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Alcoholic hepatitis is a major health and economic burden worldwide. Glucocorticoids (GCs) are the only first-line

drugs recommended to treat severe alcoholic hepatitis (sAH), with limited short-term efficacy and significant side

effects.
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1. Introduction

Alcohol is the most consumed xenobiotic worldwide. Alcoholic liver disease (ALD) is among the most common liver

diseases, and more than 2 million people had alcohol-associated cirrhosis in the US in 2017 . There was a

greater than three-fold increase in deaths from alcoholic cirrhosis in the United States between 1999 and 2019 .

The consumption of alcohols and alcohol-related deaths increased significantly during the COVID-19 pandemic .

ALD is the leading cause of alcohol-related deaths, with 29, 504 deaths due to ALD in the US in 2020 . Severe

alcoholic hepatitis (sAH) is defined as a modified Maddrey’s discriminant function (MDF) score greater than or

equal to 32 or a Model for End-Stage Liver Disease (MELD) score greater than 20 . sAH is associated with the

development of acute-on-chronic liver failure and multiorgan failure . Marked steatohepatitis, jaundice, cholestatic

liver injury, and impaired liver regeneration are hallmarks of sAH, which causes high mortality . Moreover, many

patients with AH may progress to alcoholic cirrhosis and liver cancer. Patients with alcoholic cirrhosis incur nearly

double the per-person health care costs compared to those with non-alcoholic cirrhosis . An analysis of a 2007–

2014 national inpatient sample shows that among 159,973 ALD hospitalizations in the USA, 83.7% and 18.4% had

a primary diagnosis of alcohol-associated cirrhosis and AH, respectively . Native Americans (OR = 1.88) and

Asian/Pacific Islanders (OR = 2.02) with AH had significantly higher in-hospital mortality compared with non-

Hispanic whites . In a health care claims analysis of over 15,000 commercially insured adults hospitalized with

AH between 2006 and 2013 in the USA, the total costs were nearly USD 145,000 per patient, and about two-thirds

of hospitalized sAH patients died within 5 years after the initial hospitalization . In 2016, AH-related and alcoholic-

cirrhosis-related hospitalizations accounted for USD 1.15 billion and USD 7.67 billion in the USA, respectively .

Therefore, ALD, and sAH in particular, is a major health and economic burden worldwide . Currently, there is no

FDA-approved drug treatment specifically for sAH. Glucocorticoids (GCs) have been widely used in the treatment

of sAH for decades due to their putative anti-inflammatory and liver-protective effects, with limited short-term

benefits but no long-term effects . Currently, GCs (prednisolone 40 mg/day or methylprednisolone 32 mg/day)

are the only first-line drugs recommended in the US and Europe for sAH . sAH patients with MDF score > 32
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and with no signs of infection, pancreatitis, gastrointestinal bleed, or acute renal failure are eligible to receive GCs

. Patients with an improvement in the Lille score (<0.45 on day 7), an indicator of liver and kidney functions, are

considered responders to GCs, and their treatment will continue. Patients without an improvement in the Lille score

(>0.45 on day 7) are considered non-responders to GCs, and the GC therapy will be stopped . A recent study

indicates that the Lille score at day 4 can be used to predict the response to GC therapy in patients with sAH .

Although there have been various recent clinical studies regarding GC therapy of sAH, no review dedicated to GC

therapy of sAH has been published in the last 5 years.

2. Efficacy of GCs in sAH Therapy

There have been various clinical studies regarding the efficacy of GCs in the treatment of sAH, with variable results

and conclusions. In a multicenter, double-blind, randomized trial to evaluate the effect of treatment of sAH with

prednisolone or pentoxifylline (a phosphodiesterase inhibitor and antioxidant), prednisolone tended to reduce the

28-day mortality with an odd ratio of 0.72 (95% CI, 0.52 to 1.01; p = 0.06), whereas pentoxifylline was ineffective

