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ABSTRACT

The gut microbiome exerts significant influence over mental health through the
bidirectional communication network of the gut—brain axis. Growing evidence
implicates disruptions in gut microbial composition in the pathophysiology of a
range of neuropsychiatric conditions, including anxiety, major depressive disorder
(MDD), and schizophrenia. Psychobiotics have emerged as a promising adjunctive
strategy for modulating mental health outcomes through several interconnected
mechanisms, including neurotransmitter modulation, immune regulation, short-chain
fatty acid production, and hypothalamic—pituitary—adrenal axis stabilization, among
others. This narrative review, intended for clinicians and researchers in integrative
and functional medicine, synthesizes current clinical and translational evidence for
probiotic interventions across anxiety, MDD, bipolar disorder, and schizophrenia,
highlighting key strains, mechanisms, and outcomes. Findings demonstrate that
specific Lactobacillus and Bifidobacterium strains show measurable benefit in
reducing anxiety and depressive symptom severity, while emerging evidence
suggests potential utility in psychotic disorders. Limitations include significant
heterogeneity in strain selection, dosing protocols, study populations, and outcome
measures, which constrain clinical translation. Future research should prioritize
standardized protocols, longitudinal designs, and functional microbiome profiling to
support personalized, microbiome-informed approaches to mental health care.
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INTRODUCTION
GUT-BRAIN AXIS AND MENTAL HEALTH bidirectional communication occurs via chemical
(e.g., microbial metabolites, neurotransmitters) and
The gut microbiome plays a crucial role in main- electrical signals (e.g., autonomic nervous system),
taining overall health, including neuropsychiatric influencing neurological function.’ Disruptions in the
well-being. It comprises various microorganisms, gut microbiota have been linked to several mental
bacteria, fungi, viruses, and others that communicate  health conditions, including anxiety, depression,
with the brain through the gut-brain axis."? This post-traumatic stress disorder, and others* (Figure 1).

Emotion, mood, behavior,
perception, stress response

HPA axis

¢ Neurotransmitters
¢ Pituitary hormones
e Stress response

¢ Immune function

Vagal nerve stimulation
¢ Direct CNS activity

Vagus nerve

Immune regulation
¢ Pro-and anti-
inflammatory
cytokines

Vagal nerve stimulation
¢ Gl hormones

e Mucous production

* Motility

Microbial metabolites
¢ Neurotransmitters
¢ Secondary bile acids
e SCFAs

Microbiota
e Abundance
o Diversity
e Function

Created with BioRender.com

Figure 1: Disruptions in the gut microbiota.
CNS, central nervous system; GI, gastrointestinal; HPA, hypothalamic—pituitary—adrenal; SCFAs, short-chain fatty
acids.
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Gut Microbiome and Mental Health

Mounting translational evidence supports a role for
the gut microbiome in health and disease, including
alterations in gut microbial abundance and function
in a vast array of neuropsychiatric conditions.**
One of the many systemic functions attributed to
the gut microbiome is its role in the gut—brain axis,
which acts as a bidirectional line of communication
between the gastrointestinal tract and the central
nervous system (CNS). This line of communica-
tion involves the transmission of signals through
both chemical (e.g., microbial metabolites, cyto-
kines, neurotransmitters) and electrical means (e.g.,
autonomic and enteric nervous systems), and it is
the underlying hypothesis for how gastrointestinal
health is intertwined with neurological functioning.?

Gut microbiota produce numerous metabolites
relevant to neuronal signaling and, subsequently,
mental health. Several microbial taxa are known
producers of neurotransmitters such as GABA,
serotonin, dopamine, acetylcholine, histamine, and
norepinephrine.® Lactobacillus and Bifidobacterium,
for example, are two probiotic taxa commonly
associated with beneficial physiological outcomes
when present in homeostatic conditions and are
known producers of GABA.” Lactobacillus spp.

in particular produce serotonin, acetylcholine, and
histamine, which impact mood states.®* In addi-
tion to the direct production of neurotransmitters,
microbial products may also be involved in vagus
nerve stimulation, which can subsequently increase
hippocampal neurogenesis and modulate the release
of norepinephrine, serotonin, and dopamine in brain
regions related to anxiety'® (Figure 2).

Metabolism of the amino acid tryptophan is another
neuroregulatory mechanism impacted by gut micro-
biota, and evidence suggests that dysregulation in
tryptophan degradation pathways (e.g., the kynuren-
ine, indole, and serotonin pathways) can be linked
to a variety of psychological disorders.!" The indole
pathway, which produces a family of biologi-

cally active compounds sharing the bicyclic indole
ring, is distinct from the parent molecule indole
itself. The production of indole metabolites, for
example, is regulated by taxa such as Lactobacillus,
Bifidobacterium, Bacteroides, Clostridium, and
others.'? The bioactivity of indole metabolites has
been linked to cognitive health, regulation of mood
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and behavior, and immunomodulation.'? Serotonin,
another metabolite of tryptophan metabolism and

a neurotransmitter involved in mood, behavior, and
memory, is produced by taxa such as Lactobacillus,
Lactococcus, and others.’

