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Abstract 

Background: Probiotics have been hypothesized to improve symptoms of Major Depressive Disorder 

(MDD). Evidence suggests that these outcomes may be driven by probiotics reducing inflammation and 

regulating neurotransmission through the gut-brain axis. 

 

Objectives: 1) Systematically review the current literature on the effects of probiotics in mental health in 

humans; 2) Examine the efficacy, safety, and tolerability of a probiotic supplement on depression in a 

pilot study; 3) Develop a protocol for a double-blind randomized placebo-controlled trial to examine the 

effects of a probiotic supplement on depression; 4) Compare the clinical effects of a probiotic supplement 

versus placebo on depression to determine whether probiotics may have a role in alleviating symptoms of 

depression; 5) Examine molecular and microbial activity for possible mechanistic underpinnings of the 

relationship between probiotics and depression. 

 

Methods: I started by systematically reviewing the literature to evaluate the current state of the evidence 

and identify areas for further examination. I then implemented an 8-week open-label pilot study 

examining the effects of a probiotic supplement containing Lactobacillus helveticus R0052 and 

Bifidobacterium longum R0175 on symptoms of depression in treatment-naïve adults diagnosed with 

MDD. Using data and knowledge acquired from the pilot work, I developed a protocol for a 16-week 

double-blinded randomized placebo-controlled trial (DBRCT) to further examine these effects and 

explore potential blood-based biomarkers and microbiome composition for response predictors and 

underlying mechanisms. 

 

Results: My systematic review of the literature revealed promising preliminary evidence for probiotics 

alleviating symptoms of depression but highlighted significant gaps and inconsistencies in the current 

literature. In our pilot work, we observed significant improvements in depressive symptoms following 

probiotic supplementation. However, findings from our DBRCT did not support the pilot findings. We 

found that probiotics were no superior to placebo in reducing depressive symptoms which was reflected 

in no significant group differences in blood-based biomarkers. However, building off our pilot work, 

analyses revealed potentially important differences in microbiome composition between probiotic 

responders and non-responders.  
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Conclusions: These findings add to the growing body of research in this emerging field and provide 

crucial direction for developing future studies to examine the relationship between probiotics and MDD. 



 

 

v 

Co-Authorship 

Much of the work presented in this thesis has either been published or submitted to peer-

reviewed journals and is the result of collaborative work with my peers and mentors. Chapters 

Two and Three were co-authored with my supervisor, Dr. Roumen Milev. Chapter Four was 

co-authored with Dr. Milev, our collaborator, Dr. Jane Foster, and Dr. Foster’s students Rachael 

Horne and Cassandra Francella. Chapter Five was co-authored with Dr. Milev, Dr. Foster, and 

our colleague Dr. Claudio Soares. Chapter Six was co-authored with Dr. Milev, Dr. Foster, and 

graduate students Evan Forth and Morgan Sutherland.  

 

Chapter 2: The Effects of Probiotics on Depressive Symptoms in Humans: A Systematic 

Review 

Status: Published. 

Citation: Wallace CJK, Milev R. The effects of probiotics on depressive symptoms in humans: a 

systematic review. Annals of general psychiatry, 2017;16(1):14. 

Copyright permission: No permission required: “Authors retains the right to use his/her article 

for his/her further scientific career by including the final published journal article in other 

publications such as dissertations and postdoctoral qualifications provided acknowledgement is 

given to the original source of publication.” 

Relative contributions to manuscript: Caroline Wallace conceived the idea and hypotheses, 

designed and performed the literature review, wrote first draft, and revised all drafts. Roumen 

Milev contributed to the screening and selection of included studies and edited and approved the 

final manuscript. 

 



 

 

vi 

Chapter 3: The Efficacy, Safety, and Tolerability of Probiotics on Depression: Clinical Results 

from an Open-Label Pilot Study 

Status: Published. 

Citation: Wallace CJK, Milev RV. The Efficacy, Safety, and Tolerability of Probiotics on 

Depression: Clinical Results from an Open-Label Pilot Study. Frontiers in Psychiatry, 

2021;12:132.  

Copyright permission: No permission required: “This article was published under a Creative 

Commons attribution licence. This means that the use, distribution or reproduction in other 

forums is permitted, provided the original author(s) or licensor are credited and that the original 

publication in this journal is cited, in accordance with accepted academic practice.” 

Relative contributions to manuscript: Caroline Wallace, together with her supervisor, Roumen 

Milev, conceived the research hypothesis and study design. Caroline collected, analyzed, and 

interpreted patient data, wrote the first draft, and revised all drafts.  

 

Chapter 4: Molecular and Microbial Underpinnings of the Effects of Probiotics on Depression: 

Results from an Open-Label Pilot Study 

Status: Not yet submitted. 

Citation: Wallace CJK, Horne R, Francella C, Foster JA, Milev RV. Molecular and microbial 

underpinnings of the effects of probiotics on depression: results from an open-label pilot study. 

Not yet submitted. 

Copyright permission: N/A 

Relative contributions to manuscript: Caroline Wallace, together with her supervisor, Roumen 

Milev, conceived the research hypothesis and study design. Caroline collected and interpreted 



 

 

vii 

(with input and expertise from Jane Foster) all data. Rachael Horne and Cassandra Francella 

performed microbiome analysis. Caroline wrote the first draft and revised all drafts.  

 

Chapter 5: The Effects of Probiotics on Symptoms of Depression: Protocol for a Double-Blind 

Randomized Placebo-Controlled Trial 

Status: Published. 

Citation: Wallace CJK, Foster JA, Soares CN, Milev RV. The Effects of Probiotics on 

Symptoms of Depression: Protocol for a Double-Blind Randomized Placebo-Controlled Trial. 

Neuropsychobiology, 2020;79(1-2):108-16. 

Copyright permission: No permission required: “The author is permitted to include the 

preprint, AAM (postprint) or likewise the VoR in his/her MSc or PhD thesis immediately after 

publication of the VoR and without consideration of any embargo period.” 

Relative contributions to manuscript: Caroline Wallace, together with her supervisor, Roumen 

Milev, conceived the study design. As co-investigators, Jane Foster and Claudio Soares provided 

crucial input for the study design in their respective areas of expertise. Caroline wrote the first 

draft of the manuscript and revised all drafts. All authors read and approved the final manuscript.  

 

Chapter 6: Comparing the Clinical Effects of Probiotics Versus Placebo on Depression and 

Molecular and Microbial Activity for Mechanistic Underpinnings 

Status: Not yet submitted. 

Citation: Wallace CJK, Forth E, Sutherland M, Foster JA, Milev RV. Comparing the clinical 

effects of probiotics versus placebo on depression and molecular and microbial activity for 

mechanistic underpinnings. Not yet submitted. 



 

 

viii 

Copyright permission: N/A 

Relative contributions to manuscript: Caroline Wallace, together with her supervisor, Roumen 

Milev, conceived the research hypothesis and study design. Caroline collected, analyzed, and 

interpreted patient data, wrote the first draft, and revised all drafts. Jane Foster provided crucial 

input for the study design and interpretation of microbiome data. Evan Forth and Morgan 

Sutherland contributed to the collection of patient data.  

 



 

 

ix 

Acknowledgements 

I would first like to gratefully acknowledge my supervisor, Dr. Roumen Milev, who gave me 

enough guidance to succeed but enough freedom to learn, and no matter what crazy idea I 

brought forward, never said “no”.  

 

Thank you to my doctoral advisory committee members and co-authors on the papers that 

contributed to this thesis for their time, expertise, and support, especially Dr. Jane Foster who 

provided countless opportunities and hours of training and mentorship.  

 

A huge thank you to my peers and colleagues in the Queen’s Centre for Neuroscience Studies 

and Department of Psychiatry at Providence Care Hospital, without whom I would have never 

made it through the past six years: Robyn Cardy, Hannah Taalman, Dr. Emily Hawken, Dr. 

Lauren Mak, Ashleigh Forsyth, Arthi Chinna Meyyappan, Evan Forth, and Emily Kasurak. 

Special thanks to Gisele Berube for always coming through on my constant stream of 

administrative requests. 

 

Finally, I am grateful for the support I have received from the Canadian Biomarker Integration 

Network in Depression, Ontario Brain Institute, Mitacs, and Lallemand Health Solutions. 
 



 

 

x 

Table of Contents 

Dedication ......................................................................................................................................................ii 

Abstract ........................................................................................................................................................ iii 

Co-Authorship ............................................................................................................................................... v 

Acknowledgements ....................................................................................................................................... ix 

List of Figures ............................................................................................................................................ xiii 

List of Tables .............................................................................................................................................. xiv 

List of Abbreviations ................................................................................................................................... xv 

Chapter 1 INTRODUCTION ........................................................................................................................ 1 

1.1 Introduction.......................................................................................................................................... 1 

1.2 Rationale .............................................................................................................................................. 2 

1.3 Objectives ............................................................................................................................................ 3 

1.4 References ............................................................................................................................................ 4 

Chapter 2 THE EFFECTS OF PROBIOTICS ON DEPRESSIVE SYMPTOMS IN HUMANS: A 

SYSTEMATIC REVIEW .............................................................................................................................. 5 

2.1 Prologue ............................................................................................................................................... 5 

2.2 Manuscript Information ....................................................................................................................... 5 

2.3 Manuscript ........................................................................................................................................... 6 

2.3.1 Abstract ......................................................................................................................................... 6 

2.3.2 Introduction................................................................................................................................... 6 

2.3.3 Methods ...................................................................................................................................... 10 

2.3.4 Results......................................................................................................................................... 11 

2.3.5 Discussion ................................................................................................................................... 15 

2.3.6 References ................................................................................................................................... 22 

Chapter 3 THE EFFICACY, SAFETY, AND TOLERABILITY OF PROBIOTICS ON DEPRESSION: 

CLINICAL RESULTS FROM AN OPEN-LABEL PILOT STUDY ......................................................... 32 

3.1 Prologue ............................................................................................................................................. 32 

3.2 Manuscript Information ..................................................................................................................... 32 

3.3 Manuscript ......................................................................................................................................... 33 

3.3.1 Abstract ....................................................................................................................................... 33 

3.3.2 Introduction................................................................................................................................. 34 

3.3.3 Materials and Methods ............................................................................................................... 36 

3.3.4 Results......................................................................................................................................... 38 



 

 

xi 

3.3.5 Discussion ................................................................................................................................... 39 

3.3.6 References ................................................................................................................................... 46 

Chapter 4 MOLECULAR AND MICROBIAL UNDERPINNINGS OF THE EFFECTS OF 

PROBIOTICS ON DEPRESSION: RESULTS FROM AN OPEN-LABEL PILOT STUDY ................... 54 

4.1 Prologue ............................................................................................................................................. 54 

4.2 Manuscript Information ..................................................................................................................... 54 

4.3 Manuscript ......................................................................................................................................... 55 

4.3.1 Abstract ....................................................................................................................................... 55 

4.3.2 Introduction................................................................................................................................. 56 

4.3.3 Materials and Methods ............................................................................................................... 58 

4.3.4 Results......................................................................................................................................... 60 

4.3.5 Discussion ................................................................................................................................... 61 

4.3.6 References ................................................................................................................................... 65 

Chapter 5 THE EFFECTS OF PROBIOTICS ON SYMPTOMS OF DEPRESSION: PROTOCOL FOR A 

DOUBLE-BLIND RANDOMIZED PLACEBO-CONTROLLED TRIAL ................................................ 71 

5.1 Prologue ............................................................................................................................................. 71 

5.2 Manuscript Information ..................................................................................................................... 71 

5.3 Manuscript ......................................................................................................................................... 72 

5.3.1 Abstract ....................................................................................................................................... 72 

5.3.2 Introduction................................................................................................................................. 73 

5.3.3 Methods ...................................................................................................................................... 76 

5.3.4 Results......................................................................................................................................... 83 

5.3.5 Discussion ................................................................................................................................... 84 

5.3.6 References ................................................................................................................................... 86 

Chapter 6 COMPARING THE CLINICAL EFFECTS OF PROBIOTICS VERSUS PLACEBO ON 

DEPRESSION AND MOLECULAR AND MICROBIAL ACTIVITY FOR MECHANISTIC 

UNDERPINNINGS ..................................................................................................................................... 98 

6.1 Prologue ............................................................................................................................................. 98 

6.2 Manuscript Information ..................................................................................................................... 98 

6.3 Manuscript ......................................................................................................................................... 99 

6.3.1 Abstract ....................................................................................................................................... 99 

6.3.2 Introduction............................................................................................................................... 100 

6.3.3 Methods .................................................................................................................................... 102 

6.3.4 Results....................................................................................................................................... 105 



 

 

xii 

6.3.5 Discussion ................................................................................................................................. 108 

6.3.6 References ................................................................................................................................. 111 

6.3.7 Appendix 6-1: Relative abundance taxonomic legend ............................................................. 120 

Chapter 7 DISCUSSION ........................................................................................................................... 123 

7.1 Summary of Findings ...................................................................................................................... 123 

7.2 Strengths and Limitations ................................................................................................................ 127 

7.3 Implications ..................................................................................................................................... 129 

7.4 Directions for Future Research ........................................................................................................ 131 

7.5 Conclusions...................................................................................................................................... 135 

7.6 References ........................................................................................................................................ 136 

Appendix A Health Science Research Ethics Board Approval – Pilot Study ........................................... 142 

Appendix B Health Science Research Ethics Board Approval – DBRCT ................................................ 144 

 



 

 

xiii 

List of Figures 

Figure 2-1. Flow chart of systematic literature search and selection process using Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) process. ..................................................... 29 

Figure 3-1. A: Early significant improvements in overall depressive symptomatology as measured by the 

MADRS and QIDS-SR16. B: Similar significant improvements in anhedonia as measured by the SHAPS.

 ..................................................................................................................................................................... 52 

Figure 3-2. A: Significant improvements in anxiety as measured by the GAD-7 and STAI. B: Delayed 

significant improvements in subjective sleep quality as measured by the PSQI. ........................................ 52 

Figure 4-1. No significant changes observed in concentrations of blood-based biomarkers over time. ..... 68 

Figure 4-2. Bray-Curtis principal coordinate analysis (PCoA) plots of beta diversity highlighting (A) 

individual differences and (B) sex differences in microbiome composition. .............................................. 69 

Figure 4-3. Relative abundance of taxa observed in individual microbiome samples, grouped by sex. ..... 70 

Figure 5-1. Summary of the protocol design. .............................................................................................. 94 

Figure 6-1. No significant differences observed between probiotic and placebo groups on the clinician-

rated primary outcome measure of global depressive symptoms measured by the MADRS (A), nor on the 

self-reported QIDS-SR16 (B). CR: Clinician-rated; SR: Self-reported. ................................................... 116 

Figure 6-2. No significant differences observed between probiotic and placebo groups on clinical 

dimensions of depressive symptoms. ........................................................................................................ 116 

Figure 6-3. Unweighted Unifrac principal coordinate analysis (PCoA) plots of beta diversity grouped by 

(A) Participant ID, (B) Sex (female=green; male=lilac), and (C) Response to the probiotic (non-

responder=blue; responder=green). ........................................................................................................... 117 

Figure 6-4. Relative abundance of taxa observed in individual samples, categorized by response to the 

probiotic. Yes: Responder; No: Non-responder; NA: No week 8 sample to determine response status. See 

Appendix 6-1 for taxonomic legend. ......................................................................................................... 118 

Figure 6-5. Key taxa differences identified using Linear discriminant analysis Effect Size (LEfSe) of 

relative bacterial proportions between responders (Yes) and non-responders (No). ................................. 119 

 



 

 

xiv 

List of Tables 

Table 2-1. Characteristics of included studies. ............................................................................................ 30 

Table 3-1. Full inclusion and exclusion criteria. ......................................................................................... 51 

Table 3-2. Summary of study sample demographics. .................................................................................. 51 

Table 5-1. Pilot study descriptive statistics. ................................................................................................ 94 

Table 5-2. Inclusion criteria. ........................................................................................................................ 95 

Table 5-3. Exclusion criteria. ....................................................................................................................... 95 

Table 5-4. Study visit schedule. ................................................................................................................... 96 

Table 6-1. Sample characteristics and demographic information.............................................................. 115 

Table 6-2. Clinical data statistical analysis results. ................................................................................... 115 

Table 7-1. Summary of double-blinded randomized placebo-controlled trials examining the effects of 

probiotics on depression in clinical samples. ............................................................................................ 141 

 



 

 

xv 

List of Abbreviations 

 

