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Abstract: In recent years, growing interest has emerged in the use of psychobiotics and
adaptogens for regulating stress and anxiety. However, it is essential to assess their ef-
fectiveness as treatment alternatives, particularly given the limitations of conventional
approaches, such as adverse effects of pharmacological therapies and the limited remission
rates associated with psychotherapy alone. This systematic review primarily aims to assess
how effective psychobiotics and adaptogens are in alleviating stress- and anxiety-related
psychophysiological symptoms. A secondary aim is to identify specific bacterial strains
and herbal compounds most consistently linked to beneficial outcomes. An extensive
search was conducted in PubMed, Scopus, ScienceDirect, and Google Scholar using the
terms ((adaptogens) OR (psychobiotics)) AND (stress), resulting in 23 selected articles. The
findings suggest that both psychobiotics and adaptogens show promise in reducing stress-
and anxiety-related symptoms. Bifidobacterium longum and Lactobacillus rhamnosus were
frequently associated with improved gut-brain axis regulation, while Withania somnifera
and Rhodiola rosea demonstrated physiological benefits through cortisol reduction and
stress adaptation. Although results are encouraging, further research is needed to confirm
long-term efficacy and clarify the specific mechanisms and compounds responsible for
these effects.
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1. Introduction

Stress is a multifaceted physiological and psychological response influenced by en-
vironmental, chemical, and psychological factors. Acute stress specifically involves an
immediate psychophysiological response to a perceived or real threat, challenge, or signifi-
cant event, which is typically short-lived and subsides once the stressor is removed [1]. It
is driven by the activation of the hypothalamic—pituitary—adrenal (HPA) axis, leading to
the release of stress hormones such as cortisol, epinephrine, and norepinephrine, which
facilitate the ‘fight or flight’ reaction ([2]; for a review, see [3]). Furthermore, one possible
response to stress, particularly in acute situations, is anxiety. Unlike acute stress, anxiety is
characterized by its anticipatory nature, arising in response to perceived future threats and
manifesting feelings of apprehension and worry [4]. Anxiety symptoms are key indicators
of stress-related dysregulation [5].

Life events significantly contribute to stress reactions, with chronic illness, divorce,
house moving, caregiving, and exam periods being recognized as major stressors [6—11].
While an efficient stress response enables effective coping, chronic overstimulation—known
as allostatic load—can disrupt HPA axis function, leading to physical and mental health is-
sues such as cardiovascular disease, post-traumatic stress disorder, and depression [12-15].
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In Spain, anxiety-related mental health issues have increased by 105% from 2016 to 2021,
making anxiety disorders the most prevalent mental health concern, affecting 126.9 per
1000 residents and leading to a higher consumption of psychotropic medications, partic-
ularly anxiolytics, which account for 9.1% of total medication use [16]. The widespread
prescription and consumption of these medications raise concerns, as pharmacological
treatments for emotional disorders are associated with several adverse side effects [17].
Moreover, a substantial proportion of individuals receiving psychotherapy alone do not
achieve full remission [18,19]. Given the undeniable role of stress as a mediator in men-
tal and physical health, exploring diverse strategies to mitigate its effects could yield
substantial societal benefits.

Emerging research highlights the role of gut microbiota in regulating emotions, cogni-
tion, and behavior [20]. Microbiota are understood as the multitude of microorganisms,
such as bacteria, archaea, yeasts, etc., that the human gut hosts [21-23]. The gut-brain
axis enables bidirectional signaling via endocrine, neural, and immune pathways [24]. It
is of paramount interest to know that microbiota affects the HPA axis, and consequently,
the release of cortisol, involved in the stress response [25,26]. Dysbiosis, or alterations
in gut microbiome composition, has been linked to emotional disorders, such as anxiety-
related disorders [27]. Modulating microbiota presents potential benefits for mental health,
particularly through substances like psychobiotics and adaptogens.

1.1. Background on Psychobiotics

The term “psychobiotics” was defined as “live microbes that have a positive mental
health benefit” [28]. Probiotics and prebiotics have shown promising potential as psy-
chobiotic agents [29,30] with increasing evidence on how they affect the central nervous
system [31]. Evidence shows that psychobiotics exert significant benefits on stress, mood,
anxiety, and cognitive processes [32-35]. Specifically, psychobiotics have been shown to re-
duce anxiety-like and depression-like symptoms [36] while normalizing key physiological
markers such as cortisol, corticosterone, noradrenaline, brain-derived neurotrophic factor,
and immune function [37-40].

Notably, certain bacterial strains, such as Bif. longum and L. helveticus, have been
extensively studied for their potential role in modulating emotional behavior and stress
responses [41-44]. When administered together, these strains may promote beneficial
changes in psychosocial factors and psychiatric symptoms, supporting their classification
as psychobiotics [45]. However, while some studies report positive outcomes, others have
found limited or no effects. For instance, Romijn et al. [46] found no significant effects on
depression, while Messaoudi et al. [47] reported no changes in perceived stress. In contrast,
Gruenwald et al. [48] observed improvements in general well-being, and Rao et al. [49]
noted improvements in anxiety. Furthermore, Messaoudi et al. [47] observed a reduction in
urinary cortisol levels over time; however, this combination failed to enhance the cortisol
awakening response (CAR) [50] or salivary cortisol levels [51].

