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Background/Aims
Psychobiotics are probiotics or prebiotics that, upon ingestion in adequate amounts, yield positive influence on mental health via 
microbiota-gut-brain axis regulation to modulate the circulating cytokines, chemokines, neurotransmitters, or neurotrophins levels. 
We have recently shown that a psychobiotic combination (Lactobacillus helveticus R0052 and Bifidobacterium longum R0175; 
CEREBIOME) significantly improved depression symptoms in patients with depression. Recent animal data suggest the influence 
of the gut microbiota on brain-derived neurotrophic factor (BDNF), which was shown to correlate with antidepressant response in 
depressive patients. Therefore, we conducted this exploratory post hoc analysis of BDNF levels to clarify the mechanism of action of 
this psychobiotic in our cohort.

Methods
Our study was a double-blind, randomized controlled trial of patients with low-to-moderate depression receiving either a probiotic 
combination, prebiotic or placebo. From the 110 patients randomized in the trial, 78 were included in this post hoc analysis 
(probiotic, n = 28; prebiotic and placebo, n = 25). We compared serum BDNF levels from participants at baseline and endpoint, and 
assessed the Pearson correlation between depression severity and BDNF levels for each intervention.

Results
We found that post-intervention BDNF levels were significantly different between groups (P < 0.001). Furthermore, BDNF levels 
increased significantly in the probiotic group compared to both the prebiotic (P < 0.001) and placebo groups (P = 0.021), which 
inversely correlated with depression severity compared to placebo (ANOVA/ANCOVA, P = 0.012; Pearson, r = –0.79, P < 0.001). In 
the prebiotic group, BDNF levels reduced but not significantly compared with placebo group (P > 0.05).

Conclusion
Eight-week supplementation with B. longum and L. helveticus in depressive patients improved depression symptoms, possibly by 
increasing BDNF levels.
(J Neurogastroenterol Motil 2020;26:486-495)
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Introduction  

Psychobiotics have been defined as probiotics, or support to 
probiotics (ie, prebiotics) that, upon ingestion in adequate amounts, 
yield positive influence on mental health.1,2 The effect of psychobi-
otics has been attributed to their impact on the microbiota-gut-brain 
axis (MGBA), which controls the bidirectional communication 
between the central nervous system (CNS) and the gut microbiota.2 
A solid evidence base in animals now supports the notion that the 
modulatory effect of the MGBA on brain chemistry and function 
occurs via an alteration in parameters such as intestinal permeability 
and inflammation, or in the levels of neurotransmitters and other 
neurotrophic factors, such as serotonin or brain-derived neuro-
trophic factor (BDNF).2

BDNF, as a neurotrophin, regulates neurogenesis by promot-
ing cell growth, proliferation, migration, differentiation, and death. 
BDNF by interacting with its specific receptor, the tyrosine kinase 
receptor B on CNS target cells interferes in important neurophysi-
ological processes in both central and peripheral nervous systems, 
and supports neuronal survival3 as well as neuroplasticity and neu-
roprotection.4,5 BDNF mediates the activation of various signaling 
pathways such as mitogen-activated protein kinase or phosphati-
dylinositol-3-kinase pathways, and leads to up-regulation of various 
neuroprotective proteins6 such as anti-apoptotic protein kinase B 
and B-cell lymphoma 2.4,7

In recent years, several publications have documented the ef-
fects of the intestinal microbiota or probiotics on mood and anxiety 
in healthy individuals or in populations with depressive symptoms 
secondary to another condition.8-15 However, in psychiatric popula-
tions, studies about psychobiotics are limited. 