ACTH: Adrenocorticotrophic hormone 

AD: Antidepressant 

ANOVA: Analysis of variance 

App: Application 

APT: Attention and Perceptivity Test 

BAI: Beck Anxiety Inventory 

BBB: Blood-brain barrier 

BDI: Beck Depression Inventory 

BDNF: Brain-derived neurotrophic factor 

BFI: Big Five Inventory 

BIS/BAS: Behavioural Inhibition System and Behavioural Activation System 

BMI: Body mass index 

BOLD: Blood oxygenation level dependent 

C-DHQ-II: Canadian Diet History Questionnaire 

CAN-BIND: Canadian Biomarker Integration Network in Depression 

CCL: Coping Checklist 

CECA: Childhood Experiences of Care and Abuse 

CFS: Chronic Fatigue Syndrome 

CFU: Colony Forming Unit 

CGI: Clinical Global Impression scale 

CINAHL: Cumulative Index to Nursing and Allied Health Literature 



 

 

xvi 

CNS: Central Nervous System 

CNSVS: Central Nervous System Vital Signs 

CRP: C-reactive protein 

CVLT: California Verbal Learning Test 

DARS: Dimensional Anhedonia Rating Scale 

DASS-42: Depression, Anxiety, and Stress Scale 

DBRCT: Double-blinded randomized placebo-controlled trial 

DNA: Deoxyribonucleic acid 

DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, 4th edition 

DST: Digit Span Test 

DTI: Diffuse Tensor Imaging 

ECT: Electroconvulsive Therapy 

EDTA: Ethylenediaminetetraacetic acid 

ELISA: Enzyme-linked immunoabsorbent assay 

EPI: Echo-planar imaging 

FGF: Basic fibroblast growth factor 

fMRI: Functional magnetic resonance imaging 

FOS: Fructooligosaccharide 

G-CSF: Granulocyte colony stimulating factor 

GABA: Gamma-aminobutyric acid 

GAD-7: Generalized Anxiety Disorder 7-item scale 

GAF: Global Assessment of Functioning 

GDS-SF: Geriatric Depression Scale 



 

 

xvii 

GF: Germ-free 

GI: Gastrointestinal  

GM-CSF: Granulocyte-macrophage colony stimulating factor 

HADS: Hospital Anxiety and Depression Scale 

HAM-D: Hamilton Depression Rating Scale 

HPA: Hypothalamic-pituitary adrenal (axis) 

HSCL-90: Hopkins Symptom Checklist 

iFABP: Intestinal fatty acid binding protein 

IFN: Interferon 

IL: Interleukin 

IP: Interferon gamma-induced protein 

IP: Investigational product 

IPAQ: International Physical Activity Questionnaire 

ITT: Intent-to-treat 

LEAPS: Lam Employment and Satisfaction Questionnaire 

LEDS: Life Events and Difficulties Schedule 

LEfSe: Linear discriminant analysis Effect Size 

LEIDS-R: Leiden Index of Depression Sensitivity 

LHS: Lallemand Health Solutions 

LOCF: Last observation carried forward 

LPS: Lipopolysaccharide 

M-Health: Mobile health 

MADRS: Montgomery-Åsberg Depression Rating Scale 



 

 

xviii 

MAMP: Microbe-Associated Molecular Pattern 

MAOI: Monoamine Oxidase Inhibitor 

MCP/MCAF: Monocyte chemoattractant protein 

MDD: Major Depressive Disorder 

MINI: Mini International Neuropsychiatric Interview 

MIP: Macrophage inflammatory protein 

miRNA: Micro ribonucleic acid  

MRI: Magnetic resonance imaging 

mRNA: Messenger ribonucleic acid  

NEO-FFI: NEO Five-Factor Inventory 

NHP: Natural Health Product 

NMDA: N-methyl-D-aspartic acid 

OTU: Operational taxonomic unit 

PAM: Photographic Affect Meter 

PCoA: Principal Coordinate Analysis 

PDGF: Platelet-derived growth factor 

PHQ-8: Patient Health Questionnaire 

POMS: Profile of Mood States 

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

PSG: Polysomnography 

PSQI: Pittsburgh Sleep Quality Index 

PSS: Perceived Stress Scale 

Q-LES-Q: Quality of Life, Enjoyment, and Satisfaction Questionnaire 



 

 

xix 

QIIME: Quantitative Insights Into Microbial Ecology 

QIDS-SR16: Quick Inventory of Depressive Symptomatology 16-item self-report 

qPCR: Quantitative polymerase chain reaction 

RANTES: Chemokine ligand 5 

RCT: Randomized Control Trial 

REM: Rapid Eye Movement 

RNA: Ribonucleic acid  

rRNA: Ribosomal ribonucleic acid 

RVIP: Rapid visual information-processing 

SCL-90: Symptom Checklist 

SCFA: Short Chain Fatty Acid 

SDS: Sheehan Disability Scale 

SHAPS: Snaith Hamilton Pleasure Scale 

SNRI: Serotonin and Norepinephrine Reuptake Inhibitor 

SPAI-23: Social Phobia and Anxiety Inventory 

SPSS: Statistical Package for Social Sciences 

SRT: Story Recall Test 

SSRI: Selective Serotonin Reuptake Inhibitor 

STAI: State-Trait Anxiety Inventory 

TLR4: Toll-like receptor 4 

TNF-: Tumor necrosis factor-alpha 

TSES: Toronto Side Effects Scale 

UFC: Urinary Free Cortisol 



 

 

xx 

VEGF: Vascular endothelial growth factor 

VLT: Verbal learning test 

WoS: Web of Science 

WCQ: Ways of Coping Questionnaire 

WHOQoL: World Health Organization Quality of Life Assessment 

5-HIAA: 5-hydroxyindoleacetic acid 

5-HT: 5-hydroxytryptamine 



 

 

 

1 

Chapter 1 

INTRODUCTION 

 

1.1 Introduction 

 Major Depressive Disorder (MDD) is a debilitating illness that will touch up to 20% of the 

Canadian population at some point in their lives [1]. A leading cause of disability, depression 

inflicts an enormous burden on individuals, their families and caregivers, and our society. It is a 

highly heterogeneous disorder, with no distinct or consistent etiology, pathophysiology, 

symptomatology, prognosis, or response to treatment. Additionally, diagnostic criteria for 

depression are based exclusively on clinical presentation. To complicate matters further, current 

first-line pharmacotherapeutics lack efficacy in more than 30% of patients and are often coupled 

with intolerable side-effect profiles contributing to poor treatment compliance [2]. Therefore, 

there is significant motivation to identify alternate forms of treatment, as well as biomarkers that 

may help predict response to treatment and better understand the biological mechanisms 

underlying features of the disorder.  

 

The gut microbiome, consisting of billions of bacteria in the gastrointestinal (GI) tract has 

recently been identified as a novel target for improving health [3]. Normal functioning of the gut-

brain axis, a bidirectional communication network between the GI tract and the brain, is crucial 

for proper brain development and function [3]. Thus, the microbiome of the GI tract could be a 

potential target for therapeutic intervention in mental illnesses such as depression. Several 

approaches targeting the microbiome-gut-brain axis for depression are currently under 
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investigation, but perhaps the most accessible and promising involve probiotic intervention. 

Probiotics are live bacteria for which there is documented evidence for beneficial health effects 

on the host. Probiotic supplements (containing bacteria that support GI function) are known to 

have beneficial effects locally (e.g., in GI disorders), but with increased understanding of the gut-

brain axis, it is hypothesized that these effects extend into the central nervous system (CNS) [4]. 

A wealth of preclinical data has shown that probiotic consumption improved depression- and 

anxiety-like behaviour in rodent models [5-7] and have posited inflammatory activity as driving 

these effects. However, whether probiotic consumption positively changes microbiome 

composition and function in humans to result in improved mood and reduced depressive 

symptoms remains unclear. 

 

1.2 Rationale 

Given this background, I hypothesize that probiotics may improve symptoms of depression by 

acting on the gut-brain axis. The overall aim of my thesis is to understand if and how probiotics 

affect clinical symptoms of depression and by which biological processes these effects are being 

driven. Within this framework, there is potential for a new conceptualization of prevention, 

diagnosis, and treatment for depression and may radically improve our understanding of the 

disorder itself. Understanding the relationship between the gut and the brain in the context of 

mental health may help us account for some of the discrepancy between diagnosis and treatment.  

 

This will be accomplished by addressing the following objectives, which correspond to the 

chapters of this thesis and have already been published or will be submitted as manuscripts to 

scientific journals.  
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1.3 Objectives 

1. Systematically review the current literature on the effects of probiotics in mental health in 

humans (Chapter 2) 

2. Examine the efficacy, safety, and tolerability of a probiotic supplement on depression in a pilot 

study for feasibility (Chapters 3 & 4) 

3. Develop a protocol for a double-blind randomized placebo-controlled trial to examine the effects 

of a probiotic supplement on depression using knowledge and data acquired from the pilot work 

(Chapter 5) 

4. Compare the clinical effects of a probiotic supplement versus placebo on depression to determine 

whether probiotics may have a role in alleviating symptoms of depression (Chapter 6) 

5. Examine molecular and microbial activity for possible mechanistic underpinnings of the 

relationship between probiotics and symptoms of depression (Chapter 6) 
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Chapter 2 

THE EFFECTS OF PROBIOTICS ON DEPRESSIVE SYMPTOMS IN 

HUMANS: A SYSTEMATIC REVIEW 

 

2.1 Prologue 

In beginning this line of research, my first task was to comprehensively evaluate the literature to 

gain a sufficient understanding of the current state of this field of study. To do so, I performed a 

systematic literature search on psychological effects of probiotics in humans and reviewed my 

findings here. This chapter serves as the literature review for my dissertation.  

 

2.2 Manuscript Information 

Status: Published. 

Citation: Wallace CJK, Milev R. The effects of probiotics on depressive symptoms in humans: a 

systematic review. Annals of general psychiatry, 2017;16(1):14. 

Copyright permission: No permission required: “Authors retains the right to use his/her article 

for his/her further scientific career by including the final published journal article in other 

publications such as dissertations and postdoctoral qualifications provided acknowledgement is 

given to the original source of publication.” 

Relative contributions to manuscript: Caroline Wallace conceived the idea and hypotheses, 

designed and performed the literature review, wrote first draft, and revised all drafts. Roumen 

Milev contributed to the screening and selection of included studies and edited and approved the 

final manuscript. 
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2.3 Manuscript 

2.3.1 Abstract 

Background: Patients suffering from depression experience significant mood, anxiety, and 

cognitive symptoms. Currently, most antidepressants work by altering neurotransmitter activity 

in the brain to improve these symptoms. However, in the last decade, research has revealed an 

extensive bidirectional communication network between the gastrointestinal (GI) tract and the 

central nervous system, referred to as the “gut-brain axis”. Advances in this field have linked 

psychiatric disorders to changes in the microbiome, making it a potential target for novel 

antidepressant treatments. The aim of this review is to analyze the current body of research 

assessing the effects of probiotics, on symptoms of depression in humans. Methods: A 

systematic search of five databases was performed and study selection was completed using the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) process. 

Results: Ten studies met criteria and were analyzed for effects on mood, anxiety, and cognition. 

Five studies assessed mood symptoms, seven studies assessed anxiety symptoms, and three 

studies assessed cognition. The majority of the studies found positive results on all measures of 

depressive symptoms, however the strain of probiotic, the dosing, and duration of treatment 

varied widely and no studies assessed sleep. Conclusion: The evidence for probiotics alleviating 

depressive symptoms is compelling but additional double-blind randomized control trials in 

clinical populations are warranted to further assess efficacy. 

 

2.3.2 Introduction 
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Major Depressive Disorder (MDD) is a complex psychiatric disorder of unknown etiology that 

will affect up to 20% of the population at some point in their lifetime [1] and is a leading cause 

of disability worldwide [2]. Characterized by low mood or loss of interest and often 

accompanied by feelings of guilt, hopelessness, and changes in appetite and sleep, MDD 

significantly impairs daily functioning – including work and school performance and social 

relationships. Depressive symptoms can also be present subclinically, and still have a major 

impact on daily functioning.  Currently, most pharmacological treatments for MDD focus on 

altering neurotransmitter activity in the brain but have a delayed onset of action and can produce 

adverse side effects such as headaches, nausea, agitation, sedation, and sexual dysfunction [3]. 

However, in the last decade, neurogastroenterology research has revealed extensive and direct 

biochemical signalling between the gastrointestinal (GI) tract and the central nervous system, 

referred to as the “gut-brain axis”. This communication network is bidirectional and occurs via 

the autonomic nervous system, the enteric nervous system, the neuroendocrine system, and the 

immune system [4]. These advances have linked central nervous system psychiatric disorders 

such as MDD to changes in the gastrointestinal microbiome [5, 6, 7], making it a potential target 

for novel antidepressant treatments. This is further corroborated by the high rate of comorbidity 

between psychiatric disorders and GI disorders [8].  

 

The microbiome, a complex microbial ecosystem containing some 100 trillion microorganisms, 

functions to establish the intestinal lining and aids in its maintenance [9]. It is influenced by 

several factors, including genetics [10], age [11], sex [12], diet [13], and, of particular interest 

lately, stress [14]. There is already evidence that psychological stress can increase permeability 

of the gastrointestinal lining [15], and conversely, mounting evidence that the microbiome can 
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influence and modulate emotional behavior [16]. As a stress- and emotion-related disorder, this 

association has led depression researchers to explore the potential of manipulating the 

microbiome of the GI tract to alleviate depressive symptoms. 

 

Nutritional psychiatry is an emerging field of psychiatry that explores the relationship between 

dietary patterns and risk of mental health disorders. The brain’s structure and function is 

dependent on nutrient intake – including amino acids, fats, vitamins, minerals [17], thus diet has 

emerged as a compelling candidate in regulating mental health [18]. Several cross-sectional 

studies have used an overall diet approach to evaluate the association between nutrition and 

mental health [19, 20] but there is also considerable research looking at isolated nutrients and 

their impact on mental health. Central to this research are probiotics, defined as live 

microorganisms that, when ingested in adequate amounts, exert a health benefit on the host [21]. 

Probiotics are transient entities that colonize the GI tract and influence various pathways and are 

available as a supplement in pill or powder form. It has been well established that probiotics 

have therapeutic effects on many GI disorders [22], however, with the emergence of the gut-

brain axis, it has been discovered that their therapeutic effects extend beyond the gut and into the 

central nervous system [23]. There is robust evidence of this in preclinical studies that have 

demonstrated probiotics’ ability to change behavior and improve the mood, anxiety, and 

cognition of rodents by altering neurotransmitter activity, reviewed below.  

 

Preclinical Studies. In terms of neurotransmission, several rodent studies found that 

consumption of probiotics prevented stress-induced increases in adrenocorticotropic hormone 

(ACTH) [24], corticosterone [25, 26], adrenaline, and noradrenaline [25]. The reduction in these 



 

 

 

9 

markers of chronic stress suggest that treatment with probiotics attenuated the hypothalamic-

pituitary-adrenal (HPA) axis, which is hyperactive in depressed patients [27]. Consumption of 

probiotics was also shown to increase expression of brain-derived neurotrophic factor (BDNF) 

[25], a growth factor crucial for brain plasticity, memory, and neuronal health [28] that is 

abnormally reduced in patients suffering from depression [29]. Other preclinical studies have 

noted changes in the molecules involved in the biosynthesis and metabolism of the critical 

neurotransmitter serotonin. Desbonnet and colleagues found that consumption of probiotics 

increased plasma levels of serotonin’s precursor, tryptophan [30], and, along with Nishino’s 

group [31], decreased serotonin’s main metabolite 5-hydroxyindoleacetic acid (5-HIAA), similar 

to the antidepressant citalopram. These findings suggest that probiotics have a positive impact on 

the central nervous system by regulating critical neurotransmitters implicated in depression. And 

the central nervous system is not the only physiological system implicated in depression that 

probiotics have been shown to influence in rodents: consumption of probiotics reduced levels of 

the pro-inflammatory cytokines interleukin-1-beta (IL-1) [24, 32] and interleukin-6 (IL-6), as 

well as tumor necrosis factor-alpha (TNF) [24] and microglial activation markers [25], 

indicating they may possess the ability to reduce overall inflammation. Finally, one of the most 

salient findings in preclinical studies of rodents treated with probiotics are the behavioral and 

psychological changes they induce, such as improved memory [33, 34] and reduced anxiety- and 

depressive-like behaviors [26, 32, 35, 36].  

