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Hepatic involvement in children with diabetes: 
Pathophysiology, clinical manifestations, and current 
management

Carol Lezama Elecharri1 , Fernando Álvarez2 

ABSTRACT
Diabetes is a chronic disease characterized by hyperglycemia resulting from insulin deficiency or 
resistance to insulin action. Its onset may result from polygenic or monogenic mechanisms. The liver 
plays a central role in glucose metabolism and can be affected by various conditions. In poorly controlled 
type 1 diabetes, glycogenic liver disease presents with hepatomegaly and elevated liver enzymes, which 
is reversible with good metabolic control. Autoimmune hepatitis may coexist with type 1 diabetes due 
to shared immunological mechanisms or may develop during treatment with corticosteroids. In type 2 
diabetes, metabolic dysfunction-associated steatotic liver disease (MASLD) is common and can progress 
to severe forms. Monogenic forms may be associated with structural abnormalities of the liver and biliary 
tract. Early recognition of liver involvement and a multidisciplinary approach are essential for preventing 
long-term complications.
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INTRODUCTION
Diabetes is a chronic endocrine-metabolic 

disease characterized by elevated blood glucose 
levels resulting from decreased insulin production 
or inadequate insulin utilization.1,2 In cases of 
type 1 diabetes, an autoimmune disease that 
leads to the destruction of insulin-producing 
cells,3 and type 2 diabetes, which occurs as a 
result of a metabolic change known as insulin 
resistance,4 the inheritance pattern is polygenic.5-7 

In other words, several genes contribute to the 
pathogenesis of these diseases, leading to genetic 
susceptibility.

Some forms of diabetes have a monogenic 
cause,  known as MODY (matur i ty -onset 
diabetes of the young), which generally affects 
children or young adults and is inherited in an 
autosomal dominant manner.8 Some of the genes 
responsible for MODY are transcription factors, 
which are expressed not only during embryonic 
development in the pancreas but also in the liver 
and kidneys. In the liver, they play a role not only 
in the development and maturation of the intra- 
and extrahepatic bile ducts but also in the final 
formation of the organ’s structure.9

In this review, we describe the characteristics 
of liver complications associated with different 
types of diabetes, which an interdisciplinary team 
must detect and treat. In some cases, these liver 
diseases can be severe and require appropriate 
treatment and rigorous follow-up due to their 
potential short-, medium-, and long-term effects 
on liver function.1

POLYGENIC DIABETES AND LIVER DISEASE
Polygene-driven diabetes results from the 

interaction between multiple genetic variants—
many of which are st i l l  under study—and 
environmental factors that lead to an imbalance 
in glycemic control.6 In this context, the liver 
emerges as a key organ not only in glucose 
homeostasis but also as a target for various 
clinical manifestations associated with metabolic 
and immunological imbalances.5

Diabetes in childhood is not a homogeneous 
condition, and liver involvement in children with 
diabetes poses a diagnostic and therapeutic 
challenge.5 It is essential to consider conditions 
with distinct—though potentially overlapping—
pathophysiological mechanisms, such as 
glycogenic liver disease,10 autoimmune hepatitis11 
and metabolic dysfunction-associated steatotic 
liver disease (MASLD).12

Integrating the interplay between genetics, 

immunity, and metabolism in childhood supports 
more precise diagnostic strategies and targeted 
treatments.

Glycogenic liver disease
G l y c o g e n i c  l i v e r  d i s e a s e  ( G L D )  i s 

characterized by excessive glycogen storage in 
hepatocytes. It is primarily observed in children 
or adolescents with type 1 diabetes and poor 
metabolic control, although it has also been 
reported in patients with type 2 diabetes treated 
with insulin.13

It was first described by Paul Mauriac as part 
of a classic triad consisting of hepatomegaly, 
cushingoid features, and delayed puberty, 
which gave rise to what is known as Mauriac 
syndrome.14 Most reports are small case series, 
and since the introduction of intensive insulin 
regimens, continuous glucose monitoring, 
and routine glycated hemoglobin testing, this 
complication has become rare.15

I ts  pa thophys io logy  invo lves  marked 
f luctuat ions in b lood glucose levels and 
exogenous insulin administration in the context of 
poor metabolic control.10 Sustained hyperglycemia 
facilitates the uptake of glucose into hepatocytes 
via GLUT-2 transporters, a process that is 
independent of insulin. Subsequent insulin 
administration stimulates glycogen synthase 
activity and promotes glycogen synthesis 
and accumulation.10 Hepatomegaly is a direct 
consequence of this intracellular storage.

