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Abstract

Introduction and Purpose

The gut microbiota plays a key role in maintaining the body's homeostasis, influencing
metabolic, immunological, and neurological processes. Alcohol consumption, particularly in
excessive amounts, disrupts the composition and function of the intestinal microbiota, leading
to dysbiosis. This article explores the mechanisms by which alcohol affects the gut microbiota
and its consequences for overall health. Additionally, it discusses potential therapeutic

strategies aimed at mitigating these negative effects.

State of Knowledge

Chronic alcohol consumption results in a decrease in the number of beneficial bacteria, such
as Lactobacillus and Bifidobacterium, while pathogenic microorganisms increase, which
weakens the intestinal barrier and increases inflammatory reactions. Alcohol affects the
microbiota through cytotoxic mechanisms, changes in intestinal pH, modulation of the
immune system and effects on bacterial metabolism and the gut-brain axis. Alcohol-related
gut dysbiosis contributes to the development of a number of conditions, including alcoholic

liver disease, metabolic disorders, neurodegenerative diseases and increased cancer risk

Conclusion
Understanding the impact of alcohol on the gut microbiota is essential for preventing and

managing its negative health consequences. Therapeutic approaches such as probiotic and
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prebiotic supplementation, a fiber-rich diet, and gut microbiota transplantation may help

rebalance the gut microbiota and reduce negative effects of alcohol consumption.

Keywords: alcohol; gut microbiota; dysbiosis; probiotics; alcoholic liver disease; gut-brain

axis

Introduction

In 2016, alcohol use accounted for 2.2% of deaths in women and 6.8% of deaths in men, and
disability-adjusted life years (DALYs) were 2.3% in women and 8.9% in men [1]. Alcohol
addiction carries many negative health consequences [2]. Alcohol, being a commonly
consumed psychoactive substance, has multiple effects on the human body, affecting the
nervous system, metabolism and inflammation [3]. Its negative effects are also observed in
the quality of the gut microbiota, as well as its function [4]. The gut microbiota is a complex
ecosystem of microorganisms that perform key functions in maintaining the body's
homeostasis, regulating metabolic, immune and neurological processes [5], [6]. It consists
mainly of bacteria, but also includes archaeons, viruses and fungi [7]. Disorders of its
composition can lead to serious health consequences, including chronic inflammation and
metabolic diseases [8]. Alcohol consumption, especially in excessive amounts, is one of the
important factors contributing to intestinal dysbiosis, which consequently affects the
functioning of the entire body [9], [10]. One solution to counteract the effects of alcohol on
the gut microbiota may be probiotics, including bifidobacteria and lactobacilli [11].

The purpose of this review is to present the current state of knowledge regarding the effects of

alcohol on the gut microbiota and potential therapeutic strategies to modulate it.

Changes in the composition of the intestinal microbiota

Research results indicate that chronic alcohol consumption leads to significant changes in the
quantitative and qualitative composition of the intestinal microbiota [12]. When this occurs,
there can be a significant reduction in the abundance of bacteria with probiotic properties,

such as Lactobacillus and Bifidobacterium, with a concomitant increase in pathogenic



bacteria, including Proteobacteria, Enterobacteriaceae and Escherichia coli [13]. These
changes lead to a disruption of intestinal barrier function, resulting in increased permeability
of the intestinal epithelium and an increased inflammatory response by the body [14]. Alcohol
can affect intestinal bacteria, contributing to dysbiosis and/or bacterial tanslocation [15],
[16].Both alcohol abuse and inflammatory bowel diseases (IBD) are characterized by a
decrease in the number of Lactobacillus spp. in the gut and an increase in Enterobacteriaceae
[17]. Lactobacillus spp. regulate pH, increase the secretion of mucus and antimicrobial
peptides [18]. They increase digestive efficiency, improve the integrity of the gastrointestinal
barrier, and create competition for opportunistic pathogens [19]. The anti-inflammatory and
immunomodulatory functions of Lactobacillus spp. in intestinal inflammation are also known
[20]. Bifidobacterium adolescentis is among the species of intestinal microbiota that is
described as most closely related to dietary habits [21], [22]. All Bifidobacterium, thanks to
such structures as pili or fimbriae, can communicate with host cells through adhesion [23].
Bifidobacterium longum, thanks to its regulation of tryptophan metabolism and production of
Indole-3-carbaldehyde (I3C), participates in the interaction of the gut-skin axis, which helps
alleviate atopic dermatitis [24]. Reduction of bacteria such as, Lachnospiraceae, Roseburia,
Faecalibacterium, and Blautia can contribute to the overgrowth of intestinal bacteria, results
in an increase in endotoxins in the blood, with genera such as Klebsiella, and Lactococcus
taking their place [25]. A study by Yuan et al. showed that Klebsiella pneumoniae producing
high levels of alcohol (HiAlc Kpn) can be associated with up to 60% of people with
nonalcoholic fatty liver disease (NAFLD) [26]. Chronic alcohol consumption and the
associated increase in Klebsiella pneumoniae bacteria may also contribute to an increased risk
for Klebsiella-associated pneumonia [27]. Moreover, when toxic microbial compounds such
as ethanol, lipopolysaccharides and endotoxins produced by Proteobacteria, especially
Klebsiella pneumoniae, and aflatoxins produced by Aspergillus species are produced in the

gut, mitochondrial and peroxisome dysfunction can occur [28].

