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Alcohol use disorder (AUD) affects millions of  people worldwide and can lead to serious physical and 
social consequences. The human gut harbors a complex and diverse community of  microorganisms 
that modulate the immune system, metabolic responses, and the nervous system, thereby influencing 
brain function and behavior. It has been demonstrated that imbalances in this microbial ecosystem—
in both abundance and diversity—are associated with various psychiatric disorders. In particular, 
intestinal dysbiosis, involving alterations in the composition of  bacteria, viruses, yeasts, archaea, and 
fungi, is well documented in patients with AUD. Recent research has highlighted not only the impact of  
alcohol on the gut microbiome but also the fundamental role of  the microbiota and the gut-brain axis 
in the onset and persistence of  AUD. This article presents a comprehensive review of the bidirectional 
interaction between alcohol consumption and the gut microbiota, addressing the effects of  alcohol 
on microbial composition, changes in intestinal microbial metabolites following alcohol intake, and the 
influence of  these metabolites on drinking behavior. Additionally, the mechanisms of  gut-mediated 
neuroinflammation that contribute to and result from AUD are examined, including disruption of  
the intestinal barrier, Toll-like receptor signaling, and activation of  glial and immune cells. Finally, 
current evidence on therapies targeting the gut microbiota for the treatment of  AUD is analyzed, and 
the implications of  these findings for understanding the pathophysiology of  the disorder, as well as 
prospects for future research, are discussed.
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1. INTRODUCTION

The gastrointestinal tract harbors a complex 
and dynamic microbial community, com-
posed of bacteria, viruses, yeasts, fungi, and 
archaea, collectively known as the gut micro-
biota, which exerts a significant influence on 
host health (Morais, Schreiber & Mazmanian, 
2021). Intestinal microorganisms fulfill multi-
ple functions, including modulation of  the im-
mune system, participation in metabolic pro-
cesses (such as the absorption of  nutrients 
and minerals and the synthesis of  vitamins), 
and regulation of  the nervous system via the 
vagus nerve or vascular pathways, thereby 
impacting brain functions and manifesting in 
behavior, cognition, and emotional regulation 

(Mayer, Nance & Chen, 2022). Consequently, 
disturbances in this ecosystem are often as-
sociated with inflammatory and autoimmune 
diseases, obesity, diabetes, liver pathologies, 
and numerous neurological or psychiatric dis-
orders (Cryan et al., 2019). The composition 
of  the gut microbiota is influenced by factors 
such as age, mode of delivery, sex, genetics, 
lifestyle (including stress and sleep patterns), 
medication use, dietary habits, and exposure 
to substances such as drugs of  abuse (Quig-
ley, 2017). Among the latter, alcohol use 
disorder (AUD) represents a serious public 
health problem, characterized by persistent 
and excessive alcohol consumption, typically 
accompanied by loss of  control, develop-
ment of  tolerance, and intense craving. AUD 

El trastorno por consumo de alcohol (TCA) afecta a millones de personas en todo el mundo y 
puede desencadenar graves consecuencias físicas y sociales. El intestino humano alberga una com-
pleja y diversa comunidad de microorganismos que modulan el sistema inmunológico, la respuesta 
metabólica y el sistema nervioso, influyendo así en la función cerebral y el comportamiento. Se ha 
demostrado que el desequilibrio en este ecosistema microbiano —tanto en abundancia como en 
diversidad— se asocia con diversos trastornos psiquiátricos. En particular, la disbiosis intestinal, que 
implica alteraciones en la composición de bacterias, virus, levaduras, arqueas y hongos, está bien 
documentada en pacientes con TCA. Investigaciones recientes han destacado no solo el impacto del 
alcohol sobre el microbioma intestinal, sino también el papel fundamental de la microbiota y del eje 
intestino-cerebro en la aparición y persistencia del TCA. Este artículo presenta una revisión integral 
de la interacción bidireccional entre el consumo de alcohol y la microbiota intestinal, abordando 
los efectos del alcohol en la composición microbiana, los cambios en los metabolitos microbianos 
intestinales tras la ingesta de alcohol y la influencia de estos metabolitos en la conducta de consumo. 
Además, se examinan los mecanismos de neuroinflamación mediados por el intestino que contribuyen 
y resultan del TCA, incluyendo la alteración de la barrera intestinal, la señalización de los receptores 
tipo Toll y la activación de células gliales e inmunitarias. Finalmente, se analiza la evidencia actual 
sobre terapias dirigidas a la modulación de la microbiota intestinal para el tratamiento del TCA y 
se discuten las implicaciones de estos hallazgos para comprender la fisiopatología del trastorno, así 
como las perspectivas para futuras investigaciones.

Resumen

Alcohol, microbiota intestinal.
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often coexists with other physical and mental 
health problems, and its consequences in-
clude significant impairment in daily life, diffi-
culties in personal relationships, and reduced 
productivity. Its origin is multifactorial, involv-
ing genetic, prenatal, and environmental fac-
tors, coexisting mental health conditions, and 
stress (Kranzler, 2023).

