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Abstract: 

Background: Excessive alcohol use disrupts gut bacteria, leading to liver disorders such as alcohol-associated liver 

disease (ALD) and cirrhosis. Advances in sequencing reveal changes in the gut microbiota related to alcohol intake, 

suggesting potential treatments. This review examines the complex link between gut microbiota, liver health, and 

alcohol consumption. It also highlights the importance of microbial-based therapies such as prebiotics, probiotics, 

postbiotics, and synbiotics. 

Methods: We conducted a comprehensive literature review from October to November 2023. using PubMed, Google 

Scholar, and Google. Studies of any biological sex, ethnicity, and age were included. The studies reviewed spanned a 

period of 11 years from 2013 to 2024. 

Conclusion: Therapeutic approaches based on microbes, such as probiotics, postbiotics, prebiotics, and synbiotics 

present promising treatment alternatives that could improve the management of ALD. 
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INTRODUCTION: 

The gut, often called the body's “second brain”, is 

crucial to overall health as it hosts a dynamic and 

diverse microbial community. Chronic and excessive 

alcohol intake can significantly alter the gut 
microbiota, leading to a range of liver disorders such 

as alcoholic liver disease (ALD), hepatitis, cirrhosis, 

and hepatocellular carcinoma. [1] Alcohol use has been 

linked to gut microbiota (GM) alterations even before 

the onset of ALD.  

 

Prebiotics are nondigestible short-chain fatty acids, 

that act as a food source for beneficial gut bacteria.[2]  

Probiotics are living microbes that, when taken in 

sufficient quantities, provide health advantages to the 

host.[3]. A postbiotic is defined as "a preparation of 

inanimate microorganisms and their components that 
confers a health benefit on the host".[4]  Lastly, a 

synbiotic is a combination of probiotics and prebiotics. 

This review explores the changes in the composition, 

function, and metabolic activities of gut microbiota in 

relation to ALD by utilizing advancements in high-

throughput sequencing. [1] Furthermore, this review 

aims to explain how altered gut microbiota influences 

ALD's progression and assess the efficacy of gut 

microbiota modulation, specifically through prebiotic, 

probiotic, postbiotic, synbiotic interventions.  

 

METHODS 

A comprehensive search was conducted from October 

to November 2023 using PubMed, Google Scholar, 

and Google search engine. Studies of any biological 

sex, ethnicity, and age were included. The studies 

reviewed spanned a period of 11 years from 2013 to 

2024. The general search strategy involved the 

keywords: gut microbiome, gut microbiota, intestinal 

microbiota, alcohol liver disease, and alcohol-

associated liver disease. 

 

DISCUSSION 
ALD is a significant contributor to liver-associated 

deaths and is the predominant reason for liver 

transplants. It accounts for approximately 40% to 50% 

of all liver transplant cases in affluent countries. [5]  The 

reciprocal interaction between the gut and its 

microbiota and the liver is known as the “gut-liver 

axis”.[6] Seventy percent of components generated 

from gut microbes reach the liver from the human gut. 

The gut-liver axis preserves the immune system's 

homeostasis, which is essential in defending the body 

against potentially dangerous and harmful materials 
from the gut.[7] The gut's epithelial lining normally acts 

as a barrier between the gut and the liver, but when this 

lining is destroyed or the gut microbiota is disturbed, 

microbes and microbial products can more easily 

infiltrate into the portal vein and trigger inflammation 

of the liver. Changes in the gut-liver axis have been 

linked to cirrhosis, hepatocellular carcinoma, non-

alcoholic liver disease, and alcoholic liver disease.[8] 

 

Gut microbiota impact on liver health 

The intestinal microbiota and bacterial products may 

contribute to developing liver diseases via various 

mechanisms such as increased intestinal permeability, 

chronic systemic inflammation, short-chain fatty acid 

production, and metabolic changes. [3] The intestinal 

microbiota is required for the breakdown of food, 

vitamin synthesis, metabolism, immune system 

function, inflammation, and cell proliferation. [9]  

Recent studies have highlighted the reciprocal 

interaction between the gut and the liver. This 
interaction is primarily due to the liver obtaining 75% 

of its blood flow from the intestines through the portal 

vein, and in turn, the liver secretes bile acids into the 

biliary tract. [9] [10] Bile acids, produced in the liver, 

play an essential role in fat digestion and metabolism 

regulation. Their interaction with the gut microbiota 

can influence gut health and metabolic processes, 

thereby influencing the onset and advancement of 

alcohol-related liver disease. [11] The gut microbiome 

can alter the structure of the intestinal barrier, such as 

tight junctions and mucus production, resulting in 
increased permeability. This allows more bacterial 

fragments and endotoxins to enter the liver and 

possibly lead to inflammation thereby contributing to 

the progression of liver disease. [12] 

 

Impact of alcohol on gut microbiota 

ALD develops in individuals who chronically misuse 

alcohol. Both animal and human studies indicate that 

alcohol consumption alters the gut microbiota, leading 

to dysbiosis. Drinking alcohol causes enteric dysbiosis 

and small intestinal bacterial overgrowth by increasing 

gut permeability.[13] Fatty liver can progress to fibrosis 
and cirrhosis with continued alcohol consumption, 

which can lead to portal hypertension or liver failure. 