Overall, as for all probiotics, the benefits and mechanisms of 
action of psychobiotics appear to be strain- and disease-specific.16,17 
Furthermore, whether or not the mechanisms identified in animal 
models will translate to human psychiatric populations remains to 

be demonstrated.18 The current psychobiotic formulation (Lactoba-
cillus helveticus R0052 and Bifidobacterium longum R0175) was 
shown to reduce anxiety and depression in healthy subjects com-
pared with controls.13,19 Behavioral symptoms of stress and anxiety 
were improved by the psychobiotic formulation in rats,13 and behav-
ioral symptoms of depression were improved in a post-myocardial 
infarction depression mouse model.20,21 This formulation was also 
shown to attenuate the effects of chronic stress in mice by prevent-
ing the increase in corticosterone, adrenaline, and noradrenaline, 
and the decrease in neurogenesis induced by the water avoidance 
test, notably by increasing the levels of BDNF in the hypothala-
mus.22 

In humans, the mechanisms of action of psychobiotics on 
depression in major depressive disorder (MDD) patients remain 
largely uncharacterized. Hence, the aim of the current post hoc 
analysis is to assess the changes in serum BDNF levels in a cohort 
of MDD patients who received probiotic, prebiotic, or placebo for 
8 weeks, and to gather mechanistic insights into the antidepressant 
effect of this psychobiotic in patients with low-to-moderate depres-
sion.23

Materials and Methods  

Study Design and Participants
This exploratory post hoc analysis was conducted on the per-

protocol (PP) population of a double blind, randomized, placebo-
controlled trial (RCT) conducted between July 2016 and April 
2018,23 which included 3 parallel arms: probiotics, prebiotics, and 
placebo. Eligible participants were randomized in a 1:1:1 ratio 
into 1 of the 3 arms and received the intervention for a period of 8 
weeks. Ethics approval was provided by the research ethics com-
mittee of Tehran University of Medical Sciences (Registration No. 
IR.TUMS.VCR.REC.1396.4243) and the study was registered in 
IRCT.ir under IRCT2015092924271N1. The approved informed 
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consent form was signed by all participants before their inclusion in 
the study. Notably, the informed consent form included the infor-
mation that the samples will be stored for further use in follow-up 
analyses.

The study population was described previously.23 Briefly, out 
of the 230 patients screened following referral by a psychiatrist of 
the psychiatric clinic of the Bahman Hospital (Tehran, Iran), 110 
patients (78 women and 32 men) with MDD were included in 
the trial. Volunteers included in the RCT were aged between 20 
years and 50 years, had a current diagnosis of mild to moderate 
melancholic depression for at least 1 month, and were taking one of 
the following anti-depressant medications: fluoxetine, citalopram, 
amitriptyline, or sertraline. Exclusion criteria included any sensitiv-
ity reaction to prebiotic and probiotic compounds, refusal to coop-
erate, any serious changes in diet routine and lifestyle during the 
study, any changes in medication or its dosage, long term (at least 1 
week) inflammatory disease requiring anti-inflammatory pharma-
cotherapy, pregnancy or lactation, antibiotic intake during the study, 
history of cancer, diabetes, pancreatitis, or thyroid, kidney, liver, 
respiratory, or cardiovascular disorders, diagnosis of nutritional al-
lergy by a medical professional, regular consumption of probiotic 
products within 2 months of study start, dietary supplement intake 
such as vitamins, antioxidant and/or omega-3’s at least 4-6 weeks 
before the study, alcohol consumption (alcoholism according to Di-
agnostic and Statistical Manual of Mental Disorders-IV criteria), 
smoking (at least 5 cigarettes per day during last 6 months or pipe 
or hookah at least once in last month), opiate addiction or substance 
abuse, history of heart attack or stroke, following a specific diet (such 
as vegetarianism, etc), using hormonal drugs and who participated 
in another study in the 2 months preceding the study. Participants 
were instructed to avoid consumption of any other probiotic supple-
ments or vitamins during the study.

As previously described, the PP population of the main trial 
was composed of 81 participants (probiotics, n = 28; prebiotic, n 
= 27; and placebo, n = 26). However, for 3 participants, the vol-
ume of serum obtained at the last blood collection was insufficient. 
Hence, for consistency, all analyses, including the Beck’s Depres-
sion Inventory (BDI) score, were performed here on the individu-
als from the PP population for whom BDNF levels were available 
at both time points (all, n = 78; probiotics, n = 28; prebiotic, n = 
25; and placebo, n = 25) (Supplementary Figure). 

