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The Role of Gut Microbiota in Mental Health: Gut-Brain Axis
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ABSTRACT
In recent years, the relationship between gut 
microbiota and mental health has gained significant 
attention. Several research articles have explored 
and confirmed the state of one’s gut has a significant 
impact on mental health. It is paramount to 
acknowledge that, aside from the brain and central 
nervous system (CNS), gut microbiota impacts 
several vital body organs and systems, including the 
liver, heart, kidneys, lungs, skin, endocrine system, 
metabolic system, digestive system, immune system, 
and skeletal system. The state of your gut health 
is directly proportional to your overall health and  
well-being. 
This review aims to explore the emerging evidence 
linking gut microbiota to mental health, including 
depression, anxiety, schizophrenia, autism, 
and cognitive function. We aim to elucidate how 
gut microbiota influences the brain through the  
gut-brain axis, emphasizing the potential for 
microbiota-targeted interventions in mental health 
treatments/management.
Keywords: Gut microbiota, Gut-brain axis,  
Mental health disorders, Probiotics and prebiotics, 
Neurotransmitter production

Introduction
The connection between gut health and central nervous 
system (CNS) function is increasingly recognized as crit-
ical to overall well-being. Signals from the gut, includ-
ing hormones, neurotransmitters, and immunological 
factors, communicate with the brain either directly or 
through autonomic neurons. The gut-brain axis (GBA) 
was initially identified in a pivotal study by Sudo et al., 
which demonstrated an impaired stress response in 
germ-free mice.1 Subsequent research has reinforced the 
concept of the GBA, revealing its intricate links not only 
between the gut and brain but also encompassing the 
endocrine, neural, and immune systems.

Recent studies have begun to explore how variations 
in the gut microbiome affect various mental health dis-
orders such as anxiety, depression, schizophrenia, and 
autism. This review focuses on the GBA’s role in anxi-
ety and depressive disorders, and highlights emerging 
therapeutic interventions aimed at correcting dysbi-
osis to improve mental health outcomes. Probiotics 
and prebiotics have been studied both as standalone 
treatments and adjuncts to conventional medications, 
showing promise in alleviating symptoms of anxiety 
and depression. This paper discusses these findings 
and their implications for treatment, providing a com-
prehensive overview of the gut microbiome’s develop-
ment, its interaction with brain function, and potential 
directions for future research.

The term microbiome refers to the entire collection 
of microorganisms and their genetic material within 
the human body. In contrast, the microbiota specifical-
ly denotes the microorganisms located in a particular 
area, such as the gastrointestinal (GI) tract or skin. This 
review will primarily focus on the gut microbiota in re-
lation to the GBA, while occasionally referencing the 
broader human microbiome. 

The GBA is a complex, bidirectional communica-
tion network that links the enteric and central nervous 
systems, extending beyond anatomical connections to 
include endocrine, humoral, metabolic, and immune 
communication pathways. Through the autonomic 
nervous system, hypothalamic-pituitary-adrenal (HPA) 
axis, and GI tract nerves, the brain can influence gut 
activities, while the gut impacts mood, cognition, and 
mental health.2

Evidence from clinical, epidemiological, and immu-
nological studies indicates that enteric microbiota pro-
foundly affect the gut-brain relationship, influencing 
mental states, emotional regulation, HPA regulation, 
and neuromuscular function. Ongoing research con-
tinues to uncover mechanisms by which microbiota 
impact brain function, showing that microbiota fluc-
tuations correspond with changes in these communi-
cation systems.3

For instance, mood disorders such as anxiety, 
depression, and autism spectrum disorders have es-
tablished links to GI disruptions, while GI diseases 
such as irritable bowel syndrome (IBS) often involve 
psychological comorbidities related to microbiome 
alterations.4 Additionally, the gut microbiome’s com-
position influences fetal and neonatal neurological 
development, with diet playing a significant role in 
cognitive function.5 Insights into gut-brain interactions 
reveal a sophisticated communication system that 
maintains gastrointestinal homeostasis and impacts 
emotions, motivation, and higher cognitive functions. 
This system, known as the gut-brain axis, integrates 
gut functions with emotional and cognitive brain cen-
ters, involving immune activation, intestinal permea-
bility, enteric reflexes, and entero-endocrine signaling 
through neuro-immuno-endocrine mediators.6

