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Abstract 
Background: Probiotics may be an efficacious treatment option to manage symptoms of mood disor-

ders, which is the leading cause of disability worldwide. Probiotics may strengthen the intestinal barrier 
and improve the bidirectional communication between the gut and brain. 

Objective: The purpose of this study was to assess the effects of a multi-strain probiotic supplement 
on symptoms of depression, anxiety, and stress in healthy, college-aged individuals who were not clini-
cally diagnosed with a mood disorder. 

Methods: Participants consumed daily either a probiotic (PRO) (n=28) or placebo (PLA) (n=21) sup-
plement for six weeks. Symptoms of depression, anxiety, and stress were measured at baseline, and after 
21 and 42 days of supplement ingestion. Total mood and symptoms of depression, anxiety, and stress 
were compared between probiotic and placebo supplement groups by independent t-tests. To detect 
within-groups difference over time, 2x3 repeated measures ANOVAs were performed to assess the ef-
fects of supplements on total mood and symptoms of depression, anxiety, and stress. 
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Results: Six weeks of ingestion of a PRO or PLA supplement significantly (p<0.05) improved symp-
toms of depression (PRO post=6.65 ± 1.39 score, PLA post=5.6 ± 5.2 score) anxiety (PRO post=7.70 ± 
1.4 score, PLA post=5.53 ± 1.09 score) and stress (PRO post=11.30 ± 1.53 score, PLA post=11.11 ± 1.08 
score). A repeated measures ANOVA did not show a significant (p>0.05) main effect for supplement. 

Conclusion: Daily ingestion of a PRO or PLA supplement for six weeks improved symptoms of mood 
disorders in college-aged individuals. 
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1. BACKGROUND  
Mood disorders are the leading cause of disabil-

ity worldwide1. A vulnerable population that is at 
an increased risk for such disorders are college stu-
dents. During this time, many different transitions 
are occurring such as adolescents are growing into 
young adults, the pace of life is different, and the 
geographical distance between family and friends 
has changed2. These experiences, among others, 
place college students at a moderate to high risk 
for developing symptoms of depression, anxiety, 
and stress. According to Fernandes and colleagues, 
the prevalence rate of depression in college-aged 
students is 30.6% and for anxiety it is between 
63%-92%2. Another study by Ramon-Arbues and 
colleagues1 found that it is estimated that between 
12-50% of college students have at least one diag-
nostic criterion for one or more mental disorders. 
Depression, anxiety, and stress are critical compo-
nents of mental health, and if these symptoms are 
left untreated then negative health effects can oc-
cur. For instance, college-aged students with 
symptoms of depression are at risk for having 
lower academic performance and physical activity 
levels and are at an increased risk for dropping out 
of college3-5. Furthermore, depression is linked to 
dementia and depression in early adulthood may 
lead to faster cognitive decline in old age1,6. 

Unfortunately, college students rarely seek 
treatment for mood disorders and related condi-
tions1. The stigma associated with mood disorders 
commonly prevent individuals from seeking treat-
ment7. Of those who do seek treatment, 60% of in-
dividuals discontinue their medication within 3 
months of starting it due to unpleasant side effects 
such as nausea, vomiting, headache, agitation, and 

weight gain7. Thus, it is important to explore other 
methods that can be prescribed to help individuals 
achieve symptom relief. Probiotic supplementa-
tion is an emerging approach for improving mental 
health and mood disorders. Probiotics are live bac-
teria that colonize the gastrointestinal (GI) tract 
and exert health benefits to the host8. The relation-
ship between the intestinal bacteria, known as the 
microbiota, and mental health is a growing area of 
interest. The influence of the intestinal microbi-
ome goes beyond that of the gastrointestinal tract, 
as the intestinal microbiota has been shown to in-
fluence the central nervous system through the bi-
directional link between the brain and the gut mi-
crobiome, termed the gut-brain axis9,10. Dysregu-
lation of the intestinal barrier causes proinflamma-
tory molecules, termed cytokines, to be released 
from enterocytes. Once proinflammatory cyto-
kines are released, they can cross over the blood-
brain barrier and interfere with the production of 
neurotransmitters and neurotransmitter precursors, 
as well as impair the hypothalamic-pituitary-ad-
renal (HPA) axis11,12. Previous research studies 
have found that probiotic administration in indi-
viduals who have been clinically diagnosed with 
mental health illnesses can help alleviate and treat 
symptoms13-15. However, little is known about the 
effects of probiotic supplementation on individu-
als who suffer from symptoms of mood disorders, 
but do not qualify for a clinical mental health di-
agnosis. One study by Steenbergen and col-
leagues16 found that a multi-strain probiotic inter-
vention had positive effects on symptoms of de-
pression in healthy individuals who were not diag-
nosed with a depressive disorder. Additional re-
search is needed to assess the effects of probiotic 
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supplementation on mood disorders in healthy in-
dividuals, without a clinical diagnosis. 