Randomization and Blinding 
As previously described,23 randomization was performed by a 

research assistant not taking part in the project using the method 

available in www.randomization.com. A permuted block random-
ization was stratified by (≥ 35 vs < 35). Intervention packs (probi-
otic, prebiotic, and placebo sachets) were pre-packed and assigned 
to a code according to the randomization sequence. The codes were 
concealed from all participants and researchers until the end of the 
data analysis. 

Interventional Products
Interventional products were formulated and provided by 

Lallemand Health Solutions Inc (Mirabel, Quebec, Canada). All 
supplements were manufactured as orally dispersible powders with 
similar appearance and taste, and were packaged in 5 g sachets con-
taining 10 billion (≥ 10 × 109) CFU of freeze-dried L. helveticus 
R0052 (CNCM strain I-1722) and B. longum R0175 (CNCM 
strain I-3470) along with excipients (xylitol, maltodextrin, malic 
acid, and plum flavor). The prebiotic sachets contained 80% galac-
talogosaccharide (GOS) powder per sachet along with the excipi-
ents while the placebo sachets contained only the excipients.

Participants were instructed to consume 1 sachet at the same 
time daily for 8 weeks by directly pouring the powder on the 
tongue. The remaining sachets were counted at the end of the trial 
to assess compliance. Subjects were deemed compliant if they con-
sumed a minimum of 80% of the sachets. 

Outcome Measures
Except for BDNF levels measurements, outcome measures 

were described previously.23 Demographic and general character-
istics of the participants, body weight and height measurements, 
nutritional status, depression severity, and physical activity levels 
were acquired at the beginning and end of the trial. The nutritional 
status was evaluated based on 3 dietary records (2 weekdays and 1 
weekend) using the software Nutritionist 4 (First Databank, San 
Bruno, CA, USA) adapted for Iranian foods. 

The depression status was measured using the BDI. The BDI 
is a validated self-reporting scale measuring the emotional, cogni-
tive, somatic, and motivational components of depression. The lat-
est version of the inventory, BDI-II, has been validated among the 
Iranian population.24 This scale is composed of 21 questions related 
to a specific symptom of depression, each consisting of 4 answers 
that express the severity of the symptom, thereby generating a score 
between 0 and 3 for each question. The sum of all scores indicates 
BDI score of each participant. The higher total score relates to the 
more severe grade of depression. 

Physical activity was evaluated using the Short International 
Physical Activity Questionnaire and defined as metabolic equiva-
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lents. It was calculated by multiplying the duration of each activity 
with its specific coefficient. Height and fasting body weight with 
minimal clothing and no shoes were acquired using a digital scale. 
The body mass index (BMI, kg/m2) was calculated by dividing the 
weight (kg) by the squared height (m2).

Blood samples (10 mL) were collected in the fasting state, be-
tween 8 AM and 9 AM, at the beginning and end of the 8-week 
trial. Briefly, blood samples were transferred to test tubes and were 
immediately centrifuged at 3500 rpm for 10 minutes to extract the 
serum. Aliquoted serum samples were readily frozen and kept at 
–80℃ until further analysis. Serum BDNF levels were measured 
using a commercially available enzyme-linked immunosorbent as-
say kit (Shanghai Crystal Day Biotech Co, Ltd, Shanghai, China) 
according to the manufacturer’s instructions.

Statistical Methods
Statistical analyses of the data obtained in this study were per-

formed using the Statistical Package for Social Science (IBM SPSS, 
version 22.0; IBM, Armonk, NY, USA). For this post hoc analysis, 
all outcome measures were analyzed according to the PP principle 
for the participants who had BDNF levels measured at both time 
points (n = 78). Data normality was analyzed by Kolmogorov-
Smirnov test. ANOVA/ANCOVA were used for comparing the 
values between groups adjusting for corresponding baseline values. 
ANOVA/ANCOVA were also used for pairwise comparisons be-
tween groups. Quantitative variables were described as the mean ± 

standard deviation (SD), and categorical variables were expressed 
as frequency (percentage). Normally distributed variables were 
reported as the mean ± SD. For non-normally distributed data, the 
STATA software version 13.0 (StataCorp LP, College Station, TX, 
USA) was used to apply the appropriate transformation method; 
a square root transformation was used for BDI scores and a loga-
rithmic transformation was used for the changes in BDNF levels 
and selenium intake. Data were retransformed to the mean ± 95% 
confidence intervals. ANOVA/ANCOVA test was used to confirm 
significance between adjusted means. All tests for significance were 
two-sided and values of P < 0.05 were considered statistically sig-
nificant. 

