International Journal of

K

Molecular Sciences

Review

Efficacy of Lactobacillus spp. Interventions to Modulate Mood
Symptoms: A Scoping Review of Clinical Trials

4

Diego Fernandez-Rodriguez 1.2 Maria Consuelo Bravo 3, Marcela Pizarro 12, Pablo Vergara-Barra *(7,

Maria José Hormazébal 1'* and Marcell Leonario-Rodriguez

check for
updates

Academic Editor: Yukihiro Furusawa

Received: 1 May 2025
Revised: 26 May 2025
Accepted: 5 June 2025
Published: 21 August 2025

Citation: Fernandez-Rodriguez, D.;
Bravo, M.C.; Pizarro, M.;
Vergara-Barra, P.; Hormazabal, M.J.;
Leonario-Rodriguez, M. Efficacy of
Lactobacillus spp. Interventions to
Modulate Mood Symptoms: A
Scoping Review of Clinical Trials. Int.
J. Mol. Sci. 2025, 26, 8099. https://
doi.org/10.3390/ijms26168099

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

1,5,%

Escuela de Nutricién y Dietética, Facultad de Medicina y Ciencias de la Salud, Universidad Mayor,
Santiago 8580745, Chile; diego.fernandezr@mayor.cl (D.F-R.); marcela.pizarro@mayor.cl (M.P.)
Academia Cientifica de Estudiantes de Nutricién y Dietética, Facultad de Medicina y Ciencias de la Salud,
Universidad Mayor, Santiago 8580745, Chile

Departamento de Nutricién y Dietética, Facultad de Farmacia, Universidad de Concepcién,
Concepcién 4070386, Chile; mbravo2016@udec.cl

Facultad de Psicologfa, Universidad del Desarrollo, Concepcién 4070386, Chile; pablovergara@udd.cl
Programa de Doctorado en Ciencias, Mencion Biologfa Celular y Molecular Aplicada,

Universidad de La Frontera, Temuco 4811230, Chile

Correspondence: maria.hormazabal@umayor.cl (M.J.H.); marcell leonario@umayor.cl (M.L.-R.);

Tel.: +56-2-223281221 (M.J.H.); +56-2-223281354 (M.L.-R.)

Abstract

Probiotics containing Lactobacillus spp. have demonstrated immunological and gastrointestinal
benefits and may aid in recovery from mood disorders. However, evidence of their
mood-modulating efficacy remains inconsistent. Aim: To analyze the efficacy of probiotic
interventions with Lactobacillus spp. in modulating mood in humans. A scoping review
was conducted following the PRISMA guidelines. A systematic search of the PubMed
and Scopus databases was performed using nine Boolean combinations of the terms
“mental”, “mental diseases”, “mental disorders”, “gastrointestinal microbiome”, “gut

VZai

microbiome”, “gut microbiota”, and “lactobacillus”. The search was limited to clinical
trials published in English and limited to ten years of publication. Eligible studies
met the following criteria: (a) probiotic interventions in adults, with or without mood
disturbances; (b) the use of Lactobacillus spp., either alone or in combination; (c) mood
assessment instruments applied pre- and post-intervention; and (d) reporting of probiotic
concentrations. Trials involving populations with other psychiatric or neurological
diagnoses or those combining probiotics with additional mood-modulating nutrients were
excluded. From 3291 records, 17 clinical trials met the inclusion criteria. Data extracted
included the author, year, population, country of origin, probiotic strain(s), dosage,
intervention mode and duration, and outcomes related to the microbial composition,
biomarkers, and microbial metabolites. Trials were categorized by probiotic type
(single vs. multi-species) and participant profile (healthy individuals and those with
depressive symptoms or specific physiological conditions). Preliminary evidence from
single-strain interventions, particularly high-dose L. plantarum administered for >8 weeks,
suggests potential improvements in anxiety, sleep quality, and inflammatory biomarkers.
Multi-species formulations yielded reductions in depressive symptoms and changes in
neurobiological markers. Nonetheless, substantial heterogeneity in strains, dosages,
durations, and outcome measures limited cross-study comparisons. Lactobacillus spp.
interventions show promising mood-modulating potential, especially with specific strains
and prolonged administration. Standardized protocols, rigorous controls, and clearly

defined clinical cohorts are needed to establish robust, evidence-based recommendations.
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1. Introduction

The gut-brain axis is a bidirectional communication network linking the central
nervous system, the enteric nervous system, and the gut microbiota (GM). Over the past two
decades, the microbial community inhabiting the gastrointestinal tract has been recognized
as playing a fundamental role in the homeostasis of this axis [1]. This modulation is
mediated by immunological, endocrine, and neuronal pathways, including regulating
mood and stress responses in humans. This relationship is founded on the influence of the
GM on neurotransmitter metabolism and its concrete role in systemic inflammation, a key
factor in the pathophysiology of psychiatric disorders [2].

Several observational studies have demonstrated that alterations in the composition of
the GM, referred to as dysbiosis, are associated with a variety of mental health conditions,
including depression, anxiety, and chronic stress [3-5]. This dysbiosis is characterized by a
reduction in beneficial bacteria such as Lactobacillus and Bifidobacterium, accompanied by
an increase in potentially pathogenic genera, including Clostridium, Desulfovibrio, and
particular species of Proteobacteria [6].

Notably, a decrease has been observed in short-chain fatty acid (SCFA)-producing
species such as Faecalibacterium prausnitzii and Roseburia spp., which may compromise
intestinal barrier integrity and promote low-grade systemic inflammation. In addition, an
increase in Eggerthella, Parabacteroides, and Alistipes has been associated with dysbiotic
profiles in individuals with depression. These alterations in bacterial composition could
affect neurotransmitter production and metabolism and regulate the gut-brain axis, thereby
contributing to the pathophysiology of mood disorders [7,8]. In this context, probiotics have
emerged as a potential therapeutic strategy to address mood disturbances. The evidence
is robust, indicating that probiotics are effective in modulating the intestinal microbiota
composition and improving mood [9,10].

One of the most extensively studied genera in human health is Lactobacillus, a group
of bacteria renowned for their probiotic properties—particularly their ability to produce
lactic acid, which acidifies the intestinal environment and promotes the growth of beneficial
microorganisms [11]. This metabolic activity, combined with the production of neurotrans-
mitters and other bioactive compounds, can directly influence gut-brain communication.
It has been demonstrated that particular species of this genus can synthesize neurotrans-
mitter precursors such as serotonin and dopamine, which play pivotal roles in regulating
emotional states and stress responses. Moreover, some studies suggest anti-inflammatory
effects, which may help to mitigate the associated neuroinflammation. The underlying
mechanisms of these effects include the modulation of the immune system, reductions in
intestinal permeability, and involvement in autonomic nervous system regulation [12,13].

However, the variability in outcomes suggests that not all Lactobacillus spp. and strains
exert the same effects, underscoring the need for more targeted and systematic investiga-
tions. Employing probiotics of this genus as a therapeutic intervention in mental health
raises several questions that must be addressed. Among these is determining optimal
dosages and the conditions under which Lactobacillus spp. can elicit beneficial effects.
Some clinical trials have reported promising results, indicating that the administration of
Lactobacillus spp. can reduce cortisol levels—a biomarker of stress—and alleviate anxiety
symptoms in patients with mood disorders. However, these interventions are often accom-
panied by probiotic formulations supplemented with vitamins or other critical nutrients,
potentially confounding the specific contribution of the Lactobacillus genus [14,15]. The
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species employed, the administered dosage, the treatment duration, and the individual
psychosocial characteristics of the participants constitute critical factors that preclude the
generalization of Lactobacillus spp.’s effects in this field. Accordingly, the objective of the
present study was to evaluate the effectiveness of interventions with Lactobacillus spp. in
modulating mood in human subjects.

