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A randomized controlled trial to test t e e ect o  multispecies probiotics 
on co nitive reactivity to sad mood 
 

 
 

ecent insights into the role of the human microbiota in cognitive and 
affective functioning have led to the hypothesis that probiotic 
supplementation may act as an ad uvant strategy to ameliorate or prevent 
depression. eightened cognitive reactivity to normal, transient changes in 
sad mood is an established marker of vulnerability to depression and is 
considered an important target for interventions. he present study aimed 
to test if a multispecies probiotic containing Bifidobacterium bifidum , 
Bifidobacterium lactis , actobacillus acidophilus , actobacillus 
brevis 6 , actobacillus casei 6, actobacillus salivarius , and 
actococcus lactis ( 9 and ) may reduce cognitive reactivity in non-

depressed individuals. In a triple-blind, placebo-controlled, randomi ed, 
pre- and post-intervention assessment design,  healthy participants 
without current mood disorder received a -week probiotic food-
supplement intervention with the multispecies probiotics, while  control 
participants received an inert placebo for the same period. In the pre- and 
post-intervention assessment, cognitive reactivity to sad mood was 
assessed using the revised eiden inde  of depression sensitivity scale. 

ompared to participants who received the placebo intervention, 
participants who received the -week multispecies probiotics intervention 
showed a significantly reduced overall cognitive reactivity to sad mood, 
which was largely accounted for by reduced rumination and aggressive 
thoughts. hese results provide the first evidence that the intake of 
probiotics may help reduce negative thoughts associated with sad mood. 

robiotics supplementation warrants further research as a potential 
preventive strategy for depression. 
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he intestine and the brain are intimately connected via the brain-gut a is, 
which involves bidirectional communication via neural, endocrine and 
immune pathways (Grossman, 9 9  Grenham, larke, ryan,  inan, 

 ayer,  ayer, aliboff,  raig, 6). In recent years it has 
become increasingly evident that this communication also involves 
interactions with the intestinal microbiota, which release immune 
activating and other signaling molecules that may play an important role in 
regulating the brain and subsequent behavior ( ayer,  ryan  inan, 

 oster  c ey eufeld, ). or e ample, the microbiota produce 
neuroactive substances and their precursors (e.g., tryptophan) which can 
reach the brain via endocrine and afferent autonomic pathways ( esbonnet 
et al., , ). Also, bacterial products, such as the gram-negative 
endoto ins, can influence mood and cognitive functions via indirect (e.g., 
immune activation) and direct (e.g., oll-like receptors on glial cells) 
mechanisms ( ehnardt et al.,  rabbe et al.,  Ait-Belgnaoui et al., 

 c usker  elley, ). 
hese novel insights have fueled the hypothesis that modification of 

microbial ecology, for e ample by supplements containing microbial species 
(probiotics), may be used therapeutically to modify stress responses and 
symptoms of an iety and depression ( ogan  at man,  ryan  

ahony, ). hile most of this research is relatively recent, and 
predominantly involves animal and pre-clinical human studies, the results 
appear in support of this hypothesis ( ogan  at man,  ryan  

inan,  oster  c ey eufeld,  illisch,  avignac, 
ramullas, iely, inan,  ryan, ). or instance, Bravo et al. 

( ) observed a reduction in an ious and depressive behavior after 
feeding healthy mice with actobacillus r amnosus B- . 

imilarly, esbonnet et al. ( ) observed a reduction in depressive-like 
behaviors in adult rats after feeding them with Bi idobacterium 
in antis 6 . his reduction was comparable to the effects of 
administering the antidepressant citalopram ( esbonnet et al., ). 