As described previously,23 the trial sample size was determined 
based on the mean reductions in BDI score obtained in a similar 
study conducted in a population of patients.25 It was calculated as 
27 subjects per group, considering a power of 80%, alpha error of 
0.05 and 10% possible lost to follow-up to have mean difference of 
5 in BDI scores between intervention and placebo groups. To com-
pensate for unexpected loss to follow-up rates, 110 subjects were 
included in the initial trial.

Results  

As previously described, out of the 110 participants included in 
the trial and randomized, a total of 32 participants did not complete 
the study: 10 in the probiotics group, 9 in the prebiotic group, and 

Table 1. Baseline Characteristics of the Post Hoc Population

Characteristics Probiotic (n = 28) Prebiotic (n = 25) Placebo (n = 25) Total (N = 78) P-value 

Age (yr) 37.8 ± 7.9 36.6 ± 8.4 36.0 ± 8.5 36.0 ± 9.0 0.460
Sex 0.490
   Woman 20.0 (71.4) 20.0 (80.0) 15.0 (60.0) 55.0 (70.5)
   Man 8.0 (28.6) 5.0 (20.0) 10.0 (40.0) 23.0 (29.5)
Weight (kg) 72.2 ± 11.8 73.0 ± 15.8 73.4 ± 13.0 72.8 ± 13.4 0.950
BMI (kg/m2) 26.6 ± 4.2 27.2 ± 5.1 26.8 ± 4.5 26.9 ± 4.5 0.850
Duration of depression (yr)a 1.3 ± 1.8 1.5 ± 1.7 1.4 ± 1.8 1.8 ± 1.8 0.661
Duration of antidepressant 

therapy (yr)a
1.3 ± 4.5 2.1 ± 3.9 1.5 ± 4.1 1.6 ± 4.2 0.960

Antidepressant medication 0.211
   Citalopram 5.0 ± 17.8 1.0 ± 4.0 8.0 ± 30.0 14.0 ± 17.0
   Fluoxetine 9.0 ± 32.0 4.0 ± 16.0 2.0 ± 8.0 15.0 ± 19.2
   Sertraline 8.0 ± 28.6 14.0 ± 52.0 8.0 ± 30.0 30.0 ± 38.5
   Amitriptyline 4.0 ± 14.0 5.0 ± 20.0 6.0 ± 23.0 15.0 ± 19.2
BDI scoresb 17.6 (14.2-21.5) 19.7 (15.9-24.0) 18.2 (14.3-22.5) 18.5 (3.9-22.8) 0.730

BMI, body mass index; BDI, Beck’s Depres sion Inventory.
Non-normal data were logarithmica or square rootb transformed and retransformation was performed to display as mean (95% CI).
The quantitative variables are expressed as mean ± SD, number (%), or mean (95% CI).
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10 in the placebo group discontinued the study or were lost to fol-
low up. In addition, for 2 participants in prebiotic and 1 in placebo 
groups, an insufficient volume serum was recovered at the final 
time point (8 weeks). Overall, compliance was high, with an aver-
age (SD) of 91.90% (5.53%) of the supplements consumed by the 
participants throughout the study.

Baseline Characteristics
The baseline characteristics of the 78 participants included in 

the post hoc analyses are summarized in Table 1. The majority of 
participants, 70.5%, were women. The mean ± SD age of the par-
ticipants was 36.0 ± 9.0 years. There was no significant difference 
between the 3 groups in terms of general characteristics at baseline (P 
> 0.05). The mean BMI of the participants was 26.9 ± 4.5 and 
there was no significant difference between the groups. The partici-
pants were MDD patients for an average of 1.8 ± 1.8 years and 
were receiving antidepressant medications for an average of 1.6 ± 
4.2 years. The participants in each group were not different in terms 
of weight, BMI, duration of depression, duration of antidepressant 
therapy, and BDI scores at baseline (P > 0.05). 