2. Methods

The present scoping review was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for scoping reviews [16].
The research question addressed was “Are probiotic interventions with Lactobacillus spp.
effective in modulating mood symptomatology in human subjects?” The literature search
was conducted in the PubMed and Scopus databases using the terms “mental”, “mental
diseases”, “mental disorders”, “gastrointestinal microbiome”, “gut microbiome”, “gut
microbiota”, and “lactobacillus”, combined with the Boolean operator “AND” to generate
nine distinct search queries, each comprising three concatenated terms. The search was
restricted to clinical trials published to date in English and limited to ten years of publication.
It was performed independently by two investigators (D.F. and M.P.), with a third author
(M.L.R.) resolving any discrepancies in article selection.

The inclusion criteria were (a) probiotic intervention studies in adult humans with or
without mood disturbances; (b) interventions employing Lactobacillus spp., either alone or
in combination with other genera; (c) studies that assessed mood symptomatology using
validated instruments both before and after the intervention; and (d) studies reporting the
concentrations of the probiotics administered. Conversely, we excluded studies involving
populations with other mental or neurological diagnoses and any trials in which the
probiotic regimen included additional nutritional components known to modulate mood.

All relevant data were extracted according to the study objectives, including the
first author’s name, year of publication, study population and origin, probiotic strain(s),
concentration, intervention modality and duration, and outcomes at the levels of the micro-
biota composition, biomarkers, and microbial metabolites. An initial yield of 2653 records
from PubMed and 638 from Scopus was retrieved. After applying the “Humans” filter,
1460 PubMed and 425 Scopus records remained for title and article type screening. After
excluding non-clinical trials, narrative reviews, systematic reviews, and/or meta-analyses,
and studies with irrelevant titles, 204 PubMed and 180 Scopus records proceeded to ab-
stract screening. Of these, 78 PubMed and 168 Scopus abstracts were deemed irrelevant,
yielding 126 PubMed and 12 Scopus full-text articles for eligibility assessment. The ap-
plication of predefined exclusion criteria by a third researcher, including the removal of
duplicates (n = 82), studies without specified probiotic compositions (n = 4), those on the
use of probiotics in combination with other nutrients (n = 3), those with subjects with
alternative diagnoses (n = 12), and studies not evaluating mental health outcomes (n = 20),
resulted in the exclusion of 111 PubMed and 10 Scopus articles. Ultimately, 15 PubMed and
2 Scopus studies met all eligibility criteria and were included in the final review (Figure 1).
These studies were collated into an Excel® matrix for critical appraisal in line with the
review’s objectives.

Following study selection and critical data extraction, we assessed the risk of bias in
each included trial under the Cochrane Handbook’s recommendations. Specifically, we
applied the Cochrane Risk of Bias 2.0 tool across six domains: random sequence generation,
allocation concealment, blinding of participants, blinding of outcome assessors, incomplete
outcome data, and selective reporting. Two reviewers independently rated each domain as
“low”, “some concerns”, or “high” risk; any discrepancies were resolved through discussion
until a consensus was reached.
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Figure 1. PRISMA flow diagram process for the scoping review.

3. Results
3.1. Characteristics of the Included Studies

Of the 17 selected studies, the majority were conducted in Asian populations (58.8%),
followed by work in European cohorts (23.5%), with minimal representation from American
and Oceanian participants (11.8 and 5.9%, respectively). Still, African populations have
reported no trials (Figure 2). Regarding the intervention characteristics, 70.6% of the studies
employed probiotic formulations exclusively containing Lactobacillus spp., whereas the
remainder used multi-species preparations. The dosages varied markedly, ranging from
1 x 108 to 3 x 1019 CFU. Overall, the studies consistently administered the probiotic
as a standalone treatment or an adjunct to standard care. Delivery vehicles included
capsules, powdered sachets, and liquid beverages, which were administered daily for
4, 8, or 12 weeks; notably, two interventions were extended to 6 months. Participants
spanned healthy volunteers, individuals with specific physiological or pathophysiological
conditions, and patients diagnosed with major depressive disorder.

Figure 2. Geographic distribution of clinical trials analyzed. The map uses shades of blue to represent
the concentration of studies by origin, indicating a majority proportion from the Asian continent,
particularly from China.
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3.2. Efficacy of Formulations Exclusively Containing Lactobacillus spp.

When the effects of probiotic interventions consisting exclusively of Lactobacillus
spp- were examined in healthy populations (Table 1), only three studies were identified,
conducted in Irish, Japanese, and Mexican cohorts, published in 2017, 2019, and 2021,
respectively. In the four-week trial employing Lactobacillus rhamnosus, no significant differ-
ences were observed versus a placebo in mood measures, the GM composition, or related
biomarkers [17]. Conversely, in an intervention spanning 24 weeks with nearly double the
concentration of Lactobacillus gasseri, significant reductions in anxiety levels were observed
versus a placebo. These effects were accompanied by improvements in the GM composition,
particularly in the abundance of Bifidobacterium and Streptococcus spp. Additionally, partici-
pants receiving the probiotic exhibited significantly improved sleep quality, gastrointestinal
symptomatology, perceived stress, and irritability compared with the control group [18].
A more recent study involving university students from Mexico evaluated a probiotic
beverage containing Lactobacillus plantarum, Lactobacillus paracasei, and Lactobacillus brevis
over 8 weeks. The intervention significantly decreased cognitive—emotional distress, as
measured by the Systemic Cognitivist Inventory (SISCO). It was associated with a notable
increase in Bacteroidetes and Firmicutes abundance [19].

Six studies were identified concerning outcomes in populations with specific phys-
iological and pathophysiological conditions (Table 2); only one was conducted in New
Zealand, while the remainder involved Asian cohorts. These interventions employed,
individually and in combination, Lactobacillus acidophilus, Lactobacillus paracasei, Lactobacil-
lus plantarum, and Lactobacillus rhamnosus. In the trial assessing Lactobacillus rhamnosus
in 380 pregnant women in New Zealand, the administration of 6 x 10’ CFU resulted in
significant improvements in postpartum depression and anxiety metrics at six months
after delivery [20]. When evaluating the efficacy of Lactobacillus plantarum, three studies
employed probiotic formulations containing only this species, in cohorts of individuals
suffering from stress [21], chronic insomnia [22], and anxious students [23]. In these studies,
interventions lasting one month or less resulted in significant improvements in mood
compared to the placebo. Enhancements in sleep quality were also reported; however,
distinct metrics were employed across trials. Among patients with insomnia, reductions
were observed in fatigue levels, brainwave activity, and awakenings during the deep sleep
stage. The initiative conducted on 103 stressed adults from Malaysia demonstrated signifi-
cant improvements across multiple domains of the DASS-42 scale, including depression,
anxiety, and stress. Moreover, the IFN-y and TNF-« levels significantly decreased and were
correlated with reductions in DASS42 scores. Regarding the gut microbiota composition,
only Zhu et al. reported the restoration of bacterial genera that are critical for intestinal
homeostasis, including Bacteroides, Bifidobacterium, Prevotella, and Roseburia.