 

Probiotics have also been shown to possess both antioxidant and free radical scavenging abilities 

[37], increase production of gamma-aminobutyric acid (GABA) [38], and improve absorption of 

other nutrients [39], all of which have been implicated in the pathophysiology of depression. 
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Moreover, in Western societies, depression is more common among low socioeconomic status 

populations, who have also been shown to consume less probiotics and fermented foods than 

their higher SES counterparts, who also experience less depression [40].   

 

These results, along with preclinical and clinical study findings, suggest that gut microbiota and 

the use of probiotics could prove useful in alleviating depressive symptoms. The objective of this 

review is to analyze the current body of research assessing the effects of probiotics on symptoms 

of depression in humans such as mood, anxiety, and cognition, and to identify any gaps and 

discuss future directions in this field. 

 

2.3.3 Methods 

Study Selection Criteria. Articles eligible for inclusion in this review were written or available 

in English and published in peer-reviewed journals. Conference publications, book chapters, 

letters, and reviews were excluded. The studies included in the review were restricted to human 

trials that assessed subjective changes in symptoms of depression such as mood, anxiety, and/or 

cognition after consuming either a probiotic supplement or a food or drink containing probiotic 

cultures for an extended period of time. Studies were excluded if investigating GI dysfunctions. 

 

 

Search Strategy. A systematic computerized search was performed using the following 

databases: Medline, PsycINFO, Embase, Cumulative Index to Nursing and Allied Health 

Literature (CINAHL), and Web of Science (WoS). A supplementary search of Google Scholar 

was also performed to ensure no studies were omitted. Key words included depression, mood 
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disorder, emotions, probiotics, Lactobacillus, Bifidobacterium, and gut-brain axis. The results of 

the search process are described below (Figure 2-1).  

 

Selection of Studies. Study selection was completed using the PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) process (Figure 2-1). One author (C.W.) 

completed initial screening to exclude irrelevant titles, and remaining abstracts and subsequent 

remaining full-text articles were independently screened by both authors (C.W. and R. M.) for 

eligibility in the review. Any disagreement was resolved by discussion between the two authors.  

 

Quality Control of Selected Studies. Quality of included clinical trials was assessed using the 

Jadad Scale [41], a widely-used scoring system that independently assesses the methodological 

quality of trials on three measures: randomization, blinding, and withdrawals/dropouts. Trials are 

scored on a five-point scale and for the purpose of quality control for this review, articles with a 

score of three or higher were included. All included articles met this criteria. Scores ranged from 

3 to 5 with a mean score of 4.1 (n=7). Three additional studies that did not follow a double-blind 

randomized control trial design were also included due to their sound methodology and analysis 

of the outcomes as well as to provide the most comprehensive review of the literature. 

 

2.3.4 Results 

This review includes 10 studies from five databases listed above. Characteristics of each study 

are shown in Table 1. The most frequently used probiotic strain was Lactobacillus casei, and 

duration of treatment period ranged from three weeks to six months. One study assessed patients 
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with depression, two studies assessed adults suffering from stress or exhaustion and chronic 

fatigue syndrome (CFS) respectively, and the remaining seven studies assessed healthy controls.  

 

Effects on Mood. Of the 10 included studies, five assessed mood symptoms and all but two 

reported improvements after treatment with a probiotic. Benton and colleagues’ 2007 double-

blind randomized control trial with 124 healthy humans found that after only 20 days of 

consuming a probiotic-containing milk drink, although having no effect on the Profile of Mood 

States (POMS) scale, participants whose self-rated mood was initially poor had improved [42]. 

Following Benton, Rao and colleagues conducted a study with 35 patients suffering from CFS 

who were randomly assigned to receive a probiotic or placebo three times daily for two months. 

Depressive and anxiety symptoms were assessed with the Beck Depression Inventory (BDI) and 

the Beck Anxiety Inventory (BAI) pre- and post-intervention, and results showed that while 

consumption of the probiotic improved anxiety scores, it had no effect on depressive symptoms 

[43]. Similarly, Young-Chul Chung and colleagues implemented a 12-week, double-blind 

randomized controlled experiment with healthy 60-75 year olds and found no significant 

improvement in Geriatric Depression Scale (GDS-SF) scores after treatment with a probiotic 

fermented milk [44]. However, Messaoudi and colleagues’ 2011 research on healthy humans 

found that consumption of a probiotic supplement reduced somatisation, depression, and anger-

hostility scores on the Hopkins Symptom Checklist (HSCL-90), as well as reduced Hospital 

Anxiety and Depression Scale (HADS) global scores [36]. Steenbergen and colleagues then went 

on to conduct a triple-blind (blind at three levels: group allocator, participants, and outcome 

assessor) randomized control trial assessing the effects of probiotics on cognitive reactivity to 

sad mood using the Leiden Index of Depression Sensitivity (LEIDS-r). Forty healthy young 
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adults consumed either a probiotic supplement or placebo for four weeks and found that 

consumption of the multispecies probiotic formula significantly reduced overall cognitive 

reactivity to depression, in particular aggressive and ruminative thoughts [45]. Finally, and most 

recently, Akkasheh and colleagues [46] designed a double-blind randomized placebo-controlled 

trial with 40 patients diagnosed with depression. Participants consumed either a probiotic 

supplement or placebo for 8 weeks and were assessed using the BDI at baseline and post-

treatment. Results showed that consumption of the probiotic supplement significantly decreased 

BDI scores indicating overall improved symptoms including mood. 

 

Effects on Stress and Anxiety. Seven of the 10 included studies assessed anxiety and stress, and 

all but two reported improvements after treatment with a probiotic. In addition to mood, Rao and 

colleagues, Chung and colleagues, and Messaoudi and colleagues also assessed stress and/or 

anxiety. As mentioned above, Rao and colleagues found that consumption of probiotics 

significantly improved anxiety, reflected in lower BAI scores [43]. However, when Chung and 

colleagues assessed stress in their older-adult sample, there was no significant change in 

Perceived Stress Scale (PSS) scores [44]. Similarly, Messaoudi and colleagues’ 2011 study also 

found no significant change on PSS scores after the introduction of their probiotic supplement, 

but secondary analyses showed that the reduced HSCL-90 and HADS scores held up in a subset 

of subjects with the lowest levels of stress, as measured by urinary free cortisol (UFC) levels 

[47]. Moreover, Gruenwald and colleagues’ six-month study evaluating the effects of a probiotic 

multivitamin in 42 adults suffering from stress and exhaustion found that participants’ general 

condition improved by 41%, with a mean increase of 17% in positive condition and a mean 

decrease of 23% in negative condition. Improvement in general condition of 22% was apparent 
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by month two and reached 36% by month four, with values for activity, elation, fatigue, and 

agitation contributing to these changes. 73% of participants rated the treatment’s effect as “good” 

or “very good” [36]. In 2004, Marcos and colleagues examined the effects of yogurt cultures 

with added probiotics on subjects under academic examination stress, and while numbers of 

lymphocytes and CD56 cells increased and decreased respectively, levels of stress and anxiety, 

assessed using the State-Trait Anxiety Inventory (STAI) remained unchanged [49]. Recently, 

Matthew Hilimire and colleagues took a different approach and surveyed 710 young adults using 

self-report questionnaires on fermented food consumption as well as neuroticism and social 

anxiety, using the Big Five Inventory (BFI) and the Social Phobia and Anxiety Inventory (SPAI-

23). The results showed that consumption of fermented foods containing probiotics was 

negatively associated with symptoms of social anxiety, and that consumption of fermented foods 

interacts with neuroticism to predict social anxiety symptoms. Those at higher genetic risk for 

social anxiety (indexed by high neuroticism) showed fewer social anxiety symptoms when they 

consumed more fermented foods [50]. 

 

Effects on Cognition. Three studies assessed some aspect of cognition, and all three of them 

reported positive effects. Messaoudi and colleagues assessed coping, defined as ‘the various 

cognitive or behavioral effects intended to master or tolerate the internal or external demands 

which threaten or go beyond the resources of a subject’, with the Coping Checklist (CCL), and 

demonstrated that consumption of probiotics reduced self-blame scores and increased focus on 

problem-solving [36]. Chung and colleagues assessed cognition using the digit-span test (DST; to 

measure attention and working memory), story recall test (SRT), and verbal-learning test (VLT; 

to measure short- and long-term memory), as well as a rapid visual information-processing 
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(RVIP) task and Stroop color-word test to measure cognitive fatigue. Results found a significant 

improvement on cognitive fatigue measures in those treated with the probiotic-fermented milk 

[44]. Interestingly, Benton and colleagues found no effect of the probiotic-containing milk drink 

on memory scores as measured with the Wechsler Memory Scale, but subjects who consumed 

the placebo had significantly better memory scores post-treatment. There was also no effect on 

verbal fluency [42].  

 

2.3.5 Discussion 

Taken together, the findings from the included studies demonstrate that it is likely that daily 

consumption of a probiotic supplement could have a role in improving the mood, anxiety, and 

cognitive symptoms present in MDD. The majority of the studies found positive results with no 

serious adverse events being reported. It appears that probiotics may have the most significant 

effect on symptoms of anxiety, which is often co-morbid with MDD [1]. This is consistent with 

research in animal models that report similar findings [26, 32, 35, 36], and in accordance with 

HPA activity in anxiety disorders. The sample characteristics from each study varied slightly. 

Seven studies assessed healthy controls, with one assessing MDD patients, one assessing CFS 

patients, and one assessing participants who were experiencing severe stress or exhaustion. All 

10 studies assessed adults, male and female, with some specifically focusing on young adults or 

older adults, but all between the age range of 18-75 years. Disparities in gender and age effects 

of probiotics is not well understood.  

 

Alternative Treatment? The use of probiotics as an alternative or adjuvant treatment for 

relieving symptoms of MDD and anxiety could be a critical turning point in the management of 
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the disorder [23]. Because MDD is such a heterogeneous disorder, several problems exist with 

current antidepressant medications. While the physiological effects of most antidepressants, such 

as selective serotonin reuptake inhibitors (SSRIs), occur immediately after administration of the 

drug, the therapeutic effect can take weeks to become apparent in those seeking relief from 

symptoms. Even when they start to become effective, the side effects associated with them cause 

an estimated 15-30% of patients to discontinue their use [51]. Moreover, the perceived stigma 

associated with MDD and the use of antidepressants prevents individuals from seeking and 

adhering to treatment [52]. Several new terms have been introduced into the realm of mental 

health treatment and the gut-brain axis, which should not be confused with probiotics. 

Encephalobiotics for example, is an umbrella term that encompasses probiotics, prebiotics, 

postbiotics, microbes, microbial parts, and/or agents that influence the microbiome for cognition, 

mental well-being, and brain health [53]. Psychobiotics on the other hand have been defined by 

Dinan and colleagues as live organisms that, when ingested in adequate amounts, produce a 

health benefit in patients suffering from psychiatric illness [54]. Psychobiotics would thus be 

classified as highly regulated drugs and may still harbor stigma the way an over-the-counter 

probiotic supplement may not. 

 

Using probiotics to alleviate symptoms of MDD could indeed eliminate some of these barriers 

for effective treatment, though there is still much to be accomplished before probiotics can be 

considered a front-line treatment for alleviating depressive symptoms, including investigating the 

mechanisms underlying their effects.  
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Proposed Mechanisms of Action. Throughout the literature, there appear to be two dominant 

hypotheses addressing possible mechanisms of action through which probiotics exert their 

effects on mood and cognition. These theories involve the regulation of inflammatory markers 

and the neurotransmission of the previously mentioned serotonin. However, as the immune 

system, central nervous system, and enteric nervous system are so intricately connected, it is 

possible that these two proposed mechanisms work in tandem to produce the effects induced by 

probiotics. 

Inflammatory Markers. Increased expression of pro-inflammatory cytokines IL-1, IL-6, 

TNF-α, as well as interferon gamma (IFN-γ), and C-reactive protein (CRP) is repeatedly 

observed in patients suffering from depression [55, 56, 57] and has been associated with specific 

symptoms of depression [58, 59]. This overall increase in inflammation contributes to depressive 

symptoms by activating the HPA axis, as well as reducing the availability of neurotransmitter 

precursors and altering neurotransmitter metabolism. It is hypothesized that this inflammation is 

caused by increased intestinal permeability, or “leaky gut”. When the tight junctions of the 

gastrointestinal lining become compromised and permeability increases, it allows toxins and 

other forms of waste to leak into the bloodstream. Namely, gut-derived endotoxins called 

lipopolysaccharides (LPS) – molecules found in the outer membrane of gram-negative bacteria. 

These endotoxins trigger immune activation through Toll-like receptor 4 (TLR4) [60], causing 

the body to mount a global immune response. It is hypothesized that probiotics may exert their 

therapeutic effects on the central nervous system by improving the integrity of the 

gastrointestinal lining, reducing the ability of endotoxins to leak into the bloodstream and in turn, 

decreasing global inflammation. The reduction of this inflammation may result in improved 

regulation of the HPA axis and neurotransmitter activity. 
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Serotonin. Serotonin, or 5-hydroxytryptamine (5-HT), is a monoamine neurotransmitter 

implicated in the aetiology and pathophysiology of MDD [61], and is the main target of SSRIs. 

Serotonin is biosynthesized from the essential amino acid tryptophan, both in the central nervous 

system and the gastrointestinal tract. In the central nervous system, it is involved primarily in 

regulating stress and emotions, appetite, and sleep. In the gastrointestinal tract, it is responsible 

for key functions such as gastrointestinal motility and intestinal secretions. Alterations in the 

microbiome have been shown to profoundly influence neurotransmission of serotonin in both the 

peripheral and central nervous system. It is hypothesized that probiotics in the GI tract improve 

central nervous system symptoms associated with MDD by increasing production of free 

tryptophan, and in turn increasing serotonin availability. This increase in serotonin may facilitate 

regulation of the HPA axis and reduce depressive symptoms caused by a depletion of the 

neurotransmitter.  

 

Gaps in Current Research. Gaps and inconsistencies in the research on the effects of probiotics 

on depressive symptoms make it difficult to confirm evidence of efficacy. Duration of 

intervention varies widely, as does the quantity and strains of the probiotics, and research is 

lacking on depressive symptoms apart from mood, anxiety, and cognition, such as sleep. Perhaps 

most notably are the inconsistencies in defining depression across studies.  

 Strains. There are many different species and strains of probiotics that inhabit your gut 

and that are readily available in certain foods and in supplements alike, but the beneficial effects 

on health that probiotics confer are species- and strain-specific. Many Lactobacillus and 

Bifidobaterium strains have been studied in respect to mental health and seem to show the most 

beneficial effects [62], as opposed to other species such as Streptococcus and Bacillus, but we 
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have not yet identified the most efficacious strains or combinations of strains for improving 

mental health. Both L. helveticus and B. longum have been shown to affect the gut-brain axis 

[63], but several studies exploring other strains of Lactobacillus and Bifidobacterium and garner 

similar results. However, many of these studies use a combination of strains, making it 

impossible to isolate which strain or strains may be exerting the effects. Further research in the 

form of blinded and controlled studies assessing individual strains is required to identify strains 

that may have positive effects on mental health. 

Dosing. Probiotic dosing is based on the number of live organisms, referred to as colony 

forming units (CFU). Dosage may be species- and strain-dependent, with some species such as 

Bifidobacterium infantis 35624 requiring 108 CFU to produce beneficial effects to treat irritable 

bowel syndrome [64], but research is lacking on effective dosages for other species. It is also 

important to note that most prescribed doses are based on the treatment of GI disorders, and 

given that dosing may depend on the indication the probiotics are being prescribed for, they 

could differ for effective relief of depressive symptoms. After determining the most efficacious 

strains for mental health purposes, we then need to assess the strains in different doses to 

determine the ideal amount of CFU.  

  Duration of intervention. The duration of intervention with probiotics varies widely. 

While typical antidepressant clinical trials last approximately six weeks [65], the ideal duration 

to see specific effects of probiotics is unknown. As with the strain and dosing, it is possible that 

duration of treatment is also dependent on indication.  

 Sleep. Impaired sleep is a poignant symptom of MDD, most commonly manifested in 

difficulty falling asleep, difficulty staying asleep, unrefreshing sleep, and daytime sleepiness 

[66]. Serotonin, which is dysregulated in MDD, is a neuromodulator of sleep. Considering 
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probiotics in the GI tract have been shown to affect levels of serotonin via the gut-brain axis and 

changes in intestinal microbiota have been shown to improve sleep parameters in CFS patients 

[67], it seems likely that probiotics could have an effect on sleep as well, yet this has not been 

explored.  