The Standard Drink Unit (SDU) in Spain is 
equivalent to 10 grams of  pure alcohol. The 
number of  SDUs (1 SDU = 10 grams of  
pure alcohol) in each beverage depends on 
its alcoholic strength and the volume con-
sumed. Below is a table presenting the most 
commonly used SDU equivalencies. These 
values may vary slightly depending on the 
precise alcohol content of  the beverage and 
the size of  the glass or cup; however, these 
equivalencies are the most widely accepted 
in Spain. To calculate the SDU for any bever-
age, the following formula is applied:

Grams of  alcohol = volume of  beverage 
(ml) × alcoholic strength (%) × 0.8 / 100

These references facilitate a straightforward 
estimation of  alcohol consumption and al-
low for comparison across different types of  
beverages (table 1).

The most recent research identifies the gut 
microbiota as an additional and relevant 
risk factor for alcohol use disorder (AUD). 
The gut-brain axis constitutes a bidirectional 
communication network between the cen-
tral nervous system and the gastrointestinal 
tract, involving billions of  microorganisms. 
Ingested substances, such as food and alco-
hol, profoundly affect the composition and 
function of  the gut microbiota, which in turn 
can modulate brain activity and behavior, 
potentially contributing to the persistence 
of  dietary and substance use habits (Merlo-
Pich et al., 2025). For example, following 

Table 1. SDU equivalences of  different types of  beverages

BEVERAGE TYPICAL VOLUME APPROXIMATE SDUs

Wine (red/white)
100 ml

125 ml (half  glass)
1 liter

1
1
10

Beer

200 ml (small glass)
250 ml 

375 ml (bottle)
500 ml (pint)

1 liter

1
1

1,5
2
5

Cider 200 ml 1

Vermouth
50 ml (glass)
100 ml (glass)

Un liter

1
2
20

Spirits (run, gin, whisky, 
vodka, brandy, etc.)

25 ml (shot)
50 ml (double shot)

1 liter

1
2
40
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food intake, the gut microbiota can influence 
the secretion of  appetite-related hormones, 
such as glucagon-like peptide-1, peptide YY, 
or cholecystokinin, which act on the central 
nervous system to increase satiety and re-
duce food intake (Han et al., 2021). Chronic 
alcohol consumption, both in individuals 
with or without alcoholic liver disease, can 
alter the balance of  the gut microbiota, pro-
moting the growth of  aerobic and anaerobic 
bacteria and modifying the microbial com-
position of  the mucosa. These alterations 
induce changes in microbial metabolites, 
such as short-chain fatty acids, indoles, and 
tryptophan, which influence the synthesis 
and activity of  neurotransmitters, playing a 
key role in the regulation of  mood, cogni-
tion, and addiction, and contributing to both 
cognitive impairment and addictive behav-
iors (Qu et al., 2024). These modifications 
can trigger neuroinflammation through vari-
ous mechanisms, such as increased intestinal 
barrier permeability, microglial activation, or 
astrocyte dysfunction—alterations that may 
facilitate the perpetuation of  alcohol con-
sumption (Rutsch, Kantsjö & Ronchi, 2020; 
Khan & Chang, 2023).

2. DYSBIOSIS OF THE GUT 
MICROBIOTA IN AUD

The gut microbiota, composed of  bacteria, 
archaea, fungi, and viruses, plays essential 
roles in the synthesis of  vitamins and amino 
acids, the breakdown of  macromolecules, 
energy production, drug and toxin metabo-
lism, and the maintenance of  intestinal bar-
rier integrity (Martin et al., 2018; Adak & 
Khan, 2019). While factors such as diet, life-
style, and genetics influence the composition 
of  the microbiome, both acute and chronic 

alcohol consumption can significantly alter 
the diversity and structure of  the bacterial, 
fungal, and viral microbiomes, even in the 
absence of  liver disease (Lee & Lee, 2021).

Initial research identified a significant in-
crease in Gram-negative anaerobic bacteria 
in the jejunum of  individuals with alcohol use 
disorder (AUD) compared to healthy con-
trols (Bode et al., 1984). Subsequent studies 
confirmed that chronic ethanol consumption 
reduces the abundance of  the Bacteroidetes 
and Firmicutes phyla, while simultaneously 
increasing the presence of  Gram-negative 
Proteobacteria and Gram-positive Actino-
bacteria (Bull-Otteson et al., 2013). In ad-
dition, chronic alcoholism is associated with 
alterations in the intestinal fungal microbi-
ome, reflected in an increased abundance 
of  genera such as Candida, Debaryomyces, 
Pichia, Kluyveromyces, and Issatchenkia 
compared to healthy individuals (Hartmann 
et al., 2021). After a period of  abstinence, a 
reduction in Candida and Malassezia is ob-
served, suggesting that the impact of  alcohol 
on the intestinal fungal community may be 
reversible (Ames et al., 2020). On the other 
hand, analysis of  the fecal virome in subjects 
with AUD has shown a positive correlation 
between the abundance of  Enterobacteria 
and Lactococcus phages and the severity of  
liver disease (Hsu et al., 2022).

Alcohol-induced intestinal dysbiosis impairs 
the function of  the intestinal barrier, facili-
tating the translocation of  microbial compo-
nents to the liver, which can exacerbate the 
progression of  liver disease (Philips, Schnabl, 
& Bajaj, 2022; Jew & Hsu, 2023). In the pres-
ence of  liver damage, continued alcohol 
consumption is associated with a decrease 
in beneficial commensal bacteria (Hsu & 
Schnabl, 2023) and an increase in micro-
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organisms linked to endotoxin production, 
such as cytolysin-producing Enterococcus 
faecalis and candidalysin-producing Candida 
albicans (Chu et al., 2020). These toxins can 
cause direct hepatocyte injury and death, as 
well as activate immune responses that in-
tensify tissue damage. Overall, alcohol con-
sumption profoundly alters the composition 
of  the gut microbiome, negatively impacting 
host health and increasing susceptibility to 
various diseases (Merlo-Pich et al., 2025).