The purpose of this study was to assess the ef-
fects of a multi-strain probiotic supplement on 
symptoms of depression, anxiety, and stress in 
healthy, college-aged individuals who were not 
clinically diagnosed with a mood disorder. The 
findings of this study could potentially add addi-
tional information for treatment options for college 
students experiencing symptoms of depression, 
anxiety, or stress. 

2. METHODS  

1.1 Participants 
Forty-nine college-aged individuals, between 

the ages of 18-24 years-old, consuming a standard 
American diet, defined as total daily calories in-
gested be composed of 45-65% of total calories in 
carbohydrates, 20-35% of total calories in fats and 
10-35% of total calories in protein (US department 
of Agriculture, 2014), were recruited to participate 
in this study. Power analysis (G*power 3.1.9.7) 
using moderate effect size and power set to 0.80 
resulted in a suggested sample size of 3016,17. In-
clusion criteria included individuals who were not 
clinically diagnosed with mood disturbance disor-
ders, such as depression, anxiety, and stress. Ex-
clusion criteria included individuals diagnosed 
with serious psychological disorders that impair 
normal functioning (bipolar, personality disorder, 

psychotic disorder or otherwise experiencing psy-
chosis), have physical illness or an illness that 
compromised the immune system (HIV/AIDS, 
cancer, Crohn’s disease, ulcerative colitis, lactose-
intolerance, or gluten intolerance), currently tak-
ing probiotic supplements or antibiotics within 
two weeks of starting the study, on any special 
diet, such as gluten, ketogenic, vegetarian, paleo, 
and who were, or within the past 6 months, receiv-
ing psychological or pharmacological treatment 
for mental health issues (including antidepressants 
and antianxiety medications). All participants 
were fully informed of any associated risks and 
discomforts prior to giving their written informed 
consent to participate. The experimental protocol 
was approved by the Grove City College Institu-
tional Review Board prior to implementation.  

1.2 Experimental Design 
This was a six-week long, double-blind, ran-

domized, placebo-controlled, design in which each 
participant visited the exercise science laboratory 
four times including a familiarization, pretest, 
mid-session, and posttest. Participants were ran-
domly assigned, by an online number generator 
(www.randomizer.org), into either a probiotic 
(PRO) or placebo (PLA) supplement group and re-
ported to the laboratory every three weeks for data 
collection. The study design is depicted in Figure 
1. 
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Figure 1. CONSORT flow diagram of the study design 

 
Familiarization session 

The study began with a familiarization session, 
which served as an opportunity to record partici-
pant’s anthropometric measurements and to famil-
iarize the participants to the depression, anxiety, 
stress score questionnaire (DASS) and testing pro-
cedures. Upon arriving to the exercise science la-
boratory participants’ height, weight, and body 
mass index were recorded. Height was measured 
on a physician’s scale and weight and body mass 
index were measured on a bioelectrical impedance 
analyzer (BIA). Researchers explained the DASS 
questionnaire before participants completed the 
form to acclimate themselves with the questions. 
Finally, researchers acquainted participants with 
the application ‘MyFitnessPal’ and explained the 
three-day tracking log participants used to record 
dietary intake and physical activity. 