 Defining Depression. Depression is an umbrella term for several different disorders, 

including MDD, bipolar disorder, seasonal affective disorder, dysthymia, and postpartum 

depression. These disorders are not simply a passing low mood but significantly interfere in daily 

life and normal functioning, and although they do have overlapping symptoms, are each unique 

disorders. In most of the studies, the term ‘depression’ is poorly defined or not clarified. It is 

important that the type of depression is clearly defined so that it can be differentiated from other 

types of depressive disorders as well as sub-clinical depressive symptoms. Research on sub-

clinical depression is equally important, as low-grade depressive symptoms also significantly 

affect performance at work [68], cause household, social, and financial strain [69], and are 

associated with decreased quality of life [70] and suicidal ideation [71]. These subsyndromal 

depressions are often ignored in research or not defined adequately.  

 

Conclusions & Future Directions. The robust evidence compiled and presented in this review 

indicates that treatment with probiotics may improve symptoms associated with MDD by 

increasing serotonin availability and/or decreasing levels of inflammatory markers. The potential 

of probiotics to be used as a novel treatment for MDD could have a major impact on those 

seeking antidepressant treatment by reducing the stigma, latency and side effects associated with 

typical antidepressants. Despite extensive preclinical data, the clinical effects of probiotics on 

mental health have yet to be studied comprehensively in a sample of depressed patients. Further 
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research is warranted to determine probiotics’ efficacy for alleviating depressive symptoms, as 

well as the ideal duration of treatment, dosage, and strain of probiotic for achieving efficacy in 

terms of mental health. In addition, the effect of probiotics on sleep should be explored and the 

term depression should be clearly defined and diagnosed. Additional double-blind randomized 

controlled trials in clinical psychiatric samples are required in order to shed more light on this 

topic.  

  



 

 

 

22 

2.3.6 References 

1. Kessler RC, Chiu WT, Demler O, et al. Prevalence, severity, and comorbidity of 12-month DSM-

IV disorders in the National Comorbidity Survey Replication. Arch Gen Psychiatry 2005;62(6): 

617-627. 

2. Kessler RC, Bromet EJ. The epidemiology of depression across cultures. Annu Rev Public Health 

2013;34: 119. 

3. Anderson HD, Pace WD, Libby AM, et al. Rates of 5 common antidepressant side effects among 

new adult and adolescent cases of depression: a retrospective US claims study. Clin Ther 

2012;34(1): 113-123. 

4. Foster JA, Neufeld KAM. Gut–brain axis: how the microbiome influences anxiety and 

depression. Trends Neurosci 2013;36(5): 305-312. 

5. Jiang H, Ling Z, Zhang Y, et al. Altered fecal microbiota composition in patients with major 

depressive disorder. Brain Behav Immun 2015;48: 186-194. 

6. Naseribafrouei A, Hestad K, Avershina E, et al. Correlation between the human fecal microbiota 

and depression. Neurogastroenterol Motil 2014;26(8): 1155-1162 

7. Kelly JR, Borre Y, O’Brien C, et al. Transferring the blues: Depression-associated gut microbiota 

induces neurobehavioural changes in the rat. J Psychiatr Res 2016;82: 109-118. 

8. Walker EA, Katon WJ, Jemelka RP, et al. Comorbidity of gastrointestinal complaints, depression, 

and anxiety in the Epidemiologic Catchment Area (ECA) Study. Am J Med 1992;92(1): S26-S30. 

9. Mangiola F, Ianiro G, Franceschi F, et al. Gut microbiota in autism and mood disorders. World J 

Gastroenterol 2016;22(1): 361. 

10. Goodrich JK, Waters JL, Poole AC, et al. Human genetics shape the gut microbiome. Cell 

2014;159(4): 789-799. 

11. Yatsunenko T, Rey FE, Manary MJ, et al. Human gut microbiome viewed across age and 

geography. Nature 2012;486(7402): 222-227. 



 

 

 

23 

12. Markle JG, Frank DN, Mortin-Toth S, et al. Sex differences in the gut microbiome drive 

hormone-dependent regulation of autoimmunity. Science 2013;339(6123): 1084-1088. 

13. David LA, Maurice CF, Carmody RN, et al. Diet rapidly and reproducibly alters the human gut 

microbiome. Nature 2014;505(7484): 559-563. 

14. O'Mahony SM, Marchesi JR, Scully P, et al. Early life stress alters behavior, immunity, and 

microbiota in rats: implications for irritable bowel syndrome and psychiatric illnesses. Biol 

Psychiatry 2009;65(3): 263-267. 

15. Meddings JB, Swain MG. Environmental stress–induced gastrointestinal permeability is mediated 

by endogenous glucocorticoids in the rat. Gastroenterology 2000;119(4): 1019-1028. 

16. Rhee SH, Pothoulakis C, Mayer EA. Principles and clinical implications of the brain–gut–enteric 

microbiota axis. Nat Rev Gastroenterol and Hepatol 2009;6(5): 306-314. 

17. Logan AC, Jacka FN. Nutritional psychiatry research: and emerging discipline and its intersection 

with global urbanization, environmental challenges, and the evolutionary mismatch. J Physiol 

Anthropol 2014;33(1): 22 

18. Selhub EM, Logan AC, Bested AC. Fermented foods, microbiota, and mental health: ancient 

practice meets nutritional psychiatry. J Physiol Anthropol 2014;33(1): 2 

19. Sanchez-Villegas A, Delgado-Rodriguez M, Alonso A et al. Association of the Mediterranean 

dietary pattern with the incidence of depression: the Seguimiento Universidad de 

Navarra/University of Navarra follow-up (SUN) cohort. Arch Gen Psychiatry 2009;66(10): 1090-

1098. 

20. Akbaraly TN, Brunner EJ, Ferrie JE, et al. Dietary pattern and depressive symptoms in middle 

age. Br J Psychiatry 2009;195(5): 408-413. 

21. Dinan TG, Quigley EM. Probiotics in the treatment of depression: science or science fiction?. 

Aust N Z J Psychiatry 2011;45(12): 1023-1025. 

22. Parvez S, Malik KA, Ah Kang S, et al. Probiotics and their fermented food products are 

beneficial for health. J Appl Microbiol 2006;100(6): 1171-1185. 



 

 

 

24 

23. Logan AC, Katzman M. Major depressive disorder: Probiotics may be an adjuvant therapy. Med 

Hypotheses 2005;64(3): 533-538 

24. Ait-Belgnaoui A, Durand H, Cartier C, et al. Prevention of gut leakiness by a probiotic treatment 

leads to attenuated HPA response to an acute psychological stress in rats. 

Psychoneuroendocrinology 2012;37(11): 1885-1895. 

25. Ait‐Belgnaoui A, Colom A, Braniste V, et al. Probiotic gut effect prevents the chronic 

psychological stress‐induced brain activity abnormality in mice. Neurogastroenterol Motil 

2014;26(4): 510-520. 

26. Bravo JA, Forsythe P, Chew MV, et al. Ingestion of Lactobacillus strain regulates emotional 

behavior and central GABA receptor expression in a mouse via the vagus nerve. PNAS 

2011;108(38): 16050-16055. 

27. Stetler C, Miller G E. Depression and hypothalamic-pituitary-adrenal activation: a quantitative 

summary of four decades of research. Psychosom Med 2011;73(2): 114-126. 

28. Sherwin E, Rea K, Dinan TG, et al. A gut (microbiome) feeling about the brain. Curr Opinion 

Gastroenterol 2016;32(2): 96-102. 

29. Sen S, Duman R, Sanacora G. Serum brain-derived neurotrophic factor, depression, and 

antidepressant medications: meta-analyses and implications. Biol Psychiatry 2008;64(6): 527-

532. 

30. Desbonnet L, Garrett L, Clarke G, et al. The probiotic Bifidobacteria infantis: an assessment of 

potential antidepressant properties in the rat. J Psychiatric Res 2008;43(2): 164-174. 

31. Nishino R, Mikami K, Takahashi H, et al. Commensal microbiota modulate murine behaviors in a 

strictly contamination‐free environment confirmed by culture‐based methods. Neurogastroenterol 

Motil 2013;25(6): 521-e371. 

32. Luo J, Wang T, Liang S, et al. Ingestion of Lactobacillus strain reduces anxiety and improves 

cognitive function in the hyperammonemia rat. Sci China Life Sci 2014;57(3): 327-335. 



 

 

 

25 

33. Savignac HM, Tramullas M, Kiely B, et al. Bifidobacteria modulate cognitive processes in an 

anxious mouse strain. Behav Brain Res 2015;287: 59-72. 

34. Smith CJ, Emge JR, Berzins K, et al. Probiotics normalize the gut-brain-microbiota axis in 

immunodeficient mice. Am J Gastrointest Liver 2014;307(8): G793-G802. 

35. Kantak PA, Bobrow DN, Nyby JG. Obsessive–compulsive-like behaviors in house mice are 

attenuated by a probiotic (Lactobacillus rhamnosus GG). Behav Pharmacol 2014;25(1): 71-79. 

36. Messaoudi M, Lalonde R, Violle N, et al. Assessment of psychotropic-like properties of a 

probiotic formulation (Lactobacillus helveticus R0052 and Bifidobacterium longum R0175) in 

rats and human subjects. Br J Nutr 2011;105(05): 755-764. 

37. Li S, Zhao Y, Zhang Y, et al. Antioxidant activity of Lactobacillus plantarum strains 

isolated from traditional Chinese fermented foods. Food Chem 2012;135(3): 1914-1919. 

38. Dhakal R, Bajpai VK, Baek KH. Production of GABA by microorganisms: A review. 

Braz J Microbiol 2012:43(4): 1230-1241 

39. Jumpertz R, Le DS, Turnbaugh PJ, et al. Energy-balance studies reveal associations 

between gut microbes, caloric load, and nutrient absorption in humans. Am J Clin Nutr 

2011;94: 58-65. 

40. Cepeda MS, Katz EG, Blacketer C. Microbiome-gut-brain axis: Probiotics and their 

association with depression. J Neuropsychiatry Clin Neurosci 2016; appi-neuropsych. 

41. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports of randomized 

clinical trials: is blinding necessary? Control Clin Trials 1996;17:1–12.  

42. Benton D, Williams C, Brown A. Impact of consuming a milk drink containing a probiotic on 

mood and cognition. Eur J Clin Nutr 2007;61(3): 355-361. 



 

 

 

26 

43. Rao AV, Bested AC, Beaulne TM, et al. A randomized, double-blind, placebo-controlled pilot 

study of a probiotic in emotional symptoms of chronic fatigue syndrome. Gut Pathogens 

2009;1(1): 1. 

44. Chung YC, Jin HM, Cui Y, et al. Fermented milk of Lactobacillus helveticus IDCC3801 

improves cognitive functioning during cognitive fatigue tests in healthy older adults. J Funct 

Foods 2014;10: 465-474. 

45. Steenbergen L, Sellaro, R, van Hemert S, et al. A randomized controlled trial to test the effect of 

multispecies probiotics on cognitive reactivity to sad mood. Brain Behav Immun 2015;48: 258-

264. 

46. Akkasheh G, Kashani-Poor Z, Tajabadi-Ebrahimi M, et al. Clinical and metabolic response to 

probiotic administration in patients with major depressive disorder: A randomized, double-blind, 

placebo-controlled trial. Nutrition 2016;32(3): 315-320. 

47. Messaoudi M, Violle N, Bisson JF, et al. Beneficial psychological effects of a probiotic 

formulation (Lactobacillus helveticus R0052 and Bifidobacterium longum R0175) in healthy 

human volunteers. Gut Microbes 2011;2(4): 256-261. 

48. Gruenwald J, Graubaum HJ, Harde A. Effect of a probiotic multivitamin compound on stress and 

exhaustion. Adv Ther 2002;19(3): 141-150. 

49. Marcos A, Wärnberg J, Nova E, et al. The effect of milk fermented by yogurt cultures plus 

Lactobacillus casei DN-114001 on the immune response of subjects under academic examination 

stress. Eur J Nutr 2004;43(6): 381-389. 

50. Hilimire MR, DeVylder JE, Forestell CA. Fermented foods, neuroticism, and social anxiety: An 

interaction model. Psychiatry Res 2015;228(2): 203-208. 

51. Gartlehner G, Hansen RA, Carey TS, et al. Discontinuation rates for selective serotonin reuptake 

inhibitors and other second-generation antidepressants in outpatients with major depressive 

disorder: a systematic review and meta-analysis. Int Clin Psychopharmacol 2005;20(2): 59-69. 



 

 

 

27 

52. Sirey JA, Bruce ML, Alexopoulos GS, et al. Stigma as a barrier to recovery: Perceived stigma 

and patient-rated severity of illness as predictors of antidepressant drug adherence. Psych Serv 

2001;52(12): 1615-1620. 

53. Prescott SL, Logan AC. Transforming life: A broad view of the developmental origins of health 

and disease concept from an ecological justice perspective. Int J Environ Res Public Health 

2016;13(11): 1075. 

54. Dinan TG, Stanton C, Cryan JF. Psychobiotics: A novel class of psychotropic. Biol Psych 

2013;74: 720-726.  

55. Maes M, Scharpé S, Meltzer HY, et al. Increased neopterin and interferon-gamma secretion and 

lower availability of L-tryptophan in major depression: further evidence for an immune response. 

Psychiatry Res 1994;54(2): 143-160. 

56. Owen BM, Eccleston D, Ferrier IN, et al. Raised levels of plasma interleukin‐1β in major and 

postviral depression. Acta Psychiat Scand 2001;103(3): 226-228. 

57. Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive protein, IL-1, and 

IL-6: a meta-analysis. Psychosom Med 2009;71(2): 171-186. 

58. Anisman H, Ravindran A, Griffiths J, et al. Endocrine and cytokine correlates of major 

depression and dysthymia with typical or atypical. Mol Psychiatry 1999;4: 182-188. 

59. Yirmiya R. Behavioral and psychological effects of immune activation: implications 

for'depression due to a general medical condition'. Curr Opin Psychiatry 1997;10(6): 470-476. 

60. Kawai T, Takeuchi O, Fujita T, et al. Lipopolysaccharide stimulates the MyD88-independent 

pathway and results in activation of IFN-regulatory factor 3 and the expression of a subset of 

lipopolysaccharide-inducible genes. J Immunol 2001;167: 5887-5894.  

61. Owens MJ, Nemeroff CB. Role of serotonin in the pathophysiology of depression: focus on the 

serotonin transporter. Clin Chem 1994;40(2): 288-295. 

62. Mayer EA, Knight R, Mazmanian SK, et al. Gut microbes and the brain: paradigm shift in 

neuroscience. J Neurosci 2014;34(46): 15490-15496. 



 

 

 

28 

63. Diop L, Guillou S, Durand H. Probiotic food supplement reduces stress-induced gastrointestinal 

symptoms in volunteers: A double-blind, placebo-controlled, randomized trial. Nutr Res 

2008;28(1): 1-5. 

64. Whorwell PJ, Altringer L, Morel J et al. Efficacy of an encapsulated probiotic Bifidobacterium 

infantis 35624 in women with irritable bowel syndrome. Am J Gastreoenterol 2006;101(7): 1581-

1590. 

65. Quitkin FM, Rabkin JG, Ross D, et al. Duration of antidepressant drug treatment: what is an 

adequate trial?. Arch Gen Psychiatry 1984;41(3): 238-245. 

66. Paterson LM, Nutt DJ, Wilson SJ. NAPSAQ-1: National Patient Sleep Assessment Questionnaire 

in depression. Int J Psychiatry Clin Pract 2009;13(1): 48-58. 

67. Jackson ML, Butt H, Ball M et al. Sleep quality and the treatment of intestinal microbiota 

imbalance in chronic fatigue syndrome: A pilot study. Sleep Science 2015;8(3): 124-133. 

68. Martin JK, Blum TC. Subclinical depression and performance at work. Soc Psychiatry Psychiatr 

Epidemiol 1996;31(1): 3-9. 

69. Judd LL, Paulus MP, Wells KB, et al. Socioeconomic burden of subsyndromal depressive 

symptoms and major depression in a sample of the general population. Am J Psychiatry 

1996;153(11): 1411. 

70. Chachamovich E, Fleck M, Laidlaw K, et al. Impact of major depression and subsyndromal 

symptoms on quality of life and attitudes toward aging in an international sample of older adults. 