. In a retrospective, international multicenter cohort study across four continents published in 2021,

corticosteroid use significantly decreased the 30-day mortality by 41%, with no difference in the type of

corticosteroids used (prednisone, prednisolone, or methylprednisolone) . Corticosteroid had no benefit in sAH

patients with MELD score > 51 . In a meta-analysis of individual patient data from 11 randomized controlled

trials comparing corticosteroids, pentoxifylline, or their combination in patients with sAH, corticosteroid treatment

significantly decreased the risk of death within 28 days compared with controls or pentoxifylline; however, GC’s

survival benefits disappeared after 6 months of treatment . It is noteworthy that the short- and medium-term

outcome (before 6 months) is mainly determined by the severity of liver injury at baseline and the early

improvement in hepatic function, whereas the long-term outcome (after 6 months) can be greatly influenced by

alcohol consumption . In contrast to the reported short-term benefits, a recent meta-analysis of 16 randomized

clinical trials with an overall high risk of bias found no significant benefits or harms of GC treatments in sAH

patients . The combination of GCs with other therapies, such as pentoxifylline, S-adenosil-L-methionine, or N-

acetylcysteine, did not further reduce the mortality in sAH . However, dual therapy with GC and

pentoxifylline significantly decreased the incidences of hepatorenal syndrome or acute kidney injury and the

infection risk , and dual therapy with GC and S-adenosil-L-methionine significantly increased the GC therapy

response and decreased the occurrence of the hepatorenal syndrome . The summary of recent studies of

biomarkers of GC responsiveness/non-responsiveness in sAH patients suggests that only select sAH patients with

moderately severe AH may benefit from GC therapy.

3. GC Resistance/Non-Responsiveness (GCR) as a Limiting
Factor in sAH Therapy

Unfortunately, GCR is common in sAH and sepsis . Both sAH and sepsis feature hyperinflammation and

multiorgan dysfunction. In fact, sepsis is a leading cause of death in sAH . An increased risk of infections by

systemic GC treatment is a major side effect that may offset its benefit in AH . In contrast, the hepatic
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protein levels of GR decrease in patients with sepsis, and hepatic GR deficiency worsens liver failure and mortality

in mice with sepsis due to hyperinflammation and heightened cholestatic liver injury . Neutrophil dysfunction

plays a key role in liver injury and increased infection in AH . In particular, neutrophils interact with

cholangiocytes to cause cholestatic changes in AH , and neutrophils produce reactive oxygen species to

aggravate AH . The large Steroids or Pentoxifylline for Alcoholic Hepatitis (STOPAH) study discovered that the

baseline inflammatory biomarker neutrophil-to-lymphocyte ratio (NLR) predicts GC responsiveness in sAH;

prednisolone increases the 90-day survival if NLR is 5–8 but increases the risk of day 7 infection and AKI if NLR >

8 . A comparative clinical study of 246 sAH patients indicates that the probability of infection after GCs is

drastically lower in GC responders (Lille score < 0.45) than non-responders . Nonresponse to GCs is the key

factor in the development of infection and prediction of survival in sAH patients . sAH patients who are resistant

to GR-mediated anti-inflammatory and liver-protective effects will have an elevated risk of the prednisolone-MR-

mediated side effects, such as AKI . Additionally, high blood levels of keratin-18 fragments, generated by

caspase cleavage during apoptosis , strongly predict good GC response in sAH patients . In sAH patients,

the presence of bridging liver fibrosis is the strongest negative prognostic marker, whereas marked neutrophil

infiltration is associated with more favorable outcomes . In this regard, high neutrophil infiltration is associated

with a more acute liver injury but less severe fibrosis/cirrhosis in sAH patients . Likewise, the blood levels of

keratin-18 fragments negatively correlate with liver fibrosis in sAH patients . A high NLR of 5–8 indicates marked

neutrophilia and hepatic infiltration of neutrophils in sAH patients. In contrast, an NLR > 8 will indicate an

uncontrolled severe inflammation and cholestasis that likely cause GCR. Additionally, sAH patients with elevated

blood ferritin, an indicator of iron overload and cirrhosis , do not respond well to GC therapy . A recent

histological study of 225 AH patients shows that bridging fibrosis or cirrhosis is present in 81.8% of AH patients .