robiotic studies in humans are still scarce, but the available data are 
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promising. or e ample, Benton, illiams and Brown ( 6) found in a non-
clinical sample that a -week intervention with probiotics-containing milk 
drink (i.e., actobacillus casei hirota) improved mood scores compared to 
participants who received a placebo intervention. Improvement in mood 
was only observed for participants who showed elevated symptoms of 
depression at baseline. In another pre-clinical study it was demonstrated 
that participants who were given a mi ture of probiotics containing 
actobacillus elveticus  and Bi idobacterium lon um  showed 

significantly less psychological distress than matched controls ( essaoudi 
et al., ). urthermore, ao et al. ( 9) demonstrated that patients 
with chronic fatigue syndrome, which is often comorbid with an iety 
disorders, reported significantly less an iety symptoms after ingestion of a 
daily dose of  casei hirota for  months, as compared to a placebo group. 

n the basis of these and other results it has been suggested that probiotics 
may serve as ad uvant or preventive therapy for depression (for reviews 
see ogan  at man,  ryan  inan,  oster  c ey eufeld, 

 illisch, ). 
hese novel discoveries come at an opportune time. he increasing 

incidence of depression is alarming and development of preventive 
measures has been identified as a priority ( orld ealth rgani ation, 

). According to cognitive theories of depression, cognitive reactivity 
plays a central role in the development, maintenance, and recurrence of 
depression and therefore is a relevant target for interventions (Beck, 

96 , ovacs  Beck, 9  Abramson, etalsky,  Alloy, 9 9  aaga, 
yck,  rnst, 99  cher, Ingram,  egal,  Ingram, irand,  egal, 

6). ognitive reactivity refers to the activation of dysfunctional patterns 
of thinking that are triggered by subtle changes in mood, such as ruminative 
(e.g., recurrent thoughts about possible causes and consequences of one s 
distress), aggressive (e.g., to think about hurting others or oneself), 
hopelessness (e.g., loss of motivation and e pectations about the future), 
and or suicidal thoughts (e.g., to think that one s death is the only way to 
end the suffering). uch dysfunctional cognitive responses are assumed to 
stem from latent negative beliefs that become reactivated during low mood 
(Beck, 96 ). 
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he degree to which these dysfunctional thoughts are activated 
seems to be critical in determining whether sad mood will be a transient 
state or will become protracted, increasing the risk of developing clinical 
depression (Beck, 96  ovacs  Beck, 9  Abramson, etalsky,  Alloy, 

9 9  aaga, yck,  rnst, 99  cher, Ingram,  egal,  Ingram, 
irand,  egal, 6). Indeed, cognitive reactivity is considered one of the 

most predictive vulnerability markers of depression (Beck, 96  egal, 
Gemar,  illiams, 999  egal et al., 6  oulds et al., ). Among 
these dysfunctional thought patterns, rumination seems to be particularly 
relevant ( olen- oeksema, orrow,  redrickson, 99  uehner  

eber, 999  olen- oeksema,  paso evic  Alloy,  oulds et 
al., ). or instance, oulds et al. ( ) showed that recovered and 
never-depressed individuals mainly differ in the degree of activation of 
ruminative thoughts when e periencing sad mood. vidence strongly 
suggesting a causal role of cognitive reactivity in depression onset is 
provided by a recent study of rui t et al. ( ), who showed that higher 
cognitive reactivity precedes and predicts the episode of depression  never-
depressed individuals with high scores on cognitive reactivity were more 
likely to develop a clinical depression during the subsequent two years, as 
compared to individuals with lower scores (see also van der oes, , for 
a review). hese associations were independent of a range of confounding 
factors including baseline mood, life events, and family history of mood 
disorders ( rui t et al., ). hus, interventions targeting cognitive 
reactivity may offer a promising approach to prevent and or to reduce the 
incidence of depression-related disorders in the population. 