Fur thermore,  chron ic  re la t ive  insu l in 
deficiency—the anabolic hormone par excellence, 
stimulates peripheral l ipolysis, generating 
substrates for hepatic lipogenesis and promoting 
dysl ip idemia.10 Recurrent hypoglycemia, 
secondary to insulin administration, can activate 
counterregulatory mechanisms leading to 
increased cortisol. Sustained elevation of cortisol, 
along with decreased IGF-1 levels secondary to 
poor metabolic control, contributes to the classic 
manifestations of the syndrome, such as growth 
retardation, hypogonadism, and cushingoid 
features.15

Findings may resemble those in children 
with MASLD, although liver enzyme levels are 
generally higher, with aspartate aminotransferase 
(AST) predominating. Liver biopsy establishes a 
definitive diagnosis.16

Histologically, diffuse hepatocyte enlargement 
w i th  pa le  cy top lasm and prominent  ce l l 
membranes is observed. Periodic acid-Schiff 
(PAS) staining reveals glycogen deposits that 
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disappear after diastase treatment, which 
selectively digests them (Figure 1).

W i th  p rope r  me tabo l i c  con t ro l ,  l i ve r 
involvement is reversible; in general, i t is 
associated with a low risk of progression to 
advanced liver disease.13

Autoimmune hepatitis and diabetes
In pediatrics, the coexistence of autoimmune 

hepatitis (AIH) and diabetes is a rare clinical 
condition that can influence diagnostic and 
therapeutic decision-making.17

AIH is a chronic inflammatory liver disease 
characterized by IgG hypergammaglobulinemia, 
specific autoantibodies, and a favorable response 
to immunosuppressive therapy.17-19

Convent ional  t reatment is based on a 
combination of immunosuppressive drugs, with 
corticosteroids serving as the first-line therapy.11,20

Various pediatric series report the prevalence 
of AIH associated with another autoimmune 
disease ranging from 20% to 40%; among the 
most frequently described are autoimmune 
thyroiditis, type 1 diabetes, ulcerative colitis, 
Crohn’s disease, and celiac disease.17,20

From a pathophysiological perspective, the 
coexistence of AIH and type 1 diabetes may 
reflect shared autoimmunity. Both conditions are 
strongly associated with certain class II major 
histocompatibility complex haplotypes, particularly 
HLA-DR3 and HLA-DR4, which promote the 
loss of immune tolerance, the production of 

autoantibodies, and the activation of autoreactive 
T cells, reflecting a common susceptibility to 
organ-specific autoimmune phenomena.21

Corticosteroids can induce hyperglycemia, 
which may be explained by the interaction 
between an individual’s metabolic predisposition 
and increased hepatic glucose production from 
stimulation of gluconeogenesis and increased 
expression of gluconeogenic enzymes, thereby 
promoting glucose release into circulation.22,23 

Furthermore, they induce peripheral insulin 
resistance by reducing the glucose uptake in 
skeletal muscle and decrease GLUT-4 transporter 
translocation, while in adipose tissue they 
promote lipolysis and an increase in free fatty 
acids, exacerbating insulin resistance.22,23 In some 
patients, impaired pancreatic β-cell function may 
also be observed, which limits the compensatory 
response to hyperglycemia.22 The maximum 
hyperglycemic effect of corticosteroids usually 
occurs 4 to 8 hours after administration.22,23 The 
risk of developing steroid-induced diabetes is 
higher in individuals with a genetic predisposition 
to type 2 diabetes, obesity, metabolic syndrome, 
advanced age, or prolonged treatment and/or 
high doses. However, in the early stages, it is not 
always easy to distinguish between autoimmune 
diabetes and treatment-induced diabetes.