Thus, as blood biomarkers of good GC responsiveness in sAH, high keratin-18 fragments, low ferritin, and NLR of

5–8 will indicate acute severe, but still controllable, inflammation and apoptosis without prominent fibrosis/cirrhosis

and GCR, which is consistent with the known potent anti-inflammatory and anti-apoptotic effects of GC/GR on the

liver .

In addition to blood biomarkers, blood transcriptomics and urinary metabolomics have been studied for GC

responsiveness in sAH patients. RNA-sequencing and flow-cytometry analyses of peripheral blood mononuclear

cells of sAH patients show that GC non-responders have higher baseline levels of CD4 and CD8 T cells and NK

cells, and their blood transcriptomes are not altered by GC therapy, indicating a GC resistance . Additionally, a

urine metabolomics study in Indian sAH patients shows that nine urinary metabolites linked to mitochondrial

functions significantly discriminate GC non-responders, with markedly elevated baseline urinary acetyl-L-carnitine

being the most predictive for GC non-responders and non-survivors . An increase in urinary acylcarnitine

excretion is associated with L-carnitine deficiency in renal and metabolic diseases . Unfortunately, the blood

levels of carnitine were not determined in that study . L-carnitine is required for normal mitochondrial β oxidation

of fatty acids, and L-carnitine is a “nutritional modulator” of the GR by acting as a GR-agonist-like compound .

Interestingly, the baseline hepatic transcriptome correlates with urinary acylcarnitines in these sAH patients .

The association of L-carnitine disorder with sAH severity and GCR warrants further investigation.
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4. Mechanisms of GR Deficiency and GCR in sAH

Although short-term alcohol exposure may increase GR responsiveness, several distinct mechanisms ultimately

lead to decreased GR responsiveness in sAH. The recent study found that GR was strongly activated by binge

alcohol in mouse liver to protect against liver dysfunction and injury . Ethanol treatment has been shown to

induce the GR-target gene GILZ in the cultured human lung epithelial cells via increasing nuclear translocation of

GR . Thus, hepatic GR may be activated by ethanol or its metabolites to protect against steatohepatitis in the

early stage of AH. In contrast, hepatic GR signaling is markedly impaired in sAH patients; however, the underlying

mechanism of the defects of GR signaling in sAH remains poorly understood. There are many (more than 100) GR

mutations in the general population that may contribute to the intrinsic GCR . The common GR 9β SNP rs6198,

which causes stabilization and increased translation of the GRβ mRNA to decrease GC response, is associated

with poor efficacy of GC therapy in patients with childhood acute lymphoblastic leukemia . Additionally, the

common GR polymorphism rs41423247 (BclI) located in the intron2-3 with GC hypersensitivity is associated with

better responses to GC’s protective effects on postoperative posttraumatic stress disorder symptoms in cardiac

surgery patients and inflammatory bowel disease . So far, there are no published pharmacogenetic studies on

the effects of various mutations/SNPs of GR on the GC responsiveness in sAH patients. The putative inhibition of

HSD11β1 by the accumulated BAs will hinder the activation of the endogenous GCs, resulting in impaired hepatic

GR signaling in sAH. Interestingly, Indian, but not French, sAH patients who were non-responsive to GC therapy

had decreased hepatic GR proteins . Thus, the decrease in hepatic GR proteins is an important mechanism of

acquired GCR; however, other mechanisms of GCR also exist. sAH patients are highly susceptible to sepsis, and

sepsis is a leading cause of death in sAH . A recent study indicates that decreases in the DNA binding of GR

play a key role in global GCR in sepsis . Combined GCR and hyperlactatemia due to defective gluconeogenesis

contributes to immunodeficiency, hyperinflammation, and lethal shock in sepsis . Ethanol markedly inhibits

gluconeogenesis from lactate due to decreased free NAD+ during the oxidation of ethanol and the resultant

decreases in the concentration of pyruvate and the rate of pyruvate carboxylase reaction . A prominent feature

of alcohol abuse is the disruption of the intestinal barrier, dysbiosis, and increase in circulating endotoxins . The

increase in circulating toxins, specifically lipopolysaccharide (LPS), plays a vital role in potentiating ethanol

hepatotoxicity and/or GCR in sAH and sepsis . sAH patients with high blood levels of LPS do not respond

to GC therapy . LPS stimulates the release of TNF from Kupffer cells, and TNF causes GCR in hepatocytes .

