 superfamily
member 2 167K allele improves renal function in children with obesity. Pediatr Res 2020; 88: 300-304 [PMID: 31923913 DOI:
10.1038/s41390-020-0753-5]

23 Di Sessa A, Umano GR, Cirillo G, Del Prete A, Iacomino R, Marzuillo P, Del Giudice EM. The Membrane-bound O-Acyltransferase?
rs641738 Variant in Pediatric Nonalcoholic Fatty Liver Disease. J Pediatr Gastroenterol Nutr 2018; 67: 69-74 [PMID: 29601441 DOTI:
10.1097/MPG.0000000000001979]

24 Koo BK, An JN, Joo SK, Kim D, Lee S, Bae JM, Park JH, Kim JH, Chang MS, Kim W. Association Between a Polymorphism in MBOAT7
and Chronic Kidney Disease in Patients With Biopsy-Confirmed Nonalcoholic Fatty Liver Disease. Clin Gastroenterol Hepatol 2020; 18:
2837-2839.¢2 [PMID: 31546054 DOI: 10.1016/j.cgh.2019.09.017]

25 Targher G, Mantovani A, Alisi A, Mosca A, Panera N, Byrne CD, Nobili V. Relationship Between PNPLA3 rs738409 Polymorphism and
Decreased Kidney Function in Children With NAFLD. Hepatology 2019; 70: 142-153 [PMID: 30912854 DOI: 10.1002/hep.30625]

26 Masarone M, Rosato V, Dallio M, Gravina AG, Aglitti A, Loguercio C, Federico A, Persico M. Role of Oxidative Stress in Pathophysiology
of Nonalcoholic Fatty Liver Disease. Oxid Med Cell Longev 2018; 2018: 9547613 [PMID: 29991976 DOI: 10.1155/2018/9547613]

27 Stenvinkel P, Chertow GM, Devarajan P, Levin A, Andreoli SP, Bangalore S, Warady BA. Chronic Inflammation in Chronic Kidney Disease
Progression: Role of Nrf2. Kidney Int Rep 2021; 6: 1775-1787 [PMID: 34307974 DOI: 10.1016/j.ekir.2021.04.023]

28 Sakurai Y, Kubota N, Yamauchi T, Kadowaki T. Role of Insulin Resistance in MAFLD. Int J Mol Sci 2021; 22 [PMID: 33923817 DOI:
10.3390/ijms22084156]

29 Spoto B, Pisano A, Zoccali C. Insulin resistance in chronic kidney disease: a systematic review. Am J Physiol Renal Physiol 2016; 311: F1087-
F1108 [PMID: 27707707 DOI: 10.1152/ajprenal.00340.2016]

30 Ma D, Feitosa MF, Wilk JB, Laramie JM, Yu K, Leiendecker-Foster C, Myers RH, Province MA, Borecki IB. Leptin is associated with blood
pressure and hypertension in women from the National Heart, Lung, and Blood Institute Family Heart Study. Hypertension 2009; 53: 473-479
[PMID: 19204185 DOI: 10.1161/HYPERTENSIONAHA.108.118133]

31 Zhao D, Zhu X, Jiang L, Huang X, Zhang Y, Wei X, Zhao X, Du Y. Advances in understanding the role of adiponectin in renal fibrosis.
Nephrology (Carlton) 2021; 26: 197-203 [PMID: 33073881 DOI: 10.1111/nep.13808]

32 LiD,LuY, Yuan S, Cai X, He Y, Chen J, Wu Q, He D, Fang A, Bo Y, Song P, Bogaert D, Tsilidis K, Larsson SC, Yu H, Zhu H, Theodoratou
E, Zhu 'Y, Li X. Gut microbiota-derived metabolite trimethylamine-N-oxide and multiple health outcomes: an umbrella review and updated
meta-analysis. Am J Clin Nutr 2022; 116: 230-243 [PMID: 35348578 DOI: 10.1093/ajecn/ngac074]