DASS questionnaire 
The DASS scale is a valid and reliable instru-

ment used to assess for symptoms of depression, 

anxiety, and stress18. The DASS scale is a 42-item 
self-reported computerized instrument designed to 
measure the three related negative emotional states 
of depression, anxiety, and stress. Each of the three 
DASS scales contains 14 items, divided into sub-
scales of 2-5 items with similar content. The de-
pression scale assesses dysphoria, hopelessness, 
devaluation of life, self-deprecation, lack of inter-
est/involvement, anhedonia, and inertia. The anxi-
ety scale assesses autonomic arousal, skeletal mus-
cle effects, situational anxiety, and subjective ex-
perience of anxious affect. The stress scale is sen-
sitive to levels of chronic non-specific arousal, 
which includes difficulty relaxing, nervous 
arousal, being easily upset/agitated, irritable/over-
reactive, and impatient. Participants were asked to 
use 4-point severity/frequency (0= did not apply; 
and 3= applied very much or most of the time) 
scales to rate the extent to which they have experi-
enced each state over the past week. All the sub-
scales of the DASS questionnaire can be summed 
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to provide a total DASS score which provides a 
value for an individual’s combined symptoms of 
depression, anxiety, and stress. To remain in the 
study, participants’ DASS scores were required to 
be between 0-20 for depression, 0-14 for anxiety, 
and 0-25 for stress. If at any point participants ob-
tained a scored in the severe to extremely severe 
range for depression, anxiety, or stress then they 
were terminated from the study and referred to a 
psychologist. The results for the DASS question-
naire were calculated electronically. Participants 
completed the DASS questionnaire at pretest (day 
1), three weeks after starting the supplement (day 
21), and six weeks (day 42) after starting the sup-
plement. 

Multi-Strain PRO supplement 
The Winclove Ecologic Barrier supplement has 

been shown to be effective in alleviating symp-
toms of depression16,19. For the present study, par-
ticipants were instructed to take the supplement 
two times daily, once in the morning and evening, 
without food for the duration of the study. Any 
missed dosage(s) were not to be compensated for 
by taking twice the amount at the next designated 
time to take the supplement. The probiotic multi-
species supplement (Ecologic Barrier; 2.5 x 109 
CFU/g; daily dosage 2 g) contained nine, freeze-
dried strains of bacteria: B. bifidum (W23), B. lac-
tis (W51), B. lactis (W52), L. acidophilus (W22), 
L. brevis (W63), L. casei (W56), L. salivarius 
(W24), Lc. Lactis (W19), and Lc. Lactis (W58). 
The placebo supplement was a sugar, freeze-dried 
maize starch, maltodextrin dietary supplement that 
consisted of 200mg of sugar. Both supplements 
were in powder form and were mixed in a glass of 

room temperature water. The probiotic and pla-
cebo supplements were indistinguishable regard-
ing color, taste, and smell. The probiotic formula-
tion contains probiotic strains, maize starch, and 
maltodextrin; however, no prebiotics are included. 
The placebo formulation contains the same ingre-
dients as the probiotic formulation, except for the 
probiotic strains (Winclove Probiotics, Amster-
dam, the Netherlands). 

MyFitnessPal and Three-day log 
Participants were instructed not to change their 

dietary or exercise behaviors throughout the dura-
tion of the study. An important aspect of this study 
was to assess the effects of a probiotic supplement 
on mood disorders in the absence of any changes 
in dietary intake or physical activity. To ensure 
participant’s dietary intake and physical activity 
behaviors remained consistent throughout the du-
ration of the study, participants were instructed to 
record their macronutrient intake and exercise be-
haviors. Each week participants documented three 
days, 1 weekend and two weekdays of their mac-
ronutrient intake utilizing the application MyFit-
nessPal (MyFitnessPal Inc., 2005). MyFitnessPal 
has been shown to be a valid method for recording 
energy intake20. Additionally, participants were in-
structed to maintain a consistent training intensity 
and volume throughout the study. Participants 
were instructed to record their training habits 
(mode, intensity, and duration) every day for the 
duration of the study. Every three weeks partici-
pant’s dietary intake and physical activity logs 
were analyzed for consistency. Participants were 
terminated from the study if any inconsistencies 
occurred in their dietary intake or physical activity 
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levels. 
Pretest session 

Between 48-72 hours after the familiarization 
session, participants reported to the exercise sci-
ence laboratory for pretesting. Prior to the visit, 
participants were asked to fast eight hours and re-
frain from exercise and caffeine for 12 hours. After 
the participants completed the DASS question-
naire, they were given a three-week supply (42 sa-
chets) of the probiotic or placebo supplement, ac-
cording to the group that they were randomized 
too. Lastly, participants were given instructions for 
taking the supplement and recording their dietary 
intake and physical activity behaviors. 