Therefore, increases in circulating LPS and TNF and decreases in hepatic HSD11β1 activity, GR proteins, and

DNA binding of GR likely play major roles in the markedly impaired GR signaling and GCR in sAH. The

combination of GCR and inhibition of gluconeogenesis from lactate by ethanol may help explain sepsis as a

leading cause of death in sAH patients .

References

1. Singal, A.K.; Mathurin, P. Diagnosis and Treatment of Alcohol-Associated Liver Disease: A
Review. JAMA 2021, 326, 165–176.

[48]

[49]

[50]

[51]

[52][53]

[54]

[25][26]

[55]

[55]

[56]

[57]

[55][58][59]

[59] [60]

[25][26]



Glucocorticoids in Alcoholic Hepatitis | Encyclopedia.pub

https://encyclopedia.pub/entry/27920 5/9

2. Termeie, O.; Fiedler, L.; Martinez, L.; Foster, J.; Perumareddi, P.; Levine, R.S.; Hennekens, C.H.
Alarming Trends: Mortality from Alcoholic Cirrhosis in the United States. Am. J. Med. 2022, in
press.

3. White, A.M.; Castle, I.P.; Powell, P.A.; Hingson, R.W.; Koob, G.F. Alcohol-Related Deaths During
the COVID-19 Pandemic. JAMA 2022, 327, 1704–1706.

4. Quagliarini, F.; Mir, A.A.; Balazs, K.; Wierer, M.; Dyar, K.A.; Jouffe, C.; Makris, K.; Hawe, J.;
Heinig, M.; Filipp, F.V.; et al. Cistromic Reprogramming of the Diurnal Glucocorticoid Hormone
Response by High-Fat Diet. Mol. Cell. 2019, 76, 531–545.e5.

5. Sidhu, S.S.; Goyal, O.; Kishore, H.; Sidhu, S. New paradigms in management of alcoholic
hepatitis: A review. Hepatol. Int. 2017, 11, 255–267.

6. Hosseini, N.; Shor, J.; Szabo, G. Alcoholic Hepatitis: A Review. Alcohol Alcohol. 2019, 54, 408–
416.

7. Mellinger, J.L.; Shedden, K.; Winder, G.S.; Tapper, E.; Adams, M.; Fontana, R.J.; Volk, M.L.; Blow,
F.C.; Lok, A.S.F. The high burden of alcoholic cirrhosis in privately insured persons in the United
States. Hepatology 2018, 68, 872–882.

8. Shirazi, F.; Singal, A.K.; Wong, R.J. Alcohol-associated Cirrhosis and Alcoholic Hepatitis
Hospitalization Trends in the United States. J. Clin. Gastroenterol. 2021, 55, 174–179.

9. Thompson, J.A.; Martinson, N.; Martinson, M. Mortality and costs associated with alcoholic
hepatitis: A claims analysis of a commercially insured population. Alcohol 2018, 71, 57–63.

10. Ladhani, S.; Hirode, G.; Singal, A.K.; Wong, R.J. Impact of Safety-Net Burden on In-Hospital
Mortality and Hospitalization Costs Among Patients with Alcoholic Hepatitis and Alcoholic
Cirrhosis. Alcohol Alcohol. 2021, 56, 368–375.

11. Thursz, M.; Morgan, T.R. Treatment of Severe Alcoholic Hepatitis. Gastroenterology 2016, 150,
1823–1834.

12. Rattan, P.; Shah, V.H. Review article: Current and emerging therapies for acute alcohol-
associated hepatitis. Aliment. Pharmacol. Ther. 2022, 56, 28–40.

13. European Association for the Study of the Liver. EASL Clinical Practice Guidelines: Management
of alcohol-related liver disease. J. Hepatol. 2018, 69, 154–181.

14. Foncea, C.G.; Sporea, I.; Lupusoru, R.; Moga, T.V.; Bende, F.; Sirli, R.; Popescu, A. Day-4 Lille
Score Is a Good Prognostic Factor and Early Predictor in Assessing Therapy Response in
Patients with Liver Cirrhosis and Severe Alcoholic Hepatitis. J. Clin. Med. 2021, 10, 2338.