Serum Brain-derived Neurotrophic Factor Levels 
We compared the changes in BDNF levels from baseline to the 

endpoint for the post hoc PP population (Table 2). The changes in 
serum BDNF levels were significantly different between the study 
groups using ANOVA/ANCOVA (P < 0.001), with an increase 
in the probiotic group (0.095 [0.056-0.134]) and placebo group 
(0.009 [–0.047-–0.039]), and a decrease in the prebiotic group 
(–0.056 [–0.096-–0.010]).

Pairwise comparisons of the groups, shown in Table 3, revealed 
that the increase in BDNF levels in the probiotic group was statisti-
cally significant compared to both the prebiotic (P < 0.001) and 

placebo (P = 0.021) groups, while a slight decrease observed in the 
prebiotic group when compared to placebo (P = 0.080). 

Anthropometric Measurements, Dietary Intake, and 
Physical Activity

Based on ANOVA/ANCOVA test, there was no difference in 
weight and BMI among groups at the endpoint (P = 0.940 and P 
= 0.910, respectively) (Table 4). Dietary intake and physical activ-
ity were not significantly different between groups at the end of the 
study relative to baseline values (Supplementary Table 1).

Despite the lack of significance in some parameters that were 
previously found different in the intention-to-treat (ITT) popula-
tion, when compared by pairwise analyses, selenium intake was 
significantly lower in the probiotic group in comparison to the 
prebiotic group (P = 0.030). Additionally, energy intake in the pre-
biotic group was significantly lower than both probiotic and placebo 
groups (P = 0.040 and P = 0.020, respectively) (Supplementary 
Table 2).

Beck’s Depression Inventory Scores
BDI scores analysis was based on the post hoc PP population (n 

= 78) (Table 4). ANOVA/ANCOVA test showed that, similarly 

Table 2. Serum Brain-derived Neurotrophic Factor Levels of the Participants at Baseline and Endpoint

Time of measure Probiotic (n = 28) Prebiotic (n = 25) Placebo (n = 25) P-value

Baseline (ng/mL) 0.392 (0.346-0.445) 0.425 (0.367-0.492) 0.483 (0.419-0.558) 0.090
Endpoint (ng/mL) 0.483 (0.424-0.548) 0.389 (0.335-0.453) 0.467 (0.401-0.542) 0.090a

< 0.001b

∆BDNF (ng/mL) 0.095 –0.056 0.009 < 0.001
(0.056-0.134) (–0.096- –0.010) (–0.047- –0.039) Partial eta 

square
0.262

aNot adjusted and badjusted for baseline values.
∆BDNF, change from baseline. 
Data for serum brain-derived neurotrophic factor (BDNF) levels were log transformed and then back transformed to display as mean (95% CI).
P-value is based on ANOVA/ANCOVA test. P < 0.05 is considered significant. Partial eta squared is an effect size measure for one-way or factorial ANOVA. 

Table 3. Pairwise Comparison of the Serum Brain-derived Neu-
rotrophic Factor Levels Over the Supplementation Period for All 
Groups

Statistical  
measures

Probiotic and  
Prebiotic

Probiotic and  
Placebo

Prebiotic and  
Placebo 

P-value < 0.001 0.021 0.080
Cohen’s d 0.87 0.68 –0.12

P < 0.05 is considered significant. Based on ANOVA/ANCOVA test ad-
justed for baseline values. 
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to what was seen in the ITT population,23 the BDI scores assessed 
at the beginning and end of the trial were significantly different be-
tween the study groups (P = 0.044). 

Furthermore, in accordance with the previously published 
ITT population analyses,23 pairwise comparisons for the post hoc 
population revealed that a significant decrease in the BDI score was 
observed only in the probiotic group compared to placebo group 
(P = 0.012) (Table 5). There was no significant difference between 
probiotic and prebiotic, nor prebiotic and placebo supplementations 
(P > 0.05).

