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A B S T R A C T

There is emerging evidence that the gut-brain axis can be significantly influenced through a gut friendly diet. 
Indeed, nutritional neuroscience holds a significant role in managing the gut brain axis and mental health dis
orders as numerous pathways, chiefly, neurological, humoral and immune pathways are involved in the bidi
rectional communication of gut and brain. Moreover, these pathways are interlinked with the gut microbiota, 
performing a synergistic effect on gut-brain axis. Consequently, nutrients and gut metabolites have become 
crucial for managing the gut-brain communication and thereby handling various mental health disorders. 
Furthermore, the incorporation of dietary interventions through special diets can efficiently contribute to the 
maintenance of gut-brain health. Apart from this, advanced nutritional therapies, i.e., nutritional psychiatry, 
microbial biotherapies have been shown promising effects on altered gut brain signalling and health. None
theless, the role of nutritional diet in managing the gut brain axis is yet to be discussed in detail. Additionally, 
there is a growing need to investigate the impact of nutrients on healthy gut-brain communication within the 
field of nutritional psychiatry. On account of these gaps and findings, this review highlights the importance of 
diet and nutrition on a healthy gut-brain axis through the mechanism of action of different nutritional com
pounds, impact of special diets and novel nutritional and psychobiotic influenced strategies.

1. Introduction

The quote “Death lies in the bowel” by Hippocratis (Father of Med
icine), stated in 400 BC signifies the importance of gut microbiota and 
gut health in regards with the overall wellbeing of the body [1]. Most of 
the nutrients and biomolecules are absorbed in the gut, thereby devel
oping a cross communication with all the vital organs of the body. 
However, this interaction of the gut is more evident with the brain, 
through various pathways known as the gut-brain axis [2]. The path
ways are influenced by various nutritional compounds and gut metab
olites such as protein, fibre etc. [3]. Apart from this, gut microbiota 
exhibits a positive effect on brain health as well in managing mental 
health disorders such as anxiety, depression etc., through the stimula
tion of neurotransmitters [4]. Although the mechanism of gut brain axis 

is explored in previous studies, there are rare studies targeting inter
connection of nutrition and diet in maintaining gut-brain communica
tion and the therapeutic impact of food in gut-brain cross talk. 
Identifying this gap, this review explores the potential effect of diet and 
nutrition in the bidirectional communication of brain-gut-gut micro
biota (BGM).

The gut-brain axis comprises a complex and interlinked network, 
connecting the gut and brain [1]. The major fundamental gut-brain 
communication pathways are composed of central, enteric, autonomic 
nervous system (ANS and ENS) and HPA axis [5]. Firstly, at 
neuro-autonomic level, direct action via autonomic nervous system 
(ANS) and vagus nerve, between brain and GI, and an indirect pathway 
that connects ANS and ENS. Secondly, the endocrine level, para
ventricular (PVN) hypothalamic nucleus produce CRH and secretes 
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Contents lists available at ScienceDirect

Human Nutrition & Metabolism

journal homepage: www.sciencedirect.com/journal/human-nutrition-and-metabolism

https://doi.org/10.1016/j.hnm.2025.200349
Received 25 January 2025; Received in revised form 13 October 2025; Accepted 15 October 2025  

Human Nutrition & Metabolism 43 (2026) 200349 

Available online 30 October 2025 
2666-1497/© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ). 

https://orcid.org/0000-0002-3875-1286
https://orcid.org/0000-0002-3875-1286
mailto:supriya.27320@lpu.co.in
mailto:kshiroddash14@gmail.com
mailto:kovacsb@agr.unideb.hu
www.sciencedirect.com/science/journal/26661497
https://www.sciencedirect.com/journal/human-nutrition-and-metabolism
https://doi.org/10.1016/j.hnm.2025.200349
https://doi.org/10.1016/j.hnm.2025.200349
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


adrenocorticotropic hormone (ACTH) through anterior pituitary stim
ulation, contributing to stress dependent HPA axis and finally, the im
mune pathway facilitated by cytokines and microbiota-immune 
interplay by gut-derived metabolites [6]. Additionally, gut microbiota, 
due to its characteristics, influences the role of diet on brain functioning 
by releasing, modulating the nutrients from the food via various 
bioactive molecules and metabolites [7]. However, the disruptions of a 
healthy microbiota collapses the gut-brain inter-communication con
tributes the pathogenesis of psychiatric disorders [8] as nutrient modi
fied neurotrophic factors like brain-derived neurotrophic factor (BDNF) 
are necessary for the maintenance of synoptic plasticity [9]. Proper 
consumption of specific diets such as fibre rich and protein rich diets, 
prebiotics, fermented foods, traditional diets like Mediterranean diets 
exhibit a positive impact on gut-brain health [4,7]. Moreover, the 
altered gut-brain health can also be effectively managed through novel 
strategies and therapies including dietary interventions targeting psy
chobiotic strategy for modulating neurological diseases [10].

Despite the existing evidence on the role of nutrition in gut-brain 
axis, the importance of specific diet and nutrients on a healthy gut- 
brain crosstalk are yet to be explored in detail. There exists a lack of 
information regarding the interconnection of psychobiotics and gut 
friendly diet on gut-brain communication. Furthermore, the available 
studies have emphasised the role and mechanism of nutrients on gut- 

brain axis, but a comprehensive review on the importance of nutrients 
and gut friendly diet as well as an optimally managed psychobiotic 
concentration on a healthy gut-brain axis is lacking. Subsequently, 
nutritional interventions for altered gut-brain axis also need attention. 
Hence, in the light of the existing gap and above-mentioned potentials, 
this review focuses the significance of nutrition on gut-brain health 
along with an analysis of gut-brain-nutrition interconnection with 
mental health disorders. Additionally, on account of the profound 
impact of food, this review explores the novel insights of special diets 
and other intervention strategies for promoting an optimal gut-brain 
axis.

This review briefs an overview of the gut-brain axis, highlighting the 
major primary pathways, i.e., neural, humoral and immune pathways 
that regulates this intricate system. Besides, the mechanism of action of 
nutrients and gut metabolites on maintaining the gut-brain communi
cation is highlighted. It reveals the interaction between gut microbiota, 
brain and nutrients. Additionally, this work underscores the significance 
of nutrition in managing mental health disorders and brain health. It 
explores the role of nutrients in optimum emotional and cognitive 
wellbeing. Also, this review provides insights about the importance of 
gut friendly diet in nutritional neuroscience. This covers key special 
diets that are effective in a healthy gut-brain communication. Moreover, 
this study contributes to a comprehensive understanding of novel 

Fig. 1. Major signalling pathways of gut-brain axis including neurological, humoral and endocrine pathways. 
(A) The neurological pathway involves the gut microbiome induced opening of calcium dependent channels for alteration of vagus nerves for the bilateral 
communication among brain, spinal code, enteric system and hypothalamus-pituitary-adrenal (HPA) system. Also, the gut mucosa transmits signals to glutamate- a 
neurotransmitter and sensory co transmitter for regulating visceral sensitivity in vagal pathway. Similarly, SCFA influences neurotransmitters from enterochromaffin 
cells to promote gut-brain connection. 
(B) The humoral pathway includes the gut microbiota influenced modulation of microglia for cytokine production. These cytokines with LPS alter the brain barrier 
and function by changing the vascular permeability. 
(C) The endocrine pathway includes, gut derived hormones ghrelin and PYY participates in the peripheral and central control of food intake in the gut-brain axis. The 
adrenal cortex releases glucocorticoids through the diffusion of adrenocorticotropic hormone (ACTH) from anterior pituitary into symmetric circulation. This leads to 
the management of gut brain axis, specifically in visceral sensations and behavioral stress response.