15. Thursz, M.R.; Richardson, P.; Allison, M.; Austin, A.; Bowers, M.; Day, C.P.; Downs, N.; Gleeson,
D.; MacGilchrist, A.; Grant, A.; et al. Prednisolone or pentoxifylline for alcoholic hepatitis. N. Engl.
J. Med. 2015, 372, 1619–1628.



Glucocorticoids in Alcoholic Hepatitis | Encyclopedia.pub

https://encyclopedia.pub/entry/27920 6/9

16. Arab, J.P.; Diaz, L.A.; Baeza, N.; Idalsoaga, F.; Fuentes-Lopez, E.; Arnold, J.; Ramirez, C.A.;
Morales-Arraez, D.; Ventura-Cots, M.; Alvarado-Tapias, E.; et al. Identification of optimal
therapeutic window for steroid use in severe alcohol-associated hepatitis: A worldwide study. J.
Hepatol. 2021, 75, 1026–1033.

17. Louvet, A.; Thursz, M.R.; Kim, D.J.; Labreuche, J.; Atkinson, S.R.; Sidhu, S.S.; O’Grady, J.G.;
Akriviadis, E.; Sinakos, E.; Carithers, R.L., Jr.; et al. Corticosteroids Reduce Risk of Death Within
28 Days for Patients With Severe Alcoholic Hepatitis, Compared With Pentoxifylline or Placebo-a
Meta-analysis of Individual Data From Controlled Trials. Gastroenterology 2018, 155, 458–
468.e8.

18. Louvet, A.; Labreuche, J.; Artru, F.; Bouthors, A.; Rolland, B.; Saffers, P.; Lollivier, J.; Lemaitre, E.;
Dharancy, S.; Lassailly, G.; et al. Main drivers of outcome differ between short term and long term
in severe alcoholic hepatitis: A prospective study. Hepatology 2017, 66, 1464–1473.

19. Pavlov, C.S.; Varganova, D.L.; Casazza, G.; Tsochatzis, E.; Nikolova, D.; Gluud, C.
Glucocorticosteroids for people with alcoholic hepatitis. Cochrane Database Syst. Rev. 2017, 11,
CD001511.

20. Amjad, W.; Alukal, J.; Doycheva, I.; Zhang, T.; Maheshwari, A.; Yoo, H.; Thuluvath, P.J. A
Combination of N-Acetylcysteine and Prednisone Has No Benefit Over Prednisone Alone in
Severe Alcoholic Hepatitis: A Retrospective Analysis. Dig. Dis. Sci. 2020, 65, 3726–3733.

21. Lee, Y.S.; Kim, H.J.; Kim, J.H.; Yoo, Y.J.; Kim, T.S.; Kang, S.H.; Suh, S.J.; Joo, M.K.; Jung, Y.K.;
Lee, B.J.; et al. Treatment of Severe Alcoholic Hepatitis With Corticosteroid, Pentoxifylline, or
Dual Therapy: A Systematic Review and Meta-Analysis. J. Clin. Gastroenterol. 2017, 51, 364–
377.

22. Tkachenko, P.; Maevskaya, M.; Pavlov, A.; Komkova, I.; Pavlov, C.; Ivashkin, V. Prednisolone plus
S-adenosil-L-methionine in severe alcoholic hepatitis. Hepatol. Int. 2016, 10, 983–987.

23. Xue, R.; Meng, Q. The Management of Glucocorticoid Therapy in Liver Failure. Front. Immunol.
2019, 10, 2490.

24. Vandewalle, J.; Libert, C. Glucocorticoids in Sepsis: To Be or Not to Be. Front. Immunol. 2020, 11,
1318.

25. Gustot, T.; Fernandez, J.; Szabo, G.; Albillos, A.; Louvet, A.; Jalan, R.; Moreau, R.; Moreno, C.
Sepsis in alcohol-related liver disease. J. Hepatol. 2017, 67, 1031–1050.