Furthermore, the BDNF levels and change in BDI scores over 
the supplementation period were inversely correlated in our popu-
lation (n = 78). When comparing the correlation between these 
parameters among the 3 groups, we observed a stronger correlation 
between BDNF levels and BDI score changes in the probiotics 
group (r = –0.79, P < 0.001) compared to prebiotic (r = –0.19, 
P = 0.190) or placebo group (r = –0.69, P = 0.001).

Adverse Events 
Some adverse events were reported by participants that may be 

related to the intervention. The most common adverse event was 
increased appetite, which was reported by 5 participants in the pro-
biotic group and 1 participant in the prebiotic group. This reported 
adverse event may be reflecting beneficial effect, which was further 
investigated in a post- hoc analysis.26 Gastrointestinal complaints 
were the most reported adverse event in the prebiotic group (4 
reports); it was also reported by two participants in the probiotic 
group. Nausea was reported by 1 in the probiotic group and 1 in 
the prebiotic group. Also 1 participant in the probiotic group re-
ported fever and body aches. There was no adverse event in the pla-
cebo group except for 1 report of worse mental state, which was also 
reported by 1 participant in the probiotic group but was deemed 
unrelated to the intervention.

Discussion  

The main goal of this post hoc analysis of a double-blind, ran-
domized placebo-controlled trial was to gather additional insight 
into the potential mechanisms of action behind the beneficial effects 
of the psychobiotic formulation containing L. helveticus R0052 and 
B. longum R0175 on depressive symptoms in a psychiatric popula-
tion. To this end, we assessed the changes in serum BDNF levels 
following probiotic and prebiotic supplementation in 78 MDD 
patients who were randomly divided into 3 groups, probiotic (n 
= 28), prebiotic (n = 25), and placebo (n = 25). The findings 
of the current post hoc analysis are: (1) post-intervention BDNF 
levels in the serum were significantly higher in the probiotics group 
compared with prebiotic and placebo groups, and (2) The changes 
in serum BDNF levels and BDI score over the 8 weeks of supple-
mentation were inversely correlated, with a significantly stronger 
correlation in the probiotics group. Indeed, and as was seen in the 
ITT population,23 BDI scores were significantly reduced in the pro-
biotic-supplemented group compared to the placebo group when 
considering the post hoc PP population, while the reduction in the 
BDI scores of the prebiotic group was not different from placebo. 
In the initial analyses on the ITT population, the mean BDI score 
was also only reduced significantly in the probiotic group compared 

Table 5. Pairwise Comparison of the Beck’s Depression Inventory 
Score Changes of the Post Hoc Population Over the Supplementation 
Period 

Statistical  
measures

Probiotic and 
Prebiotic

Probiotic and 
Placebo

Prebiotic and 
Placebo 

P-Value 0.180 0.012 0.260
Cohen’s d –0.22 –0.53 –0.28

P < 0.05 is considered significant. Cohen’s d effect size based on ANOVA/
ANCOVA test adjusted for baseline. 

Table 4. Anthropometric Measurements and Beck’s Depression Inventory Scores of the Post Hoc Population at Baseline and Endpoint

Variables
Probiotic (n = 28) Prebiotic (n = 25) Placebo (n = 25)

P-value
Baseline End Baseline End Baseline End

Weight (kg) 72.2 ± 11.8 72.8 ± 12.7 73.0 ± 15.8 71.9 ± 16.2 73.4 ± 13.0 73.5 ± 13.9 0.940
BMI (kg/m2) 26.6 ± 4.2 26.5 ± 4.3 27.2 ± 5.1 26.8 ± 5.1 26.8 ± 4.5 27.1 ± 4.6 0.910
BDI scores 17.6 ± 9.9 9.8 ± 8.0 19.7 ± 10.3 14.1 ± 13.5 18.2 ± 10.4 15.9 ± 12.7 0.044
∆BDI score –7.5 ± 7.8 –4.7 ± 8.6 –2.1 ± 6.7 0.036