Midpoint session 
Three weeks after the pretest session, partici-

pants reported back to the lab for data collection. 
Participants completed the DASS questionnaire, 
submitted their dietary intake and physical activity 
logs, and received their last three weeks supply of 
the supplement (42 sachets). Lastly, participant’s 
compliance for ingesting the supplement was rec-
orded by counting the number of sachets that was 
left from the previous three-week supply. To re-
main in the study, participants had to achieve at 
least a 70% compliance rate. 

Post-test 
Three weeks after the midpoint session (a total 

of six weeks of taking the supplement), partici-
pants reported back to the lab for data collection. 
Prior to the visit, participants were asked to fast 
eight hours and refrain from exercise and caffeine 
for 12 hours. Participants completed the DASS 
questionnaire, submitted their dietary intake and 
physical activity logs, and had their supplement 
compliance rate recorded. Lastly, participant’s 

weight and body mass index were recorded. 

Statistical Methods 
Statistical Package for the Social Sciences 

(SPSS) version 26.0 was used to analyze the data. 
Significance was set at p≤0.05. Descriptive statis-
tics were done on the participant’s characteristics. 
Total mood and symptoms of depression, anxiety, 
and stress were compared between probiotic and 
placebo groups by independent t-tests to detect the 
between groups effects at baseline, three weeks af-
ter taking a supplement, and six weeks after taking 
a supplement. To detect within-groups difference 
over time, four, 2x3 (supplement x time point) re-
peated measures ANOVA, was performed to as-
sess the effects of supplements on total mood and 
symptoms of depression, anxiety, and stress. To 
test the normality of the data, the sharpiro-wilkes 
test was performed. For the ANOVA tests, if a vi-
olation of sphericity was found using Mauchley’s 
test of sphericity (p<0.05), the Greenhouse-
Geisser corrected statistical values were reported. 
All assumptions were met unless otherwise noted. 
Bonferroni correction was used to measure the dif-
ferences between time points over groups (post-
hoc analysis). 

3. RESULTS 

Participants 
Forty-nine participants (15 males and 34 fe-

males) were included in the study and completed 
at least the pretest study visit (n=28 probiotics, n= 
21 placebo). There were no significant differences 
in participants demographic or anthropometric 
measurements between the probiotic and placebo 
supplement group. The participants’ baseline val-
ues are shown in Table 1. Participants’ compliance 
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rate for ingestion of the supplement throughout the 
entire duration of the study was 90.8% and 91% 
for the probiotic and placebo group, respectively. 
Participants physical activity and dietary behav-
iors remained similar throughout the study. An in-
dependent t-test did not show a significant differ-
ence between the probiotic and placebo supple-
ment groups for macronutrient intake (p=0.325) or 
physical activity (p=0.368) behaviors. A 2x2 
(group x time point) repeated measures ANOVA 
did not show a significant (p=0.973) difference in 

dietary intake between the placebo and probiotic 
supplement groups, as well as no significant dif-
ference (p=0.411) within groups during the dura-
tion of the study. Another 2x2 repeated measures 
ANOVA did not show a significant (p=0.249) dif-
ference in physical activity levels between supple-
ment groups, as well as no significant difference 
(p=0.134) within groups during the duration of the 
study. Participants’ scores from the DASS ques-
tionnaire are presented in Table 2 

 
 Placebo (n=21) Probiotic (n=28) p-value 
Age 20.4±.93 20.2±1.16 p = 4.20 
Height (cm) 170.3±3.97 170.7±4.02 p = 0.899 
Weight (kg) 92.5±56.5 85.3±44.8 p = 0.617 
BMI (kg/m2)  24.9±4.25 24.4±5.25 p = 0.721 

Table 1. Participants‘ baseline anthropometric information from the sample (n=42)- Values are pre-
sented as mean ± standard deviation. 

