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Importance: Literature exploring the relationship between 
the intestinal microbiome and its effects on general health 
and well-being has grown significantly in recent years, and 
our knowledge of this subject continues to grow. Mount-
ing evidence indicates that the intestinal microbiome is a po-
tential target for therapeutic intervention in psychiatric illness 
and in neurodegenerative disorders such as Alzheimer dis-
ease. It is reasonable to consider modulating not just a pa-
tient’s neurochemistry, behavior, or cognitive habits, but also 
their intestinal microbiome in an effort to improve psychiatric 
symptoms.

Observations: In this review paper, we show that intestinal 
microbiota possess the ability to directly influence both physi-
cal and mental well-being; therefore, should be included in fu-
ture discussions regarding psychiatric treatment.
Conclusions: Clinicians are encouraged to consider patients’ 
gut health when evaluating and treating psychiatric conditions, 
such as anxiety and depression. Optimization and diversifica-
tion of gut flora through the use of psychobiotics—probiotics 
that confer mental health benefits—may soon become standard 
practice in conjunction with traditional psychiatric treatment 
modalities such as pharmacotherapy and psychotherapy.
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The gut-brain axis (GBA) refers to the 
link between the human brain with its 
various cognitive and affective func-

tions and the gastrointestinal (GI) system, 
which includes the enteric nervous system 
and the diverse microbiome inhabiting the 
gut lumen. The neurochemical aspects of 
the GBA have been studied in germ-free 
mice; these studies demonstrate how ab-
sence or derangement of this microbiome 
can cause significant alterations in levels 
of serotonin, brain-derived neurotrophic 
factor, tryptophan, and other neurocom-
pounds.1,2 These neurotransmitter altera-
tions have demonstrable effects on anxiety, 
cognition, socialization, and neuronal de-
velopment in mice.1,2 

Current evidence suggests that the GBA 
works through a combination of both fast-
acting neural and delayed immune-mediated 
mechanisms in a bidirectional manner with 
feedback on and from both systems.3 In addi-
tion to their direct effects on neural pathways 
and immune modulation, intestinal micro-
biota are essential in the production of a vast 
array of vitamins, cofactors, and nutrients re-
quired for optimal health and metabolism.4 

Existing research on the GBA demonstrates 
the direct functional impact of the intesti-
nal microbiome on neurologic and psychiat-
ric health. 

We will review current knowledge regard-
ing this intriguing relationship. In doing so, 
we take a closer look at several specific gen-
era and families of intestinal microbiota, re-
view the microbiome’s effects on immune 

function, and examine the relationship be-
tween this microbiome and mental disease, 
using specific examples such as generalized 
anxiety disorder (GAD) and major depres-
sive disorder (MDD). We seek to consolidate 
existing knowledge on the intricacies of the 
GBA in the hope that it may promote indi-
vidual health and become a standard compo-
nent in the treatment of mental illness. 

DIRECT ACTIVATION OF NEURONAL 
PATHWAYS
Vagal and spinal afferent nerve pathways 
convey information regarding hormonal, 
chemical, and mechanical stimuli from the 
intestines to the brain.3 These afferent neu-
rons have been shown to be responsive to 
microbial signals and cytokines as well as to 
gut hormones. This provides the basis for re-
search that presumes that neurobehavioral 
change may ensue from manipulating the 
gut microbes emitting these chemical signals 
to which these afferent neurons respond.3 
Using these same pathways, efferent neurons 
of the parasympathetic and sympathetic ner-
vous systems can modulate the intestinal en-
vironment by altering acid and bile secretion, 
mucous production, and motility. This mod-
ulation can directly impact the relative diver-
sity of intestinal flora, and in more extreme 
states, may result in bacterial overgrowth.5 Of 
particular relevance to mental health (MH) is 
that the frequency of migrating motor com-
plexes that promote peristalsis can be directly 
influenced by readily modifiable behaviors 
such as sleep and food intake, which can 
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cause one bacterial species to dominate in 
a higher percentage.5 This imbalance of gut 
microbes has been implicated in contribut-
ing to somatic conditions, such as irritable 
bowel syndrome (IBS), which the literature 
has shown is related to psychiatric conditions 
such as anxiety. 5 