A. Ajay et al.                                                                                                                                                                                                                                    Human Nutrition & Metabolism 43 (2026) 200349 

2 



strategies for regulating altered gut-brain health. These outlined inno
vative methods encompasses nutritional and non-nutritional techniques 
to manage the disrupted gut-brain signalling.

2. Signalling pathways between gut and brain

The cross communication and signalling between brain and gut is 
mediated via functional lymphatic vasculature and blood brain barrier 
(BBB), through a physical and chemical connection that combines 
neurological, endocrine and immune pathways [11]. Specifically, the 
physiological and bidirectional communication between gut and brain is 
through cytokines, neurotransmitters and hormones [12]. This section 
highlights the major signalling pathways between gut and brain as 
illustrated in Fig. 1.

2.1. Neurological pathways

Neurotransmitters and neuroactive substances produced in the gut 
including γ-amino butyric acid (GABA), serotonin and short chain fatty 
acids (SCFA) can affect the brain functioning [13]. However, the sig
nalling between gut-brain axis can be emphasised through the numerous 
neurological pathways. The alteration of afferent sensory nerves and 
saprophytic flora is essential for the activity of intrinsic sensory neurons 
by improving the gut motility using Lactobacillus reuteri, also resulting in 
the inhibition of calcium-dependent potassium channels opening [14,
15]. This change in the gut motility initiates a bilateral communication 
among brain, spinal cord, enteric system and 
hypothalamus-pituitary-adrenal (HPA) system, as well as with the 
sympathetic and parasympathetic limbs that controls lumen driven 
afferent signals, thus getting channelled through enteric, vagal and 
spinal signals to the central nervous system [15]. Additionally, the 
microbiota send signals to the brain by activating afferent neurons of the 
vagus nerve via neuroendocrine and neuro-immune pathways [16]. 
Parallelly, researchers have proposed neurological relationship between 
both brain and GI tract. Particularly, 5-HT, a neurotransmitter exhibits a 
crucial role in managing the gut-brain communication [15]. Also mi
crobial tryptophan induced release of 5-HT from enterochromaffin cells 
in the gut promotes gut-brain connection [17]. Additionally, the gut 
microbiota influence glutamatergic pathways through controlling 
L-tryptophan, that contributes to the synthesis of bioactive molecules, 
including 5-HT, kynurenine and indole derivatives through direct or 
indirect control of microbiota. Similarly, another neurotransmitter - 
glutamate (GLU) plays a major role in regulating visceral sensitivity by 
acting as a sensory co-transmitter in the primary afferent neuron, 
transmitting the information from mucosa to extrinsic primary afferent 
neuron and ENS [14]. In addition, gut microbiomes like Ruminococcus 
gnavus and C. sporogenes produces tryptamine in the brain that induces 
appetite and mood regulation [18].

2.2. Humoral pathway

Immune cells like T and B lymphocytes play a critical role in 
modulating microbial challenges and regulating the GI-immune ho
meostasis [19]. The gut-brain axis is influenced by gut microbiota 
modulated immune cells including microglia and CNS mediated oligo
dendrocytes and astrocytes [11]. For instance, microglia are responsible 
for several immune activities including phagocytosis, immune activa
tion and cytokine production [20]. In addition, studies have highlighted 
the influence of gut microbiota in the functioning of microglia as well as 
preventing CNS damage. Moreover, the gut microbiota influenced 
microglia positively affects human behaviours and can manage neuro
logical disorder induced stress. Furthermore, the cytokines produced by 
microglia in the intestine passes through the bloodstream to the brain 
and affects the overall gut-brain axis [13,21]. These cytokines, along 
with LPS suppress microglial phagocytosis, alter the blood brain barrier 
and enhances neuronal apoptosis [22,23]. However, the gut microbiota 

also impacts the blood brain barrier (BBB) and its permeability, where 
BBB is known to prevent entry of infectious agents and immune cells 
[23,24]. Hence, the above immunological sensation in the blood barrier 
permeability demonstrates the connection between gut and brain 
through humoral pathway.

2.3. Endocrine pathway

Gut hormones including peptide YY (PYY), glucagon-like-peptide-1 
(GLP-1) are are known for local efforts on gut motility [2]. Particu
larly, GLP-1 plays a key role in maintaining satiety, as its receptors are 
present in various tissues including gut, hypothalamus and activates 
these receptors in the vagal afferent pathway or ENS. Likewise, PYY 
participates in the peripheral and central control of food intake in the 
gut-brain axis. Similarly, ghrelin is another peripherally derived hor
mone in the gut that has a crucial role in expressing signals to the brain 
through vagal afferents in the nodose ganglion. In addition, reduction in 
the ghrelin levels leads to a decrease in the activity of the right dorso
lateral prefrontal cortex, thus it can be attributed as a signalling mole
cule in modulating the gut-brain communication [25].

Similar signalling pathway between gut and brain is via the 
hypothalamic-pituitary-adrenal axis (HPA), where the paraventricular 
nucleus (PVN) releases corticotropin release factor (CRF). Moreover, 
CRF activates the HPA axis, whereas the adrenal cortex releases gluco
corticoids through the diffusion of adrenocorticotropic hormone (ACTH) 
in symmetric circulation. This release of glucocorticoids leads feed back 
inhibition through transcriptional modulation in stress-responsive re
gions of brain. Additionally, this bidirectional communication between 
gut-brain and HPA axis is related with gut hormones, microbial me
tabolites, sensory and autonomic nervous system [26].

3. Impact of gut metabolites and nutrients on brain health: 
mechanisms of action

The diet-microbiome interactions are the key factors for the pro
gression of microbiome-host communication, that ultimately affects 
brain health [7]. Hence, the mechanism of action of major nutrients and 
gut metabolites on brain health is discussed in this section as represented 
in Table 1.