In light of the preceding discussion, the present study aimed to 
complement previous findings by assessing the possible beneficial effect of 
probiotics on cognitive reactivity to sad mood, a vulnerability marker for 
depression. o this end, healthy individuals without any current mood 
disorder underwent a -week intervention period, during which they were 
supplied with either probiotics or an inert placebo. e tested the effect of 
multispecies probiotics containing different stains and species of the genera 
actobacillus, actococcus and Bi idobacterium (see methods for further 

details). hese genera have been found to be effective in ameliorating 
an ious and depressive symptoms (Benton, illiams, Browns, 6  ao et 
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al., 9  amamura et al., 9  esbonnet et al.,  Bravo et al., 
 essaoudi et al., ). 

Importantly, studies have shown that multispecies probiotics (i.e., 
combining different strains of specific genera) can have increased 
effectiveness through an additive effect of specific strain properties such as 
coloni ation of different niches, enhanced adhesion and induction of an 
optimal p  range, as compared to mono-species supplements ( immerman 
et al.,  hapman, Gibson,  owland, ). ach bacterial strain of 
the multispecies probiotics used in this study has been found to 
improve epithelial barrier function both when tested separately and in 
combination ( an emert  rmel, ). owever, some probiotics may 
compete with each other in terms of functionality and therefore the 
assumption that combinations of different strains may have additive effects 
needs verification on a preparation by preparation basis. 

Before and after the intervention, perceived cognitive reactivity to 
transient changes in sad mood was measured by means of the revised 
eiden Inde  of epression ensitivity ( I -r  van der oes  illiams, 

), which has been shown to be predictive of depression in 
multiple longitudinal studies (van der oes,  rui t et al., ). It was 
hypothesi ed that the probiotics intervention would lower the activation of 
negative thoughts that accompany sad mood, i.e., it would decrease 
cognitive reactivity as measured by the I -r. 
 

  

  
 

orty non-smoking young adults, with no reported cardiac, renal, or hepatic 
conditions, no allergies or intolerance to lactose or gluten, no prescribed 
medication or drug use, and who reported to consume no more than  
alcohol units per week participated in the study. All participants were 
screened via a phone interview by the e periment leader before inclusion. 

uring the phone interview, the ini International europsychiatric 
Interview ( .I. .I.  heehan et al., 99 ) was administered too. he .I. .I. 
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is a short structured interview, taking about  min, which screens for 
several psychiatric disorders ( heehan et al., 99 , ol ato  ommel, 

 ol ato et al., ). articipants with no psychiatric or neurological 
disorders, no personal or family history of depression or migraine were 
considered suitable to take part in the study. articipants were equally and 
randomly assigned to receive a -week intervention of either placebo or 
probiotics. wenty participants (  male) with a mean age of 9.  years 
(   . ) and a mean body mass inde  (B I) of .  (   . ) were 
assigned to the placebo condition, and twenty participants (  male) with a 
mean age of .  years (   . ) and a mean B I of .6 (   . ) were 
assigned to the probiotics condition (see able ). emale participants were 
not controlled for the menstrual cycle. o information was provided about 
the different types of intervention (probiotics vs. placebo) or about the 
hypotheses concerning the outcome of the e periment. All participants 
believed they were supplied with probiotic supplementation. hen 
informed about the different conditions during the debriefing, none of the 
participants brought up the deception. ritten informed consent was 
obtained from all participants and the protocol was approved by the local 
ethical committee ( eiden niversity, Institute for sychological esearch). 
 

  emographic characteristics for the lacebo and 
robiotics groups. tandard deviations are shown within 

parentheses  
 lacebo robiotics 

( ) ( ) ( ) 

Age (years) 9. ( . ) . ( . ) 

Body ass Inde  (B I) . ( . ) .6( . ) 

 

    
 
A blind at three levels (group allocator, participants, outcome assessor), 
placebo-controlled, randomi ed, pre- and post-intervention assessment 
design was used to investigate the effect of multispecies probiotic 
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intervention on cognitive reactivity to sad mood, as well as reported 
symptoms of depression and an iety in healthy young students. 