33 Li X, Hong J, Wang Y, Pei M, Wang L, Gong Z. Trimethylamine-N-Oxide Pathway: A Potential Target for the Treatment of MAFLD. Front
Mol Biosci 2021; 8: 733507 [PMID: 34660695 DOI: 10.3389/fmolb.2021.733507]

34 Barrea L, Muscogiuri G, Annunziata G, Laudisio D, de Alteriis G, Tenore GC, Colao A, Savastano S. A New Light on Vitamin D in Obesity:
A Novel Association with Trimethylamine-N-Oxide (TMAO). Nutrients 2019; 11 [PMID: 31185686 DOI: 10.3390/nul1061310]

35 Tourountzis T, Lioulios G, Fylaktou A, Moysidou E, Papagianni A, Stangou M. Microbiome in Chronic Kidney Disease. Life (Basel) 2022;
12 [PMID: 36294946 DOI: 10.3390/life12101513]

3%9@) WIG | https://www.wjgnet.com 2085 April 21,2024 | Volume30 | Issuel5 |


http://www.ncbi.nlm.nih.gov/pubmed/36720976
https://dx.doi.org/10.1038/s41598-023-27762-6
http://www.ncbi.nlm.nih.gov/pubmed/35806010
https://dx.doi.org/10.3390/ijms23137007
http://www.ncbi.nlm.nih.gov/pubmed/33212070
https://dx.doi.org/10.1016/j.metabol.2020.154433
http://www.ncbi.nlm.nih.gov/pubmed/35612975
https://dx.doi.org/10.1093/ndt/gfac188
http://www.ncbi.nlm.nih.gov/pubmed/34508601
https://dx.doi.org/10.1210/clinem/dgab641
http://www.ncbi.nlm.nih.gov/pubmed/36902824
https://dx.doi.org/10.3390/jcm12052037
http://www.ncbi.nlm.nih.gov/pubmed/37855025
https://dx.doi.org/10.1016/j.eclinm.2023.102248
http://www.ncbi.nlm.nih.gov/pubmed/37689826
https://dx.doi.org/10.1038/s41366-023-01379-1
http://www.ncbi.nlm.nih.gov/pubmed/37558892
https://dx.doi.org/10.1007/s13679-023-00522-3
http://www.ncbi.nlm.nih.gov/pubmed/37007691
https://dx.doi.org/10.1093/ckj/sfac233
http://www.ncbi.nlm.nih.gov/pubmed/37890724
https://dx.doi.org/10.1016/j.jhep.2023.10.021
http://www.ncbi.nlm.nih.gov/pubmed/36338895
https://dx.doi.org/10.3748/wjg.v28.i39.5691
http://www.ncbi.nlm.nih.gov/pubmed/35978659
https://dx.doi.org/10.4254/wjh.v14.i6.1087
http://www.ncbi.nlm.nih.gov/pubmed/24222941
https://dx.doi.org/10.3748/wjg.v19.i41.6969
http://www.ncbi.nlm.nih.gov/pubmed/36947711
https://dx.doi.org/10.1111/apt.17477
http://www.ncbi.nlm.nih.gov/pubmed/31923913
https://dx.doi.org/10.1038/s41390-020-0753-5
http://www.ncbi.nlm.nih.gov/pubmed/29601441
https://dx.doi.org/10.1097/MPG.0000000000001979
http://www.ncbi.nlm.nih.gov/pubmed/31546054
https://dx.doi.org/10.1016/j.cgh.2019.09.017
http://www.ncbi.nlm.nih.gov/pubmed/30912854
https://dx.doi.org/10.1002/hep.30625
http://www.ncbi.nlm.nih.gov/pubmed/29991976
https://dx.doi.org/10.1155/2018/9547613
http://www.ncbi.nlm.nih.gov/pubmed/34307974
https://dx.doi.org/10.1016/j.ekir.2021.04.023
http://www.ncbi.nlm.nih.gov/pubmed/33923817
https://dx.doi.org/10.3390/ijms22084156
http://www.ncbi.nlm.nih.gov/pubmed/27707707
https://dx.doi.org/10.1152/ajprenal.00340.2016
http://www.ncbi.nlm.nih.gov/pubmed/19204185
https://dx.doi.org/10.1161/HYPERTENSIONAHA.108.118133
http://www.ncbi.nlm.nih.gov/pubmed/33073881
https://dx.doi.org/10.1111/nep.13808
http://www.ncbi.nlm.nih.gov/pubmed/35348578
https://dx.doi.org/10.1093/ajcn/nqac074
http://www.ncbi.nlm.nih.gov/pubmed/34660695
https://dx.doi.org/10.3389/fmolb.2021.733507
http://www.ncbi.nlm.nih.gov/pubmed/31185686
https://dx.doi.org/10.3390/nu11061310
http://www.ncbi.nlm.nih.gov/pubmed/36294946
https://dx.doi.org/10.3390/life12101513