Regarding the other two studies, both conducted in populations with gastrointestinal
disturbances, the first involved constipated patients who consumed Lactobacillus paracasei
(LcS) [24], and the second involved patients with irritable bowel syndrome who received
the species in combination with Lactobacillus acidophilus [25]. In both cases, no significant
mood improvements versus the placebo were observed; however, LcS consumption led to
increases in Adlercreutzia, Megasphaera, and Veillonella and decreases in Rikenellaceae,
Sutterella, and Oscillibacter. Furthermore, the IL-6 levels were significantly reduced. In the
IBS population, probiotic intake increased serotonin levels, suggesting a modulatory effect
on neurotransmitter pathways despite the absence of changes in mood outcomes.
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Table 1. Summary of Lactobacillus spp. evaluated in healthy people.
?;1:231‘ Country Subjects Probiotics Intervention Treatment Mental Outcomes Gut Microbiota Composition Biomarkers or Metabolites Other Results
Capsule (1 x 10° CFU) No significant Lo . o .
Kelly Ireland Healthy male Lactobacillus rhamnosus or placebo per day for Unique difference between Nossignificant difference No significant differences No observed
(2017) [17] volunteers (n = 29) between the groups were found
4 weeks the groups
1} Stressful irritability
1 x 10" bacterial B CP2305 attenuates the decrease o . (p <0.001)
Nishida (2019) [18] Japan Healthy young Lactobacillus gasseri cells per 2 tablets or Unique +STAL(p =0.014) | of Bifidobacterium spp. and No significant differences | Abdominal discomfort
adults (n = 60) PSQI (p =0.041) . were found
placebo for 24 weeks increases Streptococcus spp. (p<0.001)
J Salival CgA (p = 0.039)
J Environmental demands
Lactobacillus plantarum, 100 mL beverage (p<0.001) |
Marquez-Morales o University students Lactobacillus paracasei (3 x 108 CFU/mL) or . _ Increases Bacteroidetes Physical factors
(2021) [19] México (n=45) Lactobacillus placebo per day Unique +8ISCO (p=0.001) and Firmicutes Not evaluated (p <0.001) | Psychological
brevis for 8 weeks factors
(p <0.001)

CgA: Chromogranin A, CFU: Colony forming units, PSQI: Pittsburgh Sleep Quality Index, SISCO: Systemic Cognitivist Inventory, STAI: State-Trait Anxiety Inventory,

1+ Decreased parameter.
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Table 2. Summary of Lactobacillus spp. evaluated in subjects with mood and stress-related disorders.
Author (Year) Country Subjects Probiotics Intervention Treatment Mental Outcomes Gg t Mlcr(')l?mta Blomarke.r s or Other Results
omposition Metabolites
EPDS (p =0.037) |
6 x 10" or placebo per ' _
Slykerman (2017) [20] New Zealand Post'pa(i‘ltlirggxg)o mens Lactobacillus rhamnosus day from pregnancy to Unique ST?; t(qf ;n(ii()el‘cAl) . Not evaluated Not evaluated No observed
- 6 months postpartum _ Y
(p=0.002)
J} DASS42-A
10 (p=0.032) JIFN-y IFN-y and
Lew Malavei Stressed Adults Lnctobncilius niantarams oD %FU/ Si‘;het or Uni 1 DASS42-S Notevaluated (p <0.001) TNF-o correlated
(2019) [21] alaysia (n=103) P p facelzo Perkay que (p=0.007) otevaluate 1 TNF- significantly with
or 1 weeks I DASS42 (p <0.001) DASS-42 scores
(p=0.048)
Ho Patients with chronic Capsule (3 x 10'° UFC) Brtlfr?xt\lz(g:/ls laec‘t]i‘i:isti 1
Taiwan primary insomnia Lactobacillus plantarum or placebo per day for Unique | BDI-I (p < 0.05) Not evaluated Not evaluated . Yy
(2021) [22] Awakenings during
(n=40) 4 weeks
the deep sleep stage
LcS increased
Adlercreutzia,
100 mL of an LcS No significant Megasphaera and
. . . 3 ! L
Zhang (2021) [24] China Aduljcs with Luctof)aczll_us paracasei beverage (1 x 10° CFU) Coac?yuvant at difference between Veillonella levels Not evaluated J Interleukin-6
constipation (n = 82) strain Shirota (LcS) or placebo every day for ~ depression treatment and decreased (p <0.05)
the groups .
9 weeks Rikenellaceae,
Sutterella and
Oscillibacter.
Powder sachet per JYLP-326 restore the
Zhu Anxious (n =60) and day (1 withp JHAMA (p =0.000) | disturbed Bacteroides, No significant
China healthy students Lactobacillus plantarum Y wg Unique HDRS (p = 0.000) | Bifidobacterium, differences were No observed
(2023) [23] & 1.5 x 1010 CFU) or -
(n=30) AIS (p =0.000) Prevotella and found
placebo for 3 weeks Roseburia levels
2 bottles (125 mL) of
IBS patients with and Lactobacillus acidophilus cultured milk drinks No significant + Serotonine levels
Sarkawi (2024) [25] Malasya without subthreshold . phiiL (1 x 10° CFU) or Unique difference between Not evaluated No observed
d . Lactobacillus paracasei (p <0.05)
epression (n =110) placebo per day of the groups
12 weeks

AIS: Athens Insomnia Scale, BDI-II: Beck Depression Inventory-II, CFU: Colony forming units, DASS42: Depression, Anxiety and Stress Scale, DASS42-A: Depression, Anxiety and Stress
Scale—Anxiety Score, DASS42-S: Depression, Anxiety and Stress Scale—Stress Score, EPDS: Edinburgh Postnatal Depression Scale, HAMA: Hamilton Anxiety Rating Scale, HDRS:
Hamilton Depression Rating Scale, IBS: Irritable bowel syndrome, STAI: State-Trait Anxiety Inventory. |: Decreased parameter, 1: Increased parameter.
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Regarding the efficacy of Lactobacillus spp. in individuals with major depressive
disorder (Table 3), three studies were identified, all of which administered Lactobacillus
plantarum as a monotherapy. Each intervention lasted eight weeks, with capsules dosed
twice daily; however, the Polish study employed a concentration of 1 x 10° CFU [26],
whereas the two Taiwanese trials used 3 x 10'Y CFU [27]. Only the study by Chen et al.
reported significant reductions in depressive symptomatology across two distinct rating
scales, which were markedly associated with shifts in bacterial taxa linked to improved
mood metrics and with its counterpart. Moreover, a correlation was observed between
the detected Lactobacillus levels and markers of depressive symptomatology. Conversely,
the study by Rudski et al. did not report mood-related effects; however, it demonstrated
significant alterations in tryptophan metabolism biomarkers and improvements in cognitive
test performance. In the most recently published study, no outcomes were reported in any
domain [28].

3.3. Efficacy of Multi-Species Formulations Containing Lactobacillus spp.

Only two studies were identified when assessing the effects of combined species
interventions in healthy populations (Table 4), exhibiting substantial methodological het-
erogeneity. The first, published in 2022, was conducted in a small Swedish cohort [29],
whereas the second was performed in 135 Chilean subjects [30]. Concerning the interven-
tions, both studies employed the same concentration and duration of treatment; however,
the South American trial utilized Lactobacillus helveticus and Bifidobacterium longum, whereas
the European study included Lactobacillus plantarum in addition to the species mentioned
earlier. Neither publication demonstrated significant effects on mood symptomatology or
associated biomarkers, and these trials did not assess the intestinal microbiota composition.