 
 Pretesting Mid-Session Posttesing 
 PLA PRO PLA PRO PLA PRO 

Total DASS 
score 

42.3±16.1 42.1±15.2 25.9±15.0 31.7±20.7 22.5±11.3 25.7±18.3 

Depression 
score 

11.4±8.1 10.8±7.2 6.0±5.6 8.6±8.8 5.6±5.2 6.7±6.7 

Anxiety 
score 

12.2±5.6 12.6±6.1 8.3±6.4 8.5±6.3 5.5±4.8 7.7±6.8 

Stress score 18.7±7.5 18.7±8.0 11.6±5.1 14.1±8.3 11.1±4.7 11.3±7.4 
Table 2. Participants’ scores from the DASS questionnaire (n=42). Values are presented mean ± stand-
ard deviation. 
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Total Score of DASS 
Maulchy’s test of sphericity (p<0.001) was vio-

lated, and the Greenhouse-Geisser was used to ad-
just for the lack of sphericity. A between groups 
repeated measures ANOVA showed no significant 
(p=0.331) supplement * time interaction. There 
was a significant (p<0.001) main effect for time. 
Bonferroni post-hoc test revealed individual’s to-
tal DASS score who received the placebo supple-
ment significantly improved from pretest (39.27 ± 
4.30) to mid-session (22.53 ± 3.86) and pretest 
(39.27 ± 4.30) to posttest (21.13 ± 2.82). Interest-
ingly, individual’s total DASS score who received 
the probiotic supplement significantly improved 
from pretest (37.92 ± 4.38) to mid-session (23.42 
± 4.85), pretest (37.92 ± 4.38) to posttest (17.50 ± 
4.38), and mid-session (23.42 ± 4.85) to posttest 

(17.50 ± 4.38). Thus, total DASS score decreased 
in participants as a whole from baseline to posttest, 
irrespective of supplement; however, individuals 
who received the multi-strain probiotic supple-
ment had a decrease in DASS score from mid-ses-
sion to posttest (Figure 2). There was no signifi-
cant (p >0.05) main effect for supplement. Partici-
pants’ symptoms for depression, anxiety, and 
stress improved by 20.4% and 18.1% from pretest 
to posttest in the probiotic and placebo supplement 
groups, respectively. 

Independent t-tests did not show a significant 
difference (p >0.05) in individual’s total DASS 
score between a probiotic and placebo supplement 
at baseline, three weeks after taking a supplement, 
and six weeks after taking a supplement. 

 

 
Figure 2. Comparison of Total DASS score between placebo and probiotic supplement groups at pre-
test, mid-session, and posttest. Participants that ingested the probiotic supplement significantly im-
proved their total DASS score from pretest to mid-session (p≤0.00; Δ), mid-session to posttest (p≤0.00; 
Ⴕ), and pretest to posttest (p≤0.00; Ο). The placebo supplement significantly improved participants’ 
total DASS score from pretest to mid-session (p≤.00; *) and pretest to posttest (p≤0.00; ¤). 
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Symptoms of Depression 
A between groups repeated measures ANOVA 

showed no significant (p=0.175) interaction be-
tween supplement * time. There was a significant 
(p<0.001) main effect for time. Individual’s symp-
toms for depression who received the placebo sup-
plement significantly improved from pretest 
(11.37 ± 1.85) to mid-session (6.0 ± 1.3) and pre-
test (11.37 ± 1.85) to posttest (5.6 ± 1.20). How-
ever, individual’s symptoms for depression who 
received the probiotic supplement significantly 
improved from pretest (10.78 ± 1.50) to posttest 

(6.65 ± 1.39) (Figure 3). There was no significant 
(p>0.05) main effect for supplement. Participants’ 
symptoms for depression improved by 4.1% and 
5.7% from pretest to posttest in the probiotic and 
placebo supplement groups, respectively. 

Independent t-tests did not show a significant 
difference (p>0.05) in individual’s symptoms for 
depression between a probiotic and placebo sup-
plement at baseline, three weeks after taking a sup-
plement, and six weeks after taking a supplement. 