While both neurotoxic and neuroprotective kyn-
urenine metabolites are primarily produced by
human cells,'*' their production can be regulated
by microbial metabolites, such as short-chain
fatty acids (SCFAs), and the presence of bacterial
components, such as lipopolysaccharides (LPS).
Butyrate, one SCFA produced by microbial fiber
fermentation, inhibits the activity of indoleamine
2,3-dioxygenase 1 (IDO1)."5 IDOI is an enzyme
responsible for the transformation of tryptophan to
kynurenine and thus is the initial regulatory step
for tryptophan metabolism down the kynurenine
pathway.'® Additionally, immunogenic bacte-

rial components such as LPS can trigger toll-like
receptor signaling cascades, which crosstalk with
tryptophan metabolic pathways.!” Tryptophan
metabolites of all three pathways are activators of
the aryl hydrocarbon receptor, which can influ-
ence CNS activity by promoting microglial and
astrocyte activation and regulating inflammatory
responses. '8

In addition, the gut microbiome regulates local and
systemic immune function, which can impact CNS
activities and mental health through several mecha-
nisms. Certain microbiota, for example, impact
systemic exposure to inflammatory signals by pro-
ducing metabolites (e.g., SCFAs and secondary bile
acids) that regulate immune responses' and support
intestinal barrier integrity.?**' The role of the micro-
biome in immune homeostasis is highly relevant

to mental health, as several studies have noted
increased concentrations of inflammatory media-
tors, such as cytokines and acute phase reactants,

in patients with mood disorders (e.g., depression,
bipolar, and anxiety disorders).?>?*> Some inflam-
matory cytokines (e.g., interleukin [IL]-1 beta,
IL-6, and tumor necrosis factor [TNF]-alpha) can
directly interact with cells of the CNS by crossing
the blood-brain barrier’** and impact signaling in
areas of the brain involved in reward and emotional
regulation.”

Inflammatory mediators can also indirectly
affect CNS activity by altering neurotransmitter
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Figure 2: Microbial metabolism of tryptophan (Trp) along three gut—brain axis signaling pathways at the intes-
tinal epithelium.

Trp entering the gut lumen is metabolized along three distinct pathways. Left: Trp is absorbed and metabolized systemi-
cally to kynurenine and its derivatives in the liver, CNS, and immune cells. Center: Luminal bacteria (e.g., Clostridium,
Ruminococcus) convert Trp to tryptamine, which binds a serotonin receptor (5-HT3R, shown in blue) on the apical sur-
face of intestinal epithelial cells, stimulating enterochromaffin cells to release 5-HT. 5-HT activates the ENS, regulating
gut motility and secretion, before further hepatic metabolism. Right: Indole-producing bacteria (e.g., Bifidobacteria)
convert Trp to indole and indole-derivative metabolites, which activate AhR in intestinal epithelial cells. AhR activa-
tion upregulates TPH1 expression, promoting local serotonin synthesis from Trp. Indole and its derivatives signal to
mucosal immune cells and undergo further hepatic metabolism. AhR, aryl hydrocarbon receptor; CNS, central nervous
system; ENS, enteric nervous system; 5-HT, serotonin (5-hydroxytryptamine); TPH1, tryptophan hydroxylase 1; Trp,
tryptophan.

metabolism and hypothalamic—pituitary axis signal-
ing. Cytokine signaling, for example, may increase
tryptophan metabolism through the kynurenine
pathway by promoting IDO1 expression, result-

ing in decreased metabolism of serotonin or indole
pathways.?”® Not only does this result in decreased
synthesis of serotonin and indole metabolites, but
evidence also suggests that this cytokine-mediated
dysregulation in tryptophan metabolism is associ-
ated with a decreased ratio of neuroprotective to
neurotoxic kynurenine metabolites.”®? Finally,
literature also shows that the hypothalamic—
pituitary—adrenal axis (HPA), which serves as a
link between perceived and physiological responses
to stress, becomes dysregulated in the presence of
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higher levels of cortisol and inflammatory media-
tors, and that alterations in gut microbiota impact
these levels. 3!

Anxiety Disorders

Anxiety disorders are characterized by exces-
sive worry, fear, or anxiety about everyday
situations that can interfere with daily activities
and last at least 6 months.*> Common anxiety
disorders include generalized anxiety disorder,
panic disorder, social anxiety disorder (social
phobia), specific phobias, and separation anxi-
ety disorder.*® Signs and symptoms can vary
depending on the disorder but generally include
excessive worry, restlessness, fatigue, difficulty



concentrating, irritability, muscle tension, and
sleep disturbances.’* Anxiety disorders involve
several key brain regions and neurotransmitter
pathways, including increased amygdala activ-

ity, leading to heightened responses, activated
hypothalamic responses, and serotonin and GABA
imbalances.* Diagnosis typically involves a
psychiatric evaluation, including a detailed discus-
sion of symptoms, severity, and how they impact
daily life. The Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) criteria are often
used.* Common treatments for anxiety disor-

ders include cognitive-behavioral therapy (CBT)
or exposure therapy; antidepressants, such as
selective serotonin reuptake inhibitors (SSRIs) or
serotonin and norepinephrine reuptake inhibitors
(SNRIs); benzodiazepines; lifestyle modifications,
such as exercise, nutrition optimization, reduced
caffeine intake, and improved sleep hygiene; and
alternative therapies, such as yoga, meditation,
acupuncture, herbal, and nutritional medicine.**’
Conventional pharmacological treatments can
come with many unwanted side effects, such as
nausea, diarrhea or constipation, insomnia, sexual
dysfunction, weight gain, dizziness, and agita-
tion.*® For this reason and because of the emerging
understanding of the gut’s influence on mental
health, alternative treatments are becoming more
sought after.