Bacterial products cause an inflammatory response in 

the liver, leading to hepatic inflammation. [14] Yan et 

al.'s study provided additional evidence that mice 

given alcohol for three weeks experienced dysbiosis 

and bacterial overgrowth in the proximal small 

intestine. The mucin breakdown is thought to be 

caused by an overgrowth of Akkermansia muciniphila, 

which was interestingly shown in mice given alcohol. 

Furthermore, mice given alcohol had a decreased 
Lactobacilli population.[3][15] The impact of alcohol on 

the Gut Microbiome is summarized in (Table 1). 
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Table 1: Impact of alcohol on gut microbiome. 

Impact of Alcohol on Gut 

Microbiome 

Effects and Consequences 

Changes the Flora Composition Disrupts balance of gut bacteria, decreasing good bacteria and 

increasing harmful ones. [10] 

Increased Gut Permeability Weakens the intestinal barrier, allows harmful substances into 

bloodstream. [10] 

Promotes Inflammation Gut inflammation, progress to additional damage and disease. [16] 

Disrupts Mucosal Integrity Overgrowth of harmful bacteria, disrupting balance. [12] 

 

Affects Metabolic Functions Alters carbohydrate, protein, and fat metabolism in the gut, impacting 
overall energy balance. May influence the synthesis of vitamins and 

neurotransmitters, affecting both gut and brain health. [12][17] 

Induces Dysbiosis Increases the likelihood of gastrointestinal disorders and impairs 

nutrient absorption. [12] 

 

Clinical manifestations of alcohol-associated liver disease 

The cellular and molecular mechanisms underlying the evolution of ALD remain poorly understood despite years of 

intensive investigations.[3] Alcoholic steatohepatitis, a condition that causes inflammation of the liver and can proceed 

to alcoholic liver disease (ALD), is arguably the most well-known consequence of long-term alcohol 

consumption.[18][19][20] Research on patients with alcoholism and animal models strongly suggests that microbial 

factors derived from the gut, particularly bacterial endotoxins like lipopolysaccharide, are essential for starting the 

inflammatory cascades in the liver that lead to alcohol-induced liver damage.[21][22][23] There are different progressive 

stages of ALD and impact of alcohol at these stages differs (Table 2). 
 

Table 2: Stages of alcohol-associated liver disease and alcohol impact. 

Stages of ALD Impact of Alcohol 

Steatosis Earliest and most common stage of ALD.  

accumulation of fat in hepatocytes. [9] 

Alcoholic Hepatitis Acute hepatic inflammation due to steatosis and 

alcohol consumption. [23] 

Fibrosis Alcoholism and pro-inflammatory cytokines 

stimulate stellate cells, resulting in progressive 

fibrosis. [24] 

Cirrhosis Persistent alcohol abuse in the presence of fibrosis 

leads to cirrhosis, characterized by extensive scarring. 

[25] 

Hepatocellular Carcinoma Liver cirrhosis, DNA damage, oxidative stress in liver 

cells, and alcohol-induces chronic inflammation 

increase the risk of HCC [26] 

Abbreviations: ALD- alcohol-associated liver disease, HCC- Hepatocellular Carcinoma. 

 

Approaches to treating alcohol-associated liver 

disease 

Unfortunately, there are no Food and Drug 

Administration approved treatments for ALD at the 

time of this review. Depending on the severity of the 

disease and other comorbidities, the standard 

treatment for ALD consists of corticosteroids, 

nutritional support, phosphodiesterase, and tumour 

necrosis factor alpha.[27] For those in the early stages 

of ALD, abstaining from alcohol completely is often 

regarded as the best way to manage the disease. [28] In 

addition to alcohol cessation, an additional approach 
to treating ALD that aims to prevent or delay hepatic  

 
 

damage could include therapeutic modification of the 

gut microbiota.[3] Interventions such as probiotics, 

prebiotics, and symbiotics hold the potential to 

manage and mitigate liver damage associated 

with alcohol abuse.[29] Giving probiotics reduced the 

amount of circulating endotoxins and 

reduced liver injury. [29] Prebiotics (oats) can reduce rat 

liver damage by decreasing gut leakiness. [30]  Short-

term synbiotic treatment dramatically alter gut flora 

and improve liver function in cirrhosis patients. This 

improvement happens despite decreased endotoxemia 
and could be partly attributed to the treatment-induced 
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production of interluekin-6 in response to tumour 

necrosis factor alpha.[31] 

 

Future directions 

Even with the advances mentioned, more studies are 
necessary to comprehend the complexity of the gut-

liver axis completely. In-depth research and 

longitudinal studies are required to create successful 

microbiome-based treatments for ALD. 