 

 

 
Figure 3. Symptoms of depression between the probiotic and placebo supplement groups at pretest, 
mid-session, and posttest. Participants that ingested the probiotic supplement significantly improved 
their symptoms of depression from pretest to posttest (p=0.009; Ο). The placebo supplement signifi-
cantly improved participants’ symptoms of depression from pretest to mid-session (p≤0.00; *) and pre-
test to posttest (p=0.001; ¤). 
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A between groups repeated measures ANOVA 
showed no significant (p=0.479) supplement * 
time interaction. There was a significant (p<0.001) 
main effect for time. Individual’s symptoms for 

anxiety who received the placebo supplement sig-
nificantly improved from pretest (12.16 ± 1.29) to 
mid-session (8.26 ± 1.47) and pretest (12.16 ± 
1.29) to posttest (5.53 ± 1.09). Similarly, individ-
ual’s symptoms for anxiety who received the pro-
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biotic supplement significantly improved from 
pretest (12.57 ± 1.26) to mid-session (8.52 ± 1.31) 
and pretest (12.57 ± 1.26) to posttest (7.70 ± 1.4). 
Results shown in Figure 4. There was no signifi-
cant (p>0.05) main effect for supplement. Partici-
pants’ symptoms for anxiety improved by 4.9% 
and 6.6% from pretest to posttest in the probiotic 

and placebo supplement groups, respectively.  
Independent t-tests did not show a significant 

difference (p>0.05) in individual’s symptoms of 
anxiety between a probiotic and placebo supple-
ment at baseline, three weeks after taking a supple-
ment, and six weeks after taking a supplement. 

 

 
Figure 4. Symptoms of anxiety between the probiotic and placebo supplement groups at pretest, mid-
session, and posttest. Participants that ingested the probiotic supplement significantly improved their 
symptoms of anxiety from pretest to mid-session (p=.013; Δ) and pretest to posttest (p=.009; Ο). The 
placebo supplement significantly improved participants’ symptoms of depression from pretest to mid-
session (p≤.018; *) and pretest to posttest (p≤.000; ¤). 
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(11.30 ± 1.53) (Figure 5). There was no significant 
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difference (p>0.05) in individual’s symptoms for 
stress between a probiotic and placebo supplement 
at baseline, three weeks after taking a supplement, 
and six weeks after taking a supplement. Interven-
tionary studies involving animals or humans, and 

other studies that require ethical approval, must list 
the authority that provided approval and the corre-
sponding ethical approval code.  

 

 
Figure 5. Symptoms of stress between the probiotic and placebo supplement groups at pretest, mid-ses-
sion, and posttest. Participants that ingested the probiotic supplement significantly improved their total 
DASS score from pretest to mid-session (p=.014; Δ), mid-session to posttest (p=.009; Ⴕ), and pretest to 
posttest (p=.001; Ο). The placebo supplement significantly improved participants’ total DASS score 
from pretest to mid-session (p≤.00; *) and pretest to posttest (p=.001; ¤). 
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intervention in the probiotic group compared 
to the placebo supplement group. Partici-
pants that consumed the placebo supplement 
showed an acute, immediate improvement in 
total DASS score and symptoms of stress 
from pretest to three weeks but did not sig-
nificantly improve from three weeks to six 
weeks post supplement ingestion. In contrast, 
participants that consumed the probiotic sup-
plement showed acute, immediate improve-
ment in total DASS score and symptoms of 
stress during the first three weeks, as well as 
between three and six weeks of supplement 
ingestion.  
Depression 

At the end of six weeks, participant’s 
symptoms of depression were significantly 
lower after ingesting either a probiotic or pla-
cebo supplement. Similarly, a study done by 
Chahwan and colleagues19 found that after 
eight weeks of consuming either a probiotic 
or placebo supplement depressive symptoms 
were reduced between pre-intervention and 
post-intervention assessment. Additionally, a 
study by Romjin and colleagues24 did not 
find a significant difference in symptoms for 
depression after eight weeks of ingestion of 
either a probiotic or a placebo supplementa-
tion in healthy individuals. Improvement in 
symptoms of depression for the placebo sup-
plement group may be explained by the pla-
cebo-effect, which has commonly been re-
ported in participants undergoing treatment 
for depression23. The placebo-effect regu-
lates the dopaminergic reward mechanism 
which is controlled by individuals’ expecta-

tion of receiving treatment22,23. In the current 
study, participants’ expectation of receiving 
the probiotic supplement may have led to the 
activation of the dopaminergic reward mech-
anism which then may have improved their 
symptoms of depression23. Due to the bi-di-
rectional relationship between the brain and 
intestinal microbiome, any improvement in 
the neurological or intestinal environment 
would result in positive feedback that would 
lead to further improvements in both areas. 
That is, improvement in the neurological en-
vironment may have positively affected the 
composition of the gut microbiome which 
then may have led to improvements in mental 
health25-27. However, participants’ dopamine 
levels nor stool was sampled in the current 
study, and thus, these specific changes in the 
neurological and intestinal environments 
cannot be confirmed. 