Studies have shown that alcohol consumption also alters the composition of the fungal
microbiota, increasing the abundance of Candida albicans, which can lead to candidiasis and
increased toxin production [29]. Long-term dysbiosis can also affect the metabolism of
vitamins, especially B and K vitamins, which are synthesized by intestinal bacteria [30].

The synthesis of vitamins by intestinal bacteria is not coincidental, as there are differences
between them, such as the fact that dietary-derived B vitamins are absorbed to the greatest

extent in the small intestine, while most bacterial B vitamins are produced and absorbed in the



large intestine [31]. It is the B vitamins in the distal part of the large intestine that can act as
nutrients for the host and its microbiota, regulators of immune cell activity, mediators of drug
efficacy, factors that promote the survival or fitness of certain bacteria, and as suppressors of
colonization by pathogenic bacteria and modulators of colonic inflammation [32].

Vitamin B12 deficiency, which occurs as a result of intestinal dysbiosis, has the potential to
contribute to stroke pathogenesis, severity, and treatment outcomes [33].

Moreover, thyroid function is closely linked to nutrition through the diet-gut-thyroid axis, as
micronutrients such as iodine, selenium, iron, zinc, copper, magnesium, vitamin A and

vitamin B12 affect the synthesis and regulation of thyroid hormones throughout life [34].

Mechanisms of alcohol's effects on the microbiota

Alcohol affects the intestinal microbiota through a number of mechanisms, such as cytotoxic
effects, alteration of gastrointestinal pH, modulation of the immune response, damage to the
intestinal barrier, and effects on the gut-brain axis [35], [36]. Alcohol increases the expression
of pro-inflammatory proteins such as TNF-a and IL-6, which promotes the loosening of tight
junctions and bacterial translocation. Increased permeability of the intestinal barrier allows
pathogens to penetrate, which can lead to infection and exacerbate inflammation [37]. Gram
negative bacteria produce lipopolysaccharide, which are among the more potent inducers of
Toll-like receptor(TLR) proteins [38]. Chronic consumption of alcoholic beverages
exacerbates the permeability of the intestinal barrier, which promotes the penetration of
products of the intestinal microbiota into the lymph and portal circulation [39]. In such a
mechanism, pathogen-associated molecular patterns (PAMPs) enter the liver, where cells of
the reticuloendothelial system are stimulated, these in turn stimulate monocytes [40]. This
process results in the production of cytokines and chemokines characteristic of the
inflammatory response [41]. TLR4 is activated by PAMPs, resulting in the induction of NF--
kB and the deletion of the chemokine CC(CCL2) and IL-8, due to the activation of this
cascade, macrophages and neutrophil granulocytes penetrate the liver structure [42]. Alcohol
also increases the expression of pro-inflammatory proteins such as TNF-a and IL-6, their
increased levels can be observed in acute alcoholic hepatitis(AH) and affect the worse
prognosis of patients [39]. When sterile inflammation is observed, alcohol affects cell
apoptosis and loss of stability [43]. The main mechanism, occurring in acute alcoholic

hepatitis, in which alcohol affects cell death is activation of the mitochondrial-dependent



apoptotic pathway and dysfunction of the endoplasmic reticulum [44].

Alcohol consumption can increase intestinal permeability by damaging the intestinal mucosa.
This causes harmful and potentially toxic endotoxins to enter the systemic circulation,
contributing to alcoholic liver disease [45].

Changes in the gut microbiota increase acetaldehyde production through bacterial metabolism

of ethanol [46].

Health consequences

Alcoholic liver disease (ALD)

The liver, due to its location, is in constant contact with metabolites and gut-derived bacterial
cultures, so disturbances in the composition of the microbiota affect the development of liver
diseaseb [47]. Intestinal dysbiosis contributes to the development and progression of hepatic
steatosis, inflammation and cirrhosis through bacteremia, increased serum lipopolysaccharide
levels and increased bacterial translocation due to increased intestinal permeability [48]. In
chronic alcoholism, changes in the microbiota can lead to liver and other organ damage, with
Bacteroidetes and Proteobacteria being the main contributors [49]. In liver cirrhosis
associated with alcohol dependence, the commensal microbiota is depleted [50]. In addition,
there is an increase in the bacterial culture of Proebacteria and Fusobacteria, with a

concomitant decrease in Bacteroidetes [51].