26. Perez-Hernandez, O.; Gonzalez-Reimers, E.; Quintero-Platt, G.; Abreu-Gonzalez, P.; Vega-Prieto,
M.J.; Sanchez-Perez, M.J.; Martin-Gonzalez, C.; Martinez-Riera, A.; Santolaria-Fernandez, F.
Malondialdehyde as a Prognostic Factor in Alcoholic Hepatitis. Alcohol Alcohol. 2017, 52, 305–
310.



Glucocorticoids in Alcoholic Hepatitis | Encyclopedia.pub

https://encyclopedia.pub/entry/27920 7/9

27. Vergis, N.; Atkinson, S.R.; Knapp, S.; Maurice, J.; Allison, M.; Austin, A.; Forrest, E.H.; Masson,
S.; McCune, A.; Patch, D.; et al. In Patients With Severe Alcoholic Hepatitis, Prednisolone
Increases Susceptibility to Infection and Infection-Related Mortality, and Is Associated With High
Circulating Levels of Bacterial DNA. Gastroenterology 2017, 152, 1068–1077.e4.

28. Ray, K. Alcoholic liver disease: Alcoholic hepatitis: A warning for prednisolone and infection risk?
Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 68.

29. Yeligar, S.M.; Chen, M.M.; Kovacs, E.J.; Sisson, J.H.; Burnham, E.L.; Brown, L.A. Alcohol and
lung injury and immunity. Alcohol 2016, 55, 51–59.

30. Louvet, A.; Wartel, F.; Castel, H.; Dharancy, S.; Hollebecque, A.; Canva-Delcambre, V.; Deltenre,
P.; Mathurin, P. Infection in patients with severe alcoholic hepatitis treated with steroids: Early
response to therapy is the key factor. Gastroenterology 2009, 137, 541–548.

31. Jenniskens, M.; Weckx, R.; Dufour, T.; Vander Perre, S.; Pauwels, L.; Derde, S.; Teblick, A.;
Guiza, F.; Van den Berghe, G.; Langouche, L. The Hepatic Glucocorticoid Receptor Is Crucial for
Cortisol Homeostasis and Sepsis Survival in Humans and Male Mice. Endocrinology 2018, 159,
2790–2802.

32. Mookerjee, R.P.; Stadlbauer, V.; Lidder, S.; Wright, G.A.; Hodges, S.J.; Davies, N.A.; Jalan, R.
Neutrophil dysfunction in alcoholic hepatitis superimposed on cirrhosis is reversible and predicts
the outcome. Hepatology 2007, 46, 831–840.

33. Takeuchi, M.; Vidigal, P.T.; Guerra, M.T.; Hundt, M.A.; Robert, M.E.; Olave-Martinez, M.; Aoki, S.;
Khamphaya, T.; Kersten, R.; Kruglov, E.; et al. Neutrophils interact with cholangiocytes to cause
cholestatic changes in alcoholic hepatitis. Gut 2021, 70, 342–356.

34. Ma, J.; Guillot, A.; Yang, Z.; Mackowiak, B.; Hwang, S.; Park, O.; Peiffer, B.J.; Ahmadi, A.R.; Melo,
L.; Kusumanchi, P.; et al. Distinct histopathological phenotypes of severe alcoholic hepatitis
suggest different mechanisms driving liver injury and failure. J. Clin. Investig. 2022, 132, e157780.

35. Forrest, E.H.; Storey, N.; Sinha, R.; Atkinson, S.R.; Vergis, N.; Richardson, P.; Masson, S.; Ryder,
S.; Thursz, M.R.; Allison, M.; et al. Baseline neutrophil-to-lymphocyte ratio predicts response to
corticosteroids and is associated with infection and renal dysfunction in alcoholic hepatitis.
Aliment. Pharmacol. Ther. 2019, 50, 442–453.

36. Ku, N.O.; Strnad, P.; Bantel, H.; Omary, M.B. Keratins: Biomarkers and modulators of apoptotic
and necrotic cell death in the liver. Hepatology 2016, 64, 966–976.