Regarding individuals with depressive symptomatology (Table 5), three studies were
identified, each employing different probiotic species yet all demonstrating tangible effects
on mood. The first study, conducted in an Iranian cohort and using a two-species interven-
tion (Lactobacillus helveticus and Bifidobacterium longum), reported significant reductions in
Beck Depression Inventory scores, together with the modulation of biomarkers associated
with tryptophan metabolism [31]. The second study, conducted in a Korean cohort receiv-
ing Lactobacillus reuteri and Bifidobacterium adolescentis, reported significant improvements
on the Beck Depression Inventory-II and reduced interleukin-6 levels. Improvements in
depressive symptoms correlated with family-level abundances of genera such as Lacto-
bacillus and Bifidobacterium, and enhancements in sleep quality were also observed [32].
Finally, in the study evaluating the efficacy of a probiotic formulation containing seven
bacterial species from three different genera, significant improvements versus a placebo
were reported on the Hamilton Depression Rating Scale, accompanied by the preservation
of bacterial diversity metrics. These outcomes were associated with an increased abundance
of the genus Lactobacillus [33].
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Table 3. Summary of Lactobacillus spp. evaluated in MDD patients.
Author (Year) Country Subjects Probiotics Intervention Treatment Mental Outcomes Gut Microbiota Composition B;;[):aall;l;;irtse:r Other Results
2 capsules 1 Attention and
. No significant J Kynurenine (p = 0.005) Perceptivity Test
9 g Yy’ P privity
Rudzki (2019) [26] Poland MD(D Ez;tgl)ents Lactobacillus plantarum (11 0 110 CI;U) ?r d Coac'lyuxt/anttat ¢ difference between Not evaluated J Anthranilic acid (p =0.006) 1 Californian
n= place BOVE:‘:kSay or epression treatmen the groups (p=0.028) Verbal Learning Test
(p=0.023)
Akkermansia, Bifidobacterium, Coprococm:ls and
MDD patients 2 Caop sules Coadyuvant at JHAM-D (p=0.01) | Enterococcus, Eggerthella, s niIfdi?:thkl’aCcl(ilrlZiated
Chen (2021) [27] Taiwan p Lactobacillus plantarum (3 x 10 CFU) per Yy p=". Megasphaera Not evaluated & ALy
(n=40) d depression treatment DSSS (p <0.001) ! with both
ay for 8 weeks and Ruminococcus .
o biomarkers and
changed significantly d .
epressive symptoms.
2 ca1p sules No significant
Lin Tai MDD patients Lactobacillus plantarum (3 x 10'° CFU) or Coadyuvant at diff & betw No significant difference No significant No ob d
(2024) [28] amwan (n=32) usp " placebo per day for depression treatment ! er;nce etween between the groups differences were found o observe
8 weeks the groups
CFU: Colony forming units, DSSS: Depression Subscale of the Stress Scale, HAM-D: Hamilton Depression Rating Scale, MDD: Major Depressive Disorder, |: Decreased parameter,
T: Increased parameter.
Table 4. Summary of multi-species probiotics evaluated in healthy people.
Author (Year) Country Subjects Probiotics Intervention Treatment Mental Outcomes Gut Microbiota Composition Biomarkers or Metabolites Other Results
Bifidobacterium
Healthy adults longum Lactobacillus Probiotic mixture No significant - Grav matter
Rode (2022) [29] Sweeden (n YZZ) helveticus (3x10° CFU) or placebo Unique difference between Not evaluated Not evaluated (< (})’0001)
B Lactiplantibacillus per day for 4 weeks the groups p<t
plantarum
; Capsule of Cerebiome® .
Lactobacillus 9 No significant
M(()zrglz%s)-"[l";)or]res Chile He?rllt}iyl;g)u fts helveticus Bifidobacterium 53 ><b10 CZU) (;r Unique difference between Not evaluated Not evaluated No observed
g B longum place 40‘/5):;1(:}’ or the groups

CFU: Colony forming units, ~ Stable parameter.
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Table 5. Summary of multi-species probiotics evaluated in subjects with mood-related conditions.

Gut Microbiota

Biomarkers or

Author (Year) Country Subjects Probiotics Intervention Treatment Mental Outcomes Composition Metabolites Other Results
. Sachet of Probiotic | Kynurenine/tryptophan
Mild to moderate . . 9 _
Kazemi (2019) [31] Iran major depressed ngtobaczlluls helveticus (10 X 19 CEU) or Coa@yuvant at J BDI(p=0.042) Not evaluated (p= 0'048) i . No observed
. Bifidobacterium longum Prebiotic (GOS) or depression treatment Tryptophan/isoleucine
patients (n =81) -
placebo for 8 weeks (p=0.023)
500 mg capsule per . .
. . A day 0f 2.0 x 10° CFU NVP-1704 increased 4 Quality Sleep
Healthy adults with Lactobacillus reuteri Bifidobacteriaceae
Lee (2021) . o N of NK33 and Coadyuvant at J BDI-II (p = 0.036) | . (p=0.006) |
Korea subclinical mental NKB33 Bifidobacterium 9 ~ and Lactobacillaceae, Not evaluated -
[32] . 0.5 x 10° CFU of sleep treatment BAI(p=0.014) . Interleukin-6
symptoms (n = 174) adolescentis NK98 NK98, or placebo for whereas it decreased (p=0.041)
’8 p Enterobacteriaceae p=E
weeks
Streptococcus thermophilus,
Bifidobacterium breve,
Patients with current Bifidobacterium lactis, Vivomixx® Coad tat PRO increased the ~Inversed Simpson ~
Schaub (2022) [33] Switzerland depressive episodes Lactobacillus acidophilus, (9 x 10° CFU) or d oacyuvanta JHAM-D (p<0.01) abundance of the Not evaluated Pielou’s evenness ~
_ . epressive treatment . .
(n=90) Lactobacillus plantarum, placebo for 4 weeks genus Lactobacillus Shannon index

Lactobacillus paracasei,
Lactobacillus helveticus

BAI: Beck Anxiety Inventory, BDI: Beck Depression Inventory, BDI-II: Beck Depression Inventory-II, CFU: Colony forming units, GOS: Galacto-Oligosaccharides, HAM-D: Hamilton
Depression Rating Scale. |: Decreased parameter, 1: Increased parameter, ~ Stable parameter.
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The risk-of-bias appraisal (Figure 3) demonstrated consistently favorable ratings for
some domains and greater uncertainty or concern in others. In panel (a), nearly all 17 trials
were judged as “low risk” for sequence generation, with only one study rated as “unclear”.
Allocation concealment was also predominantly of low risk, although three studies raised
“some concerns”, and one was deemed of high risk. In contrast, the blinding of participants
showed more variability: six trials were rated as having a high risk, five unclear, and the
remainder of low risk. The blinding of outcome assessors likewise exhibited substantial
high risk judgments (seven studies) and a few unclear ratings, with the rest at a low risk.
Importantly, all studies were rated as having a low risk for incomplete outcome data,
indicating that attrition was adequately addressed. Finally, selective reporting was of low
risk in most trials, with only two unclear studies. Panel (b) summarizes these findings
quantitatively, illustrating that the sequence generation and incomplete data domains
achieved over 90% low risk ratings, whereas the blinding domains showed approximately
40-45% high risk ratings and 5-10% unclear judgments, and selective reporting had around
12% uncertainty.

(a) Secquence | Allocation Blinding of Blindingof | Incomplete | Selective
i C partici s Results Reporting

Chen (2021)

Ho (2021)

Joo Lee (2021)

Kelly(2017)
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Nishida (2019)

Rode(2022)

Rudzki (2024)

Sarkawi(2024)

Schaub (2022)

Slykerman (2017)

Zhang(2021)
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00000 e000eeco0000e
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Zhu(2023)

(b)
Secquence Generation

Allocation Concealtment

Blinding of participants —
Blinding of evaluators 1
Incomplete Results
Selective Reporting
0% 20% 40% 60% 80% 100%
Low = Unclear mHigh

Figure 3. Risk of bias assessment in clinical trials using Lactobacillus spp. for mood modulation.
Panel (a) presents the individual risk of bias assessment for 17 included studies across six key
methodological domains [17-33]. Panel (b) summarizes the proportion of studies rated as low (green),
unclear (yellow), or high risk (red) in each domain. The most frequently observed limitations were
related to the blinding of participants and outcome assessors.
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4. Discussion

This review identifies key trends and notable gaps in the current literature on using Lac-
tobacillus spp. for mood modulation. Chief among these is the absence of studies conducted
outside of Asian and European populations, representing a significant shortfall that limits
the generalizability of findings across diverse cultural, genetic, and environmental contexts.
This pattern reflects a broader trend in clinical research on the human gut microbiome,
which remains heavily dominated by high-income countries [34]. This disparity reflects
the limited availability of research funding in low- and middle-income regions and the
absence of the technological infrastructure required for advanced sequencing studies [35],
underscoring the need to promote a more inclusive and representative scientific agenda.