In patients with type 1 diabetes who present 
with persistent abnormal liver enzyme levels, a 
diagnosis of AIH should be considered.17 In the 
presence of hypergammaglobulinemia or specific 

Figure 1. Liver biopsy section from a child with Mauriac syndrome

Section stained with hematoxylin and eosin. Hepatocyte distension due to glycogen deposition.
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autoantibodies, a liver biopsy is recommended 
to determine the type of liver involvement.24 
Immunosuppressive therapy should avoid the 
use of corticosteroids.11 It has been reported that 
the response to treatment for AIH is similar in 
patients with or without diabetes, although it has 
been associated with higher rates of death or liver 
transplantation.17

Type 2 diabetes and liver disease associated 
with metabolic dysfunction

Type 2 diabetes and metabolic dysfunction-
associated steatotic liver disease (MASLD) 
represent two closely related manifestations 
of the spectrum of metabolic disorders linked 
to insulin resistance.25,26 In recent decades, 
the rise in childhood obesity has contributed 
to the increasingly frequent occurrence of both 
conditions in the pediatric population.27

MASLD is characterized by fat accumulation 
in hepatocytes and the presence of one or more 
cardiometabolic risk factors, in the absence of 
other causes of liver disease, and develops 
through a complex interaction of genetic, 
environmental, and metabolic factors.25,28 In 
children and adolescents, obesity, a sedentary 
lifestyle, and high-calorie dietary patterns are 
significant environmental determinants that 
interact with an individual genetic predisposition.27 
Variants in genes involved in hepatic lipid 
metabol ism, such as PNPLA3 ,  TM6SF2 , 
and other modulators of lipid transport and 
storage, have been associated with increased 
susceptibility to the development and progression 
of MASLD.28,29

From a pathophysiological perspective, insulin 
resistance and compensatory hyperinsulinemia 
play a central role in the development of hepatic 
steatosis.25,26 Hyperinsulinemia promotes an 
increase in the flow of free fatty acids from 
adipose tissue to the liver, stimulates de novo 
lipogenesis, and reduces fatty acid oxidation, 
leading to the accumulation of triglycerides 
in hepatocytes.26 In turn,  hepat ic insul in 
resistance contributes to increased hepatic 
glucose production, perpetuating the vicious 
cycle between disturbances in carbohydrate 
and lipid metabolism.26 The progression from 
simple steatosis to more advanced forms of 
liver disease involves additional mechanisms of 
cellular damage.25,30 These include mitochondrial 
dysfunction, impaired fatty acid β-oxidation, and 
increased oxidative stress with the generation of 
reactive oxygen species.30 These phenomena 

promote lipid peroxidation, the activation of 
inflammatory pathways, and hepatocellular 
injury.30 Finally, alterations in the gut microbiota 
and increased intestinal permeability may 
contribute to liver damage by allowing the 
passage of bacterial endotoxins and the activation 
of immuno-inflammatory mechanisms that 
promote fibrogenesis in liver tissue31 (Figure 2). 
The coexistence of type 2 diabetes and MASLD 
in childhood is associated with an increased risk 
of progression to more advanced forms of liver 
disease, such as steatohepatitis, fibrosis, and 
even cirrhosis.27,32 For this reason, in children 
and adolescents with type 2 diabetes who 
have persistently elevated aminotransferases 
or ultrasound findings consistent with hepatic 
steatosis, systematic evaluation for MASLD, as 
well as for other causes of liver disease, should 
be considered.32

The therapeutic approach is primarily based 
on interventions aimed at improving insulin 
resistance and the metabolic profile, involving 
drastic lifestyle changes, weight control, and 
optimization of diabetes treatment.25,32