37. Atkinson, S.R.; Grove, J.I.; Liebig, S.; Astbury, S.; Vergis, N.; Goldin, R.; Quaglia, A.; Bantel, H.;
Guha, I.N.; Thursz, M.R.; et al. In Severe Alcoholic Hepatitis, Serum Keratin-18 Fragments Are
Diagnostic, Prognostic, and Theragnostic Biomarkers. Am. J. Gastroenterol. 2020, 115, 1857–
1868.



Glucocorticoids in Alcoholic Hepatitis | Encyclopedia.pub

https://encyclopedia.pub/entry/27920 8/9

38. Altamirano, J.; Miquel, R.; Katoonizadeh, A.; Abraldes, J.G.; Duarte-Rojo, A.; Louvet, A.; Augustin,
S.; Mookerjee, R.P.; Michelena, J.; Smyrk, T.C.; et al. A histologic scoring system for prognosis of
patients with alcoholic hepatitis. Gastroenterology 2014, 146, 1231–1239.e6.

39. Oikonomou, T.; Goulis, I.; Soulaidopoulos, S.; Karasmani, A.; Doumtsis, P.; Tsioni, K.; Mandala,
E.; Akriviadis, E.; Cholongitas, E. High serum ferritin is associated with worse outcome of patients
with decompensated cirrhosis. Ann. Gastroenterol. 2017, 30, 217–224.

40. Sahlman, P.; Nissinen, M.; Simonen, P.; Farkkila, M. Noncholesterol Sterols as Surrogate Markers
in Patients with Severe Alcoholic Hepatitis. Lipids 2018, 53, 323–334.

41. Ventura-Cots, M.; Argemi, J.; Jones, P.D.; Lackner, C.; El Hag, M.; Abraldes, J.G.; Alvarado, E.;
Clemente, A.; Ravi, S.; Alves, A.; et al. Clinical, histological and molecular profiling of different
stages of alcohol-related liver disease. Gut 2022, 71, 1856–1866.

42. Mueller, K.M.; Kornfeld, J.W.; Friedbichler, K.; Blaas, L.; Egger, G.; Esterbauer, H.; Hasselblatt, P.;
Schlederer, M.; Haindl, S.; Wagner, K.U.; et al. Impairment of hepatic growth hormone and
glucocorticoid receptor signaling causes steatosis and hepatocellular carcinoma in mice.
Hepatology 2011, 54, 1398–1409.

43. Gruver-Yates, A.L.; Cidlowski, J.A. Tissue-specific actions of glucocorticoids on apoptosis: A
double-edged sword. Cells 2013, 2, 202–223.

44. Sharma, S.; Baweja, S.; Maras, J.S.; Shasthry, S.M.; Moreau, R.; Sarin, S.K. Differential blood
transcriptome modules predict response to corticosteroid therapy in alcoholic hepatitis. JHEP
Rep. 2021, 3, 100283.

45. Maras, J.S.; Das, S.; Sharma, S.; Shasthry, S.M.; Colsch, B.; Junot, C.; Moreau, R.; Sarin, S.K.
Baseline urine metabolic phenotype in patients with severe alcoholic hepatitis and its association
with outcome. Hepatol. Commun. 2018, 2, 628–643.

46. Chalmers, R.A.; Roe, C.R.; Stacey, T.E.; Hoppel, C.L. Urinary excretion of l-carnitine and
acylcarnitines by patients with disorders of organic acid metabolism: Evidence for secondary
insufficiency of l-carnitine. Pediatr. Res. 1984, 18, 1325–1328.

47. Manoli, I.; De Martino, M.U.; Kino, T.; Alesci, S. Modulatory effects of L-carnitine on glucocorticoid
receptor activity. Ann. N. Y. Acad. Sci. 2004, 1033, 147–157.

48. Wang, Y.; Lu, H. Liver-specific knockout of glucocorticoid receptor worsens steatohepatitis
induced by high-fat-diet-plus binge alcohol in mice. SUNY Upstate Med. Univ. Syracuse N. Y. USA
2022. to be submitted.

49. Gomez, M.; Raju, S.V.; Viswanathan, A.; Painter, R.G.; Bonvillain, R.; Byrne, P.; Nguyen, D.H.;
Bagby, G.J.; Kolls, J.K.; Nelson, S.; et al. Ethanol upregulates glucocorticoid-induced leucine
zipper expression and modulates cellular inflammatory responses in lung epithelial cells. J.
Immunol. 2010, 184, 5715–5722.