There is a pronounced interest in elucidating the isolated effects of species within
the genus under study for the types of interventions analyzed. However, the growing
number of publications investigating multi-genus combinations reflects the expanding
exploration of potential synergistic interactions among multiple species. Discussion of these
variables has emerged as a prominent topic in the literature. For example, Timmerman
et al. note that a well-designed combination of species yields superior outcomes in various
animal models, while emphasizing that not all mixtures will necessarily produce syner-
gistic effects [36]. Along these lines, it has also been demonstrated that variations in the
probiotic manufacturing process can yield divergent impacts, even when the same strains
are employed [37]. Moreover, a systematic review concluded that the number of strains
does not guarantee efficacy, and strain selection should be grounded in published clinical
evidence since multi-species formulations do not necessarily confer greater benefits than
single-strain products [38]. This latter premise aligns with our findings, which demonstrate
efficacy in single- and multi-species formulations, suggesting that effectiveness is mediated
by the specific clinical context rather than by the number of species.

From this premise, it can be hypothesized that efficacy is mediated by the patho-
physiological processes experienced by individuals with mood disturbances. Evidence
indicates that exposure to stressors induces the central expression of tumor necrosis factor-
alpha, interleukin-6, and interleukin-10 [39,40], as observed in two studies evaluated in
this review [22,32]. Furthermore, various amines secreted in the intestine promote in-
creased intestinal permeability and the development of systemic and local inflammation.
This hyperpermeable state facilitates the translocation of bacterial components, such as
lipopolysaccharides, which induce the expression of proinflammatory cytokines within
the central nervous system. Together, these three processes create a vicious cycle that, in
the absence of treatment, suppresses the expression of brain-derived neurotrophic factors,
thereby contributing to the pathophysiology of major depressive disorder [41,42]. Specifi-
cally, patients develop a state of intestinal dysbiosis accompanied by neuropathological
alterations such as synaptic defects, demyelination, aberrant neurogenesis, and disrupted
neurotransmitter release. In this context, the modulation of dysbiosis with probiotic for-
mulations mitigates bacterial translocation and attenuates both peripheral and central
inflammation. Consequently, this intervention reduces the magnitude of the pathophys-
iological processes, thereby improving the clinical symptomatology. Indeed, evidence
demonstrates that Lactobacillus spp. increase the abundance of specific taxa that regulate
barrier permeability and elevate the concentrations of SCFAs [43]. These bacterial metabo-
lites have been identified as biological agents capable of modulating the proinflammatory
cytokine levels and brain-derived neurotrophic factor concentrations [44,45].

Another mechanism identified in the studies analyzed involves the modulation of
tryptophan metabolism via the kynurenine pathway. Under conditions of psychological
stress or inflammation, upregulated activity of the enzyme indoleamine 2,3-dioxygenase
or tryptophan 2,3-dioxygenase shifts the conversion of tryptophan toward kynurenine at
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the expense of serotonin synthesis, a process closely linked to depressive symptomatology.
Once formed, peripheral L-kynurenine crosses the blood-brain barrier and is metabolized
into either kynurenic acid or quinolinic acid, depending on the prevailing enzymatic ac-
tivity. The activation of these enzymes thus exerts a dual effect: it reduces tryptophan’s
availability for serotonin production and increases the generation of neurotoxic or neuro-
protective metabolites. Reversing this shift diminishes kynurenine pathway flux, increasing
tryptophan’s bioavailability for serotonin synthesis and thereby enhancing the modulatory
role of this amine and its downstream metabolites in mood regulation, as evidenced by
three of the studies included in this review [25,26,31].

Moreover, and of particular interest, two studies demonstrated that the administration
of Lactobacillus spp. improved sleep quality by enhancing cerebral activity and parameters
associated with rapid eye movement sleep [14,32]. This is consistent with published
evidence indicating that, based on isolated studies and even a meta-analysis, Lactobacillus
spp. could plausibly improve sleep quality [46,47]. Regarding the underlying mechanism,
studies suggest that rapid eye movement sleep is essential in regulating emotional reactivity,
consolidating emotional information, and reconsolidating memories, particularly those of
a negative nature [48]. In this context, models have proposed that, during healthy rapid
eye movement sleep, the locus coeruleus is silenced, reducing noradrenergic activity and
promoting synaptic plasticity within limbic circuits [49]. Indeed, these circuits are directly
involved in the regulation of mood, the pathophysiology of depression, and the emergence
of suicidal tendencies [50], which has been corroborated by a recently published systematic
review of human studies [51].

The strengths of this review include that it represents one of the first efforts to examine
the efficacy of the genus Lactobacillus spp. in mood disorders. Research in this field has
predominantly focused on gastrointestinal outcomes [52]. Moreover, we not only focused
on anxiety and depressive symptomatology but also evaluated biomarkers associated with
the GM composition, proposing potential physiological pathways underlying these effects
(Figure 4).

The limitations of the present work are those inherent to a scoping review versus a
systematic review or meta-analysis. Moreover, our findings demonstrate that the literature
published over the past ten years still exhibits pronounced heterogeneity, precluding valid
comparisons across results, particularly because mood symptomatology was evaluated
using eight different instruments. This issue appears persistent in this field, as evidenced
by the 2016 meta-analysis, which reported substantial heterogeneity [9]. Four different
instruments were employed in the five studies included in that review, reflecting a chal-
lenge inherent to psychometric evaluation [53,54]. Similarly, it is important to note that a
substantial body of evidence has been consolidated over the past decade, strengthening
the positioning of research in this area across various research groups worldwide. Cer-
tain aspects, such as the dosage, intervention duration, and sample definition, have been
addressed more rigorously than the syntheses published in 2016. This is reflected in the
relatively low risk of bias observed in most of the publications included in the present work.
It is therefore hoped that, in the coming decade, a clearer stance will emerge regarding the
use of Lactobacillus spp.



Int. J. Mol. Sci. 2025, 26, 8099

14 of 17

(a) KYN/TRP metabolic pathway regulation

Probiotic
consumption

Eubiosis / Humoral
regulatory signaling

LTRP wap [LRVN
S S S N NN N N
(Y~
L Presynaptic QUIN| -

/9 neuron N - ‘
4 s /‘ KYNA “ "~ r e J
Y O\ H y = (

. Humoral

— i ) VI ) o

¥ / p

N & . Glial cell
Postynaptic
neuron

Modulation of the KYN/TRP metabolic
pathway in the brain parenchyma

(b) Regulation of brain waves in the sleep cycle

Probiotic
consumption

Eubiosis / vagus nerve-
mediated signaling

HPA axis Changes in REM phase waves
regulation
1 Probiotic modulation
1 Theta waves ———————» Delta waves

i\l

Brain Less deep and Decreased 4 Deep and restful
overexcitation | festful sieep brain sleep
Increased arousal Better mood
anxiety and

depression

Sleep regulation via the
HPA axis

SN Iy

(c) Modulation by inflammatory regulation

Probiotic
consumption

Recovery from eubiosis /
Increased SCFA

SCFA
L
(© SCFAcross
the blood- *
brain barrier
.
3 gy s
decreased
® scra (@ cytokine Hesltby neuron
unactivated production .
microglia _ «, i v
R o e
Activated microglia Secreton of g o ¢ 7
cytokines = Atrophied neuron

SCFA activity in brain
parenchyma

Figure 4. Proposed mechanisms underlying the psychobiotic effects of Lactobacillus spp. interventions.
(a) Modulation of tryptophan metabolism through the kynurenine and serotonin (5-HT) pathways,
including effects on key enzymes and their cofactors. Reducing the kynurenine/tryptophan ratio
suggests that probiotics may contribute to balancing metabolites such as KYNA and QUIN, which
may underline their neuroprotective effects and the observed improvements in cognitive function.
(b) A potential reduction in cortical arousal states via the modulation of the brain wave percentage
and power. It is suggested that probiotics may influence the transition from theta to delta waves,
promoting improved sleep quality. (c) Modulation of neuroinflammatory pathways results from
beneficial alterations to the gut microbiota. This includes enhancing intestinal barrier function,
preventing bacterial translocation, attenuating the immune inflammatory response, and increasing
the production of SCFAs. These SCFAs can cross the blood-brain barrier, modulating and sup-
pressing interleukin-6 (IL-6), a cytokine associated with psychotropic effects, through the action of
Lactobacillus species.