This bidirectional network encompasses the CNS, 
including the brain and spinal cord, the autonom-
ic nervous system (ANS), the enteric nervous system 
(ENS), and the HPA axis. The autonomic system, com-
prising the sympathetic and parasympathetic branch-
es, transmits signals from the gut lumen to the CNS 
and from the CNS to the intestinal wall. The HPA axis, 
a core component of the limbic system involved in 
memory and emotional responses, coordinates stress 
responses through CRF secretion from the hypothala-
mus, leading to ACTH release from the pituitary gland 
and subsequent cortisol production by the adrenal 
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glands. Cortisol, a key stress hormone, impacts various 
organs, including the brain. This intricate neural and 
hormonal communication allows the brain to regulate 
intestinal functions and vice versa, with the gut micro-
biota playing a crucial role in these interactions. The 
emerging concept of a microbiome GBA underscores 
the significance of this reciprocal relationship.

Mechanisms Linking Gut Microbiota to Mental Health
The gut-brain axis (GBA) is a complex, bidirectional 
communication network that involves neural, hor-
monal, and immunological pathways, connecting the 
gastrointestinal tract with the central nervous system 
(CNS). This intricate system allows for the exchange 
of signals between the gut and the brain, influencing 
both gastrointestinal and neurological functions. Key 
components of the GBA include the vagus nerve, the 
immune system, and various metabolites produced by 
gut microbiota.

Vagus Nerve
The vagus nerve plays a crucial role as a major conduit 
for gut-brain signaling. It is the longest cranial nerve 
and innervates the gut, facilitating the transmission of 
information from the gut to the brain. The afferent fi-
bers of the vagus nerve can detect gut-derived signals, 
such as the presence of certain nutrients or the activ-
ity of gut microbes, and relay this information to the 
brain, which can then initiate appropriate physiolog-
ical responses.2

Immune System
Gut microbiota can influence systemic inflammation, 
which in turn can impact brain function. The gut-
associated lymphoid tissue (GALT) plays a significant 
role in maintaining gut homeostasis and mediating 
immune responses. Dysbiosis, or an imbalance in the 
gut microbiota, can disrupt this balance, leading to in-
creased intestinal permeability, also known as “leaky 
gut”.6 This condition allows bacterial endotoxins, 
such as lipopolysaccharides (LPS), to enter the blood-
stream, triggering systemic inflammation and immune 
responses that may contribute to mental health disor-
ders such as depression and anxiety.7

Metabolites
Metabolites produced by gut bacteria, including short-
chain fatty acids (SCFAs), neurotransmitters, and other 
bioactive compounds, can cross the blood-brain barri-
er and affect brain chemistry. SCFAs, such as butyrate, 
propionate, and acetate, are produced during the fer-
mentation of dietary fibers by gut microbiota and have 
been shown to have neuroactive properties.8 These 
metabolites can modulate the function of the CNS by 
influencing the production of neurotrophic factors, 
neurotransmitters, and other signaling molecules.9

Inflammation and Immune Activation
Dysbiosis can lead to increased intestinal permeabil-
ity, a condition often referred to as “leaky gut.” This 
phenomenon allows bacterial endotoxins, particularly 

LPS, to translocate from the gut lumen into the system-
ic circulation. The presence of these endotoxins in the 
bloodstream can trigger systemic inflammation and 
immune activation, which have been implicated in the 
pathophysiology of various mental health disorders, 
including depression and anxiety.4 Chronic inflamma-
tion can alter brain function by affecting neurotrans-
mitter systems, synaptic plasticity, and neurogenesis, 
thereby contributing to the development and progres-
sion of neuropsychiatric conditions.10

Neurotransmitter Production
Gut bacteria are involved in the synthesis and regulation 
of several neurotransmitters that are critical for mood 
regulation and cognitive function. For example, certain 
strains of gut bacteria can produce gamma-aminobutyric  
acid (GABA), a major inhibitory neurotransmitter in the 
CNS.11 Additionally, gut microbiota can influence the 
production of serotonin, an important neurotransmitter 
involved in mood regulation, by affecting the availabili-
ty of its precursor, tryptophan.12 Dopamine, another key 
neurotransmitter associated with reward and motiva-
tion, can also be modulated by gut microbiota through 
various metabolic pathways.13 The ability of gut bacteria 
to produce and regulate these neurotransmitters under-
scores the significant role of the gut microbiota in main-
taining mental health and cognitive function.