articipants received a -week food supplementation intervention of either 
placebo or probiotics. In the probiotics intervention participants were 
provided with  sachets (one for each day of intervention), each 
containing  g free e-dried powder of the probiotic mi ture 

cologic Barrier ( inclove probiotics, he etherlands). cologic Barrier 
( .   9 g) contains the following bacterial stains    
Bi idobacterium bi idum , Bi idobacterium lactis , actobacillus 
acidop ilus , actobacillus brevis 6 ,  casei 6, actobacillus 
salivarius , and actococcus lactis ( 9 and ). In the placebo 
intervention, participants were provided with  sachets, each containing 

 g free e-dried powder of the carrier of the probiotic product  
mai e starch and maltode trins. he placebo was indistinguishable from the 
probiotics sachets in color, taste, and smell, but contained no bacteria. he 
bacteria in cologic Barrier have been identified by using 6  r A 
sequencing and the results have been compared with the 
bacterial nucleotide database of the ational enter for Biotechnology 
Information ( BI). he viability of the probiotic bacteria was checked both 
by the producer and by an independent lab (Institut f r ikro kologie 
Gmb , erborn, Germany, speciali ed in microbial analysis, I 9 
certificated) by determining the number of colony forming units.  g of the 
product was mi ed well with 9 ml of a physiological salt solution ( .9  a l 
in dd ). his mi ture was tenfold serial diluted in the same physiological 
salt solution, and  l of each dilution was plated on ann ogosa harpe 
( )  .  cysteine agar plates. he plates were incubated anaerobically 
for  h at  . he number of colonies was counted and the total 
number of colony forming units was calculated based on the dilution and 
the number of colonies. he batch used for the present e periments 
contained .   9 g, whereas the placebo contained    g. 

ehydration of free e-dried lactic acid bacteria in milk, water and 
physiological salt solution has been shown to result in equal survival rates 
(de alde  et al., 9 ). tability studies, whereby the number of colony 
forming units was determined every three months, showed that the free e-
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dried product is stable for at least .  years when stored at   with 6  
relative humidity. 

At the pre- and post-intervention assessments, participants filled 
out a questionnaire to assess cognitive reactivity to sad mood and 
questionnaires that assessed symptoms of depression and an iety. -prime 

.  software system ( sychology oftware ools, Inc., ittsburgh, A) was 
used to present the questionnaires and to collect participants  responses, 
which were to be given using the computer mouse. After having filled out 
the questionnaires, participants performed two social cognitive tasks 
tapping into reactions to fairness (ultimatum game) and interpersonal trust 
(trust game) unrelated to the purposes of the present study (data not 
reported here). In each session, the complete test battery lasted about 

 min. 
At the end of the pre-intervention assessment, participants were 

provided with the  sachets of powder (containing either the inert placebo 
or the multispecies probiotics) for the -week intervention. articipants 
were instructed, using their own supplies, to dissolve the powder in water 
or lukewarm milk and to drink it in the evening before going to bed. 

ompliance was facilitated by reminding the participants via a te t message 
sent by the e perimenter. 

 uestionnaires 
 

he I -r (van der oes  illiams, ) is a self-report questionnaire 
with  items that assesses to what e tent dysfunctional thoughts are 
activated when e periencing mild dysphoria (i.e., it measures cognitive 
reactivity to sad mood, also referred to as vulnerability to depression). 

I -r scores have been found to predict depression incidence in 
multiple longitudinal studies and to correlate with depression risk factors, 
such as depression history ( oulds et al., ), genetic markers of 
depression (Antypa  van der oes, ), and reaction 
to tryptophan depletion (Booi   van der oes, ). Before answering the 
items, participants were asked to take a few minutes to imagine how they 
would feel and think if they were to e perience a sad mood and then to 
indicate, on a -point ikert scale ranging from  (i.e. not at all ) to  ( very 



503394-L-sub01-bw-Steenbergen503394-L-sub01-bw-Steenbergen503394-L-sub01-bw-Steenbergen503394-L-sub01-bw-Steenbergen