5. Conclusions

The findings of this scoping review suggest that interventions employing strains of
the genus Lactobacillus spp. hold promising therapeutic potential in modulating mood
symptoms, particularly when specific strains such as L. gasseri or L. plantarum are adminis-
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tered in high-concentration formulations for at least eight weeks. However, the outcomes
remain heterogeneous, and efficacy appears contingent upon the clinical context, the strain
utilized, and whether the intervention comprises a single species or a multi-species formu-
lation. To advance toward evidence-based recommendations regarding using Lactobacillus
spp- as mood modulators, there is a need for the greater standardization of intervention
protocols, expanded geographical representation, and long-term studies in well-defined
clinical populations.

Funding: This article’s processing charges were supported by the Vice-Rectorate for Research and
Artistic Creation of Universidad Mayor, which had no role in the design, execution, or interpretation
of this review.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Doenyas, C.; Clarke, G.; Cserjési, R. Gut-brain axis and neuropsychiatric health: Recent advances. Sci. Rep. 2025, 15, 3415.
[CrossRef] [PubMed]

2. Bhatt, S.; Kanoujia, J.; Lakshmi, S.M.; Patil, C.; Gupta, G.; Chellappan, D.K.; Dua, K. Role of Brain-Gut-Microbiota Axis in
Depression: Emerging Therapeutic Avenues. CNS Neurol. Disord. Drug Targets 2023, 22, 276-288. [CrossRef] [PubMed]

3. Agusti, A.; Lamers, F; Tamayo, M.; Benito-Amat, C.; Molina-Mendoza, G.V.; Penninx, B.W.J.H.; Sanz, Y. The Gut Microbiome in
Early Life Stress: A Systematic Review. Nutrients 2023, 15, 2566. [CrossRef]

4. Kim, S.-Y;; Woo, S.-Y,; Raza, S.; Ho, D.; Jeon, S.W.; Chang, Y.; Ryu, S.; Kim, H.-L.; Kim, H.-N. Association between gut microbiota
and anxiety symptoms: A large population-based study examining sex differences. J. Affect. Disord. 2023, 333, 21-29. [CrossRef]

5. McGuinness, A.].; Davis, J.A.; Dawson, S.L.; Loughman, A.; Collier, E; O’hely, M.; Simpson, C.A.; Green, J.; Marx, W.; Hair, C.;
et al. A systematic review of gut microbiota composition in observational studies of major depressive disorder, bipolar disorder
and schizophrenia. Mol. Psychiatry 2022, 27, 1920-1935. [CrossRef]

6. Nikolova, V.L.; Smith, M.R.B.; Hall, L.].; Cleare, A.J.; Stone, ] M.; Young, A.H. Perturbations in Gut Microbiota Composition in
Psychiatric Disorders. JAMA Psychiatry 2021, 78, 1343. [CrossRef]

7. Nikolova, V.L.; Smith, M.R.B.; Hall, L.J.; Cleare, A.]; Stone, ].M.; Young, A.H. The role of short-chain fatty acids in intestinal
barrier function, inflammation, oxidative stress, and colonic carcinogenesis. Pharmacol. Res. 2021, 165, 105420. [CrossRef]

8.  Valles-Colomer, M.; Falony, G.; Darzi, Y.; Tigchelaar, E.F.; Wang, J.; Tito, R.Y.; Schiweck, C.; Kurilshikov, A.; Joossens, M.;
Wijmenga, C.; et al. The neuroactive potential of the human gut microbiota in quality of life and depression. Nat. Microbiol. 2019,
4,623-632. [CrossRef]

9. Huang, R; Wang, K; Hu, ]. Effect of probiotics on depression: A systematic review and meta-analysis of randomized controlled
trials. Nutrients 2016, 8, 483. [CrossRef]

10. Borrego-Ruiz, A.; Garcia, J.J.B. Psicobitticos: Una nueva perspectiva para el tratamiento del estrés, de la ansiedad y de la
depresion. Ansiedad Estrés 2024, 30, 79-93. [CrossRef]

11. Kransel, M.S.S.; Zafra, ].].].; Diago, I.O.; Herndndez, L.V.B. Depresion, ansiedad y microbiota intestinal: Mecanismos neurobi-
olégicos. Acta Neuroldgica Colomb. 2024, 40. [CrossRef]

12.  Ansari, F; Neshat, M.; Pourjafar, H.; Jafari, S.M.; Samakkhah, S.A.; Mirzakhani, E. The role of probiotics and prebiotics in
modulating of the gut-brain axis. Front. Nutr. 2023, 10, 1173660. [CrossRef] [PubMed]

13.  Cristofori, F; Dargenio, V.N.; Dargenio, C.; Miniello, V.L.; Barone, M.; Francavilla, R. Anti-Inflammatory and Immunomodulatory
Effects of Probiotics in Gut Inflammation: A Door to the Body. Front. Immunol. 2021, 12, 578386. [CrossRef] [PubMed]

14. Chan, HH.Y,; Siu, PL.K,; Choy, C.T;; Chan, UK.; Zhou, J.; Wong, C.H.; Lee, Y.W.; Chan, H.W.,; Tsui, ].C.C.; Loo, S.K.F,; et al. Novel
Multi-Strain E3 Probiotic Formulation Improved Mental Health Symptoms and Sleep Quality in Hong Kong Chinese. Nutrients
2023, 15, 5037. [CrossRef]

15. Casertano, M.; Dekker, M.; Valentino, V.; De Filippis, F.; Fogliano, V.; Ercolini, D. Gaba-producing lactobacilli boost cognitive
reactivity to negative mood without improving cognitive performance: A human Double-Blind Placebo-Controlled Cross-Over
study. Brain Behav. Immun. 2024, 122, 256-265. [CrossRef]

16. Tricco, A.C,; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.].; Horsley, T.; Weeks, L.;
et al. PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Am. Coll. Physicians 2018, 169, 467-473.
[CrossRef]

17.  Kelly, J.R.; Allen, A.P,; Temko, A.; Hutch, W.; Kennedy, PJ.; Farid, N.; Murphy, E.; Boylan, G.; Bienenstock, J.; Cryan, ].F; et al.

Lost in translation? The potential psychobiotic Lactobacillus rhamnosus (JB-1) fails to modulate stress or cognitive performance
in healthy male subjects. Brain Behav. Immun. 2017, 61, 50-59. [CrossRef]


https://doi.org/10.1038/s41598-025-86858-3
https://www.ncbi.nlm.nih.gov/pubmed/39870727
https://doi.org/10.2174/1871527321666220329140804
https://www.ncbi.nlm.nih.gov/pubmed/35352640
https://doi.org/10.3390/nu15112566
https://doi.org/10.1016/j.jad.2023.04.003
https://doi.org/10.1038/s41380-022-01456-3
https://doi.org/10.1001/jamapsychiatry.2021.2573
https://doi.org/10.1016/j.phrs.2021.105420
https://doi.org/10.1038/s41564-018-0337-x
https://doi.org/10.3390/nu8080483
https://doi.org/10.5093/anyes2024a11
https://doi.org/10.22379/anc.v40i3.1341
https://doi.org/10.3389/fnut.2023.1173660
https://www.ncbi.nlm.nih.gov/pubmed/37565035
https://doi.org/10.3389/fimmu.2021.578386
https://www.ncbi.nlm.nih.gov/pubmed/33717063
https://doi.org/10.3390/nu15245037
https://doi.org/10.1016/j.bbi.2024.08.029
https://doi.org/10.7326/M18-0850
https://doi.org/10.1016/j.bbi.2016.11.018