BMI, body mass index; BDI, Beck’s Depression Inventory; ∆BDI, BDI change from baseline.
BDI score was square root transformed. Data are expressed as mean ± SD.
P-values obtained from ANOVA/ANCOVA adjusted for baseline values. P < 0.05 is considered significant. 
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to placebo (P-value (ITT) = 0.008; P-value (PP) = 0.012), but not 
in the prebiotic group. Interestingly, BDNF levels were shown to 
be correlated with the response of patients to antidepressants rather 
than to the severity of depression, which suggests that BDNF may 
be essential for antidepressant response.27,28 The fact that Romijn et 
al29 observed no effect of this psychobiotic on BDNF levels in med-
ication-free depressed patients argues for a role of this formulation 
in enhancing the response to antidepressants, possibly by increasing 
BDNF levels. Importantly, this formulation also increased BDNF 
levels in mice models of stress induced by water avoidance,22 so this 
is an example where a mechanism identified in an animal model ap-
pears to translate to humans. 

Our findings are consistent with the studies evaluating the ef-
fects of these probiotics on BDNF levels in animal models.12,22,30 
Liang et al30 found that L. helveticus NS8 administration in rats 
with chronic stress resulted in more hippocampal BDNF mRNA, 
as did citalopram, suggesting possible antidepressant-like effects 
of L. helveticus, especially in stress related depression.30 In a study 
evaluating the effect of L. helveticus R0052 and B. longum R0175 
on hypothalamic pituitary adrenal response in mice exposed to 
stress, it was shown that pretreatment with the probiotic formulation 
reversed the stress-induced reduction of BDNF expression and also 
corticosterone, noradrenaline, and adrenaline increase in mice.22 B. 
longum administration to rats with anxiety-like behavior improved 
their behavior and restored hippocampal BDNF mRNA levels, 
without influencing the cytokine profile, highlighting a BDNF-
dependent and cytokine-independent mechanism mediating the 
anxiolytic effects of B. longum.12 However, another study has sup-
ported the anxiolytic properties of this bacterium in murine models, 
but without any significant effect on neural BDNF expression.31 
The authors have suggested that probiotic fermentation products 
interact with enteric neurons and regulate the enteric nervous sys-
tem excitability, so it presents its effects on the CNS through vagal 
pathways. Although assessing brain BDNF in humans is not pos-
sible, but as BDNF passes through blood-brain barrier, peripheral 
blood BDNF levels mirror brain-tissue BDNF levels and is posi-
tively correlated with BDNF in the CNS.32,33

As studies on animal models appear to point towards a role of 
BDNF in the effects of probiotics, studies exploring this hypoth-
esis in depressive patients are limited.34 In a pilot study on irritable 
bowel syndrome patients, B. longum supplementation for 6 weeks 
lowered depression scores but without affecting serum BDNF lev-
els in either the probiotic or placebo groups, although the possibility 
of the probiotic regulating BDNF expression in some parts of the 
brain was not excluded.34 Moreover a recent RCT in hemodialysis 

patients compared the effects of a 3 month supplementation with 
either a control, a probiotics (blend of Lactobacillus acidophilus, 
B. longum, Bifidobacterium bifidum, and Bifidobacterium lactis) 
or a synbiotic formulation (including the same 4 probiotic bacteria 
with 3 prebiotics (fructooligosaccharide, GOS, and inulin).35 While 
depression scores improved by both supplements with more effec-
tiveness of synbiotics, serum BDNF levels increased significantly 
with synbiotic supplementation compared to probiotics, particularly 
in the depressed patients subgroup. The authors linked the greater 
effectiveness of synbiotic in patients with end-stage renal disease to 
uremia-induced dysfunction of intestinal epithelial barrier which 
may inhibit the probiotics alone to show their microbial modula-
tory effects.36 However, in contrast to our findings, Chung et al37 
found no significant effect of L. helveticus IDCC3801 fermented 
milk administration on geriatric depression scale, perceived stress 
scale, and BDNF levels of healthy older individuals. Our findings 
on BDI scores seems to be consistent with other study in MDD 
patients which found that 8-week supplementation of probiotic 
capsules (consisting L. acidophilus, Lactobacillus casei, and B. 
bifidum) resulted in greater reduction in BDI scores compared to 
placebo.38 In line with our findings, Messaoudi et al13 found that 
administration of probiotic formulation (L. helveticus R0052 and 
B. longum R0175) improved depression scores in healthy volun-
teers and anxiety-like behavior in rats. Similarly, in another study on 
healthy individuals the same probiotic formulation was beneficial 
on psychological distress, even with low urinary free cortisol levels. 
It was concluded that prophylactic use of probiotics can improve 
mood regardless of the stress level.39