 
6  

 
A randomized controlled trial to test t e e ect o  multispecies probiotics 
on co nitive reactivity to sad mood 
 

strongly ), the e tent to which each statement applied to them. It was 
emphasi ed that the statements applied to the situations when it is 
certainly not a good day, but you don t feel truly down or depressed . he 
scale consists of si  subscales that measure vulnerability with respect to  
 
 Aggression (e.g., hen I feel down, I lose my temper more easily)  
 opelessness uicidality (e.g., hen I feel down, I more often feel 

hopeless about everything  hen I feel sad, I feel more that people 
would be better off if I were dead)  

 Acceptance oping (e.g., hen I am sad, I feel more like myself)  
 ontrol erfectionism (e.g., I work harder when I feel down)  
 isk aversion (e.g., hen I feel down, I take fewer risks)  
 umination (e.g., hen I feel sad, I more often think about how my life 

could have been different). 
 

opelessness and Acceptance oping both consist of  items, with a 
ma imum score of  per subscale, whereas the other scales comprise 6 
items with a ma imum score of  per subscale. he I -r total score is 
derived by adding up the scores from each subscale, resulting in total scores 
ranging from  to 6. Internal consistency ( ronbach s alpha  ) is . 9 for 
the I  total score, and ranges between .6  (Acceptance oping) and 

.  for the subscales ( opelessness uicidality  Antypa  an der oes, 
 illiams et al., ). 

he Beck epression Inventory II (B I-II  Beck, teer, Ball,  anieri, 
996) is a widely used -itemmultiple-choice self-report questionnaire 

with high internal consistency (   .9  Beck, teer, Ball,  anieri, 996), 
which assesses the e istence and severity of current (past  weeks) 
depressive symptoms. he study used the utch translation validated 
by an der oes ( b). he B I II has been found to be a valid indicator 
of depression and show good diagnostic discrimination ( o ois, obson,  
Ahnberg, 99 ). articipants were presented with items related to 
symptoms of depression and asked to choose, for each item, the statement 
that best described how they have been feeling during the past  weeks 
(including the current day). Items are rated on a -point scale ranging from 
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 to  in terms of severity. he total score is calculated by adding-up all 
items, hence scores range between  and 6  (  minimal depression, 

9  mild depression,  moderate depression and 9 6  severe 
depression  van der oes, a). 

he Beck An iety Inventory (BAI) (Beck, pstein, Brown,  teer, 
9 ) is a -item self-report questionnaire with high internal consistency 

(   .9  Beck  teer, 99 ), which assesses the e istence and severity of 
an iety symptoms. A validated utch translation was used (Bouman, 99 ). 

articipants are presented with items describing common symptoms of 
an iety (such as numbness and tingling, sweating not due to heat, and fear 
of the worst happening) and asked to rate, on a -point ikert scale ( , not 
at all, , mildly, , moderately, , severely), how much they have been 
bothered by each symptom over the past week. otal scores are obtained 
by summing all items, with values ranging between  and 6  (as suggested 
by Beck  teer ( 99 )  9  normal an iety   mild-moderate  9 9  
moderate-severe and 6  severe an iety). 

   
 

or each questionnaire, the mean scores (total and or partial) were 
calculated and submitted to a repeated measures analysis of variance 
(A A) with time (pre- vs. post-intervention) as within-sub ects factor and 
group (placebo vs. probiotics) as between-sub ects factor. All alpha levels 
were set at p  . . ukey  post hoc tests were performed to clarify 
mean differences in case of significant interactions. 