1.2. Background on Adaptogens

Adaptogens are pharmacologically active compounds or extracts derived from various
plant classes [52], recognized for their ability to enhance the body’s adaptation to stress
and maintain metabolic homeostasis [53]. Their consumption has been linked to improve-
ments in both mental and physical performance [54,55] and has demonstrated anti-fatigue,
antidepressant, anxiolytic, stress-reducing, and healthy-aging properties [56-58]. Their
primary mechanism of action involves regulating the HPA axis and modulating key stress
mediators, including cortisol [56,59], which enhances resistance to stress by mitigating
physiological changes induced by various stressors [55].
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Of particular interest are two adaptogenic plants, W. somnifera (Ashwagandha) and
R. rosea, both of which have been shown to influence the gut-brain axis, contributing
to improved stress and mental health outcomes [60]. These effects are believed to stem
from their immunomodulatory and anti-inflammatory properties, which support gut
homeostasis [56]. Ashwagandha is generally considered a safe adaptogen [56] and has
been shown to reduce perceived stress and cortisol levels [61], exert anxiolytic effects [62],
and alleviate stress and anxiety symptoms [63], including in conditions such as anxiety and
bipolar disorder [56]. However, the degree of effectiveness varies across studies, depending
on factors such as dosage, population characteristics, and study design. Similarly, while
R. rosea has been associated with reductions in self-reported anxiety and stress [64], and
demonstrated anxiolytic properties [65] as well as cortisol modulation [66], the consistency
of these effects is not uniform.

Taken together, existing evidence suggest that psychobiotics and adaptogens may
contribute to the regulation of stress- and anxiety-related symptoms through mechanisms
such as cortisol and corticosterone modulation and regulation of the HPA axis. Nevertheless,
the variability in findings reflects the heterogeneity of current research designs, populations,
and outcome measures. As the application of psychobiotics and adaptogens in the treatment
of stress- and mood-related disorders is still emerging, further investigation is required to
better understand their efficacy, underlying mechanisms, and potential therapeutic value.

The objective of this systematic review is to assess the efficacy of alternative
interventions—namely psychobiotics and adaptogens—in alleviating stress-related psy-
chophysiological symptoms. Specifically, the review aims to determine whether these
compounds lead to measurable improvements in stress and anxiety outcomes. In addition
to this primary goal, a secondary aim is to identify the specific bacterial strains and herbal
compounds most consistently associated with beneficial effects, thereby contributing to a
more precise understanding of their therapeutic potential.

2. Materials and Methods
2.1. Search Strategy

This review was conducted in accordance with the PRISMA guidelines [67]. The
research question was structured using the PICO framework [68] as follows: in individuals
from the general population as well as those with stress-related conditions, overweight,
or specific dietary patterns (P), does the administration of psychobiotics or adaptogens (I)
lead to a reduction in stress biomarkers (O) when compared to baseline stress levels before
the intervention or between groups (C)? [69].

A comprehensive literature search was conducted between March and April 2024
across PubMed, ScienceDirect, Scopus, and Google Scholar using the following Boolean
search strategy: ((adaptogens) OR (psychobiotics)) AND (stress). A manual search was
conducted after the database searches to ensure no relevant studies were overlooked,
particularly those not indexed in the major databases.

2.2. Study Selection

The initial literature search was conducted following predefined inclusion criteria.
Studies were considered eligible if they were empirical research (excluding reviews, single-
case studies, books, or manuals) and focused on the general population or individuals
with stress-related conditions, obesity, or specific dietary patterns. Additionally, selected
studies had to employ validated stress measures, such as cortisol levels or psychological
assessments of stress and anxiety; in the latter case, studies on anxiety were included in
the review, as several papers examined stress-related phenomena while utilizing anxiety
measures. The review included research examining psychobiotics or adaptogens within
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the fields of psychology, medicine, or neuroscience, published between 2014 and 2024,
with full-text availability in open access. Only studies published in English or Spanish
were considered.

Studies that were excluded were reviews, single-case studies, books, and manuals;
studies focusing exclusively on clinical populations unrelated to stress (e.g., severe psy-
chiatric or neurodegenerative disorders) without clear relevance to stress modulation;
interventions not involving psychobiotics or adaptogens as primary components; studies
lacking validated stress-related outcome measures; publications in languages other than
English or Spanish; and studies without full-text open-access availability.

Two independent reviewers (L.L. and M.A.S.) assessed the search results from each
database separately, selecting studies based on their abstracts and full texts. Articles
were included only if both reviewers reached an agreement. If any discrepancies arose,
a third reviewer (N.S5.-M.) was involved in resolving the disagreement and establishing
a consensus.

2.3. Data Extraction

Following the initial study selection, data extraction was conducted by the first author
(LL). For each study meeting the final inclusion and exclusion criteria, the following
information was systematically gathered: (1) bibliographic details, including the title,
authors, and year of publication; (2) characteristics of the experimental design, such as
study type, number of groups, and time points at which measurements were obtained;
(3) the specific psychobiotic or adaptogen administered, including the strain used; (4)
stress- and anxiety-related outcomes, evaluated through cortisol levels and validated
psychological measures; and (5) the study’s key findings.

2.4. Risk of Bias Assessement

The evaluation of methodological quality and potential sources of bias in the selected
studies was conducted using the revised version of the Cochrane Risk of Bias tool (RoB 2,
2008; updated in 2011 [70]). This instrument assesses five critical domains that may intro-
duce bias in randomized controlled trials: the process of random sequence generation and
allocation concealment (D1), deviations from intended interventions (D2), completeness of
outcome data (D3), accuracy and reliability of outcome measurement (D4), and selective
reporting of results (D5). Each domain was independently rated as presenting a ‘low risk’,
‘some concerns’, or a ‘high risk” of bias.

3. Results

A comprehensive database search yielded a total of 1645 bibliographic records, with
284 entries retrieved from PubMed, 997 from ScienceDirect, 360 from Scopus, and 4 from
Google Scholar. The flow diagram detailing the selection process for this systematic
review is presented in Figure 1. Based on the predefined inclusion and exclusion criteria,
28 articles were initially selected. After identifying and removing three duplicate records,
25 articles remained.

Following abstract screening, five additional articles were excluded for the following
reasons: evaluating an antibiotic rather than a psychobiotic or adaptogen (n = 1); focusing
exclusively on immune responses without assessing endocrine or psychological stress
markers (n = 1); investigating physical rather than psychological stressors (n = 1); and
employing inadequate stress assessment measures (1 = 2). Consequently, 23 articles met
the final inclusion criteria and were selected for systematic review.
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Figure 1. The PRISMA 2020 flow diagram for new systematic reviews, which included searches of
databases and registers only.