Gerontologist 2008;48(5): 593-602. 

71. Cukrowicz KC, Schlegel EF, Smith PN, et al. Suicide ideation among college students evidencing 

subclinical depression. J Am Coll Health 2011;59(7): 575-581. 

 

  



 

 

 

29 

Figure 2-1. Flow chart of systematic literature search and selection process using Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) process. 

 



 

 

Table 2-1. Characteristics of included studies. 

Reference Sample 
Characteristics 

Strain Study Design Duration of 
Intervention 

Measurement Key Findings & Conclusions 

Akkasheh, G. 
et al., 2016 [34] 

40 MDD patients. 
Ages 20-55 years 
 

Lactobacillus 
acidophilus, L. 
casei, and 
Bifidobacterium 
bifidum 

Double-blind, 
randomized, placebo-
controlled trial 

8 weeks BDI Consumption of probiotic 
supplement improved BDI 
scores.  

Benton, D. et 
al., 2007 [30] 

124 healthy 
humans.  
Avg. age: 62 
years 
 
 

L. casei Double-blind, 
randomized, placebo-
controlled trial  

3 weeks POMS, self-
rated mood 

No effect of probiotic on POMS 
results. Consumption of 
probiotic-containing yogurt 
improved self-reported mood of 
those whose mood was initially 
poor.  

Chung, Y. C. et 
al., 2014 [32] 

36 healthy 
humans.  
Ages 60-75 years 
 
 

L. helveticus Double-blind, 
randomized, placebo-
controlled trial 

12 weeks PSS, GDS-SF, 
DST, SRT, VLT, 
RVIP, Stroop 
Task 

No significant effects of 
probiotics on the PSS, GDS-SF. 
Consumption of probiotics did 
improve DST, SRT, VLT, RVIP, 
and Stroop Tasks scores.  

Gruenwald, J. 
et al., 2002 [36] 

34 adults suffering 
from stress or 
exhaustion.  
Mean age: 44 
years 

L. acidophilus and 
B. bifidum & 
longum 

Pre- and post-
intervention 
assessment 

6 months PNQ, EWL Subjects’ general condition 
improved by 40.7%. 73% of 
participants rated the effect of 
treatment as “good” or “very 
good”.  

Hilimire, M. R. 
et al., 2015 [38] 

710 young adults. 
Mean age: 19 
years  

Unknown Self-report 
questionnaires on 
fermented food 
consumption, 
neuroticism and social 
anxiety 

N/A BFI, SPAI-23 Consumption of fermented foods 
containing probiotics was 
negatively associated with 
symptoms of social anxiety and 
interacts with neuroticism to 
predict social anxiety symptoms. 
Those at higher genetic risk for 
social anxiety disorder (indexed 
by high neuroticism) show fewer 
social anxiety symptoms when 
they consume more fermented 
foods. 

Marcos, A. et 
al., 2004 [37] 

136 healthy 
students. 
Ages 18-23 years  

L. casei Prospective, 
randomized, controlled, 
parallel study 

6 weeks STAI No significant effects of 
probiotics on anxiety levels. 
Probiotics did modulate 
lymphocyte and CD56 cell 
counts. 
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MDD: Major Depressive Disorder; BDI: Beck Depression Inventory; POMS: Profile of Mood States scale; PSS: Perceived Stress Scale; GDS-SF: Geriatric Depression Scale; DST: Digit Span Test; SRT: Story 
Recall Test; VLT: Verbal Learning Test; RVIP: Rapid Visual Information-Processing; PNQ: Psychological-Neurologic Questionnaire; EWL: List of Adjectives; BFI: Big Five Inventory; SPAI-23: Social Phobia and 
Anxiety Inventory; STAI: State-Trait Anxiety Inventory; HADS: Hospital Anxiety Depression Scale; HSCL-90: Hopkins Symptom Checklist; CCL: Coping Checklist; UFC: Urinary free cortisol; BAI: Beck Anxiety 
Inventory; LEIDS-r: Leiden Index of Depression Sensitivity; fMRI: Functional Magnetic Resonance Imaging

Messaoudi, M. 
et al., 2011 [28] 

55 healthy 
Caucasians.  
Mean age: 43 
years 
 
 

L. helveticus & B. 
longum 

Double-blind, 
randomized, controlled, 
parallel study 

30 days HADS,  
HSCL-90, PSS, 
CCL 

Consumption of probiotics 
reduced global severity index of 
the HSCL-90 due to lower 
somatization, depression, and 
anger-hostility and also reduced 
HADS global scores. 
Consumption of probiotic 
reduced self-blame score on 
CCL and increased focus on 
problem solving. No effect on 
PSS. 

Messaoudi, M. 
et al., 2011 [35] 

Sub-population of 
above sample of 
25 with lowest 
UFC levels 

L. helveticus & B. 
longum 

Double-blind, 
randomized, controlled, 
parallel study 

30 days HADS,  
HSCL-90 

Consumption of probiotics 
reduced HADS and HSCL-90 
scores.  

Rao, A. V. et 
al., 2009 [31] 

35 CFS patients. 
Ages 18-65 years 
 

L. casei Double-blind, 
randomized, placebo-
controlled pilot study  

2 months BDI, BAI Consumption of probiotics 
significantly improved BAI 
scores. No effect on BDI scores. 

Steenbergen, 
L. et al., 2015 
[33] 

40 non-smoking 
healthy young 
adults. 
Mean age: 20 
years 

B. lactis & L. 
acidophilus, 
brevis, casei, 
lactis, & salivarius   

Triple-blind, 
randomized, placebo-
controlled, pre- and 
post-intervention 
assessment  

4 weeks LEIDS-r Consumption of multispecies 
probiotic significantly reduced 
overall cognitive reactivity to 
depression (in particular 
aggressive and ruminative 
thoughts). 
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Chapter 3 

THE EFFICACY, SAFETY, AND TOLERABILITY OF PROBIOTICS ON 

DEPRESSION: CLINICAL RESULTS FROM AN OPEN-LABEL PILOT 

STUDY 

 

3.1 Prologue 

Based on the literature systematically reviewed in the previous chapter, I was persuaded that 

probiotics may influence symptoms of depression and endeavored to test these effects in a small 

pilot study. As you will read in the following chapter, we did indeed observe significant 

improvements in several core features of depressive symptomatology. These findings provided 

the impetus to further examine this relationship. 

 

3.2 Manuscript Information 

Status: Published. 

Citation: Wallace CJK, Milev RV. The Efficacy, Safety, and Tolerability of Probiotics on 

Depression: Clinical Results from an Open-Label Pilot Study. Frontiers in Psychiatry, 

2021;12:132.  

Copyright permission: No permission required: “This article was published under a Creative 

Commons attribution licence. This means that the use, distribution or reproduction in other 

forums is permitted, provided the original author(s) or licensor are credited and that the original 

publication in this journal is cited, in accordance with accepted academic practice.” 
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Relative contributions to manuscript: Caroline Wallace, together with her supervisor, Roumen 

Milev, conceived the research hypothesis and study design. Caroline collected, analyzed, and 

interpreted patient data, wrote the first draft, and revised all drafts.  

 

3.3 Manuscript 

3.3.1 Abstract 

Background: A growing body of research has shown that consumption of probiotics can 

improve symptoms associated with mood and anxiety disorders through activity of the gut-brain 

axis. However, the effects of probiotics have yet to be tested in a clinical sample of treatment-

naïve patients diagnosed with Major Depressive Disorder (MDD). The aim of this 8-week, open-

label pilot study is to examine changes in depressive symptoms before and after the introduction 

of a probiotic supplement in 10 treatment-naïve MDD patients and to provide data on the 

feasibility of conducting a larger double-blind, randomized, placebo-controlled trial in the same 

patient population. Here we report on the clinical outcome measures of the study. Methods: 

Participants recruited from the community in Kingston, Ontario, Canada consumed a probiotic 

supplement containing Lactobacillus helveticus R0052 and Bifidobacterium longum R0175 

(CEREBIOME®) at a dose of 3x109 CFU once per day for 8 weeks. Clinical symptoms of 

depression were measured using a validated battery of clinical scales and self-report 

questionnaires (CAN-BIND protocol). Data was collected at baseline, week 4, and week 8. 

Results: Significant improvements in affective clinical symptoms were observed at week 4 and 

were sustained at week 8. Significant improvements in subjective sleep quality were observed by 

week 8. No side effects or adverse effects associated with the probiotic supplement were 

observed. Conclusions: The findings from this study support the existing evidence in this 
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emerging field for probiotics having a role in alleviating symptoms of depression in treatment-

naïve, moderately depressed patients and indicate that the probiotic supplement is safe and well-

tolerated in this population. However, further comprehensive studies are required to draw 

conclusions.  

 

3.3.2 Introduction 

Recent advances in gut-brain axis research have linked psychiatric disorders such as depression 

to changes in the microbiome of the gastrointestinal (GI) tract [1]. Several experimental methods 

have been used to examine the microbiota-gut-brain axis and the effects that these bacteria in the 

GI tract may have on central nervous system functioning, including antibiotic treatment, germ-

free animal models, and fecal microbiota transplantation. With respect to psychiatric disorders, 

one emerging approach that has been demonstrated by both preclinical and preliminary clinical 

research to have a potential therapeutic role is probiotic supplementation [2]. Probiotics are live 

bacteria that colonize the GI tract and exert a health benefit on the host [3]. Probiotics can be 

obtained through consumption of naturally fermented foods, functional foods that are fortified in 

such bacteria, or in supplement form.  

 

A wealth of preclinical data has shown that probiotic consumption improved depression- and 

anxiety-like behaviour in rodent models [4-6] and have posited inflammatory activity through the 

gut-brain axis as driving these effects. However, whether probiotic consumption positively 

changes microbiome composition and function in humans to result in improved mood and 

reduced depressive symptoms remains unclear. Several randomized control trials (RCTs) have 

explored this possibility in clinically depressed patients [7-12], but inconsistencies in sample 
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characteristics, bacterial species and strains, dosage, and duration of intervention resulted in 

mixed findings. There also remain significant gaps in the research, such as probiotics’ effects on 

sleep quality, which is often disrupted in depression and leads to poor functional outcomes. 

Further, most studies have examined probiotics in patients who were also taking antidepressant 

medication. While exploring probiotics in combination with standard antidepressant medication 

is important to see whether they can be effective as an adjunctive treatment, it is crucial that we 

also examine probiotics as a standalone treatment to determine whether there are any pure effects 

and if they can be translated into an effective monotherapy. This research comes at a time when 

patients and healthcare professionals are looking for more personalized, tolerable, and effective 

ways to alleviate symptoms of depression, and as scientists are discovering further evidence that 

the effects of bacterial activity in the gut is not confined to the gastrointestinal system.  

 

To begin to address in the gaps in the research, we conducted an open-label pilot study to assess 

the effects of probiotics on Major Depressive Disorder (MDD) in a treatment-naïve (i.e. have no 

prior history of antidepressant medication use) clinical sample. The objective of this study was to 

examine the safety, tolerability, and efficacy of a probiotic supplement on symptoms of 

depression in treatment-naïve depressed patients. The ultimate goal of the study was to provide 

data on the feasibility of conducting a larger double-blind, randomized, placebo-controlled trial 

in the same patient population. Here we report on the clinical outcome measures of the study. 

Secondary outcome measures, which include levels of circulating inflammatory and gut 

permeability markers, microbiome composition, and sleep architecture, involved the collection 

of blood and stool samples and polysomnography and will be reported on when data becomes 

available.  



 

 

 

36 

 

3.3.3 Materials and Methods 

Study Design. This study was an 8-week open-label exploratory study. All participants were 

unblinded and received the active investigational product for 8 weeks. The study was registered 

with ClinicalTrials.gov in 2016 (NCT02838043) and obtained ethics clearance from the Queen’s 

University Health Sciences and Affiliated Teaching Hospitals Research Ethics Board (protocol 

number 6016312). Authorization from Health Canada was obtained for use of a probiotic 

supplement containing Lactobacillus helveticus R0052 and Bifidobacterium longum R0175, 

registered with the Natural and Non-Prescription Directorate of Health Canada.   

Participants. The target participant population was males and females ages 18-65 in a current 

episode of MDD as determined by the Mini International Neuropsychiatric Interview (MINI) 

[13] per DSM-IV criteria, and not currently taking any antidepressant medication. Full inclusion 

and exclusion criteria can be found in Table 3-1. Participants who were undergoing behavioural 

and/or cognitive therapy for depression were eligible for the trial if they had been undergoing the 

therapy for at least six months and would continue at their regular frequency during the trial for 

consistency. Participants were recruited from the community via paper and web-based 

advertisements. Interested potential participants contacted study personnel by email and were 

followed up with by a pre-screening phone call. If eligible, based on the pre-screening criteria, 

potential participants then underwent a full screening visit at the study site.  

Setting. Clinical data collection was carried out in a tertiary-care mental health and continuing 

care hospital in Kingston, Ontario, Canada. 

Investigational Product. The supplement under investigation is a probiotic formulation 

containing two active ingredients: Lactobacillus helveticus R0052 (90%) and Bifidobacterium 
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longum R0175 (10%) (CEREBIOME®, Lallemand Health Solutions Inc., Mirabel, Canada). The 

probiotic supplement is packaged in 1.5g sachets as a lyophilized powder at a dose of 3 x 109 

colony forming units (CFU) per sachet and is micro-encapsulated to prevent breakdown by 

stomach acid, ensuring the bacteria reaches the intestines. The supplement also contains the 

following excipients: xylitol (sweetener), maltodextrin (coating agent), fruit flavour and malic 

acid (acidity regulator), yeast extract, sucrose, and ascorbic acid (cryoprotectants). Participants 

were instructed to refrigerate the investigational product and consume once daily at any time of 

day. If a dose was missed, participants were instructed to skip the missed dose and continue with 

the probiotic the following day.  

Measures. Clinical. Clinical symptoms of depression were measured using a battery of validated 

clinical scales and self-report questionnaires from the Canadian Biomarker Integration Network 

in Depression (CAN-BIND) studies. The primary outcome measure was overall depressive 

symptoms, measured using the clinician-rated Montgomery-Åsberg Depression Rating Scale 

(MADRS) [14]. For inclusion in the study, participants must have had a baseline MADRS score 

of 20, indicating at least a moderate depression. Depressive symptoms were also measured 

using the Quick Inventory of Depressive Symptomatology (QIDS-SR16) [15], a sixteen-item 

self-report questionnaire. Anhedonia was measured with the Snaith-Hamilton Pleasure Scale 

(SHAPS) [16], which assesses one’s ability to experience pleasure or enjoyment, and anxiety 

with the Generalized Anxiety Disorder 7-item scale (GAD-7) [17] and the State Trait Anxiety 

Inventory (STAI) [18]. Sleep was measured subjectively using the Pittsburgh Sleep Quality 

Index (PSQI) [19]. Basic information on diet was collected using a brief diet questionnaire, and 

adverse gastrointestinal symptoms were recorded with a gastrointestinal symptom rating scale. 

Clinical data was collected during visits to the study site at baseline, week 4, and week 8.  
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Analyses. Statistical Analyses. A series of one-way repeated measures analyses of variance 

(ANOVAs) and post hoc tests using Bonferroni correction were conducted to examine changes 

in clinical measures from baseline to week 4 and week 8. Data was analyzed using two-tailed 

techniques with IBM’s statistical program Statistical Package for the Social Sciences (SPSS) 

version 24 with a significance level of =0.05.  Shapiro-Wilk tests were conducted to check for 

normality and when data was not normally distributed, nonparametric equivalents were used. 

 

3.3.4 Results 

Sample Characteristics. All 10 participants completed the study and were included in clinical 

data analysis reported here. The sample was 70% female, with an age range of 19 to 41 years 

(average age: 25.2 ± 7 years). Baseline MADRS scores ranged from 20 to 31 with a mean of 

24.9, indicating all participants were experiencing a moderate depression severity. All baseline 

(week 0) demographic information can be found in Table 3-2. Importantly, no side effects or 

adverse events associated with the probiotic supplement were noted.  