3.1. Protein

Dietary protein is metabolised by the gut microbes to produce 
various neurotransmitters such as 5-HT, norepinephrine, GABA and 
dopamine [27]. Besides, studies have stated that gut microbiota induced 
the alteration of protein expression levels in multiple tissues of the 
gut–brain axis with depression-like phenotype [37]. However, the ac
tion of protein in the gut-brain axis is more prominent through the 
pathways linked with amino acids as mentioned below. Amino acids 
(AA) hold a major role in modulating the host’s cognitive functions, 
either by acting as a neurotransmitter such as L-Glutamate (GLU) or by 
serving as a precursor for the synthesis of GABA, serotonin and dopa
mine [7]. For instance, GLU acts as a diet derived source of amino acid 
activates its receptors on either pelvic, splanchnic or vagal afferents 
takes part in conveying sensory inputs to parts of brain involved in 
gut-brain functions [14]. Similarly, glutamate is regulated by another 
AA derived compound N-acetylcysteine, an anti-inflammatory antioxi
dant that holds neuroprotective effects [4]. In addition, gut microbes 
such as Bifidobacterium and Lactobacillus is reported to produce GABA 
[38]. Besides, studies have highlighted the importance of different 
branched chain amino acids including phenylalanine and plasma tyro
sine in the synthesis of norepinephrine [39]. Thus, due to its ability to 
metabolise AA and influence the neural transmissions, gut microbiota 
exhibits a crucial role in managing brain health, highlighting AA as a key 
component in microbiome-host interactions [7].
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3.2. Fibre

Dietary compounds like fibre nurtures the development of gut 
microbiomes, that triggers the release of neurotransmitters, gut hor
mones and bioactive metabolites, thus influencing the brain through 
different signalling pathways [40,41]. SCFA- a metabolite of microbial 
fermented fibre present in the CNS can stimulate neurotransmitter 
synthesis and neurotrophic factors, thereby improving brain health 
through the regulation of neuron growth and differentiation [27]. 
Similarly, SCFA has a positive impact on brain health either through 
improving the gut microbiome levels or by regulating neurotransmitters 
[40]. In addition, studies have asserted that SCFA’s transmit the elec
trical signals to regulate neurotransmitters in the brain through the 
stimulation of vagal afferents in the gastrointestinal tract [27]. Likewise, 
they exhibit the potential to decrease the symptoms of depression and 
psychosocial stress-induced intestinal permeability [42]. Subsequently, 
SCFA’s contribute to the inhibition of histone deacetylases (HDAC), 
hence preventing anxiety related disorders [27]. Moreover, brain cir
cuits are indirectly influenced by SCFA via the activation of G- 
protein-coupled receptor (GPCR) for secreting gut hormones like pep
tide YY (PYY) and glucagon-like peptide 1 (GLP-1) [29]. Furthermore, 
Ghrelin receptor - a major GPCR for food habits and mood are controlled 
by SCFA [43]. Thus, this mechanism represents the significance of SCFA 
and other microbiota metabolites through the modulation of GPCR in 
the gut-brain axis, thereby managing the functions of CNS [27].

3.3. Phenolic compounds

Phenolic metabolites can boost the production of neurotransmitters 
such as dopamine, that can deploy neurocognitive functions, thus 
improving the brain functions [44]. Studies highlighted the significance 
of phenolic compounds like Equol, a phytoestrogen that exhibits neu
roprotective effect against β-amyloid plaque induced cytotoxicity [45]. 
Similarly, another phenolic compound as well as a gut microbiota 
induced substrate - proanthocyanidin, prevents oxidative stress induced 
neurodegenerative disorders by acting as a precursor of hippuric acid, 
DHPA (3-(3,4- dihydroxyphenyl)-propionic acid) and 3-hydroxyphenyl
acetic acid [46]. In addition, studies have highlighted the beneficial 
effect of phenolic compounds in the restoration process of microglial 
cells that are crucial in gut-brain communication [30].

3.4. Vitamins

Vitamins serve as a salient compound in CNS functioning as it is 
necessary for various neurological pathways due to its ability to cross 
the blood brain barrier [7]. Studies have emphasised the effect of 
vitamin A in stress and social anxieties. Moreover, vitamin A inverts the 
microbial impairments and disturbances along with variations in hip
pocampal and prefrontal cortex BDNF concentration [27]. Besides, B- 
complex vitamins contributes potential effects in alleviating symptoms 
of depression through various mechanisms including stimulating and 
modulating gut microbiome for the release of neurotransmitters like 
GABA, acetylcholine, dopamine and serotonin, decreasing inflammatory 
symptoms and oxidative stress, regulating epigenetics and managing gut 
permeability [32]. Significantly, vitamin B12 serves as a crucial 
component in regulating the muscle–gut–brain axis, which can be 
attributed to its ability to manage the functions at the intestinal, cerebral 
and muscular levels [47].

3.5. Gut metabolites

Gut metabolites like gut microbiota synthesized compounds such as 
bile acids (BA’s) as well as metabolites produced from dietary amino 
acid like tryptophan by gut microbiota [48,49]. The two major gut 
metabolites that influence gut-brain axis including BA’s and tryptophan 
are explained below.

3.5.1. Bile acids
Bile acids (BA) are generated by hepatic and bacterial enzymes to aid 

in digestion, regulation of inflammatory signalling, absorption and 
metabolism of lipids affects the microbiota interaction effect on brain 
function [48]. BAs can directly influence brain functioning via BBB 
regulation and gut permeability management, through tight junctions’ 
disruptions, which in turn stimulates the fibroblast growth factor 15/19 
(FGF-15/19) as well as GLP-1 production. This leads to the generation of 
signals in gut to the CNS through the activation of farnesoid X receptors 
(FXR) [34].

3.5.2. Tryptophan
Tryptophan is metabolised in the gut in different forms, although it is 

an essential amino acid from dietary protein [49]. It is a major factor in 
the gut microbiota regulated synthesis of kynurenine and serotonin that 

Table 1 
Mechanism of nutrients on gut-brain health.

Nutrients Mechanism on gut health Mechanism on brain health References

Protein Protein is metabolised by the gut microbiome for the 
production of gut metabolites

Protein induces the release of various neurotransmitters like GABA, Dopamine etc. [27]

Amino Acid AA are involved in various processes for the production of 
end products that benefit intestinal barrier and gut 
microbiome.

AA can influence brain health through releasing and acting as neurotransmitters. [7,28]

Fibre Fibre nurtures the gut bacteria composition and diversity Dietary fibre rich diet helps gut microbiota to produce neuromodulators such as g- 
aminobutyric acid (GABA)

[27]

SCFA SCFA’s reduce gut permeability, and regulates gut 
hormones like peptide YY (PYY) and glucagon-like peptide 
1 (GLP-1).

SCFA’s can modulate neurotransmitters and inhibits the release of histone 
deacetylases (HDAC).

[27,29]

Phenolic 
compounds

Phenolic compound decrease microbiota induced gut 
dysbiosis and metabolic syndrome.