3.1. Effects of Treatment with Psychobiotics

Table 1 summarizes the sixteen studies that compared the effects of psychobiotics on
stress measures.
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Table 1. A summary of sixteen studies investigating the effects of psychobiotics.

Population
: ot Stress and Anxiet
Study N Type Design Duration Int Measures Psychobiotic Treatment Measures Y Results
(Age) (Weeks) :
Healthy mal Salivary cortisol A reduction in salivary cortisol output was observed in
Allen etal. 2 eal { ale RCT 8 Within-participants BL, Post-PLA, Post-PBO, Bif. longum (AUCg and AUCi) EG compared to both CG and BL levels.
[71] V(zllél%jrs design 2 wk Post 1714 after SECPT and Perceived stress levels decreased by 4 wk in the EG but
PSS-14 increased during the 2 wk follow-up period.
Healthy male and
Berding et al female participants Single- A 32% reduction in perceived stress was observed in EG.
¢ [72g] et g5 with poor dietary blind 4 CGvs. EG BL, Pre, Post Psychobiotic diet PSS-14 Greater adherence to the study diet was associated with a
habits RCT more pronounced reduction in PSS scores.
(18-59)
Double-
Choi et al l\gj,:ﬁ;ng\iaaiii bgﬁi L. rhamnosus A significant reduction over time in trait anxiety and
73] : 152 P ovefwei ht plel 12 CGvs. EG Pre, Post HA-114 (10 x 10° STAI-T, PSS-14 perceived stress was observed in the EG; however, no
‘ (18—55% groups CFU/capsule/day) group-by-time interaction effect was detected.
RCT
. . No significant effect of psychobiotic treatment cortisol
Healthy male Cross- L. thamnosus Salivary cortisol,
Kel[l%e]t al. 2 volunteers over 8 P%Q(Q;?’SA‘: > BL, Post-CG, Post-EG JB-1 SECPT, BAI-T, No overall effect or(:l;tr{);ilz aft((: sst];ecslsfr.leasures in EG nor
(20-33) RCT (10° CFU/capsule/day) STAI-S, STAI-T, PSS ty
compared to BL.
Male and female
volunteers divided Placebo- CG vs. Sleen disorder Bif. breve Salivary cortisol A significant decrease in salivary and blood cortisol
Lanetal. 60 into healthy control controlled 4 rou . un dgr PLA or BL. Pre, Post CCFM1025 cortisol ir?llbloo d ar,1 d concentrations was observed in the EG, while ACTH
[75] and sleep disorder RCT & L}Zn der PBO e (10° CFU/daily sachet/day), ACTH in blood levels showed no statistically significant differences.
groups combined with maltodextrin No differences over time in EG compared to BL.
(18-65)
Healthy male Double-
Moloney etal. volgntee_rs under blind, CG Postl: PLA /PBO, Post2: Bif. longum Cort1§01 le\_zels inhair  Nosignificant change in sahviiry_cortlsol, hair cortisol, or
176] 20 university exam Cross- 16 vs. PBO/PLA AH1714 and insaliva, CAR, CAR at any timepoint in EG nor CG.
stress over, EG (10° CFU/ capsule/day) HADS-A, PSS No difference in stress or anxiety in EG compared to BL.
(18-30) RCT
Double-
Male and female blind, CG L. helveticus L .
Mut[(;};]et al. 58 participants parallel- 4 vs. BL, 2 wk Post, 4 wk Post MCC148 STAI-S, STAI-T No significant lifeftevttegg ar;())(llletz was observed
(20-64) group, EG (5 x 10° HK/stick/day) group
RCT
CP2305 significantly suppressed the escalation of salivary
Healthy medical Double- ) ) ) cortisol levels as time progre§sed.
. . Salivary cortisol, No time-dependent changes or group differences were
- students under blind, CG L. gasseri . €
Nishida et al. I BL, 6 wk, 12 wk, 19 wk salivary CgA; detected in CgA levels
69 chronically stressed parallel- 12 Vs CP2305
[78] diti E G post (10° CFU/b /day) HADS-A, STAI-S, CP2305 significantly prevented the elevation of the
Co(rzlzi;g)n S gIr{(SJ.IP ! cverage/day STAL-T STAlI-state scores in females prior to examination.

No significant differences
in the HADS-A scores were detected.
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Population .
Study Type Design Duration Psychobiotic Treatment Stresl\s/land Anxiety Results
N Int. Measures easures
(Age) (Weeks)
No significant differences in salivary cortisol levels
g . . between group.
Healthy students ]i))(l);lzile G L. easseri Sah::llir‘);ac:rtclso:.md A significant decrease in Salivary CgA levels was
Nishidaetal. o8 8L parallel- " - BL, 12 wk, 24 wk, 26 wk P i HADS A STALS observed in EG CP2305 significantly reduced STAI-trait
[79] N post 9 4 ’ anxiety scores; however, no effect was observed in
(22-35) glrzoclflP’ EG (10° CFU/two tablets/ day) S‘SATSIXI/ES STAl-state anxiety scores through the intervention period
CP2305 significantly alleviated subjective feelings
of irritability.
firritability.
Omega-3 fish oil and PBO
(20 x 10° CFU L., 10 x 10°
CFU Bif / capsule/day).
Reigadaetal Female volunteers Single- CG, S;;:rll?asr:uLiﬁuzl d;filelllfisrLL' STAI-T, STAI-S No significant pairwise comparisons were observed for
: 147 blind 12 Omega-3, PBO, Pre, Post L S ’ ’ .
[80] (18-59) RCT Omesa-3 + PBO paracasei, L. bulgaricus, L. PSS-10 stress or anxiety symptoms.
& brevis, L. casei, L. rhamnosus,
L. salivarius, B. lactis, B.
bifidum, B. breve, B. infantis, B.
longum.
Males and female confeliigtaions
Rudzki et al. o patlen't?rl dlagnosed ]%(])'nge_ SSRI L. pluntugum 299v cortisol; HAM-D17 No significant changes were olbserved in anxiety or
181] with major in 12 vs. Pre, Post (10 x 10° CFU/2 anxety subscale stress levels.
depression RCT SSRI + PBO capsules/day) SCL-90 anxiety ’ Similarly, cortisol concentrations remained unchanged.
(33-45) subscale
Lactoflorene® Plus: L.
Healthy male and Double- acidophilus LA-5®, Bif.
female subjects b?; de BL, Int 1 (45 days) animalis subsp. lactis BB-12°,
Soldi et al. experiencing 7 PLA/PBOvs. . S L. paracasei subsp. paracasei, Salivary cortisol, No significant differences in salivary cortisol or
N 50 Cross 19 Washout (25 days), Int 2 .
[82] stress-related over PBO/PLA (45 days) L. casei 431®, B. coagulans «-amylase -amylase levels between the EG and CG.
symptoms RCT/ BC513 + zinc + B vitamins
(25-30) (2 x 10° CFU/10 mL/twice
daily)
Male and female
volunteers with
mildly altered mood ~ Double- SAMe (200 mg/day) and
Ullah et al and individuals with  blind, PLA/SAMe + PBO BL, Int 1 (12 wk), probiotics (L. helveticus
183] ' 65 mild-to-moderate cross- 12 Vs. Wash-out (30 days), Int 2 Rosell®-52, Bif. longum Urine cortisol
: depression, NR or over, SAMe + PBO/PLA (12 wk), 6 wk Post Rosell®-175, 3 x 10°
intolerant to RCT
conventional drugs
(18-65)