Glucocorticoids in Alcoholic Hepatitis | Encyclopedia.pub

https://encyclopedia.pub/entry/27920 9/9

50. Vandevyver, S.; Dejager, L.; Libert, C. Comprehensive overview of the structure and regulation of
the glucocorticoid receptor. Endocr. Rev. 2014, 35, 671–693.

51. Gasic, V.; Zukic, B.; Stankovic, B.; Janic, D.; Dokmanovic, L.; Lazic, J.; Krstovski, N.; Dolzan, V.;
Jazbec, J.; Pavlovic, S.; et al. Pharmacogenomic markers of glucocorticoid response in the initial
phase of remission induction therapy in childhood acute lymphoblastic leukemia. Radiol. Oncol.
2018, 52, 296–306.

52. Kok, L.; Hillegers, M.H.; Veldhuijzen, D.S.; Boks, M.P.; Dieleman, J.M.; van Dijk, D.; Joels, M.;
Vinkers, C.H. Genetic variation in the glucocorticoid receptor and psychopathology after
dexamethasone administration in cardiac surgery patients. J. Psychiatr. Res. 2018, 103, 167–172.

53. De Iudicibus, S.; Stocco, G.; Martelossi, S.; Drigo, I.; Norbedo, S.; Lionetti, P.; Pozzi, E.; Barabino,
A.; Decorti, G.; Bartoli, F.; et al. Association of BclI polymorphism of the glucocorticoid receptor
gene locus with response to glucocorticoids in inflammatory bowel disease. Gut 2007, 56, 1319–
1320.

54. Sharma, S.; Maras, J.S.; Das, S.; Hussain, S.; Mishra, A.K.; Shasthry, S.M.; Sharma, C.B.; Weiss,
E.; Elkrief, L.; Rautou, P.E.; et al. Pre-therapy liver transcriptome landscape in Indian and French
patients with severe alcoholic hepatitis and steroid responsiveness. Sci. Rep. 2017, 7, 6816.

55. Vandewalle, J.; Timmermans, S.; Paakinaho, V.; Vancraeynest, L.; Dewyse, L.; Vanderhaeghen,
T.; Wallaeys, C.; Van Wyngene, L.; Van Looveren, K.; Nuyttens, L.; et al. Combined glucocorticoid
resistance and hyperlactatemia contributes to lethal shock in sepsis. Cell Metab. 2021, 33, 1763–
1776.e5.

56. Krebs, H.A.; Freedland, R.A.; Hems, R.; Stubbs, M. Inhibition of hepatic gluconeogenesis by
ethanol. Biochem. J. 1969, 112, 117–124.

57. Schnabl, B.; Brenner, D.A. Interactions between the intestinal microbiome and liver diseases.
Gastroenterology 2014, 146, 1513–1524.

58. Neuman, M.G.; Maor, Y.; Nanau, R.M.; Melzer, E.; Mell, H.; Opris, M.; Cohen, L.; Malnick, S.
Alcoholic Liver Disease: Role of Cytokines. Biomolecules 2015, 5, 2023–2034.

59. Michelena, J.; Altamirano, J.; Abraldes, J.G.; Affo, S.; Morales-Ibanez, O.; Sancho-Bru, P.;
Dominguez, M.; Garcia-Pagan, J.C.; Fernandez, J.; Arroyo, V.; et al. Systemic inflammatory
response and serum lipopolysaccharide levels predict multiple organ failure and death in alcoholic
hepatitis. Hepatology 2015, 62, 762–772.

60. Van Bogaert, T.; Vandevyver, S.; Dejager, L.; Van Hauwermeiren, F.; Pinheiro, I.; Petta, I.;
Engblom, D.; Kleyman, A.; Schutz, G.; Tuckermann, J.; et al. Tumor necrosis factor inhibits
glucocorticoid receptor function in mice: A strong signal toward lethal shock. J. Biol. Chem. 2011,
286, 26555–26567.

Retrieved from https://encyclopedia.pub/entry/history/show/68272