Phenolic compounds can influence the production of neurotransmitters such as 
dopamine and boost microglial cell restoration

[30,31].

Vitamins
Vitamin A Vitamin A inverts the microbial impairments and 

disturbances in the gut.
Vitamin A reduces variations in hippocampal and prefrontal cortex BDNF 
concentration as well as reduces the symptoms of stress and anxiety.

[27].

B complex B complex vitamins manage the gut permeability and 
reduce oxidative stress in the gut.

B complexes stimulate the release of various neurotransmitters [32]

Gut metabolites
Bile acids Bile acids can influence the structure and function of gut 

microbiota.
BAs can influence regulation of BBB and gut permeability through tight junction 
disruptions, which in turn stimulates the fibroblast growth factor 15/19 (FGF-15/ 
19) as well as GLP-1 production and activation of foresaid X receptors (FXR).

[33,34]

Tryptophan Tryptophan metabolites like indole maintains the gut 
homeostasis by mucin production and inhibits 
gastrointestinal motility.

Tryptophan is a major factor in the gut microbiota regulated synthesis of kynurenine 
and serotonin as well as modulation of vascular endothelial growth factor B (VEGF- 
B) and growth factor-alpha (TGFα).

[35,36]
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acts as messengers in the gut-brain cross talk [17]. Additionally, sero
tonin, metabolite of tryptophan leads to secretomotor reflex that stim
ulates the expression of 5-HT3 and 5HT-4 receptors in lamina propria 
via afferent nerve endings, ultimately contributes to the vasoactive in
testinal peptide (VIP) and submucosal ganglionic neuronal activity [50]. 
Moreover, transformation of vascular endothelial growth factor B 
(VEGF-B) as well as growth factor-alpha (TGFα) are regulated by the 
microbial metabolites of tryptophan, thus modulating AhR induced 
transcription in astrocytes and neural disorders [51]. For instance, 
microglial regulation of astrocytes along with multiple sclerosis (MS) 
lesions formation in CD14+ cells are performed by both TGFα and 
VEGF-B [52]. Apart from this, another tryptophan metabolite that can 
pass through the BBB - Kynurenine, holds significant influence on neural 
signalling through the direct transportation of neutral AA carriers that 
are transformed into QA and KA [50].

4. Role of Nutrition: brain health

Nutrition holds a significance on gut health, hence, indirectly influ
encing how gut microbiota can leverage brain health [53]. This section 
discusses the major role of nutrition on maintaining brain health via 
gut-brain axis as presented in Fig. 2.

4.1. Brain functioning

Specific diets and nutrition have a prominent role in managing 
cognitive and brain functioning [54]. Researchers have emphasised the 
importance of a diet rich in polyphenols for cognitive functions as they 
modulate cell and molecular processes involved in learning and mem
ory, including neuronal signalling pathways involved in synaptic plas
ticity [55]. For instance, Mediterranean and other plant-based diets, rich 
in fibre and polyphenols are proven to improve cognitive function via 
gut-brain axis [56]. According to studies, diets rich in nuts and olive oil 
have exhibited a positive impact on the brain function of elderly pop
ulation [57]. In addition, polyphenols like curcumin can positively in
fluence brain health through memory boost and improved attention 
[58]. Moreover, studies have also emphasised the reversing effect of 
cognitive defects by consumption of polyphenolic compounds [59]. 

Furthermore, researches have reported an improved hippocampus 
functioning of the brain by supplementing fermented dairy products that 
increases the levels of beneficial gut microbes such as Lactobacillus [60].

4.2. Role in mood regulation

Nutrition has a major influence on mood regulation through the 
bidirectional communication of gut and brain [61]. According to 
studies, amino acids have a significant role in mood regulation, which 
can be attributed to its ability to synthesize the major neurotransmitters 
for mood regulation. These neurotransmitters include; GABA from glu
tamic acid, dopamine and norepinephrine from phenylalanine or tyro
sine, serotonin from tryptophan [62]. Besides, bioactive compounds 
including vitamins, unsaturated fatty acids and polyphenols exhibit a 
defensive effect against mood related disorders [63]. In addition, regular 
consumption of probiotics along with certain bacterial strains are 
associated with improved mood regulation [64]. Moreover, studies have 
underlined that, supplementation of galactooligosaccharides (GOS) and 
fructooligosaccharides (FOS) - major prebiotic compounds have positive 
effects on mood related disturbances [53]. Apart from this, several 
bacterial strains such as Bifidobacterium spp. and Lactobacillus spp. are 
prominent in mood regulations as they are considered as psychobiotics 
[64].

4.3. Role in managing mental health disorders

Nutritional interventions have a significant impact on psychothera
peutic treatments that contribute to improved sleep quality and 
decreased symptom severities [4]. The involvement of gut-brain bidi
rectional communication is proven in managing psychiatric disorders 
[65]. Additionally, this sub-section elaborates regarding mental health 
disorders that can be managed with the help of gut microbiotas, as 
neurotransmitters, intestinal bacteria and nutrition are directly linked 
with each other.

4.3.1. Depression
Nutrition holds an important role in mental health as the patho

genesis of many mental disorders such as depression can be attributed to 

Fig. 2. Potential benefits of nutrients such as protein, Amino acids, fats, vitamins, probiotics and phenolic compounds on proper brain functioning, mood regulation, 
managing mental health disorders such as anxiety, depression and schizophrenia.
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nutritional deficiencies [4]. Various nutrients are directly and indirectly 
associated with the management of depression [30]. Additionally, nu
trients such as vitamin B3, B6, vitamin-C, inositol, folate and s-adeno
syl-methionine that are present in gut friendly foods exhibit 
antidepressive effects [57]. Moreover, CNS has the highest concentra
tion of polyunsaturated fatty acids (PUFA) including omega-3 and 
omega-6 fatty acids, that are known to reduce the complications of 
mental disorders like depression [66]. Evidence based studies suggests 
that nutrient rich diet with unprocessed foods will alleviate depressive 
symptoms. Hence, individualized dietary recommendations and pre
scriptions from dieticians by considering food intolerences, allergies, 
ethical and cultural preferences, socioeconomic status etc. [67]. 
Furthermore, in a randomized controlled trial, 152 aduts with depres
sion were provided with Mediterranean diet for 3 months. The results 
showed that regular consumption of special diets such as mediterranean 
diet with fish oils has significantly decreased the symptoms of depres
sion [68]. Besides, amino acid present in green tea - ‘L-Theanine’, ex
hibits protective effects against depressive symptoms [30]. Similarly, 
researches have highlighted the anti-depressive effect of stilbenoid 
resveratrol found in grapes, which can be attributed to its potential to 
hinder the reuptake of neurotransmitters such as serotonin and norepi
nephrine through gut brain axis [69]. According to studies, phenolic 
compounds also possess antidepressant effects through influencing the 
frontal cortex and hippocampal neurogenesis [30]. Besides, probiotics 
exerts a beneficial effect on managing depression by increasing BDNF 
and altering microbiota composition, via gut-brain axis [62]. Similar 
studies have also highlighted the positive effect of probiotic strains such 
as Lactobacillus reuteri NK33 and bifidobacterium adolescentis NK98 sup
plementation for depression [70]. Additionally, various systemic studies 
have also underscored the effect of probiotics as an antidepressant agent 
[71]. Likewise, regular consumption of fruits can influence gut micro
biota due to the high concentration of fibre and phytonutrients in it, thus 
decreasing the risk of depression [64]. Hence, dieticians and clinical 
practitioners are trained to suggest appropriate therapeutic diets, di
etary supplements and dietary counselling for ensuring lifestyle-based 
mental healthcare [67].