Many studies have demonstrated a connection
between anxiety disorders and the gut microbiome
via the microbiota—gut—brain axis, which consists
of multiple bidirectional pathways, including the
vagus nerve, the immune system, and bacterial
metabolites.*

Bacterial species regulate the production of
neurotransmitters, such as GABA, serotonin,

and tryptophan, and upregulate the production

of SCFAs and brain-derived neurotrophic factor
(BDNF), which influence the modulation of anxiety
and panic disorders.”*

Probiotic Interventions for Anxiety and
Depression

Many studies have been conducted to demon-
strate the utility of certain probiotic strains in the
modulation of mental health disorders, specifically
anxiety and depression.*'*? Tables 1 and 2 summa-
rize the most relevant probiotic strains, doses, and
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substrates found in the literature to have a beneficial
effect on alleviating symptoms of both anxiety and
depression.

Major Depressive Disorder

Major depressive disorder (MDD) is a prevalent
and debilitating mood disorder, characterized by
persistent feelings of sadness, hopelessness, and
anhedonia, which significantly impair functioning
in work, social, and academic settings.>® The diag-
nostic criteria for MDD, as outlined in the DSM-5,
require the presence of these symptoms for a
minimum duration of 2 weeks. Common symptoms
include depressed mood, feelings of worthlessness
or excessive guilt, cognitive impairments (such as
difficulty concentrating), disturbances in appetite or
weight (either weight loss or gain), sleep distur-
bances (insomnia or hypersomnia), and low energy
or fatigue. Additionally, individuals may experience
physical symptoms such as unexplained somatic
pain or gastrointestinal disturbances, and, in severe
cases, thoughts of death or suicide.

The pathophysiology of depression is multifacto-
rial, involving alterations in brain structure and
function, particularly within the prefrontal cortex,
amygdala, and hippocampus—regions impli-
cated in mood regulation, emotional processing,
and memory. Neurochemical imbalances in key
neurotransmitters, including serotonin, norepineph-
rine, and dopamine, are central to the development
of depressive symptoms.** Recent research also
highlights the roles of neuroinflammation, changes
in neuroplasticity, and disruptions to the gastro-
intestinal microbiome in the pathophysiological
mechanisms underlying depression.”

The diagnosis of MDD typically involves a com-
prehensive psychiatric evaluation, with severity,
symptom duration, and functional impairment
assessed according to DSM-5 criteria.

Treatment strategies for MDD often combine
psychotherapy and pharmacotherapy. CBT and
interpersonal therapy are the most commonly
utilized psychotherapeutic approaches, focusing

on identifying and modifying negative thought
patterns and improving interpersonal relationships.
Pharmacologically, SSRIs and SNRIs are frequently
prescribed to increase the availability of serotonin
and norepinephrine in the brain.>* Less commonly

Journal of Restorative Medicine 2026; 16: page 5



Mental Health and Psychobiotics

“eydye-10)0B] SI1S0109U Jown) “0- N, {0]-UINS[IAUI ‘) [-T[ ‘9-UD[NI[IAUI ‘9-T[ ‘ewteS-uotayraur “A-NJ oJ1] Jo A)penb swoipuks [omoq 9[qeILu “Jod)-S ] proe oukinqourwe-ewwes ‘ygvo

«(1200) I 12 991
s(L10T) 10 12 uewINAIS
H6107) 10 12 M]

o(€207) 1P 12 Y7

swojdwAs A191XUR Ul uonoONPaY
uowom wnyredysod

ur K19IXUE JO Sojel Pasea1ndq
swoydwAs

PAIL[AI-AIDIXUE PUR -SSAINS PASLAIN
eruwosut pue ‘uorssordop

‘Kyorxue Jo swoldwAs poAar[oy

S[OAQ[
Q-] WNIAS UT UOT)ONPAI JUBIYTUTIS

uorssardxa 101deda1 gy D pARIPIN
[0ST1I0D PuE “V-AN.L

‘A-NHI JO s[oA9] rwise[d pasearoaq
QUILIB[AXYO[IAD paseardur

pue eJIns [AYI2 JO S[OAI] PAseaIdN

ULIXapo)ew
Pim onsded parIp-0zaar

payroads JoN
pay1oads JoN

Q011 AYons
PAIUDULIDJ WOI PAB[OS]