The gut microbiota, composed of  bacteria, 
archaea, fungi, and viruses, plays essential 
roles in the synthesis of  vitamins and amino 
acids, the breakdown of  macromolecules, 
energy production, drug and toxin metabo-
lism, and the maintenance of  intestinal bar-
rier integrity (Martin et al., 2018; Adak & 
Khan, 2019). While factors such as diet, life-
style, and genetics influence the composition 
of  the microbiome, both acute and chronic 
alcohol consumption can significantly alter 
the diversity and structure of  bacterial, fun-
gal, and viral microbiomes, even in the ab-
sence of  liver disease (Lee & Lee, 2021).

Initial research identified a significant in-
crease in gram-negative anaerobic bacteria 
in the jejunum of  individuals with alcohol 
use disorder (AUD) compared to healthy 
controls (Bode et al., 1984). Subsequent 
studies confirmed that chronic ethanol in-
take reduces the abundance of  the Bac-
teroidetes and Firmicutes phyla while si-
multaneously increasing the presence of  
gram-negative Proteobacteria and gram-
positive Actinobacteria (Bull-Otteson et 
al., 2013). Moreover, chronic alcoholism is 
associated with alterations in the intestinal 
fungal microbiome, reflected in an increase 
in genera such as Candida, Debaryomyces, 
Pichia, Kluyveromyces, and Issatchenkia 

compared to healthy individuals (Hartmann 
et al., 2021). After a period of  abstinence, a 
reduction in Candida and Malassezia is ob-
served, suggesting that the impact of  alcohol 
on the intestinal fungal community may be 
reversible (Ames et al., 2020). On the other 
hand, analysis of  the fecal virome in subjects 
with AUD has shown a positive correlation 
between the abundance of  Enterobacteria 
and Lactococcus phages and the severity of  
liver disease (Hsu et al., 2022).

Alcohol-induced intestinal dysbiosis com-
promises intestinal barrier function, facilitat-
ing the translocation of  microbial compo-
nents to the liver, which can aggravate the 
progression of  liver disease (Philips, Schnabl, 
& Bajaj, 2022; Jew & Hsu, 2023). In the pres-
ence of  liver damage, continued alcohol 
consumption is associated with a decrease 
in beneficial commensal bacteria (Hsu & 
Schnabl, 2023) and an increase in micro-
organisms linked to endotoxin production, 
such as cytolysin-producing Enterococcus 
faecalis and candidalysin-producing Candida 
albicans (Chu et al., 2020). These toxins can 
cause direct hepatocyte injury and death, as 
well as activate immune responses that in-
tensify tissue damage. Overall, alcohol con-
sumption profoundly alters the composition 
of  the gut microbiome, negatively impacting 
host health and increasing susceptibility to 
various diseases (Merlo-Pich et al., 2025).

3. AUD AND CHANGES IN 
THE HOMEOSTASIS OF 

INTESTINAL METABOLITES

Alcohol consumption not only modifies 
the composition of  the gut microbiota, but 
also affects its functions and the production 
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of  microbial metabolites, known as post-
biotics. These postbiotics, which include 
molecules excreted by microorganisms or 
bacterial fragments, act as chemical signals 
that influence both the microbiota and host 
physiology. They are bioactive compounds 
generated by the activity of  probiotics or in-
active microorganisms. The gut microbiota 
produces a wide variety of  metabolites, 
including short-chain fatty acids (SCFAs), 
amino acid derivatives, neurotransmitters, 
bile acids, and other bioactive compounds. 
These metabolites can exert local effects in 
the gastrointestinal tract or systemic effects 
after being absorbed into the bloodstream.

For example, SCFAs produced by the gut 
microbiome modulate the immune system, 
regulate inflammation, and may even influ-
ence brain function and behavior. Other 
metabolites, such as tryptophan derivatives, 
affect the production of  neurotransmit-
ters and hormones essential for regulating 
mood, appetite, sleep, and other physiologi-
cal processes. Alcohol-induced alterations in 
intestinal microbial metabolites can trigger 
liver toxicity, increase intestinal permeability, 
and enhance inflammatory responses, thus 
playing a multifaceted role in brain function 
(Sosnowski & Przybyłkowski, 2024; Shukla & 
Hsu, 2025).

SCFAs, mainly acetate, propionate, and bu-
tyrate, are key metabolites generated by the 
fermentation of  dietary fiber (prebiotics) by 
the gut microbiota. These compounds are 
fundamental for enterocyte health and the 
maintenance of  the intestinal barrier. In both 
humans with alcohol use disorder (AUD) 
and animal models, significantly reduced lev-
els of  fecal SCFAs have been observed, as 
well as a decrease in SCFA-producing bacte-
ria and an increase in pro-inflammatory mi-

crobes (Engel et al., 2015). SCFAs regulate 
systemic inflammation directly, through the 
production of  inflammatory mediators such 
as cytokines, chemokines, and eicosanoids, 
acting on G protein-coupled receptors (GP-
CRs). They also contribute indirectly to the 
maintenance of  the intestinal barrier; there-
fore, a reduction in fecal SCFAs increases 
intestinal permeability and the risk of  liver 
injury and systemic inflammation (Herrn-
reiter et al., 2025). This increase in intesti-
nal permeability and systemic inflammation 
correlates positively with symptoms such 
as depression and alcohol craving, factors 
that may contribute to the development 
and maintenance of  alcohol dependence 
(Leclercq et al., 2014).