The Microbiome and Host Immunity
The GI tract is colonized with commensal 
microorganisms from dozens of bacterial, ar-
chaeal, fungal, and protozoal groups.6 This re-
lationship has its most classical immunologic 
interaction in the toll-like receptors. These re-
ceptors are on the lymphoid Peyer patches of 
the GI tract, which sample microorganisms 
and develop immunoglobulin (IgA) antibod-
ies to them. Evidence exists that commensal 
microflora play a critical role in the regulation 
of host inflammatory response.7 

The relationship between the microbiome 
and the immune system remains poorly un-
derstood, yet evidence has shown that the 
use of probiotics may reduce inflammation 
and its sequelae. Probiotics have been shown 
to have a beneficial effect on autoimmune 
diseases, such as Crohn disease and ulcer-
ative colitis, specifically with certain strains 
of Escherichia coli (E coli) and a proprietary 
probiotic from VSL pharmaceuticals.8,9 How-
ever, these interventions are not without risk. 
Fecal microbiota transplants have a risk of 
transferring unwanted organisms, potentially 
including COVID-19.10 Additionally, the use 
of probiotics is generally discouraged in im-
munocompromised, chronically ill, and/or 
hospitalized patients, as these patients may 
be at greater risk of developing probiotic bac-
teremia and sepsis.11

Studies have also demonstrated that in-
gesting probiotics may decrease the expres-
sion of pro-inflammatory cytokines.11 In a 
study comparing patients with ulcerative 
colitis who were prescribed both sulfasala-
zine and probiotic supplements vs sulfasala-
zine alone, patients who took the probiotic 
supplements were shown to have less co-
lonic inflammation and decreased expression 
of cytokines such as IL-6, tumor necrosis 
factor-α (TNF-α), and nuclear factor-κβ.12 

Gut-Specific Bacterial Phyla
Over the past decade, much attention has 
been paid toward 2 bacterial phyla that com-

promise a large proportion of the human gut 
microbiome: Firmicutes and Bacteroidetes. 
Intestinal Firmicutes species are predomi-
nantly Gram positive and are found as both 
cocci and bacilli. Well-known classes within 
the phylum Firmicutes include Bacilli (orders 
Bacillales and Lactobacillales) and Clostridia. 
The phylum Bacteroidetes is composed of 
Gram-negative rods and includes the genus 
Bacteroides—a substantial component of 
mammalian gut biomes. The ratio of Fir-
micutes to Bacteroidetes, also known as the 
F/B ratio, have shown fascinating patterns in 
certain psychiatric conditions. This knowl-
edge may be applied to better identify, treat, 
and manage such patients. 

Regarding bacterial phyla and their rela-
tionship to mood disorders, interesting pat-
terns have been observed. In one population 
of patients with anorexia nervosa (AN) lower 
diversity within classes of Firmicutes bacteria 
was observed compared with age- and sex-
matched controls without AN.13 As patients 
were re-fed and treated in this study, there 
was a significant corresponding increase in 
microbiome diversity; however, the level of 
bacterial diversity in re-fed patients with AN 
was still far less than that of patients in the 
control group. In patients with AN with co-
morbid depression, diversity was noted to 
be exceptionally reduced. Similarly, patients 
with AN with a more severe eating disorder 
psychopathology demonstrated decreased 
microbial diversity.13

The impact of intestinal microbiome di-
versity and relative bacterial population 
density in MH conditions such as anxiety, 
depression, and eating disorders remains an 
intriguing avenue worth further exploring. 
Modulating these phenomena may reduce 
overall dysfunction and serve as a possible 
treatment modality. 

ANXIETY AND THE MICROBIOME
GAD is characterized by decreased social and 
occupational functioning. Anxiolytic phar-
macotherapy combined with psychotherapy 
are the current mainstays of GAD treatment. 
Given the interplay of the gut microbiome 
and MH, probiotics may prove to be a prom-
ising alternative or adjunct treatment option. 