pay1oads JoN
payroads JoN
sy ZIXA0

SYM ¢X{1d

(863N s1u22s2]0pD °q pue
CEMN Mama1 "T) H0LT-dAN

TOONH Snsouuys J

8- wnavyuvyd 7

97¢-dTAL wnivyuvyd 7

SuruIR9[ QANRIOOSSE pUB ‘UONIUZ0d OT1-TI PaseaIdur {0-IN.L, SYOIM T TX
«(6107) v 12 3uoy) [euonow? ‘uonuaye paroxduy ‘A-NdT ‘Tosnioo ewse[d pasearoaq pagads IoN  Aep/NdD (01X L9 wnavuvyd 7
dnoi3 oqooerd sa juouryean 110]1p1v J (S8 LLDAD
+(#107) v 12 e31UNZ-0ZUd10] Kyarxue oy1oads-ng poaoxdwy ur Apuedyrugis pasearout JoO-SqI pay1oads JoN pay1oads JoN $8¥LLDAD) wnavuvyd 7
ssans 0] asuodsal ur uonoe Jo
Kyoededs o1qoroe pasoxduwr wistueyoaw pue skemyjed aurLoopud
+(120T) "1V 12 Ya[[es pue swoldwAs AJorxue paseardd  -0InNdu Jo UONB[NSAI oY) dduanyur KB oom( o3urIo YIIm PIXIIA NAdD 610TXE urens eJoIys 1asvd ]
uonounjsAp
+(9107) ‘v 12 BYORIE-0LY]  [RUIWIOPQE PARIOOSSE-sSAMS parorduuy [0S1I09 ATRAI[ES PIsEaIdR N[TW PAUIULID pay1oads JoN urens eJoIyS 12502 7
uonowa
K)91XUR pUB ‘AJ9TXUR 9JB)S JNBUIOS SeaoRLIAIORqOPYIg z1-a9g
+(1207) v 12 SuoQg ‘K1orxue 9Je)s 2ANTUZ00 pasorduy JO 90uBpUNQE PAsBAIOU] payroads JoN payroads JoN siop) ~dsqns sypuiup g
SDUAIPY SJ[NSaI [edrur) $7[NSAI [BIIUIAYIOI 3)eI)SqNS/Pooj eLId)dRY asoq anoiqorg

APIXUy ] 3qeL,

icine 2026; 16: page 6

Journal of Restorative Med



Mental Health and Psychobiotics

“eydre-1010B] S150109U Jown) “0- N, {0]-UN[IAUI ‘0 ]-[ ‘9-UD[NS[INUI ‘9-T] ‘ewteS-uordjraur ‘A-NAJ oJ1] Jo A)enb oswoIpuks [omoq 9[qeItir “Jod)-S ] proe oukinqourue-ewes ‘ygyo

+(F10T) IV 12 BSIUNZ-0ZUdI0]

(120T) Ip 12 SuoQ

2(0202) 1V 12 eIy
s(120T) 17 12 9971

s+(L10T) 10 12 wewIA[S

1(6100) v 12 uel],

w(120T) 17 12 yo[es
+(9107) '1v 12 BoRIE -0
5(610T) 1 12 Suoy)

0(610T) v 12 SuoyD

Kyarxue oy19ads-ng paroxdwy
uonowa AJAIXuE pue ‘A1dIXuL Ae)S

onewos ‘Ajarxue e)s dANIUZ0d paroxduy
ISTOIIXD

ysnoy) Juewasoxdur [esrSojoyoLsd
pue ‘uonouny ureiq ‘ururer) paaorduy

swoldwAs AJ91XUL Ur uonoNpPaY
uowom

wnaedisod ur £Jarxue Jo s9jer paseard’d(q
uone[ngal

poows pue ‘A1LI0m ‘109JJe 2AIBIU ‘KJ2IXUE
[ea13ojorsAydoanau “orued pasoxdury

Kyoedes o1qoroe
paaoxduwr pue swoydwAs A391XUR paseaIddq

swo)dwAs p[od pue [BUTWOPQE JOMI,]
$2100s [eo130[0YdASd

[£10) puB ‘A19TXUR ‘SSAIS PAONPAY

KyaIXUR YIIm pJRIoosse

S)I[0qBIAUW [BOJJ PUE BIOIQOIOIW paguey))
swoydwAs

dnoi3 oqooerd sa juouryean

ur Apueoyiugis pasearout JoO-SI
QeaORLIORqOPYIY

JO QduBpUNqE AY) PAsLaIdu]

SOABM UTRIQ B[P PUE ©IAY) PAJB[NPOIA
S[OAS] 9-[ WIS UT UOTONPAI JULIYIUSIS
uorssardxa 10)dedar gy D pAIRIPIA

SJuNod
soroads uey) 9AT}O9JO AIOW SeM [9AJ] ND
ssoxs 0) osuodsar ur uoroe

JO wISTURYOdW Ay pue sAemipjed oULIDOPUD
-0INdU JO uone[n3aI oy} aduanyur Aej
S[9AQ] UIUO0)OIAS [e09) JoySiy ‘ueydoydAn-
ewse[d pue [0S1)100 AIRAT[ES JoMO]