Here we show that prebiotic GOS administration did not 
modify BDNF levels significantly in this population, in accordance 
with the absence of a significant effect on the BDI score. Despite 
this, it is likely that GOS may have affected the composition of 
the gut microbiota. A dose of 5 g of GOS was shown to affect 
microbiota composition in healthy adults, essentially by promoting 
Bifidobacteria.40 In this study microbiota composition of the partici-
pants was not analyzed. The changes in microbiota composition as-
sociated with MDD are not yet fully characterized, but differences 
have been identified compared to healthy individuals.41 Notably, 
Bifidobacteria, Faecalibacterium, and Dialister were shown to be 
decreased while Bacteroides and Blautia are frequently increased in 
MDD patients. Importantly, microbiota composition was shown to 
be affected by antidepressants, which have been shown to possess an 
antibacterial effect postulated as being part of their mode of action.42 
While the overall effect of GOS on clinical parameters was not sig-
nificant, an effect of this prebiotic on microbiota composition that 
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could modulate selective serotonin reuptake inhibitor (SSRI) activ-
ity or metabolism cannot be excluded.41 The apparent difference in 
the distribution of participants in the prebiotic group with regards 
to the correlation between BDI change and BDNF levels (Figure), 
even if not significantly different from placebo or probiotic, may 
justify further studies on the effects of GOS on microbiota compo-
sition in MDD patients taking antidepressants.

The strength of this trial is the probiotic strains and prebiotic 
types which have been previously found psychotropic in hu-
man13,39,43 and animal studies.22,30 In addition we used BDI-II to 
measure depression severity which is well validated in psychiatric 
studies and in Iranian population.24 However, a number of limita-
tions need to be considered. The major limitation of this study is not 
addressing the intestinal microbiota composition or sex hormones 
in the patients which possibly cause interactions.44,45 In addition, 
the patients were under prescription of different antidepressants. 
Although the medications belong to the same antidepressant group 
(SSRI), recruitment of patients who are taking the same medication 

could be preferable. 
It is conceivable that the probiotic may ameliorate depres-

sion through a mechanism other than BDNF and the depression 
improvement can actually mediate the effect of the probiotic on 
BDNF, and to confirm the BDNF increase as an underlying 
mechanism of probiotics, further studies with measurement of these 
parameters in some points between start and end of the study is 
recommended. It will reveal whether the change in serum BDNF 
before the depression symptoms is improved. However this seems 
unlikely, since increase in BDNF levels is found to be independent 
of depression improvement in a previous study which showed that 
BDNF levels increased while total depression scores was not sig-
nificantly different between the control group (conventional drug 
therapy) and treatment group (probiotic with electroacupuncture).46

Conclusions  

This post hoc analysis revealed that supplementation with this 
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Figure. Pearson correlation analyses between brain-derived neurotrophic factor (BDNF) levels and Beck’s Depression Inventory (BDI) score 
changes among the 3 groups. X-axis represents BDI score changes and y-axis represents BDNF changes. As shown, there is negative correlation 
between the change in BDNF levels and BDI scores over 8-week supplementation period, while the correlation in probiotic group (r = –0.79, P 
< 0.001) is larger compared to prebiotic group (r = –0.19, P = 0.190) or placebo group (r = –0.69, P = 0.001).
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psychobiotic formulation for 8 weeks in patients with low to moder-
ate depression resulted in significantly higher serum BDNF levels, 
while prebiotic and placebo had no significant effect. In the same 
cohort, we had previously shown that this probiotic supplement 
containing L. helveticus R0052 and B. longum R0175 exerted a 
beneficial effect in improving depression scores compared to pla-
cebo, while the effects of prebiotic supplement were not major. The 
results of this study suggest that specific probiotics may improve 
MDD partially via BDNF. More clinical trials are needed to con-
firm the possible beneficial effect of other probiotics and prebiotics 
on BDNF levels and depression in psychiatric populations. 
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