No significant differences in urinary cortisol levels were
observed between the two groups over time.
CFU/buccal granules/day)
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Table 1. Cont.

Population
Study Type Design Duration Psychobiotic Treatment Stresl\s/land Anxiety Results
N Int. Measures easures
(Age) (Weeks)
B. coagulans Unique IS2, L. . . s
Male and f 1 rhamnosus UBLR5S, Bif. lactis Sderlfn cortlts}? ! 15‘;8;501;/&656 shov;red a 51grtuf1cantt
ale and female UBBLa?0, L. plantarum ) _ decline, witha :02% reduction from pre Uo pos
- 9 . 5 9 .82% .
Venkataraman students undergoing ~ Double CG UBLP40 (2 x 10° CFU each) Serum cortisol levels;  intervention, while the CG exhibited only a 9.82% change
etal. a stresstul perio 1N VS. re, Post 5 . , -14, significant reduction in , , an scores was
1 74 ful period blind 4 Pre, P Bif breve UBBrO1 s DASS, PSS-14 A signifi duction in PSS, DAS, and STAI
[84] (examination phase, RCT EG infan tis UBBIO1 (’109/" STAI-T, STAI-S observed in the EG compared to the CG. Indeed, PSS,
18-59) . . DAS, and STAI scores decreased by 38.62%, 38.93%, and
CFU/ capsules/twice daily) 18.11% :
. .11%, respectively.
+ glutamine (250 mg)
Male and female Open- Sfallllvary cotr}t11591 1evels :}gmflc}e:qtly _decrelasedl in E]G
information Jabel, sl ol ollowing the interven éon, “}71 ile ozl amylase levels
technology single- s - alivary cortiso remained unchanged. . .
uetal. - ithin-participants L. plantarum PS128 evels, a-amylase; e emonstrated significant reductions in
Wi 1 2 list 8 Within-p p Pre. Post pl 5128™ level yl The EGd d signif d
[85] speclalists | arm, design re, ros (10° CFU) JSS, PSS-10, STAI-S, self-perceived stress, state, and trait anxiety; overall job
experiencing high baseline- . .
STAI-T stress; and job burden.
stress levels controlled !
(20-60) stud Furthermore, PSS scores in EG decreased by more than
uay 20%.
Male and female Blood serum cortisol Blood cortisol levels demonstrated a significant decrease
Wuetal registered nurses CG levels; JSS, OS-VAS in group-by-time interaction.
' 70 working in hospital RCT 8 vs. Pre, Post L. paracasei 10° HK-PS23 cells Y ! At 8 weeks, a significant reduction was observed in
[86] . . STAI-S, STAI-T, - . . .
wards or special units EG PSS-14 self-perceived stress, state, and trait anxiety; perceived
(20-60) job-related stress; job burden; and overall stress.

Note: The abbreviations used in this table are listed in the abbreviation section for reference.
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3.1.1. Type of Psychobiotic Treatment

Among the 16 included studies, one investigated the effects of a psychobiotic diet [72].
Regarding individual psychobiotic strains, Bif. longum [71,76], L. vhamnosus [73,74], L.
gasseri [78,79], and L. plantarum [81,85] were each examined in two studies, while Bif.
breve [75], L. helveticus [77], and L. paracasei [86] were evaluated in a single study each.
Multistrain formulations were tested in four studies [80,82-84]. These included combina-
tions such as omega-3 fish oil alongside various bacterial strains [80]; Lactoflorene® Plus,
containing L. and Bif. strains along with zinc and B vitamins [82]; and SAMe combined
with probiotics [83].

3.1.2. Effects of Psychobiotics on Stress Biomarkers

Salivary cortisol was assessed in eight studies [71,74-76,78,79,82,85], two of which em-
ployed the SECPT task [71,74]. Serum or blood cortisol was analyzed in four studies [75,81,84,85],
while hair and urinary cortisol were each examined in one study [76,82,83]. Other biomarkers,
including salivary x-amylase, were reported in two studies [82,85]; ACTH in one study [75];
and CgA in two studies [78,79].

3.1.3. Effects of Psychobiotics on Self-Report Questionnaires

Nine studies used the PSS to assess subjective stress levels [71-74,76,80,84-86], and the
STAI[73,74,76,78,79] was applied in five studies to evaluate anxiety levels. Additionally,
several studies employed alternative self-report measures to assess anxiety and job-related
stress. The HADS was used in three studies [76,78,79], while the BAI [74], the DASS [84],
and the HAM-D17 and SCL-90 anxiety subscales [81] were each employed in one study.
Stress levels were also evaluated using a VAS scale in two studies [79,86], and job-related
stress was measured using the JSS, also in two studies [85,86].

3.1.4. Overall Findings

Among the studies analyzed, six reported a significant reduction in both physiological
and psychological stress-related measures. In a 4-week crossover study involving healthy
male participants, Bif. longum 1714 significantly lowered post-SECPT salivary cortisol levels
and perceived stress compared to both the placebo and baseline measurements. However,
perceived stress levels increased again during the follow-up period [71]. Similarly, Bif.
breve CCFM1025 significantly reduced both salivary and plasma cortisol levels in a 4-week
RCT with 20 healthy participants [75]. In another study, L. gasseri CP2305 suppressed
the escalation of salivary cortisol levels during an examination period in a 12-week RCT.
Additionally, this psychobiotic significantly prevented an increase in the STAI-S scores
in females prior to examination, although no significant differences were observed in the
HADS-A [78]. However, in a separate study, the same probiotic showed no significant
effects on salivary cortisol levels after a 24-week double-blind RCT, although it did reduce
STAI-T anxiety scores, not STAI-S anxiety scores [79]. A multi-strain probiotic was also
found to significantly decrease serum cortisol levels in a 28-day RCT involving 74 partici-
pants experiencing academic stress. The probiotic group exhibited a 43.02% reduction in
serum cortisol levels, alongside a 38.62% decrease in perceived stress from baseline [84].
Furthermore, supplementation with L. plantarum PS128TM and HK-PS23 significantly re-
duced salivary and blood cortisol levels, self-perceived stress, anxiety, and overall job stress
and job-related stress, respectively, after an 8-week intervention in a baseline-controlled
study with highly stressed individuals [85,86]. Finally, the only study assessing the effects
of a psychobiotic diet was conducted in a sample of 21 males and females with poor dietary
habits in a 4-week RCT. The findings indicated a significant decrease in perceived stress in
the diet group (—32% change from baseline) [72]. Additionally, L. rhamnosus HA-114 was
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administered in a RCT lasting 12 months involving 152 males and females with obesity
under a weight loss program. The results showed a significant reduction in perceived stress
over time in the probiotic group, although no significant group-by-time interaction effect
was observed [73].

Conversely, several studies found no significant effects of psychobiotic treatment on
stress biomarkers or self-reported psychological measures. One study reported that L.
rhamnosus administration for 8 weeks failed to prevent the elevation of salivary cortisol
output, anxiety measures, and stress measures following the SECPT in healthy male
volunteers [74]. Similarly, Bif. Longum administration for 16 weeks had no effect on salivary
or hair cortisol levels and in stress or anxiety in healthy male volunteers undergoing
academic stress in a double-blind, cross-over RCT [76]. Furthermore, no significant effects
on anxiety were observed following 4 weeks of L. helveticus supplementation in male
and female participants [77] or 12-week treatment with a combination of omega-3 and
various psychobiotics [80]. Additionally, in a study involving male and female patients
diagnosed with major depression, 12 weeks of L. Plantarum administration did not alter
cortisol concentrations nor anxiety or stress levels [81]. Likewise, double-blind, cross-over
RCT in healthy males and females experiencing stress-related symptoms after 19 weeks of
Lactoflorene® treatment reported no significant effects [82]. Moreover, an additional study
investigated urinary cortisol levels in a double-blind, cross-over RCT but did not observe
significant differences between the psychobiotic and placebo groups [83].

Additional stress-related biomarkers were also evaluated. ACTH levels in blood
were assessed in one study, but no significant differences among groups were found [75].
Similarly, findings for CgA were inconsistent; while one study reported a positive effect
following psychobiotic treatment [79], another found no significant differences [78].

3.1.5. Risk of Bias Results—Psychobiotics

The risk of bias analysis for the psychobiotic studies is summarized in the Supplemen-
tary Materials (Figure S1). This evaluation included a total of 15 randomized controlled
trials. The study by Wu et al. [85] was excluded from this analysis, as it did not meet the
inclusion criteria for randomized controlled trials.

Most studies presented a low risk of bias across all evaluated domains. The randomiza-
tion process (D1) was identified as the most variable domain, with 6 out of 16 studies rated
as having ‘some concerns’. In contrast, the domains related to deviations from intended
interventions (D2), missing outcome data (D3), and a selection of the reported results (D5)
consistently showed low risk across all studies. Minor concerns were observed in outcome
measurements (D4) for a small number of studies, often due to limited reporting detail or
potential issues with blinding procedures.

Overall, the majority of the studies demonstrated good methodological quality, with
only a few [71,72,74,77-83] presenting moderate concerns in isolated domains. These find-
ings support the robustness of the evidence base on psychobiotics while also highlighting
the importance of continued methodological rigor in future trials.

3.2. Effect of Treatment with Adaptogens

Table 2 provides a summary of the seven studies that examined the effects of adapto-
gens on stress-related measures.
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Table 2. A summary of seven studies investigating the effects of adaptogens.