01-I paseaidut 20-40 1,

pue ‘A-NAJ ‘Josniod ewse[d pasearoaq
S[OAQ] QUIR[AXAYO[IAD

J9MO[ pue eJns [AY2 JYSIY JO [BSIARY
[0S11I0D pue

pay1oads JoN
pay1oads JoN
som[

a3urIO Y)Im PAXIA
ULXIPOJ[et [IIM

9[nsded parIp-0zoa1g

pay1oads JoN

payroads JoN

som(
Q3urIO IM PIXTA

JULIP POJUSULID]
pay1oads JoN

9011 AYO1)S PAJUOULIJ
wolj paJe[os]

1BPIPIY J (S8LLIAD
pay1ads J0N  pue y8pL1DAD) umwmyd 7
[AR:(:1

paygroads JoN sypop) ~dsqns sypuiup g
NAD 001%€ BJoIYS 12507 7T
(S63IN S1U20s2]0pD g puUE
poyads 10N €E3IN Mammas T) $0L1-dAN
payoads JoN TOONH Snsouwvyt
payroads JoN payroads JON
NAD 0i0T%E BIOIYS 12510 ]
pagroads 10N BIOIIYS 125DD T
SyooMm 7TX
Kep/NAD 011 L9 wn.appuvyd 7

sYeam exard 97E-d AL wniviuvyd

+(6107) 1P 12 M PIIR[OI-AJOTXUR PUR -SSAI)S PASLIINA(|  “O-NLL ‘A-NAT JO S[oAI[ vwse[d pasearda payroads JON  syeam Z1xXdO §-d wnwuvyd 7
Jjexsqns
SIIUIIPY S)[NSAI [EIIUI) J[NSAT [BINUIYDOIY /P00J BLId)ORY aso(q norqoag

‘uoissaxda(q :7 dqel,

; 16: page 7

2026

Icine

Journal of Restorative Med



Mental Health and Psychobiotics

used options, such as tricyclic antidepressants

and monoamine oxidase inhibitors, are limited by
significant side effects and dietary restrictions. For
patients who do not respond to these medications
or who experience intolerable side effects, alterna-
tive treatments, including electroconvulsive therapy,
transcranial magnetic stimulation, vagus nerve
stimulation, and ketamine or esketamine therapy,
may be considered.>

In addition to pharmacological and psychotherapeu-
tic interventions, lifestyle modifications, including
exercise, mindfulness-based stress reduction, and
yoga, have shown efficacy in improving mood and
overall well-being.

Although antidepressants are effective for many
individuals, they are associated with potential side
effects, including sexual dysfunction, weight gain,
gastrointestinal disturbances, and sleep distur-
bances. Psychiatric side effects, such as agitation,
emotional numbness, or increased suicidal ideation,
may also occur, particularly during the initial stages
of treatment or in younger populations. As the role
of the gut microbiome in mental health becomes
more recognized, alternative treatments targeting
the gastrointestinal microbiome are gaining increas-
ing interest as adjuncts to conventional therapies.

Researchers often measure anxiety and depression
in the same study, reflected in the significant over-
lap between Tables 1 and 2. Clinically, however,
they are separate diagnostic categories. Therefore,
we have chosen to keep them separate.

Bipolar Disorder

Bipolar disorder (BD), formerly known as
manic-depressive disorder, is a mood disorder char-
acterized by extreme fluctuations in mood, energy,
and activity levels, typically involving episodes

of mania or hypomania followed by depression.*®
These mood episodes significantly impair an
individual’s ability to function in daily life, includ-
ing in social, academic, and occupational settings.
The diagnostic criteria for BD, as outlined in the
DSM-5, require the presence of distinct manic,
hypomanic, or depressive episodes, with symp-
toms lasting for at least 4 days (hypomania) or 1
week (mania) and impairing social or occupational
functioning. Common symptoms during manic epi-
sodes include elevated or irritable mood, increased

Journal of Restorative Medicine 2026; 16: page 8

energy, impulsivity, grandiosity, decreased need for
sleep, and racing thoughts, while feelings of hope-

lessness, anhedonia, fatigue, changes in appetite or
sleep, and suicidal thoughts characterize depressive
episodes.

The pathophysiology of BD involves complex
interactions between genetic, neurobiological, and
environmental factors. Structural and functional
abnormalities have been observed in brain regions
such as the prefrontal cortex, amygdala, and ventral
striatum, which are involved in mood regula-

tion, reward processing, and decision-making.”’
Neurochemical imbalances, particularly in dopa-
mine, serotonin, and glutamate systems, play a key
role in the onset of mood episodes. Moreover, dis-
turbances in circadian rhythms and neuroplasticity
are increasingly recognized as contributing factors
to the disorder’s course and severity.*®

BD is typically diagnosed through clinical evalu-
ation, with a focus on identifying the duration,
severity, and impact of manic, hypomanic, and
depressive episodes. The DSM-5 criteria, along
with mood charting, are used to assess symptom
patterns and diagnose the disorder accurately.

Treatment for BD often involves a combination of
mood stabilizers, antipsychotic medications, and
psychotherapy. Lithium and valproate are among
the most commonly prescribed mood stabilizers,
while atypical antipsychotics, such as quetiapine
and olanzapine, are used to manage manic or mixed
episodes.” Antidepressants may be used cautiously
during depressive episodes, often in combination
with a mood stabilizer, to prevent the induction of
mania. Psychotherapeutic interventions, such as
CBT and interpersonal and social rhythm therapy,
aim to improve mood regulation, adherence to
medication, and coping strategies for managing the
disorder.®

In addition to pharmacological and psychotherapeu-
tic approaches, lifestyle interventions are critical

to managing BD. Regular sleep patterns, exercise,
stress management, and psychoeducation play key
roles in stabilizing mood and reducing the fre-
quency and severity of episodes.®!