 

Clinical Results. Overall depressive symptomatology was measured using the MADRS and the 

QIDS-SR16. Analyses found significant reductions in mean MADRS scores between time points 

[F(2, 18) = 26.84, p < 0.001]. Pairwise comparisons revealed a significant (p < 0.001) reduction 

from baseline (24.9  3.4) to week 4 (15.4  4.4), but only a slight reduction from week 4 to 

week 8 (12.7  8.1) which was not significant (p = 0.377) (Figure 3-1A). Similarly, there were 

significant reductions in mean QIDS-SR16 scores [F(2, 18 = 38.45, p < 0.001] with significant 

reductions from baseline (20.5  6.4) to week 4 (14  6.3) and only a slight reduction from week 

4 to week 8 (11.6  8.1) which was not significant (p = 0.126) (Figure 3-1A). Analysis of 

anhedonia, measured with the SHAPS, found significant reductions in mean SHAPS scores [F(2, 
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18) = 9.97, p = 0.001] and like overall depressive symptoms, an initial significant (p = 0.004) 

reduction from baseline (36.8  2) to week 4 (31.4  4.6) followed by a slight non-significant (p 

= 1.000) reduction from week 4 to week 8 (30.7  6.8) (Figure 3-1B). 

Anxiety was measured using the GAD-7 and the STAI. An ANOVA with a Greenhouse-Geisser 

correction determined that there were significant [F(1.25, 11.28) = 5.58, p = 0.031] reductions in 

GAD-7 scores across time points, but only from baseline to week 4 (13.5  3.8 and 9.6  4.9 

respectively; p = 0.021) and not from week 4 to week 8 (9.8  6.6; p = 1.000) (Figure 3-2A). An 

ANOVA with sphericity assumed conducted on mean STAI scores mirrored these results, 

finding a significant reduction [F(2,18) = 6.44, p = 0.008] in mean scores from baseline to week 

4 (123.3  11.3 and 105.7  21.5 respectively; p = 0.016) , but not from week 4 to week 8 (104.3 

 28.1; p = 1.000) (Figure 3-2A).  

Subjective sleep quality was measured with the PSQI. An ANOVA with a Greenhouse-Geisser 

correction found significant reductions in mean PSQI scores [F(1.3,11.6) = 10.76, p = 0.005]. 

Unlike the other clinical measures, there was no significant reduction (p = 0.167) in scores from 

baseline (9.8  3.6) to week 4 (8.6  2.9), but a significant reduction (p = 0.002) did emerge from 

week 4 to week 8 (6.6  2.8) (Figure 3-2B). 

 

3.3.5 Discussion 

While only preliminary, the findings from this study suggest a role for probiotics in alleviating 

depressive symptoms in moderately clinically depressed, treatment-naïve patients. Daily 

supplementation with probiotics significantly improved overall mood and anhedonia, reduced 

anxiety, and improved sleep quality. Moreover, the absence of side effects and adverse events 

associated with the probiotic indicates that it was well-tolerated and safe to use in this 
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population. Our primary outcome measure, the MADRS, measures severity of overall depression 

symptoms. MADRS scores range from 0 to 60 with 0 to 6 indicating an absence of symptoms, 7 

to 19 indicating a mild depression, 20 to 34 indicating a moderate depression, and >34 indicating 

a severe depression. In the current study, the significant reduction of mean MADRS scores from 

24.9 at baseline to 15.5 at week 4 and 12.7 at week 8 suggests that while probiotic 

supplementation did not completely alleviate depressive symptoms, it improved symptom 

severity from moderate to mild.    

 

While affective symptoms such as mood and anhedonia were improved by week 4, subjective 

sleep quality did not improve until week 8. This suggests that probiotics may exert their effects 

early on for affective symptoms, and after prolonged use for sleep symptoms. The reason for this 

is unclear, although a study examining the effects of a multistrain probiotic formulation on 

subjective sleep quality in healthy controls also did not report significant improvements until 

later (week 6) [20]. A recent meta-analysis also supports this evidence, suggesting that 

improvements in subjective sleep quality using probiotics requires a treatment duration of 8 

weeks or longer [21]. It is possible that in our study, subjective sleep quality was indirectly 

improved by consumption of the probiotic, with improved affective symptoms acting as a 

moderator. The mean score of 9.8 on the PSQI at baseline indicates that participant’s subjective 

sleep quality at the start of the study was poor. Given that a global score of 5 or more on the 

PSQI indicates poor sleep quality, the improvement to 6.6 at week 8 still indicates a poor sleep 

quality, However, the higher the score, the worse the quality.  
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To our knowledge, there have been eight previous trials [7-12, 22-23] assessing the effects of a 

probiotic supplement on symptoms of depression in a depressed sample, mostly as adjuvant to 

pharmacological antidepressants. Six of these trials, discussed below, were RCTs, with two using 

the same combination of L. helveticus R0052 and B. longum R0175 as the present study. This is 

important as probiotics’ effects are both species- and strain-specific. In 2016, Akkasheh and 

colleagues examined the effects of a probiotic capsule containing L. acidophilus (2 x 109 CFU), 

L. casei (2 x 109 CFU), and B. longum (2 x 109 CFU) on symptoms of depression compared to a 

placebo in 40 Iranian patients diagnosed with MDD per DSM-IV criteria. After 8 weeks, the 

authors found a significant reduction in depression scores measured by the Beck Depression 

Inventory (BDI) [7], which has been shown to be highly correlated with the MADRS [24] and is 

consistent with the findings from the present study. In 2017, Romijn and colleagues conducted a 

double-blind, randomized, placebo-controlled trial in 79 Australian individuals presenting with 

low mood and included more outcome measures of depressive symptoms. This study used the 

same probiotic supplement as the present study, however, contrary to our findings, did not find 

any significant improvements on the MADRS, QIDS-SR16, Clinical Global Impressions scale 

(CGI), Global Assessment of Functioning (GAF), or Depression, Anxiety, and Stress Scale 

(DASS-42) [8] after 8 weeks. This may be because the authors did not exclude psychotherapy 

use or past antidepressant use, leading to a sample of potentially chronic and treatment-resistant 

depression, which is not the sub-sample of depressed patients we hypothesize a probiotic 

supplement will benefit. It also should be noted that Romijn and colleagues’ sample consisted of 

participants self-identified as being depressed and were not diagnosed by a clinician. In 2018, 

Ghorbani and colleagues from Iran conducted a 6-week blinded, placebo-controlled, randomized 

trial examining the effects of a synbiotic containing L. casaei, L. acidophilus, L. bulgaricus, L. 
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rhamnosus, B. breve, B. longum, Streptococcus thermophilus, and fructooligosaccharide as the 

prebiotic. The synbiotic was examined in 40 patients diagnosed with MDD as an adjuvant to 

fluoxetine. Results showed that the synbiotic group had significantly lower depression scores on 

the Hamilton Depression Rating Scale (HAM-D) compared to the placebo [9]. Also in 2018, 

Kazemi and colleagues conducted a double-blinded, randomized, placebo-controlled trial 

comparing the effects of the same probiotic supplement used in the present study as well as a 

prebiotic to a placebo. This study, also conducted in Iran, examined the probiotic and prebiotic as 

an adjunctive therapy to sertraline, fluoxetine, citalopram, or amitriptyline in 81 patients 

diagnosed with MDD. In line with Akkasheh and colleagues’ findings, pairwise comparisons 

revealed significant improvements in depression symptoms measured by the BDI in the probiotic 

group, but not in the prebiotic group [10]. A 2019 study from Poland by Rudzki and colleagues 

examined the effects of L. plantarum 299v as an adjuvant to selective serotonin reuptake 

inhibitors (SSRIs) in a double-blind, randomized, placebo-controlled trial in 60 patients 

diagnosed with MDD. The authors reported no significant improvements on the HAM-D, the 

Perceived Stress Scale (PSS-10), or the Symptom Checklist (SCL-90), but did see an 

improvement in two cognitive measures: the Attention and Perceptivity Test (APT) and 

California Verbal Learning Test (CVLT) [11]. Finally, Chahwan and colleagues from Australia, 

also in 2019, examined the effects of a multispecies supplement containing B. bifidum W23, B. 

lactis W51, B. lactis W52, L. acidophilus W37, L. brevis W63, L. casei W56, L. salivarius W24, 

Lactococcus lactis W19, and Lactococcus lactis W58 in a sample of 71 depressed patients not 

currently taking any antidepressant medication and stratified into subgroups based on severity. 

While no significant improvements were reported on the BDI, the DASS, or the BAI, the authors 

did report a significant improvement in cognitive reactivity, measured using the Leiden Index of 
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Depression Sensitivity-Revised (LEIDS-R) [12]. This finding on cognitive reactivity to sad 

mood, a major risk factor for depression, is consistent with findings from a previous study in 

healthy controls [25]. Taken together with the present findings, these studies provide a small 

foundation of research into this rapidly advancing field where further investigation is crucial. 

 

The findings from the present study provide evidence for this combination of probiotics as a 

potential monotherapy for depression in treatment-naïve depressed patients. This line of research 

could have a major impact on many individuals seeking relief from depressive symptoms; 

Among other issues such as latency to produce a noticeable effect, antidepressant medication is 

often accompanied by intolerable side effects that cause a significant proportion of patients to 

discontinue their medication [26]. These implications also have particular importance for 

populations for whom antidepressant medications are not recommended, such as those under 18 

years of age, pregnant and breastfeeding women, the elderly, those with medical conditions 

taking medications that may present drug interactions, and those presenting with sub-clinical 

symptoms of depression. A daily probiotic supplement or a dietary increase in probiotic-rich 

foods could allow individuals to bypass stigma, latency, side effects, and barriers associated with 

antidepressant medication and still obtain relief from their depressive symptoms.  

 

Limitations. There are several limitations in the present study to acknowledge. First, the small 

sample size undermines the statistical interpretations and generalizability of the study. Second, 

the open-label design and lack of placebo makes the study liable to confirmation bias by both 

participants and study personnel. Third, the method of recruitment introduces an increased 

possibility of response bias; skewing the data toward a certain subset of patients who are more 
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likely to respond to advertisements and participate in research, reducing the generalizability of 

the results. Fourth, the sample was disproportionately skewed toward young adult females. 

Demographic criteria for inclusion in the study were males and females 18 to 65 years, yet 90% 

of the sample was between 18 and 32 years and was 70% female. However, given the 2:1 female 

to male sex distribution of MDD, our sample is representative of the natural distribution of the 

disorder. The increased rate at which females seek treatment for mental health issues may also 

play a role in the distribution [27]. Additionally, treatment-naïve patients experiencing moderate 

depression are naturally younger, explaining the relatively young average age of the sample. 

Fifth, our measurement of diet was inadequate in measuring how diet contributes to mental 

health and illness and thus was not included in any analyses. The brief diet questionnaire 

consisted of 5 questions assessing how often in the past month participants consumed red meat, 

sweetened beverages, refined sugar, fruits and vegetables, and multivitamins on a five-point 

Likert scale. A more comprehensive measure of diet, such as a detailed food frequency 

questionnaire, would provide more insight into how diet plays into depressive symptomatology 

and response to the probiotic supplement. Finally, there was no post-intervention follow-up 

period. A washout period following the intervention would have provided insight into how long 

clinical effects would be sustained, or whether prolonged use of probiotics would be required to 

maintain these effects. 

 

Future Directions. While the results from this study are promising, the existing limitations 

make it impossible to draw strong conclusions. To address this, the data from this pilot study was 

used to plan a double-blinded, randomized, placebo-controlled trial assessing the effects of the 

same probiotic supplement in participants diagnosed with MDD [28]. In addition to clinical and 
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polysomnographic measures, this expansion study features a neuroimaging data collection 

platform and extended molecular measures including genomics, proteomics, and metabolomics 

to explore potential biomarkers that will predict responsiveness to the probiotic. A larger sample 

size will allow us to stratify results by sex. This is crucial, given the sex differences observed in 

microbiome composition [29] which may influence gut-brain axis activity and response to the 

probiotic. We will also be able to more carefully examine common psychiatric comorbidities that 

may influence outcomes. Importantly, this study will also comprehensively examine potential 

mechanisms of action, such as how dietary patterns and nutritional status contribute to the 

relationship between probiotics and mental health, as well how microbial metabolites may be 

driving this relationship. 
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Table 3-1. Full inclusion and exclusion criteria. 

Inclusion Criteria Exclusion Criteria 

1. Diagnosis of MDD by MINI 
2. Current depressive episode with a 

MADRS score of  20 

3. Males and females between ages 18 
and 65 

4. Able to understand and comply with 
the requirements of the study 

5. Provision of written informed consent 
 

1. Use of any antidepressant drug 
2. Use of any antibiotic drug in the past 4 weeks 
3. Use of any sleep medication in the past 4 

weeks 
4. Milk, yeast, or soy allergy 
5. History of alcohol or substance abuse in the 

past 6 months  
6. Daily use of probiotic product in the past 2 

weeks 
7. Use of any type of laxative 
8. Consumption of products fortified in probiotics 
9. Severely suicidal 
10. Experiencing psychosis or bipolar episode 
11. History of epilepsy or uncontrolled seizures 
12. Women who are pregnant, breastfeeding, or 

planning to become pregnant during the trial 
13. Immunodeficiency 
14. Unstable medical conditions or serious 

diseases/conditions (e.g. cancer, 
cardiovascular, renal, lung, diabetes, 
psychiatric illness, bleeding disorders, etc.) 

15. Use of natural health products (NHPs) that 
affect depression (e.g. St. John’s Wort, 
passionflower, etc.) 

16. Electroconvulsive therapy (ECT) in the year 
prior to participation in the study 

17. Taking antidepressant medication or other not-
permitted treatment that cannot be safely 
discontinued 

MDD: Major Depressive Disorder; MINI: Mini International Neuropsychiatric Interview; MADRS: Montgomery-Åsberg Depression Rating Scale; NHP: 
Natural Health Product; ECT: Electroconvulsive therapy 

 

Table 3-2. Summary of study sample demographics. 

 

 

 

 

 

 

 

 
 

SD: Standard deviation; MADRS: Montgomery-Åsberg Depression Rating Scale  

Demographics  

Total participants (n) 10 
Female 7 
Male 3 
Age (years)  
Mean ± SD 25.2 ± 7 
Range 18 – 41 
Symptom Severity at Baseline (MADRS Score)  
Mean ± SD 24.9 ± 3.4 
Range 20 – 31 
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Figure 3-1. A: Early significant improvements in overall depressive symptomatology as measured 

by the MADRS and QIDS-SR16. B: Similar significant improvements in anhedonia as measured by 

the SHAPS. 

 

MADRS: Montgomery-Åsberg Depression Rating Scale; QIDS-SR16: Quick Inventory of Depressive Symptomatology 16-item self-report; SHAPS: 
Snaith Hamilton Pleasure Scale 
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Figure 3-2. A: Significant improvements in anxiety as measured by the GAD-7 and STAI. B: 

Delayed significant improvements in subjective sleep quality as measured by the PSQI.  

 

GAD-7: Generalized Anxiety Disorder 7-item scale; STAI: State-Trait Anxiety Inventory; PSQI: Pittsburgh Sleep Quality Inventory  
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Chapter 4 

MOLECULAR AND MICROBIAL UNDERPINNINGS OF THE EFFECTS 

OF PROBIOTICS ON DEPRESSION: RESULTS FROM AN OPEN-LABEL 

PILOT STUDY 

 

4.1 Prologue 

My findings from the previous chapter suggest that probiotics do indeed influence clinical 

symptoms of depression. Given these findings, I endeavored to examine molecular and microbial 

mechanisms that, based on previous literature, may be driving these effects. In the following 

section, I do so by further analyzing data and building on our pilot work from a biological 

perspective. 

 

4.2 Manuscript Information 

Status: Not yet submitted 

Citation: Wallace CJK, Horne R, Francella C, Foster, JA, Milev, RV. Molecular and microbial 

underpinnings of the effects of probiotics on depression: Results from an open-label pilot study. 

Not yet submitted. 

Copyright permission: N/A 

Relative contributions to manuscript: Caroline Wallace, together with her supervisor, Roumen 

Milev, conceived the research hypothesis and study design. Caroline collected and interpreted 

(with input and expertise from Jane Foster) all data. Rachael Horne and Cassandra Francella 

performed microbiome analysis. Caroline wrote the first draft and revised all drafts.  
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4.3 Manuscript 

4.3.1 Abstract 

Background: A growing body of evidence suggests that probiotic supplementation may improve 

symptoms of depression through molecular and microbial activity of the gut-brain axis. 

However, these outcomes have yet to be examined in a clinical sample of treatment-naïve 

patients diagnosed with Major Depressive Disorder (MDD) undergoing probiotic intervention. 