The Impacts of Gut Microbiota on Mental Health
The relationship between gut health and central ner-
vous system (CNS) is essential in achieving overall 
health and wellness. The enteric microbiota signifi-
cantly influences the gut-brain axis (GBA), interacting 
locally with intestinal cells and the enteric nervous 
system (ENS), and directly with the CNS via neuroen-
docrine and metabolic pathways.

Evidence of this interaction dates back over two 
decades when oral antibiotics were observed to dra-
matically improve hepatic encephalopathy patients.14 
Recent studies have solidified the role of microbiota in 
affecting anxiety, depression, and autism, with specific 
microbiota changes correlating with disease severity.15

Dysbiosis is also evident in functional gastrointesti-
nal disorders (FGIDs), which are often linked to mood 
disorders due to GBA disruptions. These disruptions 
alter intestinal motility and secretion, cause visceral 
hypersensitivity, and enhance gut permeability, lead-
ing to systemic inflammation and altered brain func-
tion.16 This interrelation is underscored by studies on 
IBS, a condition closely linked to GBA imbalances.

Depression and Anxiety
Research has consistently highlighted the association 
between gut microbiota and depression. Studies have 
found significant differences in the gut microbiota 
composition between individuals with depression and 
healthy controls. For example, patients with major de-
pressive disorder (MDD) often exhibit reduced diversi-
ty and alterations in specific bacterial taxa.17 Moreover, 
alterations in the gut microbiota can influence the lev-
els of neurotransmitters such as serotonin, which are 
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critical for mood regulation.18 These findings suggest 
that targeting the gut microbiota could offer new ave-
nues for the treatment and management of depression 
and anxiety.

Schizophrenia
The role of gut microbiota in schizophrenia has been 
a subject of increasing interest. Recent research has 
identified distinct microbiota profiles in individuals 
with schizophrenia compared to healthy controls. 
Changes in the gut microbiota composition have 
been linked to increased inflammation and oxida-
tive stress, which are thought to contribute to the 
development of schizophrenia.19 Understanding 
these microbiota-mental health connections could 
lead to novel therapeutic strategies for managing 
schizophrenia.

Autism Spectrum Disorders
Autism spectrum disorders (ASD) have also been asso-
ciated with alterations in gut microbiota. Studies have 
shown that children with ASD often have distinct mi-
crobiota profiles compared to neurotypical children.20 
Additionally, interventions aimed at modulating the 
gut microbiota, such as probiotic supplementation, 
have shown promise in alleviating some symptoms of 
ASD.21 These findings highlight the potential of micro-
biota-targeted therapies in improving the quality of life 
for individuals with ASD.

Cardiovascular/Respiratory Health
The relationship between gut bacteria and heart/lung 
health has been a topic of research indicating a con-
nection with the gut-brain axis. Studies show that gut 
microbiota composition can impact heart rate variabil-
ity, blood pressure and respiratory functions.22 Specific 
metabolites derived from the gut can influence blood 
vessel dilation and constriction for health. Moreover, 
the microbial community in the gut may regulate re-
sponses that are significant in cardiovascular and re-
spiratory conditions. These discoveries suggest that 
therapies targeting the gut have benefits not only for 
healthy beings but also for enhancing heart and lung 
function.

Joints Health
Research suggests that an unbalanced gut microbiome 
could play a role in issues like rheumatoid arthritis.23 
This link is believed to operate through the system, 
where specific gut bacteria might trigger inflammation 
affecting joints. Imbalances in gut flora have also been 
associated with levels of inflammatory molecules that 
could worsen joint discomfort and rigidity.

By taking care of your gut health, you might find re-
lief from issues and see an improvement in your overall 
joint well-being.

Dermatological Issues
The link between gut health and skin conditions, 
known as the gut-skin connection, is gaining attention. 
Skin problems like acne, eczema, and psoriasis have 

been linked to changes in gut bacteria.24 The gut’s role 
in controlling inflammation and immune balance is 
crucial for skin health. An imbalance in gut bacteria, 
called dysbiosis, can lead to a gut that allows toxins 
into the bloodstream, triggering skin inflammation. Ex-
ploring the connection between the gut and skin offers 
avenues for addressing skin problems by focusing on 
improving gut health.

Therapeutic Interventions
Understanding the interplay between gut microbiota 
and mental health opens the door to innovative ther-
apeutic approaches. Probiotics, prebiotics, and diet 
modifications are emerging as potential strategies to 
influence the gut microbiota positively and thereby im-
prove mental health outcomes.