Despite the efficacy of current treatments, side
effects of medications, such as weight gain, seda-
tion, and tremors, may limit adherence and quality



of life. Furthermore, suicidal ideation and psychotic
features may complicate treatment, particularly
during depressive or manic episodes.®* As a result,
alternative and adjunctive treatments, including
targeting probiotic supplementation, are under
investigation.

Numerous studies have investigated the potential
of specific probiotic strains to modulate mental

health disorders, particularly BD and schizophrenia.

Table 3 provides a summary of the most relevant
probiotic strains, dosages, and substrates identified
in the literature as having a beneficial effect on alle-
viating symptoms of both BD and schizophrenia.

Schizophrenia

Schizophrenia is a chronic and severe neurodevelop-
mental disorder characterized by a range of positive,
negative, and cognitive symptoms that impair an
individual’s ability to function in daily life. These
symptoms often include hallucinations (perceptions
without external stimuli, such as hearing voices),
delusions (false beliefs, such as believing one is
being persecuted or controlled), disorganized think-
ing, and disorganized or abnormal motor behavior.
Negative symptoms, such as diminished emotional
expression, avolition (lack of motivation), and social
withdrawal, often lead to significant impairments

in social, academic, and occupational functioning.
Cognitive symptoms, including difficulties with
attention, memory, and executive functioning, fur-
ther complicate the disorder’s course.®

The pathophysiology of schizophrenia is multi-
factorial, involving complex interactions between
genetic, neurobiological, and environmental fac-
tors. Structural abnormalities in the brain, such

as enlargement of the ventricles, reduced gray
matter, and abnormalities in the prefrontal cortex,
hippocampus, and thalamus, have been consis-
tently observed in individuals with schizophrenia.
Neurochemical imbalances, particularly involving
dopamine, glutamate, and serotonin systems, are
central to the manifestation of psychotic symp-
toms. Dopamine dysregulation, in particular, is
believed to contribute to the positive symptoms of
schizophrenia, while N-methyl-d-aspartate recep-
tor hypofunction may play a role in cognitive and
negative symptoms.* Neuroinflammation and
neurodevelopmental disruptions are increasingly
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Table 3: Schizophrenia.
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recognized as contributing to the disorder’s
pathogenesis.

Schizophrenia is diagnosed through clinical evalu-
ation, with emphasis placed on the presence of
characteristic symptoms over a significant period
(usually 6 months or more). The DSM-5 criteria,

in conjunction with comprehensive psychiatric
assessments, guide the diagnosis by categorizing
symptoms as positive, negative, or cognitive and by
assessing their impact on functioning.

Treatment for schizophrenia generally involves

a combination of antipsychotic medications and
psychosocial interventions. The primary treatment
approach consists of antipsychotic medications,
including second-generation antipsychotics (e.g.,
risperidone, olanzapine, aripiprazole) and first-
generation antipsychotics (e.g., haloperidol), which
target dopamine and other neurotransmitter systems
to reduce positive symptoms. CBT, family therapy,
and social skills training are effective psycho-
therapeutic interventions that focus on symptom
management, improving functional outcomes, and
enhancing adherence to medication regimens.>

In addition to pharmacological and psychosocial
treatments, psychoeducation, rehabilitation, and
community support programs play essential roles
in helping individuals with schizophrenia integrate
into society and manage daily challenges.

Although antipsychotic medications are effective
in reducing symptoms, they are associated with a
range of side effects, including weight gain, seda-
tion, extrapyramidal symptoms, and metabolic
disturbances.® These side effects can significantly
affect patient adherence to treatment. In addition,
the persistence of negative symptoms and cognitive
dysfunction can hinder overall recovery, and there
is a need for more targeted treatments addressing
these domains. As research progresses, emerging
interventions, such as the administration of specific
probiotic strains to modify the gastrointestinal eco-
system, show promising potential benefits.

RESULTS

Several key mechanisms are proposed to explain
how probiotics may contribute to improved mental
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health outcomes. These mechanisms include modu-
lation of neurotransmitter production, regulation of
the immune response, reduction of systemic inflam-
mation, SCFA production, and improvement of gut
barrier function.’

The studies summarized in Tables 1-3 provide evi-
dence of the microbiome’s role in regulating mental
health, particularly in alleviating symptoms of anxi-
ety, depression, and schizophrenia. These effects
are mediated through several key mechanisms,
including neurotransmitter modulation, immune
response regulation, inflammation reduction, SCFA
production, gut barrier enhancement, HPA axis
regulation, and hormonal modulation. This discus-
sion integrates these findings and highlights the
differential effects of microbiome interventions
across these psychiatric disorders.