4.3.2. Anxiety
Nutrition has a significant role in managing behavioral disorders 

such as anxiety through the neuroendocrine system [72]. Studies have 
emphasised the positive effect of a ketogenic diet that limits high car
bohydrates and high fat on anxiety related behaviours via altering the 
gut microbiota composition [4]. In addition, pro-inflammatory cyto
kines - IL-6 and IL-1β increase IDO expression in central and peripheral 
immune-competent cell types, whose activation degrades tryptophan, 
hence leading to anxiety symptoms [73]. Similarly, studies have high
lighted that negative changes in intestinal bacteria composition due to 
nutritional deficiencies can cause anxiety related behavior [64]. Besides, 
the majority of mental disorders including anxiety are caused by 
elevated inflammatory markers and immunodeficiencies [74]. Such 
immunodeficiency and gut infection induced anxiety development can 
be managed with probiotics because generalized anxiety disorder has 
been noticed to be linked with altered gut microbiota composition 
which can be managed with probiotics [53]. For instance, fermented 
foods with probiotic strains are known for its inhibitory action against 
anxiety, as they exhibit direct association with immuno modulation and 
brain modulation [74]. In addition, an invivo study evaluated the effect 
of consuming a mix made of baru almond (Dipteryx alata Vog) and goat 
whey on aged mice models. The subjects were supplemented with the 
2000 mg of baru + 2000 mg of goat whey/kg of body weight for 10 
weeks and the results showed improved memory, decreased anxiety 
symptoms and reduction in pathogenic bacterial strains such as Clos
tridia_UFC-014 [75]. Moreover, studies have emphasised the synergistic 
effect of curcumin on anxiety related behaviours induced by Dextran 
sulphate sodium salt (DSS), through altering the composition of gut 
microbiota [76].

4.3.3. Neurodevelopmental mental disorders (ASD and schizophrenia)
Various studies have stated the adverse impact of altered gut health 

in Autistic Spectrum Disorder (ASD) subjects, indicating the effect of gut 
microbiome with the pathophysiology of such disorders [57]. Re
searchers have reported that ASD patients exhibited a divergent abun
dance of gut microbiota composition that are composed of higher levels 
of harmful bacterias rather than the beneficial ones [77]. Moreover, a 
study conducted on ASD subjects concluded that diets with casein and 
gluten free products have a positive impact on reducing the symptoms of 
ASD as well as improved the non-verbal intellectual performance [78]. 
Similarly, another preclinical approach studied valproic acid induced 
ASD mice model to evaluate the effect of probiotic supplementation. The 
subjects were supplemented with fermented milk based on Lactiplanti
bacillus plantarum ST-III and the results showed improved autistic-like 
behaviors in male subjects through increasing the abundance of gut 
bacteria such as Lachnospiracea species [79]. Parallelly, schizophrenia is 
associated with poor nutritional intake, specifically during the symp
tomatic stage which can be linked with high intake of refined sugar and 
saturated fats [4]. Besides, studies have stated that 
glutamyle-thylamide, an amino acid present in green tea can be sup
plemented to patients suffering from schizophrenia [30]. Similarly, re
searchers have reported that schizophrenia patients exhibited 
enhancement in the communication between gut and CNS through 
incorporation of dietary fibre rich foods in daily diet [80].

5. Importance of gut friendly diet for brain health

Diet has a significant role on different gut microbial communities 
[81]. Gut friendly food has a major role in modulating the function and 
structure of the brain through gut-brain-microbiome (BGM) communi
cation [57]. This section elaborates different diets for gut and brain 
health as represented in Fig. 3.

5.1. Protein rich food

Protein intake from food is known to improve episodic memory and 
working memory, particularly if the demands of tasks are very high 
[39]. Food groups like pulse that are rich in protein are closely linked 
with flourished microbiota composition and its metabolite synthesis 
[82]. For instance, studies revealed that regular consumption of chick
peas contributed to a significant increase in the levels of beneficial gut 
bacteria such as Lactobacillus casei and Bifidobacterium species whereas 
decreased the percentage of Clostridium cluster XI, I, II which are path
ogenic in nature [27]. Moreover, due to its richness in essential nutri
ents, chickpeas are recognized as a functional food, particularly in the 
form of snacks, beverages, instant food products etc [83]. In addition, 
according to researchers, dietary pulse derived RS contribute to 
improvement in ageing associated neurocognitive functions [84]. 
Studies have highlighted that milk protein has a positive effect on CNS 
through influencing opioid receptors [85].

5.2. Fibre rich food

A fibre-rich diet includes the combination of fruits and vegetables, 
whole grains, pulses that have a potential in overall gut health, thus 
contributing to improved brain functions like working memory and 
inhibitory control [27]. Studies have shown the increase in composition 
of beneficial microbiota including Lactobacillus and Bifidobacterium, 
simultaneously decreasing the levels of Enterococcus and E. coli, through 
regular consumption of fruits and vegetables [86]. In addition, studies 
have highlighted that a combination of fruits and vegetables contributes 
to recurrent consumption of fibre rich diets are cross linked with low 
risks of mental disorders and regulation of brain health [87]. Moreover, 
fibre rich foods promote, gastric acid release and increase gastric 
distension, contributing a trigger to the vagal nerves for a satiety signal 
to the brain [88]. Besides, regular consumption of fibre rich foods are 
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associated with mental well-being and decreased symptoms of depres
sion [89]. Furthermore, foods rich in fibre also cause delayed gastric 
emptying, in correlation with cells for secretion of hormones like PYY, 
GLP-1, promotes satiety and decrease hunger [88].