Probiotics
Probiotics, live microorganisms that confer health ben-
efits when administered in adequate amounts, have 
shown promise in modulating gut microbiota and 
improving mental health. Various strains of probiot-
ics have been investigated for their effects on anxiety 
and depression, with some studies reporting beneficial 
outcomes.25 The mechanisms through which probiotics 
exert their effects include modulation of gut microbiota 
composition, reduction of systemic inflammation, and 
enhancement of neurotransmitter production.26

Prebiotics
Prebiotics are non-digestible dietary fibers that selec-
tively stimulate the growth and activity of beneficial 
gut bacteria. By providing a favorable environment for 
the growth of these bacteria, prebiotics can indirect-
ly influence mental health by enhancing the overall 
health of the gut microbiota.27 Research into the effects 
of prebiotics on mental health is still in its early stages, 
but preliminary findings suggest that prebiotic supple-
mentation may have potential benefits for mood regu-
lation and cognitive function.28

Diet Modifications
Dietary interventions play a crucial role in shaping 
the gut microbiota and, consequently, mental health. 
Diets rich in fiber, fruits, vegetables, and fermented 
foods have been associated with a more diverse and 
beneficial gut microbiota.29 Conversely, diets high in 
sugar, fat, and processed foods can negatively impact 
gut microbiota composition and increase the risk of 
mental health disorders.30 Nutritional strategies aimed 
at promoting a healthy gut microbiota may therefore 
offer a valuable approach to managing mental health 
conditions.

Other foods including spices have shown to contrib-
ute positively to gut microbiota. These natural ingre-
dients are renowned for their diverse bioactive effects, 
including anti-inflammatory, antibacterial, antifungal, 
and anticancer properties.31 Recently, there has been 
growing interest in their potential benefits for mental 
health. For instance, curcumin, the active compound 
found in turmeric (Curcuma longa), is noted for its 
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extensive range of biological activities.32 Similarly, cap-
saicin, the key bioactive component in chili peppers 
(Capsicum annuum L.), has been shown to reduce de-
pression in mice exposed to lipopolysaccharide. This 
effect is linked to its ability to enhance the abundance 
of beneficial gut bacteria, such as Ruminococcus and 
Prevotella, while decreasing levels of serotonin (5-HT) 
and tumor necrosis factor-alpha (TNF-α).33 

Other Natural Products
Beyond spices, a variety of natural products such as 
fruits, vegetables, and medicinal herbs play crucial 
roles in managing mental health by regulating gut 
microbiota. A study involving 5,845 Australian adults 
found a positive correlation between high fruit and 
vegetable consumption and better mental health out-
comes.34 Additionally, research has shown that fruit 
and vegetable intake is inversely related to the severity 
of inattention in children with ADHD.35 

Present Limitations in Research
Despite advancements in understanding the relation-
ship between gut bacteria and mental well-being, 
there are still obstacles to overcome. One major hur-
dle is the complexity of the gut microbiome, which 
comprises trillions of bacteria, viruses, and fungi. This 
complexity makes it challenging to identify microbes 
or interactions that influence health. Moreover, much 
of the research relies on animal studies that may not 
directly apply to biology.

The diversity of microbiomes also presents a 
challenge, as elements like diet, genetics, and 
surroundings can impact gut health in various ways. 
These challenges highlight the importance of conduct-
ing studies involving humans to better understand the 
connection between the gut and the brain.

Implications for Future Research 
The future of research on gut microbiota shows prom-
ise in revolutionizing health care. Integrating consid-
erations of gut health into medical treatments could 
result in holistic approaches that view the body and 
mind as interconnected systems. Additionally, ad-
vancements in analyzing and sequencing microbi-
omes are expected to offer knowledge about specific 
gut bacteria linked to mental health disorders. These 
breakthroughs could open avenues for therapeutic 
strategies that enhance both psychological and phys-
ical well-being by regulating the gut microbiome.

Conclusion
The gut-brain axis represents a dynamic and multi-
faceted network through which gut microbiota can 
influence mental health. The emerging evidence high-
lights the significant role of gut microbiota in modu-
lating mood, cognition, and behavior, underscoring 
the potential of microbiota-targeted interventions in 
mental health treatment. Probiotics, prebiotics, and 
dietary modifications represent promising avenues for 
enhancing gut health and, consequently, mental well-
being. As research continues to unravel the complexi-
ties of the gut-brain relationship, it is crucial to further 

investigate the mechanisms underlying these interac-
tions and to develop effective strategies for leveraging 
gut microbiota in mental health management.
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