The human stress response is enacted 
largely through the hypothalamus-pituitary-
adrenal (HPA) axis. Anxiety and situational 
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fear trigger a stress response that results in in-
creased cortisol being released from the ad-
renal glands, thereby disrupting typical GI 
function by modifying the frequency of mi-
grating motor complexes, the electrome-
chanical impulses within the smooth muscle 
of the stomach and small bowel that allow 
for propagation of chyme. This, in turn, has 
downstream consequences on the compo-
sition of the intestinal microbiome.14 Pa-
tients with GAD have a lower prevalence of 
Faecalibacterium, Eubacterium rectale, Lach-
nospira, Butyricioccus, and Sutterella, all im-
portant producers of short-chain fatty acids 
(SCFA).15,16 Diminished SCFA production 
has been linked to intestinal barrier dys-
function, contributing to increases in gut 
endothelial permeability and facilitating 
a proinflammatory response with resultant 
neural feedback loops.17,18 Indeed, proinflam-
matory cytokines, namely C-reactive pro-
tein (CRP), interleukin 6 (IL-6), and TNF-α 
were found to be elevated in patients with 
diagnosed GAD.19 These proinflammatory 
cytokines are critical in neurochemical mod-
ulation as they inhibit the essential enzyme 
tetrahydrobiopterin, a cofactor of mono-
amine synthesis, thereby decreasing the 
monoamine neurotransmitters serotonin, do-
pamine, and norepinephrine.20 Decrease in 
the monoamine neurotransmitters serves as 
the lynchpin for the monoamine hypothesis 
of both anxiety and depression and currently 
guides our choice in pharmacotherapy.21

Anxiolytic pharmacotherapy targets the 
neurochemical consequences of GAD to 
ameliorate social, functional, and emotional 
impairment. However, the physiology of 
the gut-brain feedback loop in GAD is an 
attractive target for the creation and trial-
ing of probiotics, which can rebalance in-
testinal flora, reduce inflammation, and 
allow for increased synthesis of mono-
amine neurotransmitters. Indeed, Lac-
tobacillus and Bifidobacterium have been 
shown to possess anxiolytic properties by 
increasing serotonin and SCFAs while re-
ducing the HPA adrenergic response.22  

Depression and the Microbiome
MDD significantly diminishes quality of 
life and is the leading cause of disability 
worldwide, affecting nearly 350 million in-
dividuals.23 Psychotherapy in conjunction 

with pharmacotherapy aimed at increas-
ing cerebral serotonin availability are the 
current mainstays of MDD treatment. Yet 
the brain does not exist in isolation: It has  
3 known methods of bidirectional com-
munication with the GI tract via the vagus 
nerve, immune mediators, and bacterial 
metabolites.24,25 

The vagus nerve (vagus means wander-
ing in Latin), is the longest nerve of the 
autonomic nervous system (ANS) and his-
torically has been called the pneumogastric 
nerve for its parasympathetic innervation of 
the heart, lungs, and digestive tract. Current 
research supports that up to 80% of the fi-
bers within the vagus nerve are afferent, re-
laying signals from the GI tract to the brain.26 
Therefore, modulation of vagus nerve signal-
ing may theoretically impact mental health. 
Indeed, studies have demonstrated clinically 
significant improvement in patients with  
treatment-resistant depression who under-
went vagal nerve stimulation (VNS).27 Al-
though the mechanism by which it exerts 
its mood-modulating activity is not well un-
derstood, recent human and animal stud-
ies indicate that VNS may alter central 
neurotransmitter levels, having demonstrated 
the ability to increase serotonin levels.25 Also 
the vagus nerve possesses the ability to differ-
entiate between pathogenic and nonpatho-
genic gut microorganisms; beneficial gut flora 
emit signals within the gut lumen, which in 
turn, are transmitted through afferent vagus 
nerve fibers to the brain, effecting both 
anti-inflammatory and mood-modulating  
responses.25,28 

Immunomediators involving intestinal 
microbiota also are known to play a critical 
role in the pathophysiology of MDD. Depres-
sion is closely tied to systemic inflamma-
tion; both are hypothesized to have played 
a role in the evolutionary response to fight-
ing infection and healing wounds.29 With 
regard to the gut, MDD is associated with 
increased GI permeability, which allows for 
microorganisms to leak through the intesti-
nal mucosa into the systemic circulation and 
stimulate an inflammatory response.18 Lev-
els of IgM and IgA against enterobacteria li-
popolysaccharides (LPS) were found to be 
markedly greater in patients with MDD vs 
those of nondepressed controls.30 Current re-
search indicates that IgM and IgA against LPS 
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of translocated bacteria serve to amplify im-
mune pathways seen in the pathophysiol-
ogy of chronic MDD.30,31 Further research is 
indicated to deduce whether bacterial trans-
location with subsequent immune response 
induces MDD in susceptible individuals, or 
whether translocation occurs secondary to 
the systemic inflammation seen in MDD. 