 

CONCLUSION: 

This literature review has broad implications, 

especially for clinicians and patients looking to gain a 

deeper understanding of alcohol-related liver disease. 

It provides insights into the early effects of alcohol 

consumption on gut flora, even before the clinical 

onset of liver disease by reflecting on the complex 
connections between the gut microbiota and liver 

health. It raises the possibility of microbial-based 

therapies, including probiotics, postbiotics, prebiotics, 

and synbiotics as viable treatment options that could 

enhance liver disease treatment. We hope this review 

can improve public health initiatives, clinical 

practices, and individual well-being. 

 

REFERENCES: 

1. Philips CA, Schnabl B, Bajaj JS. "Gut 

microbiome and alcohol-associated liver 
disease.," Journal of Clinical and Experimental 

Hepatology, 12(5), pp. 1349-1359, 2022. 

2. Fooladi AAI, Hosseini HM, Nourani MR, Khani 

S, Alavian SM. "Probiotic as a novel treatment 

strategy against liver disease". Hepatitis Monthly. 

2013;13(2): Article e7521. 

3. Li F, Duan K, Wang C, McClain C, Feng W. 

"Probiotics and Alcoholic Liver Disease: 

Treatment and Potential Mechanisms". 

Gastroenterol Res Pract. 2016; 2016:5491465. 

4. Salminen S, Collado MC, Endo A, et al. "The 

International Scientific Association of Probiotics 
and Prebiotics (ISAPP) consensus statement on 

the definition and scope of postbiotics". Nat Rev 

Gastroenterol Hepatol. 2021;18:649-667. 

5. Singal AK, Singal MP. "Diagnosis and Treatment 

of Alcohol-Associated Liver Disease: A Review". 

JAMA. 2021; Volume:165-176. 

6. Amedei A, Gitto S, Campani C, Marra F. Chapter 

23 - "Probiotics and the gut-liver axis". In: 

Brandelli A, ed. Probiotics. Academic Press; 

2022:467-481. ISBN 9780323851701. 

7. Baral T, Kurian SJ, Sekhar M SM, et al. Chapter 
25 - "Role of the gut microbiome and probiotics 

for prevention and management of tuberculosis". 

In: Bagchi D, Downs BW, eds. Microbiome, 

Immunity, Digestive Health and Nutrition. 

Academic Press; 2022:361-371. ISBN 

9780128222386. 

8. Ishiguro E, Haskey N, Campbell K. Chapter 2 - 

"The Gut Microbiota". In: Ishiguro E, Haskey N, 

Campbell K, eds. Gut Microbiota. 2nd ed. 
Academic Press; 2023:21-59. ISBN 

9780323913874 

9. Schwenger KJ, Clermont-Dejean N, Allard JP. 

"The role of the gut microbiome in chronic liver 

disease: the clinical evidence revised". JHEP Rep. 

2019;1(3):214-226. Published 2019 Jul 31. 

doi:10.1016/j.jhepr.2019.04.004. 

10. Henao-Mejia J, Elinav E, Thaiss CA, Flavell RA. 

"The intestinal microbiota in chronic liver 

disease". Adv Immunol. 2013;117:73-97. 

doi:10.1016/B978-0-12-410524-9.00003-7. 

11. Ridlon JM, Kang DJ, Hylemon PB, Bajaj JS. 
"Bile acids and the gut microbiome". Curr Opin 

Gastroenterol. 2014;30(3):332-338. 

doi:10.1097/MOG.0000000000000057 

12. Groschwitz KR, Hogan SP. "Intestinal barrier 

function: molecular regulation and disease 

pathogenesis". J Allergy Clin Immunol. 

2009;124(1):3-22. doi:10.1016/j.jaci.2009.05.038 

13. Rao RK, Seth A, Sheth P. Recent Advances in 

Alcoholic Liver Disease I. "Role of intestinal 

permeability and endotoxemia in alcoholic liver 

disease". Am J Physiol Gastrointest Liver Physiol. 
2004;286(6):G881-G884. 

doi:10.1152/ajpgi.00006.2004 

14. Morencos FC, de las Heras Castaño G, Martín 

Ramos L, López Arias MJ, Ledesma F, Pons 

Romero F. "Small bowel bacterial overgrowth in 

patients with alcoholic cirrhosis". Dig Dis Sci. 

1995;40(6):1252-1256. 

doi:10.1007/BF02065533. 