Int. J. Mol. Sci. 2025, 26, 8099 16 of 17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Nishida, K.; Sawada, D.; Kuwano, Y.; Tanaka, H.; Rokutan, K. Health Benefits of Lactobacillus gasseri CP2305 Tablets in Young
Adults Exposed to Chronic Stress: A Randomized, Double-Blind, Placebo-Controlled Study. Nutrients 2019, 11, 1859. [CrossRef]
Maérquez-Morales, L.; El-Kassis, E.G.; Cavazos-Arroyo, J.; Rocha-Rocha, V.; Martinez-Gutiérrez, F.; Pérez-Armendariz, B. Effect
of the Intake of a Traditional Mexican Beverage Fermented with Lactic Acid Bacteria on Academic Stress in Medical Students.
Nutrients 2021, 13, 1551. [CrossRef]

Slykerman, R.F,; Hood, F.; Wickens, K.; Thompson, ]. M.D.; Barthow, C.; Murphy, R.; Kang, J.; Rowden, J.; Stone, P; Crane, |.; et al.
Effect of Lactobacillus rhamnosus HNO0O1 in Pregnancy on Postpartum Symptoms of Depression and Anxiety: A Randomised
Double-blind Placebo-controlled Trial. EBioMedicine 2017, 24, 159-165. [CrossRef]

Lew, L.-C.; Hor, Y.-Y.; Yusoff, N.A.A.; Choi, S.-B.; Yusoff, M.S.; Roslan, N.S.; Ahmad, A.; Mohammad, J.A.; Abdullah, M.E.IL;
Zakaria, N.; et al. Probiotic Lactobacillus plantarum P8 alleviated stress and anxiety while enhancing memory and cognition in
stressed adults: A randomised, double-blind, placebo-controlled study. Clin. Nutr. 2019, 38, 2053-2064. [CrossRef] [PubMed]
Ho, Y.-T.; Tsai, Y.-C.; Kuo, T.B.J.; Yang, C.C.H. Effects of Lactobacillus plantarum PS128 on Depressive Symptoms and Sleep
Quality in Self-Reported Insomniacs: A Randomized, Double-Blind, Placebo-Controlled Pilot Trial. Nutrients 2021, 13, 2820.
[CrossRef] [PubMed]

Zhu, R; Fang, Y; Li, H.; Liu, Y.; Wei, J.; Zhang, S.; Wang, L.; Fan, R.; Wang, L.; Li, S.; et al. Psychobiotic Lactobacillus plantarum
JYLP-326 relieves anxiety, depression, and insomnia symptoms in test anxious college via modulating the gut microbiota and its
metabolism. Front. Immunol. 2023, 14, 1158137. [CrossRef]

Zhang, X.; Chen, S.; Zhang, M.; Ren, F; Ren, Y.; Li, Y;; Liu, N.; Zhang, Y.; Zhang, Q.; Wang, R. Effects of Fermented Milk
Containing Lacticaseibacillus paracasei Strain Shirota on Constipation in Patients with Depression: A Randomized, Double-Blind,
Placebo-Controlled Trial. Nutrients 2021, 13, 2238. [CrossRef]

Sarkawi, M.; Ali, R.A.R.; Wahab, N.A.; Rathi, N.D.A.; Mokhtar, N.M. A randomized, double-blinded, placebo-controlled clinical
trial on Lactobacillus-containing cultured milk drink as adjuvant therapy for depression in irritable bowel syndrome. Sci. Rep.
2024, 14, 9478. [CrossRef]

Rudzki, L.; Ostrowska, L.; Pawlak, D.; Matus, A.; Pawlak, K.; Waszkiewicz, N.; Szulc, A. Probiotic Lactobacillus Plantarum
299v decreases kynurenine concentration and improves cognitive functions in patients with major depression: A double-blind,
randomized, placebo controlled study. Psychoneuroendocrinology 2019, 100, 213-222. [CrossRef]

Chen, H.-M.; Kuo, P.-H.; Hsu, C.-Y;; Chiu, Y.-H.; Liu, Y.-W,; Lu, M.-L.; Chen, C.-H. Psychophysiological Effects of Lactobacillus
plantarum PS128 in Patients with Major Depressive Disorder: A Preliminary 8-Week Open Trial. Nutrients 2021, 13, 3731.
[CrossRef]

Lin, S.-K.K.; Kuo, P-H.; Hsu, C.-Y.; Chiu, Y.-H.; Chen, C.-H. The effects of Lactobacillus plantarum PS128 in patients with major
depressive disorder: An eight-week double-blind, placebo-controlled study. Asian J. Psychiatr. 2024, 101, 104210. [CrossRef]
Rode, J.; Carlman, HM.T.E.; Konig, ].; Hutchinson, A.N.; Thunberg, P; Persson, J.; Brummer, R.J. Multi-Strain Probiotic Mixture
Affects Brain Morphology and Resting State Brain Function in Healthy Subjects: An RCT. Cells 2022, 11, 2922. [CrossRef]
Morales-Torres, R.; Carrasco-Gubernatis, C.; Grasso-Cladera, A.; Cosmelli, D.; Parada, FJ.; Palacios-Garcia, I. Psychobiotic Effects
on Anxiety Are Modulated by Lifestyle Behaviors: A Randomized Placebo-Controlled Trial on Healthy Adults. Nutrients 2023,
15,1706. [CrossRef]

Kazemi, A.; Noorbala, A.A.; Azam, K.; Eskandari, M.H.; Djafarian, K. Effect of probiotic and prebiotic vs placebo on psychological
outcomes in patients with major depressive disorder: A randomized clinical trial. Clin. Nutr. 2019, 38, 522-528. [CrossRef]
[PubMed]

Lee, HJ.; Hong, ].K.; Kim, J.-K,; Kim, D.-H,; Jang, S.W.; Han, S.-W.; Yoon, L-Y. Effects of Probiotic NVP-1704 on Mental Health and
Sleep in Healthy Adults: An 8-Week Randomized, Double-Blind, Placebo-Controlled Trial. Nutrients 2021, 13, 2660. [CrossRef]
[PubMed]

Schaub, A.-C.; Schneider, E.; Vazquez-Castellanos, J.E.; Schweinfurth, N.; Kettelhack, C.; Doll, ].PK.; Yamanbaeva, G.; Mdhlmann,
L.; Brand, S.; Beglinger, C.; et al. Clinical, gut microbial and neural effects of a probiotic add-on therapy in depressed patients:
A randomized controlled trial. Transl. Psychiatry 2022, 12, 227. [CrossRef]

Abdill, R.J.; Adamowicz, E.M.; Blekhman, R. Public human microbiome data are dominated by highly developed countries.
PLoS Biol. 2022, 20, €3001536. [CrossRef]

Bouttell, J.; Heggie, R.; Oien, K.; Romaniuk, A.; VanSteenhouse, H.; von Delft, S.; Hawkins, N. Economic evaluation of
genomic/genetic tests: A review and future directions. Int. J. Technol. Assess. Health Care 2022, 38, e67. [CrossRef]

Timmerman, HM.; Koning, C.J.M.; Mulder, L.; Rombouts, EM.; Beynen, A.C. Monostrain, multistrain and multispecies
probiotics—A comparison of functionality and efficacy. Int. |. Food Microbiol. 2004, 96, 219-233. [CrossRef]