The makeup of the GI microbiome is fun-
damentally altered in patients with MDD, 
with a marked reduction in both microor-
ganism diversity and density.30 Patients with 
MDD have been shown to have increased 
levels of Alistipes, a bacterium that also is el-
evated in chronic fatigue syndrome and irri-
table bowel syndrome (IBS), diagnoses that 
are associated with MDD.32-34 Lower counts 
of Bifidobacterium and Lactobacillus are doc-
umented in both MDD and IBS patients as 
well.35 Decreased Bifidobacterium and Lacto-
bacillus might indicate a causal rather than 
correlative relationship as these bacterium 
take the precursor monosodium glutamate to 
create γ-aminobutyric acid (GABA).36

Psychobiotics and Mental Health
The pathophysiology of the bidirectional 
communication between the gut and the 
brain offers an attractive approach for treat-
ment modalities. Currently, the research into 
probiotic supplementation to treat mental 
disorders, such as anxiety and depression, is 
still in its infancy, and treatment guidelines 
do not support their routine administration. 
There is great promise in the use of probi-
otics to ameliorate psychiatric symptom-
atology, referred to by many in the field as  
psychobiotics. 

One pathophysiology of the stress re-
sponse seen in anxiety can be traced to 
the HPA axis and increased cortisol lev-
els, with downstream effects on the mi-
crobiome through modification of the 
migrating motor complexes. Healthy vol-
unteers tasked with taking a trademarked 
galactooligosaccharide prebiotic daily for  
3 weeks had a reduced salivary cortisol 
awakening response compared with that of 
a placebo (maltodextrin). The same group 
demonstrated decreased attentional vigi-
lance to negative information in a dot-probe 
task compared with attentional vigilance 
with positive information.37 It is possible 
that this was due to the decreased stress re-

sponse secondary to probiotic consump-
tion. In mice models, a probiotic consisting 
of Lactobacillus helveticus and Bifidobacte-
rium longum (B longum) (bacterium that are 
decreased in GAD and MDD) demon-
strated anxiolytic-like behavior. The same 
formulation also demonstrated beneficial 
psychological effects in healthy human vol-
unteers.22 In mice models, Lactobacillus 
feeding was superior to citalopram in anx-
iolysis and in cognitive functioning.38 

Like GAD, the pathophysiology of the 
GBA in MDD is an attractive target for psy-
chobiotic therapy. Although current research 
is not yet sufficient to create general guide-
lines or recommendations for the routine 
administration of psychobiotics, it holds 
significant promise as an effective primary 
and/or adjunct treatment. In patients with 
IBS, administration of B longum reduced de-
pression and increased quality of life. This 
same study demonstrated that probiotic ad-
ministration was associated with reduced 
limbic activity in the brain.39 In MDD, the 
hippocampus demonstrates altered expres-
sion of various transcription factors and 
cellular metabolism.40 In a double-blind  
placebo-controlled trial, Lactobaccillus rham-
nosus supplementation in postnatal mothers 
resulted in less severe depressive symp-
toms reported.41 Furthermore, probiotic 
supplementation consisting of Lactobacillus 
acidophilus, Lactobacillus casei, and Bifido-
bacterium bifidum in patients with MDD for 
8 weeks had significant decreases in score 
on the Beck Depression Inventory scale.42 
Also, a meta-analysis of probiotic adminis-
tration on depression scales demonstrated 
appreciably lower scores after administration 
in both patients with MDD and healthy pa-
tients aged  60 years, although these results 
were found to be correlative.43 However, 
while promising, another meta-analysis of  
10 randomized controlled trials found probi-
otic supplementation had no significant ef-
fect on mood.44