The aim of the current study was to analyze molecular and microbial data from an 8-week, open-

label pilot study examining the effects of a probiotic supplement on depression in 10 treatment-

naïve MDD patients. Here we report on the molecular (blood-based biomarkers) and microbial 

(gut microbiome composition) outcomes of the study. Methods: Participants recruited from the 

community in Kingston, Ontario, Canada consumed a probiotic supplement containing 

Lactobacillus helveticus R0052 and Bifidobacterium longum R0175 (CEREBIOME®) at a dose 

of 3x109 CFU once per day for 8 weeks. Blood samples were collected at baseline, week 4, and 

week 8 for analysis of circulating concentrations of inflammatory and gut permeability markers 

using standard ELISA and multiplex immunoassays. Stool samples were collected at baseline, 

week 4, and week 8 for analysis of microbiome composition using 16S rRNA sequencing. 

Results: No significant changes were observed in concentrations of blood-based biomarkers of 

interest (CRP, IFN-, IL-1, IL-6, TNF-, and iFABP). 16S sequencing results interpreted using 

the beta diversity Bray-Curtis metric revealed both individual differences between participants 

and sex differences in microbiome composition. Conclusions: The findings from this study 

contribute valuable data to the body of literature describing molecular and microbial factors 
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related to the gut-brain axis in MDD patients undergoing probiotic supplementation. However, 

further studies with larger sample sizes are warranted to draw conclusions.  

 

4.3.2 Introduction 

The relationship between the microbiome of the gastrointestinal (GI) tract and the brain has 

become an area of interest for neuroscientists and microbiologists alike. The gut-brain axis, 

comprising a network of biochemical signalling allowing communication between the gut and 

the brain, is not a novel concept, though its prominence in both the scientific community and 

mainstream media has indeed increased exponentially in the past decade [1]. Its application as a 

potential therapeutic and prevention target for neuropsychiatric disorders [2], 

neurodevelopmental disorders [3], and neurodegenerative disorders [4] is currently being 

explored.  

 

The human gut microbiome is a dynamic community of trillions of microbial cells that colonize 

the gastrointestinal tract. While the gut also contains microorganisms such as archaea, yeasts, 

viruses, and protozoa, it is colonized primarily by bacteria, which are mostly transient. At the 

phylum level, dominant bacteria in the gut include Firmicutes and Bacteroidetes [5]. These 

microbiota function to help with host digestion, metabolism, growth, development of the 

immune system, defense against pathogens, and development and function of the brain [6]. The 

effects of the microbiome on the brain and vice versa can be studied by examining the activity of 

the gut-brain axis through germ-free (GF) mice studies, bacterial infection studies, fecal and 

microbial transplant studies, and probiotic and antibiotic studies.  
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At the forefront of treatment-related studies in humans is intervention using probiotics. 

Probiotics are live bacteria that when consumed or applied in adequate amounts, have a health 

benefit to the host [7]. While there are a wide range of bacteria which are considered probiotics, 

the most common are strains of the species Lactobacillus and Bifidobacterium. Some strains of 

Escherichia, streptococcus, saccharomyces, and clostridium are also considered probiotics. 

Importantly, the beneficial effects of probiotics are genus-, species- and strain-specific. Thus, not 

all bacteria considered probiotics will act on the gut-brain axis. 

 

While the specific pathways of communication within this complex network have yet to be fully 

delineated, studies have shown several crucial elements may serve as intermediaries between 

activity in the gut that influences the brain and vice versa, such as the vagus nerve, short-chain 

fatty acids (SCFAs), and microbe-associated molecular patterns (MAMPs) [8]. Probiotics are 

hypothesized to influence both gut barrier permeability, measured by biomarkers such as 

intestinal fatty-acid binding protein (iFABP), and these crucial intermediaries, which in turn 

regulate immune activity. In a disease state, altered immune signalling can lead to a global 

inflammation commonly observed in depressed patients [9]. While circulating concentrations of 

inflammatory markers do not necessarily correspond to levels of neuroinflammation, pro-

inflammatory cytokines may cross the blood-brain barrier (BBB) using cytokine transporters 

[10], or via diffusion in chronically stressed individuals where increased BBB permeability is 

observed [11]. Thus, it is possible that the global inflammation observed in depressed patients 

may translate to increased inflammatory activity in the brain. Specific cytokines hypothesized to 

be involved in the pathophysiology of depression and that may serve as blood-based biomarkers 

include interleukin-1 (IL-1), Il-6, tumor necrosis factor- (TNF-), interferon- (IFN-), as 
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well as c-reactive protein (CRP) [9]. Neuroinflammation stemming from activity from these 

cytokines disrupts activity of neurotransmitters critical in mood regulation and which are often 

targeted in classic pharmacological depression treatments such as serotonin, dopamine, 

norepinephrine. The disruption of these neurotransmitters results in dysregulated corticolimbic 

circuitry, which manifests as fundamental symptoms of depression including anhedonia, anxiety, 

and sleep disturbances. Activity and levels of circulating pro-inflammatory cytokines and gut 

permeability markers may therefore serve as diagnostic biomarkers for depression and response 

to probiotic intervention.  

 

To understand the relationship between depressive symptoms and probiotic intervention, it is 

critical to investigate these molecular and microbial underpinnings of the gut-brain axis. The data 

presented here on blood-based biomarkers including cytokine and gut permeability markers as 

well as microbiome composition is from secondary outcome measures from a pilot study. 

Clinical results from this pilot study have been previously reported [12] and was conducted as a 

feasibility study for a larger double-blinded randomized placebo-controlled trial (DBRCT) [13].  

 

4.3.3 Materials and Methods 

Full details on study design, participants, setting, and investigational product have been 

previously described [12].  

Study Design. This study was an 8-week open-label exploratory study. All participants were 

unblinded and received the active investigational product for 8 weeks. The study was registered 

with ClinicalTrials.gov in 2016 (NCT02838043) and obtained ethics clearance from the Queen’s 

University Health Sciences and Affiliated Teaching Hospitals Research Ethics Board (protocol 

number 6016312).  
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Participants. The target participant population was males and females ages 18-65 in a current 

episode of MDD as determined by the Mini International Neuropsychiatric Interview (MINI) per 

DSM-IV criteria, and not currently taking any antidepressant medication.   

Setting. Data collection was carried out in a tertiary-care mental health and continuing care 

hospital in Kingston, Ontario, Canada. 

Investigational Product. The supplement under investigation is a probiotic formulation 

containing two active ingredients: Lactobacillus helveticus R0052 (90%) and Bifidobacterium 

longum R0175 (10%) (Lallemand Health Solutions, Montreal, Canada). The probiotic 

supplement is packaged in 1.5g sachets as a micro-encapsulated, lyophilized powder at a dose of 

3 x 109 colony forming units (CFU) per sachet. 

Measures. Blood-Based Biomarkers. Blood samples were collected from participants to measure 

concentrations of circulating inflammatory markers. During visits to the study site, 

approximately 15 mL of venous blood was drawn by a laboratory technician into two 10mL 

ethylenediamenetetraacetic acid (EDTA) tubes. The tubes were centrifuged in a refrigerated 

centrifuge and plasma was extracted into eight 2mL cryovials and frozen at -80C. Blood 

samples were collected at baseline, week 2, and week 8. 

Microbiome Composition. Stool samples were collected from participants to look at the 

general composition of the microbiome. Stool samples were collected by participants in their 

home within 24 hours of their study site visit using OMNIGene•Gut microbial collection and 

stabilization kits (DNA Genotek, Ottawa, Canada) provided at the previous visit. Samples were 

frozen at -80C. Stool samples were collected at baseline, week 2, and week 8.  

Analyses. Molecular Analyses. Blood samples were analyzed using standard antibody-based 

immunoassays. Plasma isolated from whole blood was analyzed using two techniques: Luminex 
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Human Cytokine 27-plex immunoassay and enzyme-linked immunoabsorbent assay (ELISA). 

Luminex targets included IL-1, IL-1Ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 

(p70), IL-13, IL-15, IL-17, basic fibroblast growth factor (FGF), eotaxin, granulocyte colony 

stimulating factor (G-CSF), granulocyte-macrophage colony stimulating factor (GM-CSF), IFN-

, interferon gamma-induced protein 10 (IP-10), monocyte chemoattractant protein-1 (MCP-

1/MCAF), macrophage inflammatory protein 1 (MIP-1), macrophage inflammatory protein 

1 (MIP-1), platelet-derived growth factor (PDGF-BB), chemokine ligand 5 (RANTES), TNF-

, and vascular endothelial growth factor (VEGF). ELISA targets included CRP and iFABP. 

Stool samples were analyzed using 16S sequencing, a gene sequencing technique based on 

polymorphisms in the hypervariable regions of the 16S rRNA gene present in all bacteria, which 

generated outputs for relative abundance, alpha diversity, and beta diversity.  

Statistical Analyses. Quantitative outputs were analyzed using two-tailed techniques with 

IBM’s statistical program Statistical Package for the Social Sciences (SPSS) version 24 with a 

significance level of =0.05. A series of one-way repeated measures analyses of variance 

(ANOVAs) and post hoc tests using Bonferroni correction were conducted to examine changes 

in circulating concentrations of biomarkers from baseline to week 2 and week 8. Shapiro-Wilk 

tests were conducted to check for normality and when data was not normally distributed, 

Friedman’s nonparametric test was used. 

 

4.3.4 Results 

Sample Characteristics. All 10 participants that completed the study were included in clinical 

and biological data analysis reported here. The sample was 70% female, with an average age of 

25.2 ± 7 years. Baseline demographic information has been previously reported [12].  
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Blood-Based Biomarker Results. No significant changes in any blood-based biomarker 

concentrations were observed. However, this was expected given the small sample size and 

associated effect size. Graphs showing changes in blood-based biomarkers of interest are shown 

in Figure 4-1. Although not significant, it is interesting to note a brief spike in plasma 

concentrations of CRP, IFN-, IL-1, and TNF- at week 2 before normalizing at week 8 

(Figure 4-1A-D). This was not the case for other biomarkers of interest, iFABP and IL-6, which 

both observed a steady but non-significant decline across time points (Figure 4-1E-F).  

Microbiome Composition Results. 16S rRNA gene sequencing results interpreted using beta 

diversity Bray-Curtis principal coordinate analyses (PCoA) and visualized using Phyloseq and 

Quantitative Insights Into Microbial Ecology (QIIME) revealed individual differences between 

participants in microbiome composition at the genus level (Figure 4-2A). Bray-Curtis PCoA 

plots also revealed clear sex differences in microbiome composition at the genus level (Figure 4-

2B) which were also observed in relative abundance plots (Figure 4-3). Male participants 

appeared to have higher relative abundance of Prevotella, while females appeared to have a 

higher relative abundance of Bacteroides (Figure 4-3). Other genera that were highly abundant in 

both sexes were Faecalibacterium and Eubacterium. No clear differences in relative abundance 

were observed across age groups or across time points, suggesting that the gut microbiome 

composition was not significantly altered following probiotic supplementation.  

 

4.3.5 Discussion 

Here we analyzed changes in inflammatory and gut permeability markers following consumption 

of a probiotic supplement in moderately depressed, treatment-naïve participants. We also 

examined the composition of the gut microbiome of these patients to add to the literature on 
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profiles of microbiome composition in patients with depression. The objective of this analysis 

was to identify potential gut microbial or molecular biomarkers for disease state and response to 

treatment. While the results presented from this open-label feasibility study are too preliminary 

to draw conclusions, they do call into question the role of inflammatory and gut permeability 

markers in response to probiotic supplementation, as well as highlight individual differences in 

microbiome composition.  

 

 

Lack of significant reductions in blood-based biomarker concentrations suggest no changes in 

inflammation or gut permeability that may correlate to the significant improvements observed in 

clinical mood symptoms, as previously reported [12]. This is consistent with other trials 

examining pro-inflammatory cytokines in depressed patients during intervention with probiotics 

[14, 15]. Another study, however, examining a probiotic supplement containing L acidophilus, L. 

casei, and B. bifidum found significant decreases in high-sensitivity CRP [16]. In the present 

open-label study, it is likely that significant changes were not observed due to the small sample 

size and corresponding insufficient power, as well as the inherent heterogeneity of MDD. Further 

studies with larger sample sizes examining plasma concentrations of inflammatory and gut 

permeability markers are warranted.  

 

The observed microbial results contribute valuable data to the body of literature describing 

individual differences in microbiome composition. This has implications for the etiology, 

pathophysiology, treatment, and prevention of mood disorders and supports the application of 

personalized and precision medicine targeting the gut-brain axis. This individualized gut 
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microbiome profile begins at the start of the individual’s life. While some colonization begins 

late-gestation, the majority occurs starting at birth and is influenced by mode of delivery at birth 

[17]. Diversity continues to increase throughout infancy and childhood, where factors such as 

being breastfed or bottle-fed affect the composition [17], and by adolescence it begins to 

stabilize and remains relatively constant throughout adult life [18]. During adult life, the primary 

environmental factors that influence the microbiome include diet, exercise, stress, and 

pharmacological intervention [18]. Since adults with depression often 1) have trouble engaging 

in health behaviours such as eating healthy and exercising; 2) experience comorbid chronic 

stress; and 3) take medication for their symptoms, these factors are important when considering 

microbiome structure and function in this cohort.   

 

In addition to environmental factors, host genetics also play a key role in microbiome 

composition, including sex. Our data supports the existing literature observing sex differences in 

microbiome composition [19]. Contextually, this is important given that historically, sex 

differences have been overlooked when treating psychiatric disease. This has been a critical 

oversight, since that sex differences have been noted not only in the prevalence but in the 

symptomatology, progression, and treatment response for depression [20]. It has been 

hypothesized that these distinctions are caused by differences in synaptic transmission in 

corticolimbic structures [20]. Thus, given that sex differences are observed at both ends of the 

gut-brain axis, it is crucial that the impact of sex is addressed when considering the gut-brain 

axis as a target for alleviating depressive symptoms. In the present study, males showed higher 

relative abundance of Prevotella, a genus of gram-negative bacteria of the Bacteroidetes phylum. 

Females, on the other hand, showed a higher relative abundance of Bacteroides, another genus of 
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gram-negative bacteria of the Bacteroidetes phylum. Previous studies examining stool samples 

from healthy humans have found enterotypes, or distinct gut microbial communities, across 

individuals based on these taxa, as well as Ruminococcus [5, 21]. However, interestingly, these 

enterotypes were linked to dietary patterns and not sex: Bacteroides enterotype was associated 

with a diet high in animal proteins and saturated fats, and Prevotella enterotype was associated 

with a diet high in carbohydrates and simple sugars, and the clustering was independent of 

nationality, age, sex, or body mass index (BMI) [21]. Thus, in future studies, considering both 

sex (genetic) and dietary patterns (environmental) should be essential.  

 

Limitations for the overall study have been previously described [12], however there are several 

limitations specific to the molecular and microbial research reported here. It is important to note 

a major caveat to all microbiome research: there exists limited knowledge of what a “healthy” or 

“normal” microbiome looks like structurally and functionally. While it is generally accepted that 

greater diversity of bacteria in the gut microbiome is associated with better health outcomes, as 

well as the absence of pathogenic bacteria, these are essentially the only criteria in which gut 

microbiome researchers have observed any consistency. Thus, we do not have a clear profile or 

composition of bacteria to work towards when we are manipulating the gut microbiome with a 

therapeutic goal in mind. Future research should work towards a more detailed description of a 

healthy gut microbiome to give clinical researchers more direction when targeting the gut-brain 

axis.  
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Figure 4-1. No significant changes observed in concentrations of blood-based biomarkers over time. 

 
CRP: C-reactive protein; TNF-: Tumor necrosis factor-; IFN-: Interferon- ; IL-1: Interleukin-1;  

IL-6: Interleukin-6; iFABP2: Intestinal fatty acid binding protein
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Figure 4-2. Bray-Curtis principal coordinate analysis (PCoA) plots of beta diversity highlighting (A) individual differences and (B) sex 

differences in microbiome composition. 
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Figure 4-3. Relative abundance of taxa observed in individual microbiome samples, grouped by sex. 
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Chapter 5 

THE EFFECTS OF PROBIOTICS ON SYMPTOMS OF DEPRESSION: 

PROTOCOL FOR A DOUBLE-BLIND RANDOMIZED PLACEBO-

CONTROLLED TRIAL 

 

5.1 Prologue 

The previous chapters have suggested that probiotics may play a role in depression 

symptomatology. I now wanted to test whether my results held up in a larger scale and more 

comprehensive study. To accomplish this, as you will read in the section that follows, we 

designed a double-blind randomized placebo-controlled trial. This chapter serves as a 

comprehensive methodological report for this trial.  