MONOGENIC DIABETES AND LIVER 
DISEASE

Monogenic forms of diabetes are inherited in 
an autosomal dominant pattern and are known 
as MODY (maturity-onset diabetes of the young). 
This form of diabetes accounts for between 1% 
and 6.5% of children with diabetes; many of 
these cases are misdiagnosed as type 1 or type 2 
diabetes. The diagnosis is usually made before 
the age of 25, and the course of the disease is 
relatively mild and asymptomatic.33

The most common causes in the West involve 
mutations in the GCK (glucokinase), HNF1A, and 
HNF4 (hepatocyte nuclear factor) genes; the latter 
two are transcription factors. Less common are 
mutations in HNF1B, HNF6, or OC1 (ONECUT 1). 
Mutations in the various HNF genes may be 
associated with complications or liver disease.

Muta t ions  in  the  HNF1A  gene  resu l t 
in symptomatic diabetes. This transcription 
factor is essential for pancreatic development 
and maturation. In humans, this transcription 
factor is expressed in the pancreas, the kidney, 
and—during embryonic development—in the 
liver primordia, along with HNF1B. In families 
with HNF1A mutations, patients with hepatic 
adenomatosis have been identified when the 
gene is biallelically inactivated, when the second 
allele is inactivated. In patient cohorts, HNF1A 
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mutations were found in 35-40% of hepatic 
adenomas.34

The HNF1B gene is expressed early in the 
foregut, which gives rise to the liver, bile ducts, 
and pancreas; it is also expressed in the liver 
primordia, which are responsible for the organ’s 
maturation. Mutations in the HNF1B gene have 
been associated, in a 10-year-old patient, with 
the development of a variant of giant syncytial cell 
hepatocellular carcinoma.35

Considering the diseases associated with 
mutations in HNF1 genes, we can conclude that 
they act as tumor suppressors.

Because both HNF1B and OC1 (HNF6) 
factors are expressed in the foregut, we can 
conclude that they play a role in the development 
and maturation of the intra- and extrahepatic 
bile ducts.36 Ductal plate malformations have 
been described in children with mutations in 
each of these genes. Conditions described in 
these cases include neonatal cholestasis and a 
low number of interlobular bile ducts, abnormal 
extrahepatic bile ducts, gallbladder agenesis, liver 
necrosis and fibrosis, and pancreatic agenesis. 
These conditions manifest clinically as cirrhosis 
with signs of portal hypertension, persistent 
abnormalities in serum liver enzymes, and, in 
some cases, associated renal failure. The OC1 

(HNF6) gene product interacts with the NOTCH 
receptor in intrahepatic bile duct development, as 
does Jagged1, whose mutation reduces the 
number of interlobular ducts, as observed in 
patients with Alagille syndrome.36

ONECUT 1 plays an important role in the 
development of the endogenous pancreas 
and the bile ducts. In this regard, we 
recently reported a case of a patient with a 
deletion in the regulatory sequences of this 
gene’s expression.37 This child presented with 
intrauterine growth restriction and developed 
diabetes during the neonatal period. In 
addition, he exhibited exocrine pancreatic 
insufficiency and required enzyme 
replacement therapy. Ultrasound revealed 
a hypoplastic pancreas and an absence 
(agenesis) of the gallbladder. Furthermore, the 
patient had syndactyly of the 2nd and 3rd toes 
on each foot. At age 13, gastrointestinal 
bleeding was the first manifestation of cirrhosis 
and portal hypertension. A liver biopsy revealed 
non-inflammatory cirrhosis with signs of ductal 
plate malformation. The renal biopsy, performed 
because of nephrocalcinosis and signs of 
decreased glomerular filtration, r e v e a l e d  
p a r t i a l  a t r o p h y  o f  t h e  r e n a l  tubules, 
interstitial nephropathy, and cystic 
glomerulopathy. This patient perfectly 
illustrates the organs affected by the 
absence of HNF6 

Figure 2. Liver biopsy section from a child with liver disease associated with metabolic dysfunction