Beyond their impact on intestinal perme-
ability, SCFAs may also influence alcohol 
consumption through various mechanisms. 
For example, acetate, derived from ethanol 
metabolism, can be converted into acetyl-
CoA and deposited on neuronal histones. 
This histone acetylation in the hippocam-
pus, induced by alcohol, positively regulates 
key transcriptional programs for associative 
learning related to alcohol. Additionally, ac-
etate can negatively affect cerebral blood 
flow, increasing neuroinflammation and the 
likelihood of  neurodegenerative disorders 
(Basavarajappa & Subbanna, 2024; Merlo-
Pich et al., 2025). SCFAs can also cross the 
blood-brain barrier and directly affect neu-
ronal health, modulating behaviors associ-
ated with stress and substance use, including 
addiction. In fact, stress and social interac-
tions, which are strongly linked to the gut 
microbiota, are potent modulators of  ad-
diction, as they can promote inflammatory 
responses in the brain (García-Cabrerizo & 
Cryan, 2024).
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Tryptophan, an essential amino acid ob-
tained mainly through the diet, is metabo-
lized by the gut microbiota into bioactive 
compounds such as aryl hydrocarbon re-
ceptor (AhR) ligands and serotonin, as long 
as the indole ring remains intact. However, 
when this ring is oxidatively cleaved, tryp-
tophan is directed toward the kynurenine 
pathway, reducing its availability for neu-
rotransmitter and indole synthesis. In mam-
mals, most tryptophan is catabolized by 
the enzyme indoleamine 2,3-dioxygenase 1 
(IDO1) into kynurenine and derived prod-
ucts such as kynurenic acid and quinolinic 
acid. Kynurenic acid, with neuroprotective 
and anticonvulsant effects, acts as a com-
petitive antagonist of  NMDA receptors and 
activates the G protein-coupled receptor 
35, modulating cyclic AMP production and 
inhibiting N-type Ca2+ channels in sympa-
thetic neurons and astrocytes to suppress 
inflammatory pathways (Tsuji et al., 2023). 
In contrast, quinolinic acid is an NMDA re-
ceptor agonist that promotes inflammation 
and oxidative stress by generating reactive 
oxygen species, depleting endogenous anti-
oxidants, and promoting lipid peroxidation. 
In the context of  AUD, alcohol consumption 
and chronic inflammation stimulate IDO1 
production, favoring tryptophan metabo-
lism through the kynurenine pathway. This 
leads to the depletion of  both tryptophan 
and neuroprotective kynurenic acid and the 
accumulation of  neurotoxic quinolinic acid 
(Leclercq et al., 2021). These findings sug-
gest that the regulation of  tryptophan me-
tabolism by the gut microbiota, via the kyn-
urenine pathway in the context of  alcohol 
consumption, may contribute to alcohol-
seeking behaviors through multiple mecha-
nisms, including brain inflammation and ac-
etaldehyde accumulation.

4. ALCOHOL USE DISORDER 
AND GUT MICROBIOTA 
NEUROTRANSMITTERS

Alcohol consumption significantly affects the 
production and regulation of  key neurotrans-
mitters, such as serotonin, glutamate, and 
gamma-aminobutyric acid (GABA), through 
its effects on the gut microbiota. The major-
ity of  serotonin in the body (approximately 
90%) is synthesized in the gut by enterochro-
maffin cells, and the gut microbiota plays a 
fundamental role in regulating this process 
(Hu et al., 2023). It has been demonstrated 
that the microbiota modulates serotonin syn-
thesis by inducing the expression of  trypto-
phan hydroxylase 1 (TpH1), the rate-limiting 
enzyme in the serotonin biosynthetic path-
way. Additionally, the production of  second-
ary bile acids by the microbiota can contrib-
ute to stimulating serotonin biosynthesis. As 
previously mentioned, alcohol consumption 
promotes the catabolism of  tryptophan via 
the kynurenine pathway, thereby reducing 
the availability of  tryptophan for serotonin 
synthesis, an effect that is exacerbated by 
alcohol-induced intestinal dysbiosis (Legan, 
Lavoie & Mawe, 2022).

Furthermore, intestinal microorganisms also 
influence GABA levels, either by consuming it 
through the GABA shunt—a metabolic path-
way that converts GABA into succinate as a 
source of  carbon and nitrogen—or by pro-
ducing it to regulate intracellular pH. Chronic 
alcohol consumption induces intestinal dysbi-
osis, which negatively impacts the conversion 
of  glutamate into GABA by beneficial bacte-
ria such as Lactobacillus and Bifidobacterium, 
thus decreasing GABA levels and increasing 
neuronal excitability (Braga, Thongngam & 
Kumrungsee, 2024). A clinical study revealed 
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that brain GABA levels are inversely corre-
lated with the severity of  alcohol-associated 
liver disease, highlighting the importance of  
this neurotransmitter in maintaining neuronal 
balance (Morley et al., 2020).