15. Imperiale TF, McCullough AJ. "Do 

corticosteroids reduce mortality from alcoholic 

hepatitis? A meta-analysis of the randomized 

trials". Ann Intern Med. 1990;113(4):299-307. 
doi:10.7326/0003-4819-113-4-299 

16. Djoussé L, Gaziano JM. "Alcohol consumption 

and heart failure: a systematic review". Current 

Atherosclerosis Report. 2008;10(2):117-120. 

17. Mrdjen M, Huang E, Pathak V, et al. Dysregulated 

meta-organismal metabolism of aromatic amino 

acids in alcohol-associated liver disease. Hepatol 

Commun. 2023;7(11):e0284. Published 2023 Oct 

12. doi:10.1097/HC9.0000000000000284 

18. Mandayam S, Jamal MM, Morgan TR. 

Epidemiology of alcoholic liver disease. Semin 
Liver Dis. 2004;24(3):217-232. doi:10.1055/s-

2004-832936 

19. Lieber CS. Biochemical and molecular basis of 

alcohol-induced injury to liver and other tissues. 



IAJPS 2024, 11 (12), 977-981             Murali Chand Ginjupalli et al              ISSN 2349-7750 

 

 

w w w . i a j p s . c o m  
 

Page 981 

N Engl J Med. 1988;319(25):1639-1650. 

doi:10.1056/NEJM198812223192505. 

20. Grant BF, Dufour MC, Harford TC. 

Epidemiology of alcoholic liver disease. Semin 

Liver Dis. 1988;8(1):12-25. doi:10.1055/s-2008-
1040525. 

21. Keshavarzian A, Farhadi A, Forsyth CB, et al. 

Evidence that chronic alcohol exposure promotes 

intestinal oxidative stress, intestinal 

hyperpermeability and endotoxemia prior to 

development of alcoholic steatohepatitis in rats. J 

Hepatol. 2009;50(3):538-547. 

doi:10.1016/j.jhep.2008.10.028. 

22. Szabo G, Bala S. Alcoholic liver disease and the 

gut-liver axis. World J Gastroenterol. 

2010;16(11):1321-1329. 

doi:10.3748/wjg.v16.i11.1321. 
23. Hosseini N, Shor J, Szabo G. Alcoholic Hepatitis: 

A Review. Alcohol Alcohol. 2019;54(4):408-416. 

doi:10.1093/alcalc/agz036 

24. Fujii H, Kawada N. Fibrogenesis in alcoholic liver 

disease. World J Gastroenterol. 

2014;20(25):8048-8054. 

doi:10.3748/wjg.v20.i25.8048 

25. Stickel F, Datz C, Hampe J, Bataller R. 

Pathophysiology and Management of Alcoholic 

Liver Disease: Update 2016 [published correction 

appears in Gut Liver. 2017 May 15;11(3):447]. 
Gut Liver. 2017;11(2):173-188. 

doi:10.5009/gnl16477 

26. Cucarull B, Tutusaus A, Rider P, et al. 

Hepatocellular Carcinoma: Molecular 

Pathogenesis and Therapeutic Advances. Cancers 

(Basel). 2022;14(3):621. Published 2022 Jan 26. 

doi:10.3390/cancers14030621. 

27. Foody W, Heuman DD, Mihas AA, Schubert ML. 

Nutritional therapy for alcoholic hepatitis: new 
life for an old idea. Gastroenterology. 

2001;120(4):1053-1054. doi:10.1016/s0016-

5085(01)83918-4. 

28. Borowsky SA, Strome S, Lott E. Continued heavy 

drinking and survival in alcoholic cirrhotics. 

Gastroenterology. 1981;80(6):1405-1409. 

29. Nanji AA, Khettry U, Sadrzadeh SM. 

Lactobacillus feeding reduces endotoxemia and 

severity of experimental alcoholic liver (disease). 

Proc Soc Exp Biol Med. 1994;205(3):243-247. 

doi:10.3181/00379727-205-43703. 

30. Tang Y, Forsyth CB, Banan A, Fields JZ, 
Keshavarzian A. Oats supplementation prevents 

alcohol-induced gut leakiness in rats by 

preventing alcohol-induced oxidative tissue 

damage. J Pharmacol Exp Ther. 2009;329(3):952-

958. doi:10.1124/jpet.108.148643. 

31. Riordan SM, Skinner NA, McIver CJ, Liu Q, 

Bengmark S, Bihari D, Visvanathan K. Synbiotic-

associated improvement in liver function in 

cirrhotic patients: Relation to changes in 

circulating cytokine messenger RNA and protein 

levels. Microb Ecol Health Dis. 2007;19(1):7-16 

 

 

 

 

 

 

 

 

 

 

 

 

  


	REFERENCES:

