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ABSTRACT

Generalised anxiety disorder (GAD) displays a variety of psychological and physical symptoms. These are

difficult to rapidly control with currently available pharmacological options. This review summarises the evi-

dence for an acute use of microbiological modification drugs targeting vagal nerve stimulation.

A systematic search was conducted in Medline, Pubmed, and PschInfo for all pre-clinical and human studies

concerning the use of Lactobacillus and Bifidobacterium in the treatment of GAD.

Twenty-five studies were eligible for inclusion. In mice, modification therapy resulted in improved behav-

iour that was at least non-inferior to standard therapy (antidepressants). Brain histopathology revealed fur-

ther anti-inflammatory and neuroprotective benefits. Vagotomy abolished the anti-GAD properties of the

treatment.

In humans, several species demonstrated significant reductions in palpitations, shortness of breath, head-

aches, flu-like symptoms, and abdominal pains vs. placebo within 4 to 12 weeks. B. bifidum, B. lactis, L.

acidophilus and S. thermophiles showed alleviation of physical symptoms to population baseline when

added to an antidepressant. No significant side effects were reported in the studies.

As physical symptoms are typically the presenting medical complaint of GAD, there is potential to control

the disease with the administration of bacteria-containing pharmaceutical agents as an adjunct to current an-

tidepressant options.
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INTRODUCTION

Presenting complaints associated with generalised

anxiety disorder (GAD) are a very common occur-

rence on an acute medical intake[1]. After exclud-

ing life-threatening causes of chest pain, acute ab-

domen or palpitations, doctors often find them-

selves in a peculiar and uncomfortable position of

assigning these symptoms to anxiety. Fewer than a

half will provide any advice or follow-up[2], leav-

ing unresolved problems and generating subsequent

emergency department attendances[3].

One of the reasons for discharging GAD patients

without any treatment or advice may be a poor un-

derstanding of the brain-centric aetiology of the

disease[4] and a general feeling of suboptimal treat-

ment results[5]. Indeed, GAD is often thought to be

a predominantly psychiatric condition, ignoring the

fact that it is a more complex syndrome of endo-

crine, immune, autonomic and enteric nervous sys-

tem (ENS) connections [6].

Recent evidence provides further biological expla-

nation for some of the already known facts about

the disease. Life trauma commonly associated with

GAD can alter the gut microbiome[7] and affect

mammalian neurotransmitters[8]. Epigenetic studies

show distinct methylation[9] and micro RNA pat-

terns[10] that may be caused by bacteria[11] and

subsequently explain the familial aggregation of the

GAD traits. Imaging findings suggest that the

changes in limbic and somatosensory brain net-

works resemble a temporary state rather than a per-

manent feature of GAD[12], which may be because

of the gut input to anxiety regulation via the vagus

nerve [13, 14].

Thus, the aetiological paradigm has been shifting

towards microbial depletion as a predominant

source of GAD symptoms. Unfortunately, these pa-

tients are also more prone to receiving unwarranted

antibiotic therapy[15], which has been consistently

linked to increasing incidence of anxiety [16, 17].

Looking for a new solution
In the light of recent developments in the field, it

would be logical to investigate microbiological

modification therapies as a remedy for acute anxi-

ety presentations. In this review, we will aim to

summarise the currently available evidence of mi-

crobiological replacement therapies for GAD in

both the pre-clinical and clinical settings, with a fo-

cus on two most commonly studied groups of

agents: Lactobacili and Bifidobacteria. These genes

have been previously described as most promising

“psychobiotic”agents that have the potential of al-

tering human neurological system via microbiome

and have the greatest body of pre-clinical and hu-

man research behind them [18, 19].

MATERIALS & METHODS

A search was conducted in MEDLINE and Psy-

chINFO for studies and abstracts published between

database inception and May 22, 2020 (Fig. 1). We

used a broad set of key words to identify clinical

and pre-clinical studies investigating the effects of

Lactobacillus and Bifidobacterium on GAD. Our

search terms were: (ANXIETY/ OR anxiety OR

（‘Generalized Anxiety Disorder’ OR GAD) AND

(LACTOBACILLUS/ OR BIFIDOBACTERIUM/

OR (Bifidobacterium OR Lactobacillus). Duplicate

references were removed electronically as well as

manually. Titles, abstracts, and full texts of articles

were screened by two reviewers (MAB and LC).

We included English-language studies that reported

the effect of Lactobacillus and Bifidobacterium on

GAD. Randomised controlled trials, cohort studies,

case-control studies, cross-sectional studies, case se-

ries, case reports and qualitative studies were in-

cluded; meta-analysis, reviews and secondary re-

search articles were excluded. We excluded studies

based on the following criteria: primary outcome

measurement did not include GAD, did not use

specific probiotics from search criteria, and where

the acronym‘GAD’ did not mean generalised anxi-

ety disorder.

RESULTS

Pre-clinical studies
Rodent models of generalised anxiety offer an in-

sight into the pathophysiology of the disease and

different ways neural circuits can be affected by the

microbiome. Naturally, these will carry an inherent

flaw of inter-species generalisability. To bridge that

gap, various anxiety models were used, be it via

chemical induction with antibiotics or behavioural

restraint of chronic stress exposure. Once condi-

tioned, rodents are observed in a variety of situ-

ations with the aim of eliciting social and behav-

ioural deficits. For example, in a swim test (behav-

ioural despair test), animals are subjected to a

threat of drowning. The time until they give up try-

ing to swim can be used as an indirect measure of

low mood. Biochemical and histopathological
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Figure　1.　Flowchart of systematic searches and selection of papers eligible for inclusion 

in the review.

benchmarks of stress or inflammation have also

been utilised, in the form of, e.g. hormone levels,

inflammatory molecules or microscopic appear-

ances. A summary of all studies is presented in Ta-

ble 1.

Placebo-controlled
The largest (N=324) study involved a four-week ad-

ministration of L. paracasei, L. plantarum in ro-

dents (starting 1 week prior to stressful stimu-

lus)[20]. Whilst displaying significant reductions in

behaviour, the biochemistry results were less en-

couraging, with some level of gamma aminobutyric

acid (GABA) receptor changes but no brain-derived

neurotrophic factor (BDNF) neuroprotection.

L. musosae and B. longum seem to be offering ad-

ditional systemic benefits. In the N=48 experiment,

a range of stress-related molecules appeared to be

attenuated, including nuclear factor kappa-light-

chain-enhancer of activated B cells (NF-κB), tu-

mour necrosis factor alpha (TNF-α ) and

interleukin-6 (IL-6) [21]. Similar results were

achieved with L. reuteri and B. adolescentis [22].

Interestingly, a preconditioning effect was also ob-

served[23]. In N=22 mice subjected to early life

stress L. plantarum was superior to placebo after 4

weeks especially in individuals who were noted to

be microbiologically dysregulated to start with. Re-

placing lacking bacteria in these individuals re-

sulted not only in reduced depression-like behav-

iour but also decreased levels of corticosterone (ro-

dent “stress hormone”) and improved functionality

of the brain in prefrontal cortex, a region crucial for

higher decision-making and emotional processing in

connectomics (functional and structural brain con-

nections) of GAD in humans (Fig. 2).

The antibiotic or hyperammonia-induced anxiety
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Table　1.　Summary of experiments done in rodents, separated by commas, grouped by species. 

Species Dose Length
Behavioural 

benefits

Neuroprotec-

tion

Modulated im-

mune response
Connectomics Refs

Lactobacillus

L. paracasei 1 × 109 CFU 4, 6 

weeks

++ vs placebo, vs 

SSRI

-

+ via BDNF

-

-

-

+hippocampal 

neurochemistry

[20, 27]

L. plantarum 1-2 × 109 CFU

1 × 108 CFU

4 weeks

2 weeks

+++ vs placebo, 

non-inferior to 

SSRI

-- -

+ via cytokines

+ via corticoste-

rone

+ antioxidant 

activity

--

+ hippocampal 

neurochemistry

+ prefrontal 

cortex neuro-

chemistry

[20, 23, 

28, 29]

L.mucosae 1 × 109 CFU 1 week ++ vs placebo, 

similar to SSRI

+ via BDNF + via corticoste-

rone and cytokines

- [21]

L.reuteri 1 × 109 CFU 1 week + vs placebo ++ via BDNF ++ via cytokines 

and corticosterone

-

+ hippocampal 

neurochemistry

[22, 24]

L.helveticus 1-3 × 109 CFU 2 weeks

4 weeks

+++ vs placebo, 

superior to SSRI in 

some tests, similar 

to diazepam

-- -+++ via cyto-

kines, cortisol, 

similar to SSRI

-+ hippocampal 

neurochemistry

[26, 29, 

32, 45]

L.rhamnosus 1 × 109 CFU 4 weeks + similar to SSRI - - - [17]

L.fermentum 1 × 109 CFU 6 weeks + - - - [25]

Bifidobacterium

B.adolescen-
tis

0.25-1 ×109 

CFU

1 × 108 CFU

3 weeks

2 weeks

+++ vs placebo, 

superior to ami-

triptyline, non-in-

ferior to SSRI

-++ via BDNF +++ via cytokines 

and corticosterone, 

antioxidative 

effect

--- [22, 28, 

31]

B.longum 1-2 × 109 CFU 3 days

1 week

2 weeks

4 weeks

+++ vs placebo, 

similaror superior 

to SSRI in some 

panels, abolished 

after vagotomy, 

similar to diaze-

pam

++ via BDNF

---

---+++ via corti-

costerone and 

cytokines

-----

+ hippocampal 

neurochemistry

+ limbic system

[14, 21, 

29, 

32-34, 

46]

B. breve 1× 109 CFU 4 weeks + superior to SSRI 

in some panels

- - - [46]

Minus = not superior, Plus = better than comparative agent, SSRI = Selective Serotonin Reuptake Inhibitor, BDNF = 

Brain-Derived Neurotrophic Factor, CFU = Colony Forming Unit.

also responded well to microbiological replacement.

L. reuteri reduced anxiety, increased BDNF neuro-

protection, and suppressed stress-related damaging

NF-kb activation in hippocampus. It also alleviated

antibiotic-induced colitis in these subjects [24].

Similar results were obtained by N=30 L. fermen-

tum [25] and N=18 L. helveticus [26] experiments.

Replacement vs. standard treatment
After encouraging, albeit biochemically heterogene-

ous results of the placebo studies, the attention

shifted onto comparing biological replacements

with current standards of GAD treatment, both

acutely (benzodiazepines) and in long-term (selec-

tive serotonin reuptake inhibitors, SSRIs, antide-

pressants) (Fig. 3).

L. paracasei demonstrated a behavioural response

that was superior to fluoxetine [27] and similar in

attenuating costicosterone-induced brain damage in
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Figure　2.　Effects of Bacteria and the Enteric Nervous System on the stylised map of selected neurological 

interactions that produce physical symptoms of the generalised anxiety disorder. Map not to anatomical scale. 

Grey arrows indicate where previously studied pharmaceuticals affect the brain connectomics.

Figure　3.　Process of pharmaceutical replacement and modifica-

tion of the human microbiome with the aim of reducing anxiety 

symptoms via vagus nerve feedback.
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the hippocampal regions. L. plantarum was also as-

sociated with results non-inferior to that of fluox-

etine [28].

A more mixed response came out of a combined

study of L. helveticus, L. plantarum, and B. lon-

gum. Some but not all behavioural instruments re-

ported bacterial superiority, with one assigning

more efficacy to the SSRI. Central nervous inflam-

mation and damage was lower in the microbacterial

arm, however [29]. This was also the case in the L.

rhamnosus study [17] or B.longum and B.breve vs.

escitalopram experiment [30].

When compared to the tricyclic antidepressant, ami-

triptyline B. adolescentis generated better behav-

ioural, neuroprotective and inflammatory responses

than standard treatment [31]. B.longum and L.hel-

veticus have similar effects on mice when com-

pared to diazepam [32].

Vagus nerve implications
The microbiological pathogenesis of GAD relies

heavily on the vagus nerve as the main communi-

cating pathway between the enteric and central

nervous systems. To investigate this connection,

conventional experiments of biological replacement

were enhanced by the inclusion of the vagotomy

group.

In the colitis stress-induced model, B.longum ex-

hibited anxiolytic effects that were abolished by

performing vagotomy as opposed to sham neurosur-

gery [33]. L.rhamnosus additionally demonstrated

an improved neurochemistry in the hippocampus,

cingulate and pre-limbic cortices, which are areas

involved in central emotional and sensory process-

ing. These effects were again abolished by disrup-

tion of the vagus nerve [14]. This vagal effect was,

however, not observed in the colitis model of L.

rhamnosus and B.longum [34].

Human studies
The initial optimism of pre-clinical experiments

was significantly scrutinised by the last decade of

human studies. A recent meta-analysis of 1527 par-

ticipants across 14 papers show very little differ-

ence in symptoms or quality of life after probiotic

treatment in healthy or irritable bowel syndrome

(IBS) subjects [35]. This somewhat confirms the

pre-clinical observations that well-balanced micro-

biomes of healthy patients do not require, and thus

will not benefit from, a biological replacement. An

inquiry was thus launched in the more specified

segment of anxiety disorders (Table 2).

Placebo-controlled
L.plantarum demonstrated placebo-level reductions

in stress-measuring inventories depression anxiety

severity score 42 (DASS-42) score in perceived

stress scale 10 (PSS-10)-confirmed moderately

stressed humans [36]. Interestingly, the real superi-

ority of the drug was observed in the symptomatic

domains, where biological replacement achieved

normalisation of palpitations, breathlessness, or fear

of the unknown. Some evidence of TNF-α inflam-

matory alleviation was also noted.

A similar preference to physical symptoms was ob-

served in a study of stressed Japanese medical stu-

dents where L. casei shorta lowered cortisol and

resolved abdominal pain and flu-like symptoms in

the 8 weeks leading up to the final examinations

vs. placebo [37]. B. longum seem to be exhibiting

the same effect on physical symptoms of patients

with comorbid IBS [38]. These species also con-

tributed to IBS symptom relief and reduced

amygdala activity on functional MRI. No change in

the State-Trait Anxiety Inventory (STAI) was noted

in the studies, however.

On the other hand, lower size effects were observed

after administration of L.gasseri in another group

of stressed medics [39]. Whilst statistical changes

on STAI, general health questionnaire 28 (GHQ-28)

questionnaires were observed, these would bear lit-

tle clinical significance. Even after reductions, the

subjects would be considered stressed on the instru-

ments. Further investigation of gut make-up re-

vealed that probiotics preserved Bifidobacteirum

colony whilst limiting the proliferation of Strepto-

coccus, which may indicate further microbiological

intricacies in generating clinical benefit.

Similar observations were made in another study

where despite scoring as anxious on self-reported

questionnaires, not all participants may have a bio-

chemically or microbiologically proven GAD.

Again, in cases of an already balanced state, re-

placement offers very little benefit [40].

Comparison to standard treatment
It is envisaged that in clinical practice, most GAD

patients will receive their standard treatment first.

Studies comparing biological replacement to SSRIs

are thus of particular clinical interest.
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Table　2.　Summary of experiments done in humans grouped by species. 

Species Dose

Duration 

(First 

effects) 

Behavioural 

benefits

Cogni-

tive 

benefits

Physiological 

changes

Inflamma-

tory 

benefits

Neuro-

protec-

tion

Refer-

ences

VS. PLACEBO

L. plantarum 2 × 1010 CFU/

day

12 weeks

 (4 weeks) 

DASS-42 

anxiety from 

moderate to 

normal

No 

effect

Normalisation of 

palpitations, dys-

pnoea and fear

+ via corti-

sol, cyto-

kines

Not 

studied

[36]

L. gasseri 1× 1010 CFU/

day

24 weeks

 (12 weeks) 

Mild or no 

reductions 

on question-

naires

Not 

studied

Attenuation of 

bacterial flora deple-

tion

+ via chro-

mogranin 

A but no 

change in 

cortisol

Not 

studied

[39]

B. longum 1× 1010 CFU/

day

6 weeks Mild im-

provement in 

depression 

HAD-D. No 

difference in 

anxiety

No 

effect

Normalisation of 

physical functioning 

(activities of daily 

living) 

No effect Improved 

amygdala 

activity

[38]

L.casei shorta 1× 1010 CFU/

day

8 weeks No change in 

STAI

Not 

studied

Normalisation of 

flu-like symptoms, 

headaches, functional 

abdominal pain

+ via corti-

sol

Not 

studied

[37]

L. acidophilus, 
B.animalis, L. 
paracasei, L. 
casei, Bacillus 
coagulans

2× 1010 CFU/

day

6 weeks Not studied Not 

studied

Mild effect on ab-

dominal pain, no 

effect on other 

symptoms

Mild 

isolated 

effect on 

IgA, other-

wise ns

Not 

studied

[40]

Vs. Standard treatment

B. bifidum + B. 
lactis + L. 
acidophilus

18× 109 CFU/

day

sertraline 

25mg

8 weeks

 (4 weeks) 

Mild superi-

ority on state 

but not trait 

anxiety, and 

not on BAI

Not 

studied

Reduction from 

severe to mild anxi-

ety systemic symp-

toms on HAM-A

[SSRI+pacebo alone 

reduced to moderate]

No effect Not 

studied

[41]

L. acidophilus, 
B. bifidum, S. 
thermophiles

600 mg mag-

nesium orotate 

+ 10-6 bn CFU 

as an addition 

to SSRI

Vs. no control 

group

16 weeks

 (8 weeks) 

Reduction 

from severe 

to mild 

depression 

on BDI

Over-

all BDI 

reduc-

tion

Overall BDI 

reduction

Not stud-

ied

Not 

studied

[42]

Plus = better than comparative agent, SSRI = Selective Serotonin Reuptake Inhibitor, DASS-42 = Depression Anxiety Stress 

Score-42, HAD=Hospital Anxiety Depression Score, BDI = Beck Depression Inventory, CFU = Colony Forming Unit.

The largest trial to date compared B.bifidum, B.lac-

tis and L.acidophilus (Fig. 4) with standard dose

sertraline (25mg) to sertraline with a probiotic pla-

cebo in patients with a confirmed GAD diagnosis

[41]. As in the previous studies, the biological re-

placement affected mainly somatic (cardiovascular,

gastrological, neurological, etc.) symptoms. Partici-

pants treated with SSRI alone reduced the severity

of disease by a third, whilst patients receiving com-

bination therapy halved their symptoms, taking

them to a“mild”tier level on HAM-A score. Simi-

lar changes were observed in state STAI; Beck

anxiety inventory (BAI) and trait STAI anxiety

were lowered in both groups similarly. The effect
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Figure　4.　Micrographs of agents successfully used in humans (arrows 

pointing at bacteria). (A) Electron micrograph of L. acidophilus (Mogana 

Das Murtey and Patchamuthu Ramasamy) (B) L.acidophilus 6000× nega-

tive phase contrast micrograph (Josef Reischig) (C) B. bifidum adhered to 

cell 1000× micrograph (Seockmo Ku et al.) (D) B. bifidum interacting with 

microvilli 20000× crystal violet stain (Seockmo Ku et al.) (E) B. lactis 

stained by ZO-1 and (F) E-cadherin in jejunal epithelium  (Marie C. Lewis 

et al.) (G)(H) Two strains of S. thermophilus (Armin Tarrah et al.) Pub-

lished under CC-BY.

was also weaker in patients already making positive

dietary changes.

Another study showed significant improvements in

Beck depression inventory (BDI) and quality of life

scores in patients with SSRI-resistant depression

and comorbid anxiety treated with L.acidophilus, B.

bifidum, and S. thermophiles (Fig. 4) with magne-

sium [42]. This study, however, suffered from lack

of a separate magnesium arm and it was not

blinded.

DISCUSSION

Microbiological modification therapies are novel

and emerging treatment modalities for GAD. As
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such, they face several important challenges. First,

inducing a complex neurological condition in the

constraints of a few weeks’ rodent experimentation

is incredibly challenging. Surrogate settings and

anxiety inducers can be utilised, but results vary de-

pending on the behavioural or biochemical parame-

ters chosen.

Furthermore, whilst there seems to be consensus as

to the Lactobacillus and Bifidobacterium genera,

the actual species are largely varied across different

studies. It is not inconceivable to suppose that they

may exhibit various effects, be it synergetic or ex-

clusionary on the gut-brain-axis.

Rodent models supply important pieces of the

pathophysiological puzzle of GAD. They allow for

invasive histopathological examination of the nerv-

ous system, which provides further evidence for al-

ready hypothesised pathways involved in generating

anxiety states. The studies on vagotomy are espe-

cially interesting as they show a direct causal rela-

tionship between changes in gut flora and the cen-

tral nervous response.

The challenges of pre-clinical studies are even more

pronounced in human experiments. The initial surge

of healthy subject papers very quickly verified the

“one-fits-all”approach. Whilst there may be minor

improvements in mood and anxiety for microbiomi-

cally balanced individuals, the true power of probi-

otics seems to lie in replacement of distorted gut

flora.

Studies should thus scrutinise participants either by

stringent GAD diagnostic criteria, biochemical

measurements, or, ideally, careful examination of

the individual gut flora composition and metabolic

profiling. With the advent of modern mass analys-

ing options, this may soon become more commer-

cially viable.

Another potential route of innovation would be

through studying different paths in the gut-brain

axis. There is a myriad of epigenetic, biochemical,

inflammatory, and enteric agents that could utilise

the same signalling system. A new drug class can

be envisaged that imitates the role of biological re-

placements by providing molecules produced by the

bacteria or by stimulating receptors at the vagus

nerve termini. This, however, remains to be further

elucidated by research.

CONCLUSIONS

There remains an important clinical question: is

there enough evidence to recommend the use of

biological replacement therapy in GAD patients?

From available evidence, unlike SSRIs, no adverse

effect was reported in any of the 1349 patients re-

ceiving probiotics in the studies [43]. Furthermore,

bacteria seem to predominantly target the somatic

symptoms, which tend to be the primary acute

medical concerns of the patients with GAD. Small

studies included in this review show significant ef-

fects in normalising these symptoms to the popula-

tion level and demonstrate an additional benefit, on

top of the conventionally used SSRIs or benzodi-

azepines.

These products are widely available in the con-

sumer market and are considered safe to use by

public bodies and regulators [44]. There is an ade-

quate and growing body of evidence suggesting

their pathophysiological significance and with the

advent of connectomic understanding of GAD, gut-

associated vagal stimulus seems to be making more

sense both clinically and scientifically.

Thus, patients who are already established on stan-

dard treatment and may wish to achieve additional

somatic benefits in the short to medium term may

benefit from a prescription of biological replace-

ment therapy. Although it is likely that before full

metabolic profiling is commercially available, the

benefits and confidence with which they are recom-

mended will remain limited.
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