Hematoxylin and eosin stain. Macro- and microvesicular steatosis, portal space fibrosis, and moderate inflammation.
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transcription factor expression.
Syndromic monogenic causes include 

neonatal-onset diabetes accompanied by multiple 
other clinical manifestations, as in mutations in the 
EIF2AK3 gene (eukaryotic translation initiation 
factor 2a kinase 3), which, in homozygous or 
compound heterozygous forms, cause Wolcott-
Rallison syndrome. This autosomal recessive 
disorder is characterized by persistent neonatal 
diabetes, hepatic manifestations (a significant 
elevation in transaminases and, in some patients, 
signs of acute liver failure), epiphyseal dysplasia, 
and renal dysfunction.

CONCLUSION
The most common causes of diabetes in 

pediat r ics  are type 1 d iabetes,  which is 
autoimmune in origin, and—with an increasing 
incidence in recent years—type 2 diabetes, 
which is associated with poor nutrition and a 
sedentary lifestyle, leading to obesity and the 
development of MASLD. Hepatic complications 
in type 1 diabetes include autoimmune hepatitis 
and glycogenic liver disease, the latter of which 
is related to poor control of hyperglycemia. In 
type 2 diabetes, significant accumulation of 
triglycerides in the liver leads to an increased 
risk of progression to cirrhosis, liver failure, and, 
eventually, hepatocellular carcinoma.

In pat ients  wi th  monogenic  d iabetes, 
abnormalities in the development of the biliary 
tract and, in some cases, in the maturation and 
function of hepatocytes can lead to chronic 
cholestasis and contribute to the development of 
secondary biliary cirrhosis.

These institutions highlight, once again, the 
importance of interdisciplinary work, both for 
establishing a timely differential diagnosis and 
for implementing individualized treatment that 
considers each patient’s characteristics and the 
potential adverse effects of various therapeutic 
strategies. n

REFERENCES
1. 	 American Diabetes Association Professional Practice 

Committee for Diabetes. 2. Diagnosis and Classification of 
Diabetes: Standards of Care in Diabetes—2026. Diabetes 
Care. 2026;49(Suppl 1):S27-49. doi:10.2337/dc26-S002. 

2. 	 World Health Organization. Definition and diagnosis of 
diabetes mellitus and intermediate hyperglycemia. Geneva: 
World Health Organization; 2006. [Accessed on August 9, 
2026]. Available from: https://www.who.int/publications/i/ 
item/definition-and-diagnosis-of-diabetes-mellitus-and-
intermediate-hyperglycaemia 

3. 	 Alberti KG, Zimmet PZ. Definition, diagnosis and 
classification of diabetes mellitus and its complications. 
Part 1: diagnosis and classification of diabetes mellitus 

provisional report of a WHO consultation. Diabet 
Med. 1998;15(7):539- 53. doi :10.1002/(SICI)1096-
9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S. 

4. 	 Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. 
Lancet. 2014;383(9911):69-82. doi:10.1016/S0140- 
6736(13)60591-7. 

5. 	 DeFronzo RA. Pathogenesis of type 2 diabetes mellitus. 
Med Clin North Am. 2004;88(4):787-835,ix. doi:10.1016/j. 
mcna.2004.04.013. 

6. 	 McCarthy MI. Genomics, type 2 diabetes, and obesity. 
N Engl J Med. 2010;363(24):2339-50. doi:10.1056/ 
NEJMra0906948. 

7. 	 Polychronakos C, Li Q. Understanding type 1 diabetes 
through genetics: advances and prospects. Nat Rev Genet. 
2011;12(11):781-92. doi:10.1038/nrg3069. 

8. 	 Fajans SS, Bell GI, Polonsky KS. Molecular mechanisms 
and clinical pathophysiology of maturity-onset diabetes of 
the young. N Engl J Med. 2001;345(13):971-80. doi:10.1056/ 
NEJMra002168. 

9. 	 Ghanem SS, Al-Barazenji T, Badi R, Abdelalim EM. Bridging 
pancreatic and hepatic development: overlapping genes 
and their role in diabetes. Cell Mol Biol Lett. 2025;30(1):113. 
doi:10.1186/s11658-025-00790-y. 