Taken together, these findings suggest that 
alcohol-induced alterations in the gut micro-
biota lead to dysregulation of  neurotrans-
mitters such as serotonin and GABA, which 
may exacerbate the neuropsychiatric conse-
quences associated with alcohol abuse (Ce-
nit, Sanz & Codoñer-Franch, 2017).

5. ALCOHOL 
CONSUMPTION AND 

BILE ACIDS OF THE GUT 
MICROBIOTA

Primary bile acids are synthesized by hepa-
tocytes and secreted into the gastrointesti-
nal tract via the bile ducts, where they are 
transformed into secondary bile acids by 
the gut microbiota. This process begins with 
the deconjugation of  bile acids, that is, the 
hydrolysis of  the amino acid moiety, which 
is carried out by bacterial bile salt hydro-
lases—enzymes that are highly conserved 
among the major intestinal microbial phyla. 
Chronic alcohol consumption induces intes-
tinal dysbiosis, thereby altering bile acid ho-
meostasis and leading to a systemic increase 
in their levels (Sabahat et al., 2024).

Specifically, alcohol consumption is associ-
ated with an increase in toxic bile acids, such 
as chenodeoxycholic acid, deoxycholic acid, 
and lithocholic acid, in the enterohepatic 
circulation, which contributes to the devel-
opment of  alcohol-associated liver injury. 
A recent study suggests that bile acids not 
only participate in the pathogenesis of  liver 

diseases, but that modulation of  intrahepatic 
bile flow, even through bile acid transport 
inhibitors, could influence alcohol consump-
tion behavior by altering serum acetalde-
hyde levels (Fu et al., 2024).

6. NEUROINFLAMMATION 
MEDIATED BY ALCOHOL

Chronic alcohol consumption can trig-
ger neuroinflammation through two main 
mechanisms. First, alcohol-induced gut dys-
biosis promotes systemic inflammation and, 
indirectly, neuroinflammation by increas-
ing intestinal permeability. This allows the 
translocation of  bacteria and inflammatory 
products, as well as pathogen-associated 
molecular patterns, which activate inflam-
matory signaling cascades. Second, alcohol 
can directly cause neuroinflammation by 
damaging the blood-brain barrier and acti-
vating both microglia and astrocytes (Car-
loni & Rescigno, 2023).

Several studies have shown that people with 
alcohol dependence exhibit increased in-
testinal permeability, which correlates with 
higher levels of  depression, anxiety, and 
alcohol craving (Kumar et al., 2023).  The 
intestinal barrier is formed by tight and ad-
herens junctions between epithelial cells, 
with proteins such as claudin and occludin 
ensuring the selective passage of  nutrients 
and preventing the entry of  harmful bacteria 
into the bloodstream. Alcohol disrupts this 
barrier by altering the expression of  pro-
teins associated with tight junctions, such as 
ZO-1, claudin-1, claudin-5, and claudin-7, 
through the activation of  PKCα. Addition-
ally, it induces the production of  reactive 
oxygen species and nitric oxide, upregulates 
CYP2E1 expression in intestinal epithelial 
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cells, and activates the nuclear factor kappa 
B (NF-κB) pathway, which alters the cyto-
skeleton and increases intestinal permeabil-
ity (Chen et al., 2022). As a result, harmful 
bacterial endotoxins, including lipopolysac-
charides and peptidoglycans, can enter sys-
temic circulation and trigger inflammatory 
responses (Bishehsari et al., 2017)5.

Pro-inflammatory cytokines, such as tumor 
necrosis factor (TNF), interferon gamma 
(IFN-γ), and interleukin-1β (IL-1β), play a 
central role in this neuroinflammatory pro-
cess. Chronic and acute ethanol exposure 
has been shown to increase TNF-α produc-
tion, which can induce glutamatergic ex-
citotoxicity. IFN-γ enhances the effects of  
TNF-α by increasing the expression of  its 
receptors in epithelial cells, amplifying intes-
tinal permeability. Moreover, the upregula-
tion of  adhesion molecules such as ICAM-1, 
driven by IFN-γ, facilitates neutrophil migra-
tion to subepithelial spaces, exacerbating 
tissue damage and inflammation (Calleja-
Conde et al., 2021).

Alcohol also impacts intestinal immune cells, 
which are essential for maintaining the integ-
rity of  the intestinal barrier. For example, it 
induces M2b polarization of  macrophages, 
which may contribute to inflammation and 
tissue damage (Zhang et al., 2024). Recent 
studies highlight the importance of  intestinal 
macrophages in regulating inflammation dur-
ing dysbiosis and maintaining epithelial bar-
rier function. These immune cells not only 
support the survival of  FOXP3+ regulatory 
T cells, which are fundamental for immune 
tolerance, but also help preserve epithe-
lial barrier function ( Ju & Mandrekar, 2015). 
These findings underscore the relevance of  
intestinal barrier function in the development 
and maintenance of  alcohol dependence9.