One of the primary mechanisms through which pro-
biotics influence mental health is neurotransmitter
modulation. Strains such as L. rhamnosus HN0O1
mediated GABA receptor expression in the CNS
and vagus nerve, leading to reduced anxiety in post-
partum women.* Similarly, L. plantarum JYLP-326
altered fecal metabolites such as ethyl sulfate and
cyclohexylamine, which were associated with
decreased test anxiety.* L. casei Shirota further
demonstrated serotonergic modulation by increas-
ing fecal serotonin levels and improving anxiety
symptoms.® Strains such as L. plantarum DR7 and
L. casei Shirota enhanced neurotransmitter bal-
ance, leading to improved cognitive functions and
decreased symptoms of depression.>* In schizo-
phrenia, L. acidophilus and B. bifidum improved
Positive and Negative Syndrome Scale (PANSS)
scores, and B. breve correlated with fewer negative
symptoms, highlighting the role of neurotransmitter
pathways in psychotic symptom relief.%’

The gut microbiome also plays a central role in
immune system modulation, a key pathway in
mental health regulation. Probiotics such as L. plan-
tarum DR increased anti-inflammatory cytokine
IL-10 and decreased pro-inflammatory markers
such as interferon (IFN)-y and TGF-a, alleviating
anxiety symptoms.* Similarly, NVP-1704 reduced
IL-6, providing systemic inflammation relief and
lowering anxiety. In depression, L. plantarum
DR7 and P-8 showed similar cytokine modula-
tion, with reductions in IFN-y and TNF-a and



increases in IL-10 correlating with psychological
improvements.* Studies on schizophrenia also
demonstrated immune regulation benefits, with

L. rhamnosus GG and B. animalis BB12 increasing
MCP-1 and BDNF, promoting neuroprotec-

tion.*® Additionally, B. bifidum and L. acidophilus
reduced YMRS and HDRS scores, highlighting the
importance of immune modulation in improving
psychotic and depressive symptoms.

Systemic inflammation, a recognized factor in

the pathophysiology of mental health disorders,

is another key target of probiotics. L. plantarum
DR7 and P-8 significantly reduced cortisol and
pro-inflammatory cytokines such as IFN-y and
TNF-a, leading to decreased anxiety symptoms.*
Similarly, NVP-1704 reduced serum IL-6 levels,
showing a direct link between inflammation reduc-
tion and anxiety relief.* In depression, L. reuteri
NK33 and B. adolescentis NK98 reduced systemic
inflammation, improving depressive symptoms
early in treatment.* Schizophrenia studies also
revealed that L. acidophilus and B. bifidum
reduced pro-inflammatory markers, correlating
with improved psychotic and depressive scores.®’
Lactobacillus strains demonstrated negative
correlations with cortisol, indicating systemic
inflammation reduction and its role in mitigating
schizophrenia symptoms.®

SCFA production, while not directly measured

in most studies, plays a critical role in gut-brain
communication. SCFAs, including butyrate,
propionate, and acetate, influence inflammation,
neurotransmitter synthesis, and gut barrier func-
tion.”” Improvements in gut-specific symptoms
with L. plantarum strains, such as CECT7484 and
CECT7485, suggest enhanced SCFA-mediated
signaling, reducing gut—brain communication dys-
function.” Additionally, L. casei Shirota’s effects on
serotonin and cognition may be partly attributed to
SCFA production, reinforcing its impact on mental
health.% Enhanced gut barrier function is another
significant outcome of probiotic interventions.

L. plantarum strains improved gut-specific anxiety
and IBS quality-of-life scores, reflecting stronger
gut barrier integrity.”! L. casei Shirota reduced stress
and depression-related physical symptoms, further
linking improved gut integrity to psychological
benefits.*? In schizophrenia, probiotics combined
with dietary fiber (Bifico) reduced weight gain and
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body mass index, indirectly indicating enhanced gut
barrier function during antipsychotic therapy.”

The HPA axis, a critical mediator of stress
responses, was modulated by probiotics across

all conditions. In anxiety, L. casei Shirota and

L. plantarum DRT reduced cortisol levels, reflect-
ing improved stress regulation.’*® L. rhamnosus
HNOO1 further regulated the HPA axis via vagus
nerve signaling, improving postpartum anxiety.*
In depression, L. plantarum DR7 and P-8 reduced
cortisol levels, correlating with mood and cognitive
enhancements.*® Probiotic combinations in schizo-
phrenia studies reduced stress markers, suggesting
indirect HPA axis stabilization.

Hormonal regulation, particularly of cortisol,
emerged as a consistent benefit of probiotics. In
anxiety, L. plantarum DR7 and L. casei Shirota
reduced cortisol levels, linking hormonal balance
to symptom relief.**% For depression, L. plantarum
P-8 and DR7 reduced cortisol, leading to psycho-
logical improvements.** In schizophrenia, cortisol
regulation correlated with reduced hospitalizations
and improved psychotic symptoms, highlight-

ing hormonal modulation as a critical therapeutic
pathway.”