Population q s q
: . Adaptogen tress and Anxiety
Study N (Tg’é’; Design ]()‘l'\l’zaetll((;? Int. Measures Treatment Measures Results
Male and female Stress level in the EG showed a
articipants with G Ashwagandha Root Extract significant decline with a 22.1% and
Choudhary et al. 50 overgvei hFun der chronic A prospective, 3 vs BL. 4 wk. 8 wk (W. somnifera, KSM-166, Serum cortisol levels 32.7% reduction at 4 and 8 wk.
[87] 8 stress double-blind, RCT EG ’ ’ 300 mg/capsule/twice PSS-14 Serum cortisol level in the EG showed a
(18-60) daily) significant decrease with reductions of
16.05% and 22.2% at 4 and 8 wk.
Hovhannisyan Healthy male and female CG, A significant reduction in blood cortisol
etal. 215 athlete volunteers Double-blind RCT 4 ADAPT-232S, Pre, Post ﬁaﬁi:ﬁﬁi:}&ﬁ?ﬁi{r _)S Blood cortisol, PSS-10 levels and self-perceived stress was
[88] (18-35) ADAPT-S p y observed in both treatment groups.
Male and female Morning salivary cortisol levels showed
Maiced et al individuals with CG Ashwagandha Root Extract Salivary cortisol a significant decrease.
J 89] ) 54 mild-moderate stress and Double-blind RCT 8 Vs. BL, 4 wk, 8 wk (W. somnifera, PSS-1 4}’ GAD-7 ! A significant reduction in self-perceived
anxiety EG 500 mg/capsule/day) ’ stress and the severity of GAD was
(21-54) observed in the EG, starting from week 4.
CL18100F4 supplementation at both
Healthy male and female W. somnifera and doses resulted in a significant reduction
Punukollu et al articiy ants diagnosed CG, Abelmoschus esculentus Serum cortisol in serum cortisol levels.
. 48 p p en Double-blind RCT 2 CL18100F4 —300, BL, 1wk, 2wk contained in CL18100F4 ! A significant reduction in self-perceived
[90] with Rome-III PSS-10 .
(25-60) CL18100F4 —500 (300 or stress Was.observed in the treatment
500 mg/capsule/day) groups, with decreases of 21.1% and
23.22% in the 300 mg and 500 mg groups.
A significant decrease in serum cortisol
levels was observed in both treatment
. Ashwagandha Root Extract groups, with greater efficacy at the
Salve et al. 58 nggi:fsz‘iﬁ;gfsand Prospective, 8 AR%—GZ,SO BL. 4 wk. 8 wk (W. somnifera, 250 or Serum cortisol, higher dose.
[91] double-blind, RCT ‘ ’ ’ 600 mg/capsule/twice PSS-10, HAM-A Both treatments significantly reduced
(18-55) ARE-600 dai . -
aily) self-perceived stress, with a dose-related
trend. However, only the higher dose led
to a significant reduction in HAM-A.
Eleutherococcus sensicosus,
cG Schizandra chinensis, R. rosea, The treatment had no effect on blood
Shara et al. 74 Healthy male and female Double-blind RCT 4 vs Pre. Post Glycyrrhiza uralensis, Blood cortisol, Stress cortisol levels.
[92] participants (24-60) E G ’ Crataegus oxyacantha, and Perception Stress perception significantly decreased
Aralia manchurica) by 10-20% in EG.
(liquid formula)
. CG . Lo . .
Timpmann et al. Healthy male volunteers . R. rosea (SHR-5 Blood cortisol and No significant differences in blood
P [93] 20 Y (19-25) Double-blind RCT 8 E é Pre, Post extract/capsule/day) ACTH f:rtisol or ACTH levels.

Note: The abbreviations used in this table are listed in the abbreviation section for reference.



Appl. Sci. 2025, 15, 4564

12 of 21

3.2.1. Type of Adaptogen Treatment

Among the seven studies included, three investigated the effects of W. somnifera
(Ashwagandha root extract, [87,89,91]), and one examined R. rosea [93]. Additionally,
three studies evaluated adaptogenic formulations comprising multiple plant extracts. One
analyzed a combination of bioactive compounds derived from plants belonging to the
Crassulaceae, Araliaceae, and Schisandraceae families (W. somnifera and Abelmoschus esculen-
tus, [88]), another assessed a blend of W. somnifera and Abelmoschus esculentus [90], and a
third tested a formulation containing Eleutherococcus sensicosus, Schizandra chinensis, R. rosea,
Glycyrrhiza uralensis, Crataegus oxyacantha, and Aralia manchurica [92].

3.2.2. Effects of Adaptogens on Stress Biomarkers

Six of the seven studies measured blood cortisol levels [87,88,90-93]. One study also
measured ACTH levels alongside cortisol [93], and one additional study assessed salivary
cortisol as a single biomarker [89].

3.2.3. Effects of Adaptogens on Self-Report Questionnaires

Perceived stress was assessed using the PSS in five studies [87-91], while one study
used an alternative instrument to evaluate stress perception [92]. Furthermore, anxiety
levels were measured in two studies using standardized questionnaires: the GAD-7 [89]
and the HAM-A [91].

3.2.4. Overall Findings

Among the studies analyzed, five reported a significant reduction in both physiological
and psychological stress-related measures following adaptogen treatment. In a RCT lasting
8 weeks, W. somnifera administration resulted in a significant reduction in serum cortisol
levels and perceived stress in a sample of 52 males and females under chronic stress.
Specifically, reductions in serum cortisol levels of 16.05% and 22.2% were observed at
weeks 4 and 8, respectively. Similarly, perceived stress levels decreased by 22.1% at week 4
and 32.7% at week 8 [87]. Likewise, W. somnifera treatment significantly reduced salivary
cortisol levels, self-perceived stress, and the severity of generalized anxiety disorder in a
double-blind, 8-week RCT involving male and female participants with mild-to-moderate
stress and anxiety levels [89]. Another RCT assessed the effects of W. somnifera in 58 highly
stressed males and females over 8 weeks, where both 250 mg/day and 600 mg/day doses
decreased serum cortisol levels compared to the placebo group [91]. In terms of perceived
stress, reductions relative to BL were significantly higher in the treatment groups compared
to the placebo in a dose-related trend.

A combination of W. somnifera and Abelmoschus esculentus contained in the proprietary
composition CL18100F4 was evaluated in a 2-week RCT. The results demonstrated a
significant reduction in serum cortisol levels in both 300 mg/day and 500 mg/day groups,
with 27.21% and 33.01% reductions, respectively, compared to BL. Furthermore, perceived
stress significantly decreased in both 300 mg/day and 500 mg/day groups, with reductions
of 21.1% and 23.22%, respectively [90].