5.3. Prebiotics

Prebiotics are food products that promote the growth of beneficial 
gut microbiomes as well as regulating immune cells hence contributing 
to a healthy brain [90]. Studies have stated that regular consumption of 
prebiotics may have positive effects of neurological disorders. Moreover, 

prebiotics are either consumed in the form of dietary supplements or as 
real foods such as cereals, wheat, chicory roots and onions. Furthermore, 
galactooligosaccharides and fructooligosaccharides are the two major 
prebiotics that are related to brain health [87]. For instance, a preclin
ical trial was performed on lipopolysaccharide (LPS)-induced CD1 adult 
mice models to analyse the effect of BGOS- a non-digestible gal
actooligosaccharide in anxiety. The subjects were fed with BGOS for
mulations for 3 weeks. Reduced cortical IL-1β levels were observed in 
BGOS fed mice, indicating formulation of prebiotic can regulate 5-HT2A 
(5-hydroxytryptamine 2A) and cortical IL-1b receptor expression. The 
study also highlights the significant role of prebiotics in managing 

Fig. 3. Gut friendly diet including protein rich and fibre rich foods, fermented and prebiotic food products, traditional foods like Mediterranean diet, kimchi, 
turmeric has beneficial effects on brain health.
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neuropsychiatric disorders [91]. In addition, through the gut-brain axis, 
oligosaccharides in milk effectively flourishes the gut microbiome and 
manages stress induced during behavioral response [87]. Besides, pre
biotic supplementation has been proved to modulate the sensory neu
rons of enteric nervous system (ENS) as well as improved growth of 
probiotic bacteria including Lactobacillus and Bifidobacterium, that plays 
a significant role on gut-brain axis [92].

5.4. Fermented food products

Fermented foods are foods and beverages developed through enzy
matic conversions of major and minor food components with the help of 
microorganisms [93]. A diet rich in fermented food products is benefi
cial in maintaining brain health as it is considered as a source of good 
bacteria [94]. This can be attributed due to the presence of volatile 
compounds and alcoholic content in fermented foods, that influences the 
growth of gut microbiome [95]. Besides, fermentation of grains, lentils 
and vegetables are known to have a positive effect on the gut microbiota 
composition [94]. Additionally, non-dairy products like fermented grain 
products including sourdough bread have positive influence on insulin 
secretion and satiety, which can be attributed due to the acidic nature of 
fermented products [96]. Moreover, bioactive metabolites and probiotic 
factors are present in most of the fermented food products including 
sauerkraut, yoghurt and kefir [97]. Furthermore, these probiotic bac
terias in fermented foods are well known for their ability to trigger the 
release of neurotransmitters like GABA [74]. Additionally, consumption 
of fermented foods with inulin-type fructans including cereals and 
chicory roots contributes to the growth of Bifidobacterium Adolescentis 
and Faecalibacterium Prausnitzii, that are beneficial gut microbiomes 
[94]. Besides, studies have highlighted the probiotic effect of milk kefir, 
a fermented product on dysregulation of glucocorticoid receptor 
expression in PVN that causes an alteration on the HPA axis [95]. 
Additionally, consumption of fermented foods such as red bean tempeh 
have shown to reduce anxiety levels in subjects with behavior disorders 
[98]. Similarly, studies have highlighted the restoration of beneficial gut 
bacteria and, through habitual consumption of a mixture of Lactobacillus 
sp. Obtained from fermented food products, namely fermented yoghurt, 
pickled Chinese cabbage and fermented milk product [99].

5.5. Traditional foods and herbs for gut-brain health

Traditional diets such as the Mediterranean diet, consisting of whole 
grains, pulses, fruits and vegetables, with limited red meat, sweets and 
refined products are prominent in brain health and reduced cognitive 
decline [30]. In addition, such diets could also influence the abundance 
of gut microbiota, thereby contributing to an antidepressant effect in the 
host [100]. Moreover, traditional chinese and korean fermented foods 
such as kimchi and kombucha have been known for its gut friendly ef
fects and mood regulation [53]. Furthermore, turmeric (Curcuma longa), 
an Indian spice contributes to a positive effect on managing brain health 
and anxiety-like behaviours via gut brain axis, which can be attributed 
to the presence of curcumin in it [101]. Besides, a preclinical study 
evaluated the effect of ‘Chaihu-Shugan-San’(CSS), a Chinese herbal mix 
is prominent for its potential to reverse stress induced by anxiety and 
depression. The study incorporated restraint stress (RS) induced 
depressive mice models with anxiety (male, 6 weeks old) were randomly 
categorized into 5 groups and were supplemented with the CSS water 
extract orally for 5 days. The results indicated potential decrease in 
RS-induced anxiety and depression in the subjects through suppressing 
NF-κB induced expression of BDNF [102].

6. Strategies for managing altered gut- brain signalling and 
mental health

The emerging strategies focusing on the gut microbiota comprises 
the incorporation of nutritional strategies and microbial bio therapies 

such as nutritional psychiatry, probiotic and paraprobiotic therapy and 
faecal microbiota transplantation (FMT) are discussed in this section. 
Table 2 represents different dietary interventions in mental health.

6.1. Nutritional strategies

The nutritional strategies for managing altered gut-brain health are 
explained below. ‘Nutritional Psychiatry’ is an emerging area of 
research that has great potential as an adjunctive tool for the prevention 
and treatment of diverse neuropsychiatric disorders [107]. This 
approach includes a combination of epidemiological and cross-sectional 
studies that are connected with brain health, mental disorders, diet and 
gut microbiome [57]. However, most of the psychiatric conditions are 
ameliorated with valuable nutritional approaches [107]. Furthermore, 
nutritional psychiatry fosters a diet that prevents metabolic endotox
emia, promotes brain health and structure [57]. Besides, it is based on 
the association between the consumption, bioavailability, metabolic 
function and body’s exposure to particular nutrients with a wide range 
of psychiatric disorders, that are linked with regulation of synaptic 
plasticity and neuronal functions through direct and indirect pathways 
[108]. Supplementation of specific nutrients including B vitamins, 
Vitamin D, zinc, omega-3 fatty acids exhibit significant effects on 
managing gut-brain health [4]. Supplementation of 
microbiota-accessible carbohydrates (MAC) found in dietary fibre can 
contribute to improved cognitive impairments via the gut 
microbiota-brain axis induced by the consumption of an HF-FD [109]. In 
addition, supplementing such macro and micronutrients are emerging as 
a part of treatment for mental health disorders [4]. Similarly, individual 
supplementation of coca polyphenols, anthocyanin from blueberries, 
fiber (prebiotics) and blueberries either in dietary or extracted form can 
positively influenced mood, cognition and attenuated stress induced 
behavior [53]. In addition, studies states that following ‘MIND diet’, a 
combination of the DASH diet and Mediterranean diet can reduce the 
risk of neurodegenerative diseases like Alzheimer’s disease, lower 
chances of age related cognitive decline [110]. However, due to 
inter-individual variation, the clinical response of different individuals 
with same conditions showed variability to different dietary in
terventions [111]. According to studies, integration of 
Mediterranean-based personliased dietery intervention reduced 
depressive symptoms in adults [112]. Studies are focusing on ‘precision 
nutrition’ under the field of nutritional psychiatry for designing tailored 
dietary and microbiome based interventions [111]. The hurdle in 
nutritional psychiatry is to have comprehensive and scientifically pre
cise evidence-based studies to prove the contribution of nutrition in 
mental health. Current evidences suggests that in mental illnesses, poor 
nutrition is a modifiable risk factor that can be reduced with nutritional 
therapies [113]. For instance, studies have concluded that supplemen
tation of vitamin D and Omega-3-fatty acids as an adjunctive strategy 
can modulate biological process in depression like inflammation, 
neurotransmitter activity and neuroplasticity [114]. Although, concerns 
exist in using dietary supplementation as a ‘monotherapy’ in severe 
mental health disorders like schizophrenia, bipolar disorder etc., instead 
it should be integrated with conventional care and if there are no con
traindications to use as an adjunctive with the prescribed psychotropic 
drugs [113].