Biagioli, M.; Capobianco, D.; Carino, A.; Marchiano, S.; Fiorucci, C.; Ricci, P; Distrutti, E.; Fiorucci, S. Divergent Effectiveness of
Multispecies Probiotic Preparations on Intestinal Microbiota Structure Depends on Metabolic Properties. Nutrients 2019, 11, 325.
[CrossRef]


https://doi.org/10.3390/nu11081859
https://doi.org/10.3390/nu13051551
https://doi.org/10.1016/j.ebiom.2017.09.013
https://doi.org/10.1016/j.clnu.2018.09.010
https://www.ncbi.nlm.nih.gov/pubmed/30266270
https://doi.org/10.3390/nu13082820
https://www.ncbi.nlm.nih.gov/pubmed/34444980
https://doi.org/10.3389/fimmu.2023.1158137
https://doi.org/10.3390/nu13072238
https://doi.org/10.1038/s41598-024-60029-2
https://doi.org/10.1016/j.psyneuen.2018.10.010
https://doi.org/10.3390/nu13113731
https://doi.org/10.1016/j.ajp.2024.104210
https://doi.org/10.3390/cells11182922
https://doi.org/10.3390/nu15071706
https://doi.org/10.1016/j.clnu.2018.04.010
https://www.ncbi.nlm.nih.gov/pubmed/29731182
https://doi.org/10.3390/nu13082660
https://www.ncbi.nlm.nih.gov/pubmed/34444820
https://doi.org/10.1038/s41398-022-01977-z
https://doi.org/10.1371/journal.pbio.3001536
https://doi.org/10.1017/S0266462322000484
https://doi.org/10.1016/j.ijfoodmicro.2004.05.012
https://doi.org/10.3390/nu11020325

Int. J. Mol. Sci. 2025, 26, 8099 17 of 17

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

McFarland, L.V. Efficacy of Single-Strain Probiotics Versus Multi-Strain Mixtures: Systematic Review of Strain and Disease
Specificity. Dig. Dis. Sci. 2021, 66, 694-704. [CrossRef]

Renner, V.; Schellong, J.; Bornstein, S.; Petrowski, K. Stress-induced pro- and anti-inflammatory cytokine concentrations in female
PTSD and depressive patient. Transl. Psychiatry 2022, 12, 158. [CrossRef]

Chang, J.; Jiang, T,; Shan, X.; Zhang, M.; Li, Y.; Qi, X,; Bian, Y.; Zhao, L. Pro-inflammatory cytokines in stress-induced depression:
Novel insights into mechanisms and promising therapeutic strategies. Prog. Neuro Psychopharmacol. Biol. Psychiatry 2024,
131, 110931. [CrossRef]

Molska, M.; Mruczyk, K.; Cisek-WozZniak, A.; Prokopowicz, W.; Szydetko, P; Jakuszewska, Z.; Marzec, K.; Trocholepsza, M. The
Influence of Intestinal Microbiota on BDNF Levels. Nutrients 2024, 16, 2891. [CrossRef] [PubMed]

Porter, ].H.; Prus, A.J. The Discriminative Stimulus Properties of Drugs Used to Treat Depression and Anxiety. Brain Imaging
Behav. Neurosci. 2018, 39, 289-320. [CrossRef]

Sénchez, E.; Nieto, ].C.; Vidal, S.; Santiago, A.; Martinez, X.; Sancho, EJ.; Sancho-Bru, P.; Mirelis, B.; Corominola, H.; Judrez, C.;
et al. Fermented milk containing Lactobacillus paracasei subsp. paracasei CNCM I-1518 reduces bacterial translocation in rats
treated with carbon tetrachloride. Sci. Rep. 2017, 7, 45712. [CrossRef] [PubMed]

Church, J.S,; Bannish, J.A.M.; Adrian, L.A.; Martinez, K.R.; Henshaw, A.; Schwartzer, J.J. Serum short chain fatty acids mediate
hippocampal BDNF and correlate with decreasing neuroinflammation following high pectin fiber diet in mice. Front. Neurosci.
2023, 17,1134080. [CrossRef]

Du, Y,; He, C.; An, Y,; Huang, Y.; Zhang, H.; Fu, W.; Wang, M.; Shan, Z.; Xie, J.; Yang, Y.; et al. The Role of Short Chain Fatty Acids
in Inflammation and Body Health. Int. ]. Mol. Sci. 2024, 25, 7379. [CrossRef]

Bongiovanni, T.; Santiago, M.; Zielinska, K.; Scheiman, ].; Barsa, C.; Jdger, R.; Pinto, D.; Rinaldi, F; Giuliani, G.; Senatore, T.;
et al. A Lactobacillus consortium provides insights into the sleep-exercise-microbiome nexus in proof of concept studies of elite
athletes and in the general population. Microbiome 2025, 13, 1. [CrossRef]

Chu, A.; Samman, S.; Galland, B.; Foster, M. Daily consumption of Lactobacillus gasseri CP2305 improves quality of sleep in
adults—A systematic literature review and meta-analysis. Clin. Nutr. 2023, 42, 1314-1321. [CrossRef]

Vandekerckhove, M.; Cluydts, R. The emotional brain and sleep: An intimate relationship. Sleep Med. Rev. 2010, 14, 219-226.
[CrossRef]

Van Someren, E.J.W. Brain mechanisms of insomnia: New perspectives on causes and consequences. Physiol. Rev. 2021,
101, 995-1046. [CrossRef]

Lemke, H.; Probst, S.; Warneke, A.; Waltemate, L.; Winter, A.; Thiel, K.; Meinert, S.; Enneking, V.; Breuer, F.; Klug, M.; et al. The
Course of Disease in Major Depressive Disorder Is Associated With Altered Activity of the Limbic System During Negative
Emotion Processing. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 2022, 7, 323-332. [CrossRef]

Mendoza-Alvarez, M.; Balthasar, Y.; Verbraecken, J.; Claes, L.; van Someren, E.; van Marle, H.].; Vandekerckhove, M.; De Picker,
L. Systematic review: REM sleep, dysphoric dreams and nightmares as transdiagnostic features of psychiatric disorders with
emotion dysregulation—Clinical implications. Sleep Med. 2025, 127, 1-15. [CrossRef] [PubMed]

Dempsey, E.; Corr, S.C. Lactobacillus spp. for Gastrointestinal Health: Current and Future Perspectives. Front. Immunol. 2022,
13, 840245. [CrossRef] [PubMed]

Pedersen, H.S.; Christensen, K.S.; Prior, A. Variation in Psychometric Testing in General Practice—A Nationwide Cohort Study.
Clin. Epidemiol. 2023, 15, 391-405. [CrossRef] [PubMed]

Séanchez-Villena, A.R.; de La Fuente-Figuerola, V. Estandarizacién, adaptacién y validacion de pruebas psicométricas: Diferencias
necesarias. An. Pediatr. 2020, 93, 353-354. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s10620-020-06244-z
https://doi.org/10.1038/s41398-022-01921-1
https://doi.org/10.1016/j.pnpbp.2023.110931
https://doi.org/10.3390/nu16172891
https://www.ncbi.nlm.nih.gov/pubmed/39275207
https://doi.org/10.1007/7854_2016_27
https://doi.org/10.1038/srep45712
https://www.ncbi.nlm.nih.gov/pubmed/28368023
https://doi.org/10.3389/fnins.2023.1134080
https://doi.org/10.3390/ijms25137379
https://doi.org/10.1186/s40168-024-01936-4
https://doi.org/10.1016/j.clnu.2023.06.019
https://doi.org/10.1016/j.smrv.2010.01.002
https://doi.org/10.1152/physrev.00046.2019
https://doi.org/10.1016/j.bpsc.2021.05.008
https://doi.org/10.1016/j.sleep.2024.12.037
https://www.ncbi.nlm.nih.gov/pubmed/39756154
https://doi.org/10.3389/fimmu.2022.840245
https://www.ncbi.nlm.nih.gov/pubmed/35464397
https://doi.org/10.2147/CLEP.S396819
https://www.ncbi.nlm.nih.gov/pubmed/36994319
https://doi.org/10.1016/j.anpedi.2020.05.014

	Introduction 
	Methods 
	Results 
	Characteristics of the Included Studies 
	Efficacy of Formulations Exclusively Containing Lactobacillus spp. 
	Efficacy of Multi-Species Formulations Containing Lactobacillus spp. 

	Discussion 
	Conclusions 
	References