Nevertheless, Wallace and Milev8 found a 
significant reduction in symptoms of depres-
sion between baseline, four weeks, and eight 
weeks in moderately clinically depressed in-
dividuals aged between 18-65 years of age. 
The difference in results may be explained by 
the current study enrolling healthy, college-
aged individuals who were not clinically di-
agnosed with a mood disorder. Slykermann 
and colleagues26 reported a significant im-
provement in postpartum depressive and 
anxiety symptoms in women after consum-
ing a daily probiotic supplement for approx-
imately one year. The difference in outcomes 
between this study and the current study may 
be explained by the probiotic strains and 
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length of supplement ingestion. Slykerman 
and colleagues26 used Lactobacillus rhamno-
sis HN001, whereas the current study used a 
multi-strain probiotic supplement that did not 
include this strain. The Winclove multi-
species probiotic formulation is selected to 
strengthen the intestinal barrier and reduce 
low grade inflammation28. A study by Akka-
sheh and colleagues13 found that probiotic 
administration in patients with major depres-
sive disorder had beneficial effects on symp-
toms of depression, measured by the Beck 
Depressive Inventory total score. The differ-
ence in results may be explained by partici-
pants in the current study not having a mood 
disorder clinical diagnosis. Still, a study by 
Steenbergen and colleagues16 found that after 
four weeks of ingesting a multi-strain probi-
otic, depressive-like thoughts in participants, 
without mood disorders, when in a sad mood 
decreased when compared to individuals 
who consumed a placebo supplement. The 
difference in results may be explained by this 
study assessing symptoms of depression 
through the Leiden index of depression sen-
sitivity scale (LEIDS) and Beck depression 
inventory II (BDI-II), whereas the current 
study assessed depression from a subscale of 
the DASS questionnaire. The LEIDS 
measures cognitive reactivity to sadness, 
which is an aspect of cognitive vulnerability 
to depression, and the BDI-II measures the 
severity of depression in individuals29,30. The 
DASS questionnaire is different from the 
LEIDS and BDI-II because it assesses funda-
mental symptoms of depression, anxiety, and 

stress as opposed to severity of a condition. 
Additionally, data collection in the Steenber-
gen and colleagues16 study occurred when 
participants were in a sad mood, whereas in 
the current study participants’ mood was not 
assessed during data collection. Therefore, it 
is possible that mood states between partici-
pants in the probiotic and placebo groups 
were not similar which could have made 
changes in symptoms between groups diffi-
cult to compare. 
Anxiety 

At the end of six weeks participant’s 
symptoms of anxiety were significantly 
lower after ingesting either a probiotic or pla-
cebo supplement. Improvement in symptoms 
of anxiety in the placebo group may be re-
lated to the effect that placebos have on the 
activation of the dopamine-related reward 
mechanism23. Evidence suggests that dysreg-
ulation of neurotransmitters and their recep-
tors can lead to mood disorders, termed ‘re-
ward deficiency syndrome’23,31. In fact, do-
pamine plays an important role in anxiety 
modulation31. Few research studies have as-
sessed the effects of a probiotic supplemen-
tation on symptoms of anxiety, especially in 
humans. A study conducted by Tran et al.11 
found that four-weeks of a probiotic supple-
mentation significantly reduced panic anxi-
ety and negative affect in healthy college-
aged in-dividuals when compared to a pla-
cebo supplement. In the current study anxiety 
was measured as a subcomponent of the 
DASS questionnaire whereas Tran and col-
leagues11 measured anxiety in a variety of 
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questionnaires including Beck anxiety inven-
tory, anxiety control questionnaire- revised, 
and Penn State worry questionnaire. A possi-
ble explanation for the benefits of a probiotic 
supplement in reducing anxiety is through 
enhancing gene expression of a neurotrophic 
factor that is part of the HPA axis32. 