Toll-like receptors (TLRs) are transmem-
brane proteins of  the innate immune sys-
tem that play an essential role in pathogen 
detection and immune response activation, 
acting as key sensors for microbial detec-
tion and the maintenance of  intestinal ho-
meostasis. Among the different TLRs, TLR2, 
TLR3, TLR4, and TLR7 have been shown 
to be significantly affected by alcohol con-
sumption (Czerwińska-Błaszczyk, Pawlak 
& Pawłowski, 2022). After ethanol intake, 
these receptors show increased expression 
in the prefrontal cortex, a region crucial for 
cognitive function, highlighting the impact of  
alcohol on neuroimmune signaling. Further-
more, these TLRs are implicated in alcohol 
addiction and AUD. For example, alcohol-
induced activation of  TLR3 triggers a pro-
inflammatory response in the hippocampus, 
characterized by elevated levels of  cytokines 
such as IL-1β, IL-6, and TNF-α, contributing 
to the development of  neuroinflammation. 
TLR3 activation also enhances voluntary al-
cohol consumption, suggesting a feedback 
mechanism that may perpetuate drinking be-
havior (Leclercq et al., 2017). Post-mortem 
analysis of  brains from individuals with AUD 
has revealed elevated TLR7 expression and 
increased microglial activation, supporting 
the connection between alcohol, TLR signal-
ing, and neuroinflammation (Coleman, Zou 
& Crews, 2017).

Glial cells, including astrocytes and microg-
lia, are fundamental for the maintenance 
and function of  the nervous system. These 
non-neuronal cells provide structural and 
metabolic support to neurons, regulate neu-
rotransmitter activity, remove waste prod-
ucts, maintain the blood-brain barrier, and 
participate in the neuroimmune response. 
Numerous studies have highlighted their 

https://arcr.niaaa.nih.gov/media/521/download
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role in the gut-brain axis in the pathophysi-
ology of  AUD. Astrocytes, in particular, 
regulate key aspects of  AUD, such as excit-
ability, cortical sensory processing, and the 
experience of  reward (Chen et al., 2022). 
In humans, it has been observed that the 
brains of  alcoholic individuals show sig-
nificant dysregulation of  genes associated 
with astrocyte function. Among them, glial 
fibrillary acidic protein (GFAP), a marker of  
astroglial activation following central ner-
vous system injury and neurodegeneration, 
shows increased expression after both acute 
and chronic ethanol exposure. Other genes, 
such as Toll-like receptors and inflammatory 
cytokine receptors, are also upregulated in 
astrocytes in response to alcohol. TNF-α 
and IL-1β interfere with glutamate uptake 
by astrocytes, leading to extracellular gluta-
mate accumulation and inducing neurotoxic-
ity. In addition, the development and func-
tion of  astrocytes are influenced by the gut 
microbiota (Magni, Riboldi & Ceruti, 2023).

The host microbiota is also crucial for main-
taining microglial homeostasis. Chronic alco-
hol consumption produces profound chang-
es in microglial cells, contributing to neuro-
inflammation, structural brain alterations, 
and addiction mechanisms. Among the main 
findings regarding the relationship between 
alcohol and microglia are: 1) Proinflamma-
tory activation and neuronal damage, where 
microglia recognize alcohol through TLR4, 
triggering an inflammatory cascade with the 
release of  proinflammatory cytokines (IL-1β, 
TNFα, IL-6), production of  inflammatory 
mediators (iNOS, COX-2), neuronal death 
in the cerebral cortex, and myelin alterations; 
2) Remodeling of  the extracellular space, as 
studies in humans and rats show that alcohol 
activates microglia, modifies their morphol-

ogy (retraction of  processes), and reduces 
barriers in the gray matter, increasing neu-
rotransmitter diffusion and facilitating the 
spread of  dopamine and glutamate, thereby 
enhancing reward and addiction. These 
changes persist during early abstinence and 
correlate with addictive behaviors; 3) Im-
mune dysfunction in the amygdala, where 
chronic ethanol consumption reduces IL-10 
(an anti-inflammatory cytokine) levels, alters 
amygdalar neuronal communication, and 
promotes anxiety and compulsive alcohol 
seeking (Khan and Chang, 2023).

Neuroinflammation is closely associated with 
mood and behavioral disturbances, such as 
the development of  depression (Evrensel, 
Ünsalver & Ceylan, 2020). Post-mortem 
studies have shown increased microglial ac-
tivation in cortical regions of  individuals with 
depression, areas frequently implicated in this 
disorder (Rajkowska & Stockmeier, 2013).

7. THERAPEUTIC 
INTERVENTIONS WITH 

GUT MICROBIOTA FOR AUD

Recent advances in understanding the gut-
brain axis have spurred clinical trials and 
pilot studies in humans exploring the thera-
peutic potential of  prebiotic and probiotic 
interventions targeting the gut microbiota, 
both for the treatment of  alcohol use dis-
order (AUD) and other mental health con-
ditions frequently associated with increased 
alcohol consumption.

In the field of  prebiotics, a randomized, 
double-blind, placebo-controlled trial (us-
ing maltodextrin as placebo) evaluated the 
effect of  inulin over 17 days in the diet of  
50 patients with severe AUD. The results 
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showed no differences in alcohol craving 
between groups. However, all participants 
experienced improvements in symptoms of  
depression, anxiety, and craving during alco-
hol withdrawal, regardless of  the interven-
tion received. Interestingly, only the group 
treated with inulin showed a significant im-
provement in sociability scores and an in-
crease in serum brain-derived neurotrophic 
factor concentration. This pilot study dem-
onstrates that inulin is well tolerated and 
may modulate gut microbiota and social 
behavior in patients with AUD, although it 
does not improve other psychological and 
biological parameters compared to placebo 
(Amadieu et al., 2022).