DISCUSSION

These findings suggest that probiotic interventions
exert meaningful effects across a range of psychiat-
ric conditions, though the nature and magnitude of
those effects vary in ways that are themselves infor-
mative. Rather than representing isolated successes
of individual strains, the evidence begins to reveal

a pattern in which shared gut-brain mechanisms
underlie symptom improvement across diagnosti-
cally distinct disorders, with neurotransmitter
modulation, immune regulation, and HPA axis
stabilization emerging as consistent mechanisms
across anxiety, depression, and schizophrenia alike.
This is consistent with the broad literature on the
gut-brain axis, in which microbial metabolites and
immune signals converge on overlapping neurologi-
cal targets regardless of diagnostic category.®

However, the specific pathways most prominently
engaged appear to differ by disorder in ways that
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parallel their known neurobiological profiles.
GABA-mediated effects were most evident in
anxiety presentations, consistent with the well-
established role of GABAergic dysregulation in
anxiety pathophysiology,® while serotonergic
modulation featured more heavily in depression
outcomes, reflecting the centrality of serotonin
signaling in mood regulation.** In schizophrenia,
improvements in PANSS scores and negative
symptom burden correlated most strongly with
immune and inflammatory markers, which aligns
with growing recognition of neuroinflammation
as a core feature of psychotic disorders.** These
distinctions suggest that the gut—brain axis does
not operate uniformly across psychiatric conditions
and that mechanistic specificity may be as impor-
tant as strain selection in understanding probiotic
efficacy.

The differential mechanistic profile observed across
disorders raises important questions about patient
selection. If probiotic efficacy is partly mediated
through inflammatory pathways, individuals with
elevated baseline inflammatory markers, includ-
ing subgroups that have been identified within
depression and schizophrenia populations,?* may
represent a particularly responsive target. Similarly,
if serotonergic modulation is a key mechanism in
depression, individuals with documented disrup-
tions in tryptophan metabolism or gut microbial
serotonin production may derive greater benefit
than those whose depressive presentation is driven
primarily by other pathways.

The evidence reviewed here supports a cautious

but meaningful role for psychobiotic interventions
as adjuncts to conventional psychiatric treatment.
Probiotic supplementation is generally well toler-
ated, carries a favorable safety profile relative to
many pharmacological options, and addresses
mechanisms that are not directly targeted by most
first-line psychiatric medications, including gut bar-
rier dysfunction, systemic inflammation, and HPA
axis dysregulation. For clinicians working with
patients who experience partial response to conven-
tional treatments or who are seeking to minimize
pharmacological burden, microbiome-targeted
interventions represent a reasonable area of clinical
consideration, provided that expectations are cali-
brated to the current state of the evidence.
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LIMITATIONS AND FUTURE
DIRECTIONS

While evidence supports microbiome-based strate-
gies for managing psychiatric disorders, several
limitations hinder generalizability and reproduc-
ibility. Chief among these is the heterogeneity
across studies, in participant populations, outcome
measures, treatment durations, and especially in
the strains, combinations, and doses of probiotics
used. Few trials employ standardized microbial
compositions, making comparisons difficult and
limiting clinical translation. Additionally, many
studies report probiotic doses at manufacture, not
ingestion, despite known degradation over time.
One study from Sweden, for example, recommends
rotating strains every 4 months to preserve effi-
cacy, highlighting the need for real-world dosing
strategies.

Another challenge is the lack of consistency in
substrates and delivery methods. Probiotic efficacy
depends not only on microbial strains but also on
the surrounding dietary environment, which affects
activity and metabolite production. Yet, these fac-
tors are rarely controlled or reported. Moreover,
most studies use unique strain combinations that
rarely match commercially available products, mak-
ing clinical replication difficult.

Emerging research into postbiotics, therapies based
on microbial metabolites rather than live organisms,
may offer a more stable and targeted approach. For
individuals lacking specific microbial functions
critical to neurotransmitter synthesis or immune
modulation, direct supplementation with key
metabolites may be more effective than relying on
colonization.

Future research should prioritize standardized
protocols, validated dosing, and transparent
reporting of substrates and viability. Functional
profiling of patient microbiomes may help identify
missing pathways and guide personalized interven-
tions. Long-term, longitudinal studies integrating
microbiome-based and conventional therapies will
be essential to assess therapeutic potential, safety,
and durability. Addressing these gaps is critical to
advancing microbiome science as a cornerstone of
personalized mental health care.



CONCLUSION

This narrative review underscores the important
clinical role of the gut microbiome in modulating
mental health in patients who experience disrup-
tions in neurotransmitter production, immune
response regulation, inflammation reduction, SCFA
production, gut barrier function, HPA axis modu-
lation, and hormonal regulation. Across anxiety,
depression, and schizophrenia, the evidence high-
lights the therapeutic potential of various probiotic
strains in improving clinical outcomes.

Key findings include the ability of probiotics to
influence neurotransmitter pathways, reduce sys-
temic inflammation, and restore immune balance,
hallmarks of gut-brain axis dysfunction observed
in these mental health disorders. Enhanced SCFA
production and gut barrier integrity underscore
the microbiome’s capacity to mediate systemic
and neurological health. Moreover, modulation of
the HPA axis and cortisol levels provides a direct
link between microbiota interventions and stress
regulation.

Ultimately, the convergence of neurotransmitter
modulation, immune regulation, and HPA axis
stabilization across diagnostically distinct condi-
tions suggests that microbiome-based interventions
engage fundamental pathways of brain health that
transcend traditional diagnostic boundaries, an
insight with meaningful implications for how men-
tal health conditions are understood and treated. As
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