In addition to standard statistical methods, we calculated Bayesian 
(posterior) probabilities associated with the occurrence of the null p( )  
and alternative p( )  hypotheses, given the observed data. Bayesian 
inference allows making inferences about both significant and non-
significant effects by providing the e act probability of their occurrence. 

he probabilities range from with  (i.e., no evidence) to  (i.e., very strong 
evidence  see aftery, 99 ). o calculate Bayesian probabilities we used 
the method proposed by agenmakers ( ) and asson ( ). his 
method uses Bayesian information criteria (BI ), calculated using a simple 
transformation of sum-of-squares values generated by the standard 
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A A, to estimate Bayes factors and generate p( ) and p( ), 
assuming a unit information prior  (for further details, see ass  

asserman, 99  see also aros   iley, ). 
ue to a technical problem, one participant, assigned to the 

placebo group, did not fill out the pre-intervention BAI questionnaire. o 
other data were missing. 
 

  

  
 

able  presents the participant characteristics by group (probiotics 
versus placebo). o significant group differences were observed for age 
t( )  . 6, p  . , B I t( )  .6 , p  . , and gender 

distribution  ( ,   )  .6 , p  . . 
able  gives a summary of pre- and post-intervention scores on the 

I - , B I and BAI in the placebo and probiotics groups. 
As anticipated on basis of participant selection, A A performed 

on the B I II total score revealed no main effect of time 
( , )  . , p  . , p( )  . , group  ( , )  . , p  . , p( ) 

 . , nor a time by group interaction ( , )  . , p  . , p( )  . . 
imilarly, for the BAI scores no effect was observed for time 
( , )  . , p  . , p( )  .66 , group ( , )  . 6, p  

.6 , p( )  . , or for the interaction between the two factors 
( , )  . 6 , p  . , ps( )  . 6 . hus, the two groups of 

participants (placebo and probiotics) were comparable in terms 
of depression and an iety scores at baseline and follow-up. Importantly, 
participants did not show any sign of depression and an iety in either 
sessions  only minimal mild scores were observed at both time points for 
the B I II (the mean scores were . ,   . , and . ,   . , for 
the pre- and post-intervention assessment, respectively) and BAI (the mean 
scores were . ,   . , and . ,   . , the pre- and post-
intervention assessment, respectively  see also able ). 
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  ean pre- and post-intervention scores and standard error of the 
means (shown in parentheses) on the I -r, B I and BAI in the lacebo 
and robiotics groups.   significant treatment effect differences between 
pre- and post-intervention assessments.  

 re-intervention ost-intervention 

 
Aggression 

 
lacebo 

 

.  ( .9 ) 
 

.  ( .9 ) 

robiotics  .6  ( .9 ) 6.  ( .9 )  

ontrol 
 

lacebo .6  ( . ) 6.  ( . )  

robiotics .  ( . ) .  ( . ) 

opelessness 
 

lacebo .6  ( . ) .  ( . ) 

robiotics .  ( . ) .  ( . ) 

isk Aversion 
 

lacebo  9.  ( .9 ) 9.  ( . ) 

robiotics .  ( .9 ) .9  ( . ) 

umination 
 

lacebo  .  ( .9 ) .  ( .9 ) 

robiotics  .  ( .9 ) .  ( .9 )  

Acceptance 
 

lacebo  .  ( . ) .  ( . ) 

robiotics  .9  ( . ) .  ( . ) 

otal lacebo .  ( . ) .  ( . ) 

robiotics  .  ( . ) .  ( . )  

 lacebo 9.  ( . ) 9.  ( . 9) 

robiotics .9  ( . ) .  ( . 9) 
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 lacebo .  ( . ) .  ( .69) 

robiotics .  ( .66) 9.9  ( .6 ) 

 p  . ,  p  . .,  p  . . 
 