In a 60-day RCT involving 215 healthy male and female athletes, ADAPT-232S and
ADAPT-S supplementation prevented the exercise-induced increase in blood cortisol levels.
While cortisol levels significantly increased in the placebo group at the end of the training
season, levels in the ADAPT-232S and ADAPT-S groups remained significantly lower
compared to baseline. Additionally, a significant reduction in perceived stress was observed
in both groups [88]. Finally, blood cortisol and ACTH levels were analyzed with no
significant differences found among groups [93].
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Conversely, several studies found no significant effects of adaptogen treatment on
stress biomarkers or self-reported psychological measures. Specifically, Timpmann et al. [93]
reported no significant differences in blood cortisol or ACTH levels following psychobiotic
intervention, suggesting a lack of measurable endocrine changes. Similarly, Shara et al. [92]
also observed no reduction in cortisol levels; however, their findings revealed a decrease in
subjective stress perception, indicating that psychobiotics may exert beneficial effects on
emotional appraisal even in the absence of detectable hormonal changes.

3.2.5. Risk of Bias Results—Adaptogens

The risk of bias assessment for the studies evaluating the effects of adaptogens is
presented in the Supplementary Materials (Figure S2). All seven studies were rated as
presenting a low risk of bias across all domains. Accordingly, the overall judgment for each
study was also rated as low risk.

These results indicate that the evidence base on adaptogens included in this review is
methodologically robust, with no significant concerns regarding internal validity across the
assessed studies.

4. Discussion

The growing interest in non-pharmacological treatments for stress and related condi-
tions has positioned psychobiotics and adaptogens as promising alternative interventions.
This systematic review assesses their efficacy in alleviating stress-related psychophysio-
logical symptoms, with particular attention to measurable improvements in stress and
anxiety outcomes. It also explores which specific bacterial strains and herbal compounds
are most consistently associated with beneficial effects, contributing to a more nuanced
understanding of their therapeutic potential. A distinctive strength of this review lies
in its dual examination of both psychobiotics and adaptogens—two emerging but often
separately studied approaches—which allows for a broader perspective on microbiota-
and plant-based strategies for stress regulation. This comprehensive scope contributes to a
more integrated understanding of their potential benefits and limitations.

As highlighted in the review by Sharma et al. [94], psychobiotics have demonstrated
beneficial effects in addressing stress and anxiety in both animal and human studies,
improving psychological and neurochemical profiles. Specifically, animal studies have
provided compelling evidence for the potential of psychobiotics to modulate behavior and
brain function through gut-brain axis mechanisms. Thus, chronic administration of specific
strains such as Bif. longum 1714 and L. rhamnosus JB-1 has been shown to reduce anxiety-
like behaviors and improve stress responses in mice, including lowering corticosterone
levels and enhancing performance in behavioral tests such as the elevated plus maze and
forced swim test. On the other side, L. helveticus NS8 and L. plantarum have demonstrated
effects on increasing neurotransmitter levels, including dopamine and serotonin in brain
regions like the prefrontal cortex. In our systematic review, nine of the included studies
reported positive treatment effects, showing significant improvements in stress biomarkers,
anxiety-related symptoms, and self-perceived stress [71-73,75,78,79,84-86], suggesting a
potential regulatory role of psychobiotics in stress response.

Regarding the specific psychobiotic strains used in studies reporting positive ef-
fects, a diverse range of formulations was observed, including multi-strain probiotics and
psychobiotic-enriched diets. However, most of the studies reviewed focused on strains from
Bif. and L. families, which predominantly exhibited beneficial outcomes [71,73,75,78,79,85].
This suggests that strains within these families may be particularly effective in mitigating
stress and improving psychological well-being. These psychobiotics have also been consis-
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tently linked to reduced gastrointestinal discomfort and improved mental health outcomes,
aligning with findings from Smith et al. [45].

The effectiveness of psychobiotics for stress reduction varies considerably across the
literature [47,49,51,52] as well as in the studies analyzed in this review, with nearly half
reporting no significant improvements in stress-related outcomes. For instance, Bif. Breve,
L. gasseri, and L. paracasei [75,78,79,86] have been associated with reductions in cortisol
levels and self-reported stress, highlighting their potential utility in stress management.
Additionally, B. longum 1714 has been demonstrated to alleviate anxiety symptoms in
human studies [39] and has shown to reduce salivary cortisol output and perceived stress
levels [71], while another study did not show any effects [76]. Similarly, L. plantarum
PS128™ significantly reduced cortisol levels, self-perceived stress, and both trait and state
anxiety in individuals experiencing high stress [85]. In contrast, L. plantarum 299v did
not produce any significant changes in patients diagnosed with major depression [81]. It
is worth noting that although previous research has provided growing evidence of the
positive effects of psychobiotics on mood-related disorders [36,95], the mechanisms of
action remain unclear.

Notably, studies reporting significant stress reduction effects were primarily conducted
in participants experiencing high baseline stress levels or engaging in unhealthy dietary
habits [40,72,73,78,79,84-86], like the findings in the study by Takada et al. [40], which
also observed greater benefits of psychobiotic intervention in individuals with elevated
stress levels. This suggests that initial gut health may play a crucial role in mediating the
effectiveness of psychobiotic interventions. Participants with gut microbiota imbalances or
heightened stress levels at baseline appeared to benefit the most, showing improvements
in stress hormone levels, anxiety symptoms, and self-perceived stress. Conversely, studies
conducted in healthy or low-stress populations often yielded null results, implying that
the therapeutic potential of psychobiotics may depend on pre-existing gut dysbiosis or
stress-related imbalances.