10. 	Imtiaz KE, Healy C, Sharif S, Drake I, Awan F, Riley 
J, et al. Glycogenic hepatopathy in type 1 diabetes: an 
underrecognized condition. Diabetes Care. 2013;36(1):e6- 
7. doi:10.2337/dc12-1134. 

11. 	European Association for the Study of the Liver. EASL 
Clinical Practice Guidelines on the management of 
autoimmune hepatitis. J Hepatol. 2025;83(2):453-501. 
doi:10.1016/j.jhep.2025.03.017. 

12. 	Xanthakos SA, Ibrahim SH, Adams K, Kohli R, Sathya 
P, Sundaram S, et al. AASLD Practice Statement 
on the evaluation and management of metabolic 
dysfunction-associated steatotic liver disease in 
children. Hepatology. 2025;82(5):1352-94. doi:10.1097/ 
HEP.0000000000001368. 

13. 	Sherigar JM, Castro J, Yin YM, Guss D, Mohanty SR. 
Glycogenic hepatopathy: A narrative review. World J 
Hepatol. 2018;10(2):172-85. doi:10.4254/wjh.v10.i2.172. 

14. 	Mauriac P. Gros ventre, hépatomégalie, troubles de la 
croissance chez les enfants diabétiques traités depuis 
plusieurs années par l’insuline. Gaz Hebd Med Bordeaux. 
1930;26:402-10. 

15. 	Oeschger V, Prieto M. Síndrome de Mauriac en Argentina 
en el siglo XXI. Serie de 5 casos. Arch Argent Pediatr. 
2014;112(2):e46-9. doi :10.5546/aap.2014.e46. 

16. 	Sweetser S, Kraichely RE. The bright liver of glycogenic 
hepatopathy. Hepatology. 2010;51(2):711-2. doi:10.1002/ 
hep.23402. 

17. 	Mieli-Vergani G, Vergani D. Autoimmune hepatitis in 
children: what is different from adult AIH? Semin Liver Dis. 
2009;29(3):297-306. doi:10.1055/s-0029-1233529. 

18. 	Lohse AW, Mieli-Vergani G. Autoimmune hepatitis. J Hepatol. 
2011;55(1):171-82. doi:10.1016/j.jhep.2010.12.012. 

19. 	Krawitt EL. Autoimmune hepatitis. N Engl J Med. 
2006;354(1):54-66. doi:10.1056/NEJMra050408. 

20. 	Mack CL, Adams D, Assis DN, Kerkar N, Manns MP, Mayo 
MJ, et al. Diagnosis and Management of Autoimmune 
Hepatitis in Adults and Children: 2019 Practice Guidance 
and Guidelines from the American Association for the 
Study of Liver Diseases. Hepatology. 2020;72(2):671-722. 
doi:10.1002/hep.31065. 

21. 	Redondo MJ, Morgan NG. Heterogeneity and endotypes 
in type 1 diabetes mellitus. Nat Rev Endocrinol. 
2023;19(9):542-54. doi:10.1038/s41574-023-00853-0. 

22. 	Clore JN, Thurby-Hay L. Glucocorticoid-induced 
hyperglycemia. Endocr Pract. 2009;15(5):469-74. 



7

Review / Arch Argent Pediatr. 2026;e202611117

doi:10.4158/EP08331.RAR. 
23. 	van Raalte DH, Diamant M. Steroid diabetes: from 

mechanism to treatment? Neth J Med. 2014;72(2):62-72. 
24. 	Hennes EM, Zeniya M, Czaja AJ, Parés A, Dalekos GN, 

Krawitt EL, et al. Simplified criteria for the diagnosis of 
autoimmune hepatitis. Hepatology. 2008;48(1):169-76. 
doi:10.1002/hep.22322. 

25. 	Tilg H, Effenberger M. From NAFLD to MAFLD: when 
pathophysiology succeeds. Nat Rev Gastroenterol Hepatol. 
2020;17(7):387-8. doi:10.1038/s41575-020-0316-6. 