Nardolillo M et al. Kidney function in pediatric MAFLD

39

40

41

43

44

45

46

47

48

Magliocca G, Mone P, Di lorio BR, Heidland A, Marzocco S. Short-Chain Fatty Acids in Chronic Kidney Disease: Focus on Inflammation
and Oxidative Stress Regulation. Int J Mol Sci 2022; 23 [PMID: 35628164 DOI: 10.3390/ijms23105354]

Marzocco S, Fazeli G, Di Micco L, Autore G, Adesso S, Dal Piaz F, Heidland A, Di Iorio B. Supplementation of Short-Chain Fatty Acid,
Sodium Propionate, in Patients on Maintenance Hemodialysis: Beneficial Effects on Inflammatory Parameters and Gut-Derived Uremic
Toxins, A Pilot Study (PLAN Study). J Clin Med 2018; 7 [PMID: 30274359 DOI: 10.3390/jcm7100315]

Wang TY, Wang RF, Bu ZY, Targher G, Byrne CD, Sun DQ, Zheng MH. Association of metabolic dysfunction-associated fatty liver disease
with kidney disease. Nat Rev Nephrol 2022; 18: 259-268 [PMID: 35013596 DOI: 10.1038/s41581-021-00519-y]

Kim H, Lee CJ, Ahn SH, Lee KS, Lee BK, Baik SJ, Kim SU, Lee JI. MAFLD Predicts the Risk of Cardiovascular Disease Better than NAFLD
in Asymptomatic Subjects with Health Check-Ups. Dig Dis Sci 2022; 67: 4919-4928 [PMID: 35579799 DOI: 10.1007/s10620-022-07508-6]
Zhou XD, Cai J, Targher G, Byrne CD, Shapiro MD, Sung KC, Somers VK, Chahal CAA, George J, Chen LL, Zhou Y, Zheng MH; CHESS-
MAFLD consortium. Metabolic dysfunction-associated fatty liver disease and implications for cardiovascular risk and disease prevention.
Cardiovasc Diabetol 2022; 21: 270 [PMID: 36463192 DOI: 10.1186/s12933-022-01697-0]

Wang Y, Yu'Y, Zhang H, Chen C, Wan H, Chen Y, Xia F, Yu S, Wang N, Ye L, Lu Y. Cardiovascular and renal burdens among patients with
MAFLD and NAFLD in China. Front Endocrinol (Lausanne) 2022; 13: 968766 [PMID: 36120461 DOI: 10.3389/fend0.2022.968766]

Wei S, Song J, Xie Y, Huang J, Yang J. The Role of Metabolic Dysfunction-Associated Fatty Liver Disease in Developing Chronic Kidney
Disease: Longitudinal Cohort Study. JMIR Public Health Surveill 2023; 9: 45050 [PMID: 37140958 DOI: 10.2196/45050]

Chen S, Pang J, Huang R, Xue H, Chen X. Association of MAFLD with end-stage kidney disease: a prospective study of 337,783 UK Biobank
participants. Hepatol Int 2023; 17: 595-605 [PMID: 36809487 DOI: 10.1007/s12072-023-10486-0]