Currently, a study titled “Gut Health and Its 
Effect on Substance and Alcohol Craving” 
is underway, aiming to determine whether 
certain probiotics can reduce craving for 
alcohol and other substances. Fermented 
foods, such as pickles, have been observed 
to improve the health and diversity of  the 
gut microbiota and are also economically 
accessible, so they have been incorporated 
into this trial. After providing informed con-
sent, participants (aged 18 to 75) will com-
plete an initial survey on alcohol craving and 
then consume, for 30 days, a probiotic for-
mula containing Bacillus coagulans spores (1 
billion CFU), 250 mg of  inulin, and one pick-
le per day. At the end, the craving survey will 
be repeated and changes analyzed using a 
paired t-test. Participants will be in recovery 
programs and will abstain from alcohol or 
drug use during the study (https://clinical-
trials.gov/study/NCT06026982?cond=Eth
anol&intr=prebiotic,%20probiotic&rank=1, 
accessed April 23, 2025).

Another ongoing clinical trial investigates the 
use of  short-chain fatty acid (SCFA) prebi-

otics in people with HIV, with and without 
AUD, to assess their impact on intestinal 
barrier function, systemic inflammation, and 
brain pathology (https://clinicaltrials.gov/
study/NCT06139224, accessed April 23, 
2025). In this study, 20 HIV-positive individ-
uals with AUD and on antiretroviral therapy 
participate in a prebiotic intervention. This 
is a proof-of-concept observational study 
seeking to establish a causal link between 
gut microbiota and HIV pathology during an-
tiretroviral therapy, assessing whether modi-
fication of  the microbiota and gut environ-
ment influences intestinal barrier function, 
systemic inflammation, and brain pathology. 
Participants will have two study visits for 
stool, blood, and questionnaire collection. 
This subgroup is part of  a larger observa-
tional study (n = 160), which examines the 
hypothesis that the guts of  HIV+ individuals 
are less resilient to alcohol-mediated intes-
tinal barrier disruption compared to HIV-
negative controls. Blood, urine, stool, and 
intestinal biopsy samples will be collected to 
compare intestinal barrier integrity, systemic 
and intestinal inflammation, immune activa-
tion, oxidative stress, the microbiome/me-
tabolome, and HIV reservoirs. Additionally, 
colonic/ileal organoids from HIV-positive 
individuals on antiretroviral therapy will be 
generated to analyze their resilience to al-
cohol-induced intestinal barrier disruption.

Regarding colonic administration of  SCFAs, a 
triple-blind, randomized, placebo-controlled 
clinical trial evaluated the effects of  an SCFA 
mixture administered for one week (at doses 
equivalent to the fermentation of  10 g or 20 g 
of  arabinoxylan oligosaccharides) on psycho-
social stress responses and fear tasks in 66 
healthy men. The results showed that SCFA 
administration improved responses to stress-

https://clinicaltrials.gov/study/NCT06026982?cond=Ethanol&intr=prebiotic,%20probiotic&rank=1
https://clinicaltrials.gov/study/NCT06026982?cond=Ethanol&intr=prebiotic,%20probiotic&rank=1
https://clinicaltrials.gov/study/NCT06026982?cond=Ethanol&intr=prebiotic,%20probiotic&rank=1
https://clinicaltrials.gov/study/NCT06139224
https://clinicaltrials.gov/study/NCT06139224
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ors (Dalile et al., 2020). Similarly, probiotic 
supplementation has been shown to reduce 
symptoms of stress, anxiety, and psychologi-
cal distress in stressed adults, and to improve 
depressive symptoms in patients with major 
depressive disorder (Tian et al., 2022).

Therapies aimed at modifying the gut micro-
biota through probiotics have also shown 
promising results. A study with Lactobacillus 
rhamnosus GG (LGG) in patients with AUD 
and moderate alcoholic hepatitis showed 
improvements in alcohol craving. In this trial, 
46 participants with AUD and moderate al-
coholic hepatitis received LGG (n = 24) or 
placebo (n = 22), with assessments at base-
line, 1, 3, and 6 months. LGG treatment was 
associated with a significant reduction in liv-
er injury at one month and, after six months, 
with a decrease in heavy alcohol consump-
tion to levels of  social abstinence. These 
results suggest that LGG may improve both 
liver injury and alcohol consumption in this 
group of  patients (Vatsalya et al., 2023). 
Another ongoing study, titled “Brain-Gut-
Microbiome Axis Alterations Modulate 
Gender Differences in Alcohol-Related 
Liver Disease Outcomes,” is evaluating the 
probiotic VSL#3 in patients with AUD and 
alcohol-associated liver disease (https://
clinicaltrials.gov/study/NCT05007470, ac-
cessed April 23, 2025).

Finally, a randomized, placebo-controlled 
clinical trial using fecal microbiota trans-
plantation (FMT) in patients with AUD and 
cirrhosis demonstrated improvements in 
alcohol craving. In this phase 1 study, 20 pa-
tients with AUD-related cirrhosis and prob-
lematic alcohol use were assigned to receive 
a placebo or a FMT enema from a donor 
enriched with Lachnospiraceae and Rumino-
coccaceae. FMT was found to be safe and 

was associated with a short-term reduction 
in craving and alcohol consumption, as well 
as favorable microbial changes compared to 
placebo (Bajaj et al., 2021).

8. LIMITATIONS OF EXISTING 
RESEARCH ON THE GUT-

BRAIN AXIS AND AUD

Research on the gut-brain axis in individuals 
with alcohol use disorder (AUD) presents 
several methodological and conceptual limi-
tations that must be considered when inter-
preting current findings.