26. 	Samuel VT, Shulman GI. Mechanisms for insulin resistance: 
common threads and missing links. Cell. 2012;148(5):852- 
71. doi:10.1016/j.cell.2012.02.017. 

27. 	Shah AS, Barrientos-Pérez M, Chang N, Fu JF, Hannon 
TS, Kelsey M, et al. ISPAD Clinical Practice Consensus 
Guidelines 2024: Type 2 Diabetes in Children and 
Adolescents. Horm Res Paediatr. 2024;97(6):555-83. 
doi:10.1159/000543033. 

28.	Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D, 
Pennacchio LA, et al. Genetic variation in PNPLA3 confers 
susceptibility to nonalcoholic fatty liver disease. Nat Genet. 
2008;40(12):1461-5. doi:10.1038/ng.257. 

29. 	Kozlitina J, Smagris E, Stender S, Nordestgaard BG, Zhou 
HH, Tybjærg-Hansen A, et al. Exome-wide association study 
identifies a TM6SF2 variant that confers susceptibility to 
nonalcoholic fatty liver disease. Nat Genet. 2014;46(4):352- 
6. doi:10.1038/ng.2901. 

30. 	Buzzetti E, Pinzani M, Tsochatzis EA. The multiple-
hit pathogenesis of non-alcoholic fatty liver disease 
(NAFLD). Metabolism. 2016;65(8):1038-48. doi:10.1016/j. 
metabol.2015.12.012. 

31. 	Tilg H, Moschen AR. Microbiota and diabetes: an evolving 
relationship. Gut. 2014;63(9):1513-21. doi:10.1136/ 
gutjnl-2014-306928. 

32. 	Vos MB, Abrams SH, Barlow SE, Caprio S, Daniels SR, 
Kohli R, et al. NASPGHAN Clinical Practice Guideline for 
the Diagnosis and Treatment of Nonalcoholic Fatty Liver 
Disease in Children: Recommendations from the Expert 
Committee on NAFLD (ECON) and the North American 
Society of Pediatric Gastroenterology, Hepatology and 
Nutrition (NASPGHAN). J Pediatr Gastroenterol Nutr. 
2017;64(2):319-34. doi:10.1097/MPG.0000000000001482. 

33. 	Tosur M, Philipson LH. Precision diabetes: Lessons learned 
from maturity-onset diabetes of the young (MODY). J 
Diabetes Investig. 2022;13(9):1465-71. doi:10.1111/ 
jdi.13860. 

34. 	Reznik Y, Dao T, Coutant R, Chiche L, Jeannot E, 
Clauin S, et al. Hepatocyte nuclear factor-1 alpha gene 
inactivation: cosegregation between liver adenomatosis 
and diabetes phenotypes in two maturity-onset diabetes 
of the young (MODY)3 families. J Clin Endocrinol Metab. 
2004;89(3):1476-80. doi:10.1210/jc.2003-031552. 

35. 	Pinon M, Gambella A, Giugliano L, Chiadò C, Kalantari 
S, Bracciamà V, et al. New case of syncytial giant-cell 
variant of hepatocellular carcinoma in a pediatric patient 
with HNF1B deficiency: does it fit with the syndrome? BMJ 
Open Gastroenterol. 2022;9(1):e001013. doi:10.1136/ 
bmjgast-2022-001013. 

36. 	Clotman F, Lannoy VJ, Reber M, Cereghini S, Cassiman 
D, Jacquemin P, et al. The onecut transcription factor 
HNF6 is required for normal development of the biliary 
tract. Development. 2002;129(8):1819-28. doi:10.1242/ 
dev.129.8.1819. 

37. 	Merz S, Senée V, Philippi A, Oswald F, Shaigan M, 
Führer M, et al. A ONECUT1 regulatory, non-coding 
region in pancreatic development and diabetes. Cell Rep. 
2024;43(11):114853. doi:10.1016/j.celrep.2024.114853.