In relation to adaptogens, the vast majority of studies have demonstrated significant
reductions in stress biomarkers, anxiety symptoms, and self-perceived stress [87-91]. In the
systematic review by Todorova et al. [55], which analyzed 56 human and animal studies
on adaptogens, it was concluded that natural adaptogens enhance the body’s ability to
resist stress-induced changes, providing several beneficial effects. Similarly, our systematic
review found homogeneous results, with most studies reporting a significant decrease in
stress biomarkers, anxiety symptoms, and/or self-perceived stress following adaptogen
treatment [87-92]. Regarding participant characteristics in studies showing positive effects,
most included healthy individuals without any significant medical conditions [88-90],
while a smaller number focused on participants experiencing high levels of stress or
undergoing stressful situations [87,91].

Among adaptogens, W. somnifera emerges as the most frequently studied and effective
one, with its consistent efficacy across varying baseline stress levels highlighting its broad
applicability. These findings align with previous research demonstrating its positive effects
in reducing stress and cortisol levels [61,87,96]. Therefore, it can be hypothesized that W.
somnifera plays a particularly beneficial role in the treatment of stress and anxiety symp-
toms. While the precise mechanisms of action of adaptogens are not yet fully understood,
evidence suggests that Ashwagandha root extract influences the HPA axis and key stress
mediators, leading to modulations in cortisol levels [89,97]. These results are similar to
those found in animal studies; in this sense, reduction in anxiety and stress indicators show
the following: In domestic dogs, Ashwagandha root extract significantly reduced stress-
related signs, including a decrease in urine cortisol-to-creatine ratio and improvements in
fear and anxiety domains as measured by behavioral assessments [98]. Similarly, in Wistar
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rats, Ashwagandha demonstrated significant anxiolytic effects, improving anxiety- and
depression-like behaviors and reducing stress hormones such as cortisol [99].

Regarding limitations, this review highlights several areas for improvement in future
research. One of the primary challenges is the heterogeneity in psychobiotic substances and
adaptogen formulations as well as the variability in participant characteristics. These factors
complicate direct comparisons and limit the generalizability of findings. Additionally, the
small sample sizes across studies reduce statistical power and compromise the reliability of
the results, emphasizing the need for larger and more diverse cohorts.

Another key limitation is the lack of long-term follow-up assessments. While many
studies report reductions in stress biomarkers and self-reported stress levels during inter-
vention periods, it remains unclear whether these benefits are sustained after treatment dis-
continuation. Furthermore, methodological inconsistencies, such as variations in dosages,
strains, and treatment durations, further complicate cross-study comparisons. Establishing
standardized protocols using similar psychological measures (such as PSS) would enhance
the reliability and reproducibility of findings in this field.

Finally, although most studies showed a low risk of bias—particularly those on
adaptogens—some psychobiotic trials presented concerns, especially in randomization and
outcome measurements. These limitations should be considered when interpreting results
and designing future trials.

To address these limitations, future research should prioritize understanding the mech-
anisms by which psychobiotics and adaptogens modulate stress responses, particularly
through the gut-brain axis and endocrine pathways. Identifying strain-specific effects of
psychobiotics under conditions such as gut dysbiosis or high stress is crucial, as is assessing
the long-term sustainability and safety of these interventions. In this regard, future studies
should explicitly implement extended-duration trials with follow-up periods extending
several months beyond the active intervention phase in order to assess the persistence of
effects over time. These trials would provide essential insight into the long-term efficacy
and clinical utility of such treatments.

Additionally, direct comparisons with traditional pharmacological treatments and
psychotherapy are necessary to determine the most effective and safe options for diverse
populations. Further validation of these findings requires a more rigorous methodological
framework, including standardized effect size reporting, comprehensive sample descrip-
tions, and a deeper exploration of the underlying mechanisms of action.

5. Conclusions

Psychobiotics, particularly strains from the Bif. and L. families, and adaptogens,
such as W. somnifera, demonstrate significant potential for stress management, potentially
through their ability to induce beneficial changes in gut microbiota composition and func-
tion. Despite certain limitations, the findings highlight the potential of these interventions
as alternatives or complements to psychological and pharmacological treatments. Fur-
ther research is essential to better understand their action mechanisms and optimize their
clinical application through an evidence-based approach.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app15084564 /s1. Figure S1. Risk of bias assessment for included
randomized controlled trials on psychobiotics and adaptogens, conducted using the Cochrane RoB 2
tool (2008; updated 2011). One study (Wu et al., 2021) was excluded from the psychobiotic analysis as
it did not meet RCT criteria; Figure S2. Risk of bias assessment for the seven randomized controlled
trials investigating adaptogens, conducted using the Cochrane RoB 2 tool (2008; updated 2011). All
studies were rated as low risk of bias across all domains.
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ACTH Adrenocorticotropic Hormone

AUCg Area Under The Curve With Respect To Ground
AUCi Area Under The Curve With Respect To Increase
B Bacillus

BAI-T Beck Anxiety Inventory Trait

Bif Bifidobacterium

BL Baseline

CAR Cortisol Awakening Response

CgA Salivary Chromogranin A

CG Control Group

CFU Colony Forming Unit

DASS Depression, Anxiety and Stress Scale

EG Experimental Group

GAD Generalized Anxiety Disorder

HADS-A Hospital Anxiety and Depression Scale-Anxiety Subscale
HAM- Hamilton Anxiety Rating Scale

HAM-D17 Hamilton Depression Rating Scale-Anxiety Subscale
HK Heat-Killed

JSS Job Stress Scale

L Lacticaseibacillus

NR Non-Responsive

PBO Psychobiotic

PLA Placebo

PRISMA Preferred Reporting Items for Systematic Reviews and meta-Analyses
PSS Perceived-Stress Scale

PSS-10 Perceived-Stress Scale—10 Items
PSS-14 Perceived-Stress Scale—14 Items

(O8] Occupation Stress

RCT Randomized Controlled Trial

SAMe S-Adenosylmethionine

SAS Stress-Associated Symptoms

SCL-90 Symptom Checklist-90-Anxiety Subscale
SECPT Socially Evaluated Cold-Pressor Test
STAI State-Trate Anxiety Inventory
STAI-T State-Trate Anxiety Inventory Trait
STAI-S State-Trate Anxiety Inventory State

VAS Visual Analog Scale
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