THE ROLE OF DIET
Although there has been tremendous focus 
on new and improved therapeutics to ad-
dress MH conditions, such as depression 
and anxiety, there also has been renewed  
interest in the fundamental impor-
tance and benef i t  o f  a  wholesome 
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diet. Recent literature has shown how 
diet may play a pivotal role in the de-
ve lopment  and sever i ty  o f  menta l 
illness and holds promise as another po-
tential target for treatment. A 2010 cross- 
sectional population study of more than 
1000 adult women aged 20 to 93 years 
demonstrated that women with a largely 
Western dietary pattern (ie, largely com-
posed of processed meats, pizza, chips, 
hamburgers, white bread, sugar, flavored 
milk drinks, and beer) were more likely to 
have dysthymic disorder or major depres-
sion, whereas women in this same cohort 
with a more traditional dietary pattern (ie, 
composed mainly of vegetables, fruit, lamb, 
beef, fish, and whole grains) were found to 
have significantly reduced odds for depres-
sion or dysthymic disorder as well as anxi-
ety disorders.45 

Several other large-scale population stud-
ies such as the SUN cohort study, Hordaland 
Health study, Whitehall II cohort study, and 
RHEA mother and baby cohort study have 
demonstrated similar findings: that a more 
wholesome diet composed mainly of lean 
meats, vegetables, fruits, and whole grains 
was associated with significantly reduced risk 
of depression compared with a largely pro-
cessed, high fat, and high sugar diet. This 
trend also has been observed in children and 
adolescents and is of particular importance 
when considering that many psychological 
and psychiatric problems tend to arise in the 
formative and often turbulent years prior to 
adulthood.46

The causal relationship between diet and 
MH may be better understood by taking 
a closer look at a crucial intermediate fac-
tor: the gut microbiome. The interplay be-
tween diet and intestinal microbiome was 
well elucidated in a landmark 2010 study 
by De Filippo and colleagues.47 In this study, 
the microbiota of 14 healthy children from 
a small village in Burkina Faso (BF) were 
compared with those of 15 healthy children 
from an urban area of Florence, Italy (EU). 
The BF children were reported to consume 
a traditional rural African diet that is primar-
ily vegetarian, rich in fiber, and low in ani-
mal protein and fat, whereas the EU children 
were noted as consuming a typical Western 
diet low in fiber but rich in animal protein, 
fat, sugar, and starch. Comparison revealed 

that EU children had a higher F/B ratio than 
their BF counterparts, a metric that has been 
associated with obesity.47 Furthermore, in-
creased exposure to environmental microbes 
associated with a fiber-rich diet has been pos-
tulated to increase the richness of intestinal 
flora and serve as a protective factor against 
noninfectious and inflammatory colonic dis-
eases, which are found to be more prevalent 
in Western nations whose diets lack fiber. BF 
children were found to have increased mi-
crobial diversity and increased abundance of 
bacteria capable of producing SCFA relative 
to their EU counterparts, both of which have 
a positive influence on the gut, systemic in-
flammation, and MH.47

CONCLUSIONS
Diet has a powerful impact on the intestinal 
microbiome, which in turn directly impacts 
our physical and MH in myriad ways. The 
well-known benefits of a wholesome, nutri-
tious, and well-varied diet include reduced 
cardiovascular risk, improved glycemic con-
trol, GI regularity, and decreased depression. 
Along with a balanced diet, patients may 
achieve further benefit with the addition of 
probiotics. 

With regard to psychiatry in particular, 
increased awareness of the intimate rela-
tionship between the gut and the brain is ex-
pected to have profound implications for the 
field. Given this mounting data, immunol-
ogy, microbiology, and GI pathophysiology 
should be included in future discussions re-
garding MH. Their application will likely im-
prove both somatic and mental well-being. 
We anticipate that newly discovered probiot-
ics and other psychobiotic formulations will 
be routinely included in a psychiatrist’s phar-
macopeia in the near future. Unfortunately, 
as is clear from our review of the current lit-
erature, we do not yet have specific inter-
ventions targeting the intestinal microbiome 
to recommend for the management of spe-
cific psychiatric conditions. However, this 
should not deter further exploring diet mod-
ification and psychobiotic supplementation 
as a means of impacting the intestinal micro-
biome in the pursuit of psychiatric symptom 
relief. 

Dietary modification is already a standard 
component of sound primary care medicine, 
designed to mitigate risk for cardiovascular 
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disease. This exploration can occur as part 
of otherwise standard psychiatric care and be 
used as a form of behavioral activation for the 
patient. Furthermore, explaining the inter-
connectedness of the mind, brain, and body 
along with the rationale for experimentation 
could further help destigmatize the experi-
ence of mental illness. 
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