      
 
A As revealed significant time by group interactions for the I -r total 
score ( , )  6. , p  . 9, p   . ,   . 6 , p( )  . 9 , 
aggression ( , )  .9 , p  . , p

  . ,   . , p( )  .6 , 
and rumination ( , )  . 6, p  . , p

  . ,   . 6, 
p( )  .9 . ukey  post hoc tests performed to disentangle the 
interactions revealed that participants who received a -week placebo 
intervention showed comparable scores pre- versus post-intervention (total 
score  p  .6 , p( )  .  aggression  p  .9 , p( )  .  rumination  
p  . ,p( )  .  see able ). In contrast, participants who received a 

-week probiotics intervention scored significantly lower at post-
intervention compared to the pre-intervention (total score  p  . , 
p( )  .99  aggression  p  . , p( )  .99  rumination  p  . , 
p( )  .99  see able ). hus, our results show that the intake of 
multispecies probiotics for a -week period significantly reduced overall 
cognitive reactivity to depression and in particular aggressive and 
ruminative thoughts. 

  
 

he aim of the current study was to investigate the effect of a multispecies 
probiotic intervention on cognitive reactivity in healthy individuals not 
currently diagnosed with a mood disorder. As mentioned in the 
introduction, cognitive reactivity is an important vulnerability marker 
of depression  the content and the type of thoughts that are activated 
when an individual e periences sad mood predicts whether the sad mood 
will be transient or will persist, and predicts the development of clinical 
depression (Beck, 96 , ovacs  Beck, 9  Abramson, etalsky,  Alloy, 
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9 9  aaga, yck,  rnst, 99  cher, Ingram,  egal,  Ingram, 
irand,  egal, 6). e found that a -week multispecies probiotic 

intervention reduced self-reported cognitive reactivity to sad mood, as 
inde ed by the I -r (van der oes  illiams,  van der oes, 

 rui t et al., ). urther analyses showed that the strongest 
beneficial effects were observed for the aggression and rumination 
subscales, indicating that in the probiotics supplementation condition 
participants perceived themselves to be less distracted by aggressive and 
ruminative thoughts when in a sad mood. otably, studies have shown that 
the tendency to engage in ruminative thoughts is sufficient to turn mood 
fluctuations into depressive episodes, and that individuals who typically 
respond to low mood by ruminating about possible causes and 
consequences of their state have more difficulties in recovering from 
depression ( olen- oeksema, orrow,  redrickson, 99  uehner  

eber, 999  olen- oeksema,  paso evic  Alloy,  oulds et 
al., ). urther, the activation of aggressive thoughts has been 
associated with suicidal ideation and attempts ( quendo, urrier,  ann, 

6  ann et al., ). In sum, the present results indicate, for the first 
time, that probiotics intervention can influence cognitive mechanisms that 
are known to determine vulnerability to mood disorders. 

he present sample consisted of healthy individuals with minimal to 
mild baseline scores on both the BAI and the B I, and it is not surprising 
therefore that the beneficial effect of probiotics intervention was selective 
for cognitive reactivity to depression and not for self-report symptoms of 
depression or an iety. his observation is consistent with the findings 
reported by Benton, illiams, and Brown ( 6), who found that 
improvements in mood after probiotics administration only occurred in 
participants who showed elevated symptoms of depression at the baseline. 
Importantly, the selection of a nonclinical sample of participants provided 
the opportunity to test specifically the possible beneficial effects of 
probiotics intervention on cognitive reactivity, i.e., not confounded by 
ongoing depressive symptomatology. urther longitudinal studies in high-
risk or clinical groups are necessary to confirm potentially clinically relevant 
effects. Given that the transition from persistent changes in mood to the 
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development of a depressive episode can be months or longer, such studies 
may need to e tend past the current -week period. 

hile the present study did not set out to test specific biological 
mechanisms that could underlie possible beneficial cognitive effects, the 
e tant literature does allow for a number of hypotheses testable in future 
studies. or e ample, it has been proposed that intestinal microbiota 
increase plasma tryptophan levels, and hereby potentially facilitate 
serotonin turnover in the brain ( esbonnet et al., , ). 
Interestingly, cognitive reactivity to sad mood has been associated with 
serotonin concentrations, with higher scores correlating with lower 
serotonin levels (Booi   van der oes,  ells et al.,  see also irk 

 arkus, 9). owever, other pathways are plausible as well. or 
instance, it has been proposed that an increased intestinal permeability can 
induce depressive symptoms (Ait-Belgnaoui et al., ), possibly 
by endoto in activated inflammatory pathways or via direct activation of 
glial and neural cells that carry oll-like receptors and are hereby 
responsive to a wide range of microbial products ( c usker  elley, 