Stress 
At the end of six weeks participant’s 

symptoms of stress were significantly lower 
after ingesting either a probiotic or placebo 
supplement. Improvement in symptoms of 
stress in the placebo group may be explained 
by the placebo analgesia which suggests that 
placebos can induce biochemical changes 
within the brain that result in the release of 
endogenous opioids and an increase in cere-
bral blood flow23. The results of this study 
differ from previous studies. A study by Sal-
leh et al.32 found that stress and anxiety in 
healthy, college-aged badminton players was 
significantly lower after daily consumption 
of a probiotic supplement for six weeks, but 
there was no significant difference in stress 
and anxiety levels in participants who con-
sumed the placebo supplement. Likewise, a 
study by Papalini et al.9 found that four 
weeks of a probiotic supplementation, when 
compared to a placebo supplement, signifi-
cantly improved cognitive response to acute 
stressors in healthy female participants be-
tween 18-40 years of age. It is important to 
note that stress measured in the current study 
was strictly psychology whereas the stress 
measured in the study by Papalini and col-
leagues9 was both physical and psychology 

stress which was measured directly in the la-
boratory during a stress induced test. Addi-
tionally, a study conducted by Callaghan et 
al.33 found that a probiotic supplementation 
reversed generational early-life stressors in 
rats. Changes in stress and anxiety following 
probiotic supplementation might be ex-
plained by the bidirectional communication 
between the gut microbiota and the brain. 
The bidirectional interaction can be strength-
ened through a probiotic supplementation by 
having the intestinal microbiota interact with 
the central nervous system, primarily 
through the vagus nerve32. 

Limitations and Future Direction 
The present study had limitations that 

must be considered. One limitation of the 
study was the duration of supplementation 
ingestion. A study by de Roos et al.34 re-
vealed that symptoms of migraines decreased 
in participants between 5-8 weeks after pro-
biotic supplementation began, but no im-
provement in migraine symptoms was ob-
served before that time frame. It may be that 
the length of supplementation duration for 
the current study was not long enough to as-
sess maximum benefit of probiotic ingestion, 
which is supported by the results from the 
present study that highlight participants con-
tinued improvement in mental health symp-
toms between three and six weeks of probi-
otic supplement ingestion. Additionally, die-
tary and physical activity amongst partici-
pants was not controlled for. Participants 
were instructed to not change eating or phys-
ical activity behaviors, but there was a lot of 
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variability in these factors between partici-
pants. Dietary intake and exercise have been 
shown to influence the composition of the 
gut microbiota25,35. Furthermore, participants 
were not clinically diagnosed with any mood 
disorders, and were excluded from the study 
if their symptoms for depression, anxiety, 
and stress were scored greater than moderate 
on the DASS questionnaire. Thus, seeing im-
provements in individuals who are consid-
ered healthy and asymptomatic can be chal-
lenging. Research evaluating the effects of a 
multi-strain probiotic supplement on symp-
toms of anxiety in college-aged individuals is 
warranted. Additionally, the effects of exog-
enous ketones and probiotic supplementation 
on mood disorders has potential to alleviate 
symptoms through influencing the composi-
tion of the gut microbiome which then may 
beneficial influence the central nervous sys-
tem25. 

5. CONCLUSION 
Probiotic supplementation has been 

shown to confer cognitive health benefits. 
The aim of the present study was to assess 
the effects of a probiotic, and placebo, sup-
plement on symptoms of depression, anxiety, 
and stress in healthy, college-aged individu-
als. The results from the present study sup-
port the notion that a probiotic supplement 
improves symptoms of depression, anxiety, 
and stress in healthy, asymptomatic college-
aged individuals. Interestingly, symptoms of 
depression, anxiety, and stress also improved 

in individuals’ consuming the placebo sup-
plement. The placebo-effect has been com-
monly found in neurological conditions due 
to the expected benefits of seeking treatment, 
regardless of the treatment content22,23. The 
bidirectional communication between the 
gastrointestinal tract and the brain sugg-ests 
that the composition of the gut microbiome 
impacts cognitive activity, and the neurolog-
ical environment impacts the composition of 
the gut microbiome25-27. Thus, as partici-
pants’ mood improves, beneficial changes 
may occur in the intestinal microbiome, 
which can lead to further improvement in 
mental health. The findings from the present 
study support that the daily routine involved 
with preparation and consumption of a pro-
biotic supplement positively impacts partici-
pants’ mood and can improve mental health. 
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