6.2. Microbial biotherapy

Microbial therapies are generally considered as a safe and effective 
strategy for treating dysbiosis that causes dysregulated immune re
sponses [115]. The major microbial biotherapies such as probiotic and 
paraprobiotic therapy, faecal microbial transplantation (FMT) is elabo
rated below.

6.2.1. Probiotic and paraprobiotic therapy
The gut-brain axis has effect on regulating function of the brain and 
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behavior has been examined through preclinical trials [53]. Probiotics 
are live microorganisms that exerts potential health benefits to the 
host’s health whereas, paraprobiotics are inactivated probiotic micro
bial cells or cell extracts for providing benefits when consumed in 
adequate amount [116]. Moreover, paraprobiotics include cell surface 
proteins, peptidoglycans, teichoic acid, polysaccharides from microbial 
cell walls etc. Indeed, probiotic and paraprobiotic therapies are promi
nent in the area of neuropsychiatry, through the modulation of gut 
microbiomes, thereby improving the gut-brain communication [117]. 
For instance, studies have reported that probiotics can influence the 
gut-brain axis through serotonin production in the gut [118]. Apart from 
this, oral gavage supplementation of paraprobiotic Lactobacillus para
casei PS23, inactivated at 100 ◦C has exhibited reduced symptoms 
related to anxiety and depression through hippocampal expression of 
BDNF [119]. Correspondingly, studies have also reported a decreased 
psychosocial discomfort, improved bowel movement and increased ac
tivity of parasympathetic nerves through the supplementation of 
beverage incorporating bacterial cells of Lactobacillus gasseri CP2305, a 
paraprobiotic pasteurised at 90 ◦C and freeze dried for inactivation 
[120]. Moreover, the gut microbiome composition can be a biomarker 
for psychiatric drug respondance and resistance, while the gut-brain axis 
holds a crucial role in the tolerability of such medications. Besides, the 
functioning network of insula- a region in brain that causes reduction of 
attention, stimulation of negative emotions and mood was reduced by 
the therapeutic supplementation of multi-strains of probiotics including 
Bifidobacterium lactis, Streptococcus thermophilus, Lactobacillus lactis and 
Lactobacillus bulgaricus. Apart from this, probiotic therapy also decreases 
emotional reactivity as well as reduction in cortisol response. Further
more, studies have also reported a reduction in the inflammation and 
stress induced behavior in irritable bowel syndrome (IBS) which is 
interlinked with gut-brain axis dysbiosis, through supplementation of a 
probiotic strain - Bifidobacterium infantis [121]. In a randomized 
controlled trial proposed that there was significant reduction in 
depressive symptoms due to specific strains such as Lactobacillus aci
dophilus, Lactobacillus paracssei, Bifidobacterium breve etc. The study 
concluded that stain-specific probiotic approach can effectively reduce 
anxiety and depressive symptoms [118]. In addition, studies have 
showed improved symptoms in Generalized Anxiety Disorder (GAD) 
through sertraline with probiotic treatments as an adjuvant, rather than 
first line selective serotonin reuptake inhibitors (SSRI) alone [122]. 
Similarly, studies have been conducted to analyse the effect of probiotics 
as an adjunctive therapy to clinical medications on anxiety. The results 
indicated that there was reduced GAD symptoms with a synergistic 
approach combining 25 mg of sertraline (clinical drug) and probiotic 
capsules containing Bifidobacterium bifidum, Bifidobacterium longom, 
Bifidobacterium lactis and Lactobacillus acidophilus [117].

6.2.2. Faecal microbial transplantation
Faecal Microbial transplantation (FMT) is an emerging strategy for 

managing altered gut brain signalling, where a healthy donor donates 
their microbiota to the patient [123]. FMT has the ability to upgrade 

clinical symptoms and reassemble the gut ecosystem [113]. It is 
considered as an effective therapeutic treatment in recurrent Clostridium 
difficile infection (rCDI) [124]. After US Food and Drug Administration 
(FDA) approved FMT in 2013, the approach emerged as an effective 
treatment for microbiota dysfunction related disorders [124]. However, 
along with its therapeutic influence on gastrointestinal diseases, FMT 
also regulates gut-brain cross communication, thus boosting psycho
logical and neurological health [125]. According to studies, the dynamic 
and personalized features of human microbiota has the ability to 
improve mental health. Based on the association between depression 
and gut microbiome, studies have incorporated FMT as an adjunct 
therapy with psychiatric treatment. The results showed improved 
depressive symptoms after 4–8 weeks of transplantation [126]. While 
FMT has shown therapeutic promises, it has several ethical and social 
regulatory concerns related to vulnerability of patient, informed con
sent, selection of appropriate donor and safety of the process. The do
nors should go through critical screening procedures and standard 
procedure is needed for avoiding the risk of disease transmission [127]. 
Also, the availability of self adminstratable (do-it-yourself) FMT kits in 
the market leads to hazardous risks and unfavorable results, as it should 
only be performed by certified healthcare professionals [128]. The pri
vacy of the donor and patient is another ethical consideration of FMT, as 
studies have reported that individuals can be identified with distinct 
personal microbiome features overtime [127]. The method of adminis
trating the bacteria is generally considered safe, even though it is 
associated with short term issues like bloating, constipation and diar
rhoea [123]. However, the regulatory frameworks must ensure certain 
factors like carrier risks of pathogens during FMT, recipients immune 
status and the level of colonization antagonism of native microbiota 
towards the donor microbes [129]. These regulatory frameworks may 
vary across different countries, with some categorized FMT as a trans
plant while others as a drug, leading to an unharmonized safety stan
dards at global level [128]. However, the US FDA approved fecal 
microbiota as a novel investigational drug and a biological product and 
the American Gastroenterology Association with National Institute of 
Health (NIH) has established an FMT National Registry for enrolling and 
tracking FMT patients over 10 years for follow up [128,130]. The 
emerging positive evidences and clinical acceptance categorizes FMT as 
an evolving field of microbiota-based therapeutics with diverse stake
holders including physicians, hospital administrators, patient advocacy 
groups, industries etc. [128]. Clinical trials of FMT on gut-brain related 
disorders are outlined as Table 3.