). Given that certain probiotics have been found to improve 
the epithelial barrier function and hereby decrease permeability ( an 

emert, erwer,  ch t , ), this mechanism might account for the 
beneficial effects of probiotics on cognitive reactivity. ollow-up probiotics 
studies could e plore this possibility, for e ample by using 
the lactulose mannitol ratio in urine to evaluate intestinal permeability 
( ei eira et al., ). Animal studies have further suggested that gut-to-
brain signals are transmitted via the vagus nerve (ter orst  ostema, 

99  illisch et al., ). or e ample, a study in mice has shown that the 
supplementation of probiotics has a beneficial effect on an ious and 
depressive behavior, but only with an intact vagus nerve (Bravo et al., 

). In humans the vagus nerve reaches, via the locus coeruleus and 
the raphe nuclei (the principal sources of serotonin released in the 
brain), the anterior cingulate corte  (A ) and the prefrontal 
corte  (  hayer  ane, ), in particular the m  ( ayer, aliboff, 

 raig., 6)  i.e., one of the brain regions associated with the 
processing of affective and social information (Adolphs, ). timulation 
of the vagus nerve has already been described as a successful method to 
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treat patients suffering from depression ( emeroff et al., 6). 
Interestingly, illisch and colleagues ( ) have found that -week intake 
of a fermented probiotic milk product by healthy women was associated 
with altered activity of brain regions (e.g., primary interoceptive and 
somatosensory cortices, and precuneus) that control central processing of 
emotion and sensation. herefore, it would be of interest to e plore 
whether the treatment of depressive disorders would further benefit by 
combining probiotic supplementation with stimulation of the vagus nerve. 

he present study has a few limitations that deserve discussion. 
irst, we did not include dietary measures and did not control for 

consumption of other probiotic products or fermented foods (e.g., yogurt). 
ence we cannot e clude that the consumption of probiotics was 

accompanied by spontaneous dietary changes that may have indirectly 
accounted for the effect. econd, compliance was facilitated by te t 
message reminders, but not further confirmed e.g., by stool bacterial 
analysis. owever, prior studies which used partly the same bacterial 
strains have shown presence of the strains in stool samples of healthy 
volunteers ( oning et al., ). A third limitation of the present study is 
that it tested a predominantly female sample, and generali ability to males 
is uncertain therefore. 

inally, it is worth noting that our assessment only relied on self-
reported cognitive reactivity that, although established as 
a psychometrically reliable inde  of cognitive reactivity and found to be 
predictive of the development of depressive symptoms and depressive 
disorder (van der oes,  rui t et al., ), would be considered to 
provide only indirect information on actual cognitive reactivity at times of 
low mood. uture studies may therefore e pand these observations by 
e perimentally inducing negative mood and or by including ambulatory 
measurements, e.g., using e perience sampling techniques, to evaluate 
possible beneficial effects of probiotics. 

o conclude, the present study demonstrated, for the first time, 
that a -week multispecies probiotic intervention has a positive effect on 
cognitive reactivity to naturally occurring changes in sad mood in healthy 
individuals not currently diagnosed with a depressive disorder. ore 
specifically, the probiotic intervention reduced aggressive and ruminative 
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thoughts in response to sad mood. hese findings provide information on a 
cognitive mechanism that may be responsible for the positive mood effects 
of probiotic supplementation (Benton, illiams,  Brown, 6, ao et al., 

9, essaoudi et al.,  ogan  at man,  illisch, ). 
uture studies should investigate the neurobiological underpinnings of 

these observed effects and test the applicability of the current findings to 
high-risk and clinical populations. 
 

  