Metabolic diseases

Gut dysbiosis can lead to metabolic disorders, including insulin resistance, metabolic
syndrome and type 2 diabetes [52]. Changes in the gut microbiota can also affect lipid
metabolism and the production of hormones, such as leptin, that regulate appetite and energy
metabolism [53], [54]. In a study by Machiro Otaka et al. it was proven that serum leptin
levels in rats significantly decrease after alcohol intake. Therefore, it can be presumed that a

significant effect on metabolic diseases such as obesity is due to alcohol intake [55].



Neurological disorders

Disorders of the gut microbiota affect the gut-brain axis, which can contribute to the
development of depression, anxiety and neurodegenerative diseases. Changes in the gut
microbiota can also affect neuroinflammatory processes that are associated with the
development of diseases such as Alzheimer's [56], and Parkinson's [57].

In Alzheimer's disease, increased permeability of the gut and blood-brain barrier caused by
dysbiosis of the microbiota may influence the pathogenesis of AD and other
neurodegenerative disorders, especially those associated with aging [58].

Moreover, knowledge of the alteration of the gut microbiota and its effect on changes in brain
activity opens up therapeutic possibilities, taking into account work on the microbiome of a
person with a neurological disorder [59].

Studies show this relationship through the formation of bacterial amyloids.
Lipopolysaccharides and bacterial amyloids synthesized by the intestinal microbiota can w
activate an immune response leading to neuroinflammation [60].

Metabolites of the gut microbiota and its effects on host neurochemical changes may also
increase or decrease AD risk, such as GABA, 5-HT, BMAA, vitamin biosynthesis and NMDA
receptor and BDNF expression [61].

Increased risk of cancer

Alcohol is a type I carcinogen, and according to the WHO, it caused 5% of all deaths in 2016,
13% of which were due to cancer. Among gastrointestinal cancers, the association is clear for
esophageal, liver and colorectal cancers, and more debatable for stomach and pancreatic
cancers [62]. Alcohol induces chronic inflammation in the gut and liver, which can promote
cancerous processes, particularly in the gastrointestinal tract [63]. Intestinal microbes can
convert ethanol and its metabolites, including the toxic acetaldehyde, which can induce the
development of colorectal cancer [64]. Colorectal cancer (CRC) carcinogenic mechanisms
associated with the intestinal microbiota involve imbalances in the intestinal microbiota. They
also include invasion and colonization of pathogenic microorganisms and impaired intestinal
barrier function induced by microbial metabolites and virulence factors [65]. There are two
models (“alpha-bug” and “driver-passenger”) of intestinal microbial carcinogenesis related to
CRC [66].

Therapeutic strategies

Several therapeutic strategies are being considered to minimize the negative effects of alcohol



on the gut microbiota:

The use of probiotics containing Lactobacillus and Bifidobacterium strains has been shown to
have beneficial effects on restoring microbiota balance and reducing inflammation. Some
probiotics merely pass through, while others permanently colonize the intestines, allowing for
increased efficiency of metabolic activity [67]. One therapeutic option in patients with alcohol
abuse disorders is to transplant fecal microbiota from a healthy donor, which could improve
microbiota diversity, as well as the production of short-chain fatty acids (SCFAs) [68].
Personalized treatment, which would be based on the composition of patients' microbiota and
the selection of an individual donor for fecal matter transplantation, might seem more

promising [69].

Summary

Alcohol abuse, as well as its occasional consumption, can affect the state of the gut
microbiota. First of all, it leads to intestinal dysbiosis, which is associated with further
negative health consequences. Alcohol consumption contributes to a decrease in the
abundance of such bacteria as, Lactobacillus and Bifidobacterium. At the same time, the
abundance of Proteobacteria, Enterobacteriaceae and Escherichia increases. Through these
changes, pro-inflammatory factors are activated while positive immunomodulatory
mechanisms are reduced. An altered gut microbiota then also means greater growth of fungi,
particularly Candida albicans. It is important to pay attention to the effects of alcohol
consumption on the gut microbiota in order to prevent them early enough, or to seek solutions
to reverse these negative effects. Decreased production of vitamins by intestinal bacteria, as
well as disturbances in the composition and quantity of micronutrients can be the beginning of
more serious disorders. Increased serum lipopolysaccharide levels and increased bacterial
translocation due to increased intestinal permeability can lead to alcoholic liver disease and
the subsequent progression of hepatic steatosis. Evidence of neuroinflammatory processes that
take place in intestinal dysbiosis should also not escape attention. Cancers that are related to
alcohol abuse have also been widely reported. In colorectal cancer, the gut microbiota plays
one of the key roles. Various therapeutic strategies are being developed using probiotics, as
well as transplantation of fecal matter from donors. Further research should focus on
therapeutic processes that could reduce the negative effects of alcohol on the gut microbiota

to reduce disease progression.
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