Liu Y, Chai S, Zhang X. Effect of MAFLD on albuminuria and the interaction between MAFLD and diabetes on albuminuria. J Diabetes
2024; 16: 13501 [PMID: 37974383 DOIL: 10.1111/1753-0407.13501]

Colasante AM, Bartiromo M, Nardolillo M, Guarino S, Marzuillo P, Mangoni di S Stefano GSRC, Miraglia Del Giudice E, Di Sessa A.
Tangled relationship between insulin resistance and microalbuminuria in children with obesity. World J Clin Pediatr 2022; 11: 455-462
[PMID: 36439903 DOI: 10.5409/wjcp.v11.16.455]

Ciardullo S, Ballabeni C, Trevisan R, Perseghin G. Liver Stiffness, Albuminuria and Chronic Kidney Disease in Patients with NAFLD: A
Systematic Review and Meta-Analysis. Biomolecules 2022; 12 [PMID: 35053253 DOI: 10.3390/biom12010105]

Freitas M, Macedo Silva V, Xavier S, Magalhaes J, Marinho C, Cotter J. Early Kidney Dysfunction in Metabolic-Associated Fatty Liver
Disease: Is Transient Elastography Useful as a Screening Method? Dig Dis 2021; 39: 653-662 [PMID: 33508843 DOI: 10.1159/000514811]
Marc L, Mihaescu A, Lupusoru R, Grosu I, Gadalean F, Bob F, Chisavu L, Olariu N, Tucicovschi V, Timar B, Sporea I, Timar R, Schiller A.
Liver Steatosis: Better Predictor of CKD in MAFLD Than Liver Fibrosis as Determined by Transient Elastography With Controlled
Attenuation Parameter. Front Med (Lausanne) 2021; 8: 788881 [PMID: 35096879 DOI: 10.3389/fmed.2021.788881]

3%9@) WIG | https://www.wjgnet.com 2086 April 21,2024 | Volume30 | Issuel5 |


http://www.ncbi.nlm.nih.gov/pubmed/35628164
https://dx.doi.org/10.3390/ijms23105354
http://www.ncbi.nlm.nih.gov/pubmed/30274359
https://dx.doi.org/10.3390/jcm7100315
http://www.ncbi.nlm.nih.gov/pubmed/35013596
https://dx.doi.org/10.1038/s41581-021-00519-y
http://www.ncbi.nlm.nih.gov/pubmed/35579799
https://dx.doi.org/10.1007/s10620-022-07508-6
http://www.ncbi.nlm.nih.gov/pubmed/36463192
https://dx.doi.org/10.1186/s12933-022-01697-0
http://www.ncbi.nlm.nih.gov/pubmed/36120461
https://dx.doi.org/10.3389/fendo.2022.968766
http://www.ncbi.nlm.nih.gov/pubmed/37140958
https://dx.doi.org/10.2196/45050
http://www.ncbi.nlm.nih.gov/pubmed/36809487
https://dx.doi.org/10.1007/s12072-023-10486-0
http://www.ncbi.nlm.nih.gov/pubmed/37974383
https://dx.doi.org/10.1111/1753-0407.13501
http://www.ncbi.nlm.nih.gov/pubmed/36439903
https://dx.doi.org/10.5409/wjcp.v11.i6.455
http://www.ncbi.nlm.nih.gov/pubmed/35053253
https://dx.doi.org/10.3390/biom12010105
http://www.ncbi.nlm.nih.gov/pubmed/33508843
https://dx.doi.org/10.1159/000514811
http://www.ncbi.nlm.nih.gov/pubmed/35096879
https://dx.doi.org/10.3389/fmed.2021.788881

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	THE PATHOPHYSIOLOGICAL COMPLEXITY OF THE INTERPLAY BETWEEN MAFLD AND KIDNEY
	MAFLD AND CARDIOMETABOLIC HEALTH: THE RENAL PERSPECTIVE
	CONCLUSION
	FOOTNOTES
	REFERENCES