1. Difficulty in Establishing Causality

Most studies identify correlations between 
alterations in the gut microbiota and psy-
chological symptoms such as anxiety, de-
pression, or craving. However, it remains 
unclear whether microbial changes are a 
cause or consequence of  alcohol consump-
tion. For example, in individuals with chronic 
alcoholism, increased intestinal permeability 
and systemic inflammation are associated 
with craving, but it is not clear whether 
these alterations precede the development 
of  AUD.

2. Sample Size and Diversity

Many human studies utilize small and un-
representative cohorts, limiting the gener-
alizability of  results. Furthermore, variables 
such as gender, age, and comorbidities are 
often insufficiently represented, despite sig-
nificant sex differences observed in preclini-
cal models.

3. Predominantly Preclinical Focus

A substantial portion of  the evidence comes 
from animal models, where positive effects 

https://clinicaltrials.gov/study/NCT05007470
https://clinicaltrials.gov/study/NCT05007470
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of  interventions such as microbiota trans-
plantation have been observed. However, 
these findings are not always replicated in 
humans due to differences in intestinal phys-
iology and the complexity of  psychosocial 
factors associated with alcohol use.

4. Lack of Standardization in Measurements 

There is no consensus on how to measure 
intestinal dysbiosis, permeability, or inflam-
matory markers (such as cytokines or cor-
tisol), making it difficult to compare studies 
and identify universal biomarkers.

5. Uncontrolled Confounding Variables

Factors such as diet, antibiotic use, smoking, 
or psychiatric comorbidities can influence 
the gut microbiota and the response to al-
cohol, but few studies systematically control 
for these variables.

6. Limitations in Therapeutic Interventions

Although strategies such as fecal trans-
plantation or the use of  probiotics and 
prebiotics have been proposed, there are 
still no robust clinical trials evaluating their 
long-term efficacy in individuals with AUD 
(Wolstenholme et al., 2024). Additionally, 
the interaction of  these interventions with 
standard psychological treatments has not 
been sufficiently explored.

7. Need for Advanced Techniques

To deepen the understanding of  the gut-
brain axis, future studies should incorporate 
metagenomic, metatranscriptomic, and me-
tabolomic techniques, allowing for the eval-
uation not only of  the composition but also 
the function of  the gut microbiota.

In summary, although the gut-brain axis rep-
resents a promising field of research, there 

is a need for longitudinal studies with more 
diverse samples, designs that allow for the 
establishment of causal relationships (for ex-
ample, using humanized animal models), and 
standardized protocols to assess microbial 
changes (Hooks, Konsman & O’Malley, 2018). 

9. SPECIFIC LIMITATIONS IN 
CLINICAL STUDIES WITH 

HUMANS

Human studies on the gut-brain axis in AUD 
present additional limitations. Most employ 
16S rRNA gene sequencing to compare mi-
crobial composition between AUD patients 
and healthy controls. While this technique 
provides an overview of  microbial diversity, 
it lacks functional information. Furthermore, 
reliance on fecal samples omits bacterial 
communities specific to the small intestine 
and mucosal surfaces.

Patients with AUD often exhibit altered eat-
ing habits and an increased risk of  malnu-
trition, which constitutes a significant con-
founding variable. For example, a study of  
50 AUD patients revealed lower intake of  
essential nutrients and fiber, alongside high-
er consumption of  ultra-processed foods, 
which was associated with increased anxiety, 
reduced sociability, and intestinal discomfort. 
Chronic alcohol consumption can also dam-
age the small intestinal mucosa and the brush 
border membrane of  enterocytes, disrupt-
ing the absorption of  macro- and micronu-
trients. Therefore, it is essential to accurately 
assess the nutritional and dietary status of  
AUD patients and consider it as a potential 
confounding factor in future studies.

Variability in results may be due to factors 
such as sample size, timing and methodol-
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ogy of  sample collection, DNA extraction, 
sequencing techniques, and data analysis. It 
is crucial to control for variables such as age, 
sex, antibiotic or probiotic use, diet, and 
supplements. Additionally, careful selection 
of  control groups is essential to avoid bias 
and improve the validity of  results.

Addressing these limitations will enable fu-
ture studies to provide more accurate and 
reliable information on the role of  the gut-
brain axis in AUD.

10. CONCLUSIONS

The gut-brain axis plays a fundamental role 
in the pathophysiology of AUD, as alcohol-
induced dysbiosis profoundly affects micro-
bial composition, metabolite production, and 
neuroimmune pathways. These alterations 
contribute to cycles of neuroinflammation 
and addiction, positioning the gut as a promis-
ing therapeutic target. Emerging interventions, 
such as probiotics, prebiotics, and fecal micro-
biota transplantation, have shown potential 
for reducing alcohol cravings and improving 
neuropsychiatric symptoms. Nevertheless, 
these strategies require larger and more rig-
orous clinical trials to validate their efficacy 
and define optimal application methods. The 
identification of microbial biomarkers could 
open the door to personalized treatments 
and better patient outcomes. However, sig-
nificant knowledge gaps persist, particularly 
in the mechanistic understanding of gut-brain 
interactions in AUD. Addressing these gaps 
through targeted research could clarify the bi-
directional impacts of alcohol on gut and brain 
health. These advances will be vital for im-
proving therapeutic strategies and transform-
ing our approach to this complex disorder.
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