7. Conclusion and future directions

The bidirectional communication between gut and brain has a sig
nificant role in maintaining the overall functioning of the body. The gut 
microbiota regulates various neuronal functions through multiple 
pathways like immunal, hormonal and neurological pathways. More
over, this gut-brain axis is closely associated with diet and nutrition 
through the regulation of beneficial gut microbiota. Furthermore, 

Table 2 
Dietary interventions in mental health.

Intervention Study population Key findings Reference

Ketogenic diet (metabolic 
therapy)

n = 23 with Bipolar disorder or 
schizophrenia

Participants showed 32 % reduction in psychiatric rating scale in schizophrenia and clinical global 
improvement in bipolar

[103]

Mediterranean diet n = 72 with depression The intervention for 12 weeks lead to reduced pressive symptoms in 36 % of participants. Also, the 
Beck Depression (BD) Inventory Scale score and Mediterranean Diet Adherence Score (MEDAS) was 
higher in MD group compared to control group.

[104]

Micronutrient 
supplementation

n = 33 (pregnant women) with 
antenatal depression

After 12 week micronutrient supplemnentation, the microbiome community structure increased 
hetrogenously. The higher abundance of Coprococcus, whose increased alpha diversity is related with 
anenatal depression scores.

[105]

Probiotics n = 49 with major depressive 
disorder (MDD)

Multi strain probiotic supplementation for 8 weeks showed positive impact on gut microbiota 
concentration.This increase in beneficial strains like family Bacilleaceae are corelated with 
decreasing MDD symptoms.

[106]
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several nutrients and nutritional compounds such as protein, fibre, vi
tamins, bioactive compounds as well as its gut metabolites directly and 
indirectly influences gut brain axis. Apart from this, these nutrients 
through the alteration of gut microbiota as well as stimulation of neu
rotransmitters can significantly reduce the symptoms of neurological 
disorders like depression, mood and anxiety related behaviours. How
ever, specific gut friendly diets including high fibre, high protein, pre
biotics and traditionally followed food products are beneficial for 
maintaining brain health. In addition, recent techniques are getting 
prominent in the field of gut-brain health for the management of altered 
brain-gut-microbiota crosstalk that includes nutritional psychiatry, 
probiotic therapies, faecal microbial transplantation. While current 
findings depicts the effect of nutrition in managing mental health dis
eases, it can only be an adjunctive therapy along with psychotherapy. 
Looking ahead, future studies are required to analyse the proper 
mechanism of diet that influences gut-brain health The existing studies 
are limited in terms of variabilitiy in protocols, small sample size, 
insufficient data and lack of follow ups. Hence, further studies should 
focus on randomized control trials for evaluating microbiome based 
dietary strategies in mentally ill subjects. Moreover, longitudinal studies 
are required to examine the interplay between genetic factors, gender, 
age and lifestyle in terms of gut-brain axis. Furthermore, combined 
studies are required in the field of neuroscience and nutrition for 
exploring new pathways that connect nutrition with brain health as well 
as to foster diet related nutritional therapies in terms of mental health 
disorders. Additionally, personalized nutritional approaches based on 
microbiome profiling can improve the treatment outcomes and support 
the field of nutritional psychiatry.
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Table 3 
Clinical studies of Faecal Microbial Transplantation on gut and brain related disorders.

Clinical 
Diagnosis

FMT Method Volume administered Transplantation method Outcome Post FMT 
symptoms

References

Clostridiosis 
difficile 
infection (CDI)

Screening of donor and 
recipient, stool preparation

250 ml Through colonoscopy 
followed by upper 
endoscopy.

98 percent of the subjects 
received effectiveness in a 
single trial with reduced CDI.

Diarrhoea/ 
constipation, 
bloating, 
abdominal pain.

[131]

Recurrent 
Clostridiosis 
difficile 
infection 
(rCDI)

Screening of donor and 16s 
rRNA gene amplicon 
sequencing for alfa diversity 
assessment

25 capsules per day for 
3 days which 
contributes to a daily 
dosage of 10 gm in total.

Through oral cavity in the 
form of faecal microbiota 
capsules and FMT enema.

Successful transplantation with 
no recurrence of the disease, 
even after a span of 180 days.

No adverse events. [132]

Depression Screening of recipients 
(anthropometry and 
demography).

30 capsules per day 
with a dosage of 
8.25 gm in total.

Through oral cavity in the 
form of frozen faecal 
microbiota capsules

Symptoms of depression 
reduced from severe to mild/ 
moderate level with increased 
abundance of gut microbiota.

No Serious Adverse 
events (SAE) 
reported.

[126]

Bipolar Disorder Screening of recipient 
(multiple analysis of urine 
and stool), colonoscopy and 
panendoscopy.

250 mg per day Through colonoscopy and 
enema

Improved symptoms of bipolar 
disorder including mood 
oscillations, anxiety etc.

Depressive and 
hypomanic period 
experienced

[133]
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AA Amino Acid
ACTH Adrenocorticotropic Hormone
AGRP/NPY Agouti related peptide/Neuropeptide Y
ANS Autonomous Nervous System
ARC Arcuate Nucleus
ASD Autism Spectrum Disorder
BA Bile Acids
BBB Blood Brain Barrier
BDNF Brain-derived Neurotrophic factor
BGM Brain-Gut-Microbiome
BGOS Bifidobacterium Galactooligosaccharides
CCK Cholecystokinin
CNS Central Nervous System
CRF Corticotropin Release Factor
CRH Corticotropin Releasing Hormone
DHPA (3-(3,4- dihydroxyphenyl)-propionic acid)
ENS Enteral Nervous System
ERK 1/2 Extracellular Regulated Kinase 1/2
FG19 Fibroblast Growth Factor 19
FMT Faecal Microbial Transplantation
FXR Farnesoid X Receptors
GABA γ- amino butyric acid
GLP-1 Glucagon like Peptide-1
GLU L-Glutamate
GOS Galactooligosaccharides
GPCR G- Protein Coupled Receptors
HDAC Histone Deacetylases
HPA Hypothalamus-Pituitary-Adrenal
IBS Irritable Bowel Syndrome
LPS Lipopolysaccharides
MAC Microbiota Accessible Carbohydrates
MS Multiple Sclerosis
NF-κB Nuclear Factor kappa B
PVN Paraventricular Nucleus
PYY Peptide YY
RA Retinoic Acid
SCFA Short Chain Fatty Acid
TGFα Transforming Growth Factor- α
VEGF-B Vascular Endothelial Growth Factor-B
VIP Vasoactive Intestinal Peptide
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