 

 

5.2 Manuscript Information 

Status: Published. 

Citation: Wallace CJK, Foster JA, Soares CN, Milev RV. The Effects of Probiotics on 

Symptoms of Depression: Protocol for a Double-Blind Randomized Placebo-Controlled Trial. 
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Copyright permission: No permission required: “The author is permitted to include the 

preprint, AAM (postprint) or likewise the VoR in his/her MSc or PhD thesis immediately after 

publication of the VoR and without consideration of any embargo period.” 
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Relative contributions to manuscript: Caroline Wallace, together with her supervisor, Roumen 

Milev, conceived the study design. As co-investigators, Jane Foster and Claudio Soares provided 

crucial input for the study design in their respective areas of expertise. Caroline wrote the first 

draft of the manuscript and revised all drafts. All authors read and approved the final manuscript.  

 

5.3 Manuscript 

5.3.1 Abstract 

Background: A growing body of evidence has linked mental health outcomes to the 

microbiome. This has led to the investigation of the gastrointestinal tract as a target for novel 

treatments and interventions for depression, including probiotics. Our recent open-label, 8-week 

pilot study provided the first evidence of probiotics improving symptoms of depression in 

treatment-naive depressed patients. To further support and expand upon this evidence, data from 

the pilot study was used to plan a 16-week, double-blind randomized placebo-controlled trial to 

assess the effects of probiotics on depression. Here we report the protocol for this trial. Methods: 

Participants diagnosed with depression will orally consume a probiotic supplement containing 

Lactobacillus helveticus and Bifidobacterium longum or placebo once daily. Participants will 

undergo assessments measuring clinical outcomes using a battery of validated clinical scales and 

questionnaires. Sleep architecture and quality will be measured using polysomnography. 

Neuroimaging data will be collected using magnetic resonance imaging to look at functional and 

structural neurophysiological changes. Molecular data will be collected from blood, stool, and 

urine samples to look at cytokine levels and explore potential genes and proteins that may predict 

outcomes in depression. Results: We expect results to replicate and expand on our pilot data, 

demonstrating that probiotics are effective in alleviating symptoms of depression, and to find 
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biomarkers that will predict these outcomes. Conclusions: The findings from this study will add 

to the growing body of research in this emerging field which eventually may provide evidence 

for probiotics having a role in alleviating symptoms of depression.  

 

 

5.3.2 Introduction 

Major Depressive Disorder (MDD) is a devastating yet widespread chronic disorder with 

considerable personal and socioeconomical costs. According to the World Health Organization, 

MDD is the fourth leading cause of disability worldwide, and will be the second leading cause 

by 2020 [1]. Individuals suffering from MDD experience persistent low mood, blunted or absent 

experience of pleasure, as well as a wide range of cognitive, physical and behavioural symptoms 

that interfere with the individual’s capacity to function in daily life. First-line pharmacological 

treatments for MDD have an increasingly high failure rate [2], thus, identifying new treatment 

targets and therapies is very important. 

 

Previously, it was generally accepted among clinicians and scientists that MDD was a disorder of 

reduced monoaminergic activity in the brain [3]. Consequently, most pharmacological treatments 

currently available solely target these neurotransmitters and their receptors. Others have 

postulated glutamate receptor involvement (e.g. with the use of the N-methyl-D-aspartic acid 

[NMDA] receptor agonist ketamine), or the modulation of cholinergic and -aminobutyric acid 

(GABA) –ergic transmission [4]. Treatments targeting these systems may alleviate symptoms of 

depression by directly modulating neurotransmitter function in the brain. The pathophysiology of 

MDD however, is far more complex, extending beyond correcting the balance of certain 

neurotransmitters. Other systems, including the immune system and its role in 
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neuroinflammation, have been implicated in several mental illnesses including MDD [5]. Thus, 

modulators of host immunity are currently being investigated as novel treatment targets for 

mental illness [5].  

 

A growing body of evidence has linked microbiome composition and activity to central nervous 

system development and functioning [7-9]. Referred to as the gut-brain axis, this bidirectional 

communication network between the brain and the gut has emerged as a potential target for 

novel antidepressant treatments. Research has demonstrated that the microbiome of depressed 

patients differs in terms of composition and diversity [10]. Accordingly, preclinical and clinical 

research has implicated probiotics – bacteria in the gastrointestinal (GI) tract that can confer a 

health benefit on the host [11] – in improving symptoms of depression in both rodents [12-14] 

and healthy humans [15-19]. Several studies have reported probiotic-induced brain changes in 

areas associated with depression [19, 20] though research on clinical samples of patients with 

depression remains scant with inconsistent findings [20-22].  

 

Probiotics may be advantageous because they target and influence the underlying inflammatory 

pathophysiology of the disorder. It is possible that probiotics’ effects on psychiatric symptoms 

are mediated through the gut-brain axis by decreasing systemic inflammation and modulating 

neurotransmission [23]. By maintaining the integrity of the gastrointestinal lining, probiotics 

reduce permeability caused by compromised tight junctions of endothelial cells in the 

gastrointestinal lining, thus reducing bacteria and toxins such as lipopolysaccharide (LPS) to leak 

from the GI tract into the bloodstream. LPS, an endotoxin present in the membrane of gram-

negative bacteria, induces an elevated immune response including a release of proinflammatory 
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cytokines, which is a common phenotype seen in depressed patients [24]. These proinflammatory 

cytokines can travel across circumventricular organs to the brain, affecting neurotransmission 

[25] by disrupting metabolic pathways from tryptophan to kynurenine [26], and resulting in 

depressive symptoms such as fatigue, sleep disturbances, reduced appetite, irritability, and 

depressed mood [27].  

 

Our recent systematic review of effects of probiotics on symptoms of depression in humans 

revealed limited but promising preliminary research in this field [28], but exposed many gaps 

and inconsistencies in the research published to date, including the variability of specific strain 

of probiotic being studied, the duration of the intervention, and the dosage. Although seven out 

of the ten included studies reported positive findings, the review highlighted a critical need for 

more blinded, randomized, placebo-controlled trials in clinical populations in to elicit any 

findings confirming positive effects. A recent meta-analysis also demonstrated promise for 

probiotics in alleviating depressive symptoms, but emphasized the need for further studies in 

clinical populations [29]. 

 

Thus, we conducted an open-label pilot study assessing the efficacy, safety, and tolerability of a 

probiotic supplement on symptoms of depression in 10 treatment-naive depressed patients. 

Participants recruited from the Kingston area diagnosed with Major Depressive Disorder (MDD) 

and a Montgomery-Åsberg Depression Rating Scale (MADRS) [30] score of ≥20 consumed 

Probio’Stick daily at a dose of 3x109 CFU for 8 weeks. Throughout the 8 weeks, we measured 

subjective mood using the MADRS and Quick Inventory of Depressive Symptoms 16-item self-

report questionnaire (QIDS-SR16) [31], anhedonia using the Snaith Hamilton Pleasure Scale 
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(SHAPS) [32], anxiety using the Generalized Anxiety Disorder 7-item scale (GAD-7) [33] and 

State Trait Anxiety Inventory (STAI) [34], coping using the Ways of Coping Questionnaire 

(WCQ) [35], and sleep quality using the Pittsburgh Sleep Quality Index (PSQI) [36], in addition 

to objectively measuring sleep quality with a polysomnogram. The final sample was 70% female 

and had an average age of 25.2 years. Results from the pilot study showed significant 

improvements in mood, anhedonia, anxiety, and subjective sleep quality (see Table 5-1). 

Objective sleep data, however, showed no significant improvements in any of the measures of 

interest: sleep efficiency, time spent in REM sleep, REM latency, and sleep continuity. No 

significant improvements were seen in coping. Results for biological measures are not yet 

available. 

 

These preliminary findings indicate a role for probiotics in alleviating depressive 

symptoms in mild to moderately depressed, treatment-naive adults. Our objective for the present 

study is to expand upon these results by conducting a blinded, randomized, placebo-controlled 

trial assessing the effects of a probiotic supplement on symptoms of depression. The protocol 

was designed to align with other studies under the Canadian Biomarker Integration Network in 

Depression (CAN-BIND) umbrella [37]. Here we describe the protocol for the trial.  

 

 

5.3.3 Methods 

Study Design. This is a 16-week blinded, randomized, placebo-controlled dual-phase trial 

comparing Probio’Stick to placebo in adults with MDD. At baseline, participants will be 

randomized into the Probio’Stick arm or placebo arm. Participants in the Probio’Stick arm 
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will consume the investigational product (IP) daily for 8 weeks at a dose of 6 x 109 colony 

forming units (CFU); participants in the placebo arm will consume one identically looking sachet 

of placebo daily for 8 weeks (Phase I). At week 8, participants will be assessed for treatment 

response. Probio’Stick responders (responder defined as achieving a 50% or greater reduction 

of MADRS scores from baseline to week 8) will remain on the same dose as Phase I, while non-

responders will receive an increased dose of 20 x 109 CFU per day for the subsequent 8 weeks of 

the study (Phase II). Placebo responders will continue in Phase II with the same placebo dose as 

Phase I while placebo non-responders will begin taking Probio’Stick at the initial dose of 6 x 

109 CFU per day. 

 

Setting. The study will be carried out in a tertiary-care mental health and continuing care 

hospital in Kingston, Ontario, Canada. PSGs will take place in participant’s homes and brain 

scans will take place at Queen’s University MRI Facility in Kingston, Ontario, Canada.  

 

Participants. Eligible participants will be males and females between ages 18 and 65 diagnosed 

with MDD as per the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria. 

Eligible participants will be in a current episode of depression, have had fewer than 3 episodes of 

depression, are not currently taking any antidepressant medication, and have not failed a 

treatment during the current episode. Receiving regular psychotherapy is not an exclusion 

criteria for the study, but this information is documented. See Tables 5-2 and 5-3 for full 

inclusion and exclusion criteria.  
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Investigational Product. Probio’Stick, developed and provided to the study by Lallemand 

Health Solutions (LHS), is a probiotic formulation containing two strains of probiotics, 

Lactobacillus helveticus R0052 and Bifidobacterium longum R0175 – deposited at the Institut 

Pasteur Collection Nationale de Cultures de Microorganismes as I-1722 and I-3470, respectively. 

Probio’Stick is packaged in 2g sachets as a lyophilized powder and is micro-encapsulated to 

ensure improved resistance to stomach acid, allowing the bacteria to reach the intestines. The 

placebo will contain the same carrier material that is similar in size, taste, and shape to the 

probiotic formulation. Both Probio’Stick and placebo are to be consumed orally once daily 

with the same meal each day. Participants will be instructed to consume half of the powder, 

swallow, and then consume the rest. Compliance will be monitored via questionnaire at each 

visit. In addition, participants will be asked to return any unused IP at each clinic visit.  

 

Randomization & Blinding. Randomization will be accomplished by an unblinded research 

assistant not otherwise involved in the study. A simple randomization table will be generated 

using the website randomizer.org. All participants, investigators, LHS representatives, and 

coordinators performing assessments will be kept blinded as to the IP by using unique study 

identifications rather than any identifying information until week 8 of the study (Phase I). For the 

remaining 8 weeks, the study will be single-blinded only to participants. The study pharmacist 

will be unblinded for the duration of the study and will only perform study IP administration and 

IP accountability.  

 

Outcome Measures. Clinical: Clinical measures will be assessing changes in symptoms of 

depression and controlling for diet and gastrointestinal symptoms. The primary outcome measure 
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will be overall depressive symptomatology measured by the reduction of total score of the 

MADRS. This will be measured every 2 weeks throughout the study. Additional outcome 

measures will include depressive symptoms measured with the QIDS-SR16, symptom severity 

and improvement using the Clinical Global Impressions Scale (CGI-S and CGI-I) [38] anxiety 

measured using the GAD-7 and the STAI, anhedonia measured using the SHAPS and 

Dimensional Anhedonia Rating Scale (DARS) [39], behavioural inhibition and activation using 

the Behavioural Inhibition System and Behavioural Activation System (BIS/BAS) [40], 

personality using the NEO Five-Factor Inventory (NEO-FFI) [41], physical activity using the 

International Physical Activity Questionnaire (IPAQ) [42], quality of life measured using the 

Quality of Life, Enjoyment, and Satisfaction Questionnaire (Q-LES-Q) [43] and World Health 

Organization Quality of Life Assessment (WHOQoL-BREF) [44], functional disability and 

impairment measured using the Sheehan Disability Scale (SDS) [45], occupational functioning 

assessed using the Lam Employment and Satisfaction Questionnaire (LEAPS) [46], sleep quality 

measured subjectively using the PSQI, and cognition assessed using CNS Vital Signs (CNSVS) 

[47] which includes tests for verbal and visual memory and shifting attention. Dietary habits will 

be assessed using the Canadian Diet History Questionnaire (C-DHQ-II) [48] and side effects will 

be monitored using the Toronto Side Effects Scale (TSES), a 32-item scale that measures 

incidence, frequency, and severity of side effects associated with antidepressants [49]. Data 

collection time points vary for each measure (see Table 5-4 for details).  

Polysomnography: In addition to measuring sleep quality subjectively, objective sleep 

architecture will be assessed using a portable Pursuit Sleep System and MediPalm from Breabon 

Corporation PSG machine. Sleep quality aspects of interest include percentage of time spent in 
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each sleep stage, percentage of time spent in REM sleep, REM latency, and sleep continuity. 

PSG data will be collected at baseline, week 4, and week 8. 

Molecular: Participants will provide blood, urine, and stool samples at baseline, week 2, 

week 8, and week 16. Venous blood will be collected in 6mL and 10mL 

ethylenediamenetetraacetic acid (EDTA) blood tubes and 8.5mL PAXGene deoxyribonucleic 

acid (DNA) tubes. 10mL EDTA tubes will be centrifuged in a refrigerated centrifuge to obtain 

plasma which will be divided into 8 2mL cryovials and stored at -80C. Venous whole blood 

from the one 6mL EDTA tube will be divided into 3 2mL cryovials and stored at -80C for DNA 

for other molecular outcomes. Venous blood from the remaining 6mL EDTA tubes will be 

passed through LeukoLOCK filters and stored at -80C for ribonucleic acid (RNA) for 

messenger RNA (mRNA) and micro RNA (miRNA) sequencing. Venous blood collected in the 

PAXGene DNA tubes will be stored at -80C for DNA for methylation analysis. Urine samples 

will be collected in sterile urine containers and centrifuged in a refrigerated centrifuge. Urine 

supernatant will be divided into 2mL cryovials and stored at -80C. Stool samples will be 

collected in 90mL sterile specimen containers and stored at -80C. All biological samples will be 

banked for later use. 

Neuroimaging: Participants will undergo magnetic resonance imaging (MRI) at two time 

points throughout the study to reflect changes in brain structure and function associated with the 

consumption of the investigational product. The 3.0 Tesla scan will consist of a whole-brain T1-

weighted anatomical scan, a whole-brain T2-weighted blood oxygenation level dependent 

(BOLD) echo-planar imaging (EPI) series during the awake resting state, a BOLD EPI series 

during a hedonic function task, and a BOLD EPI series during an affective go/no-go task. The 

hedonic task involves receiving feedback and rewards when correctly selecting responses in 
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series of visual stimuli, and the affective task involves being presented with a series of visual 

stimuli containing emotional content and deciding whether to press a button depending on the 

nature of the stimulus. Scans will take place at baseline and week 8.  

Mobile Health: In a subset of randomly selected participants, mobile health technologies 

(M-Health) will be used to examine changes in behavioural measures associated with 

consumption of the investigational product. Participants will load a designated study Application 

(App) designed to collect moment-to-moment information on their personal mobile device. This 

App will run continuously in the background of participants’ mobile phones to passively collect 

behavioural, context-sensing data on physical activity, geographical mobility, sleep parameters, 

and technology use – i.e. potential digital biomarkers of treatment response. Participants will also 

occasionally be prompted to actively complete 3 questionnaires: the Photographic Affect Meter 

(PAM) [50], Patient Health Questionnaire (PHQ-8) [51], and a brief sleep questionnaire.  

 

Recruitment. Participants will be recruited from the community via both paper and web-based 

advertising. Paper advertisements will be posted on university and college campuses, community 

bulletin boards, and doctor’s offices around the city of Kingston, Ontario, Canada. Online 

advertisements will be posted to Facebook and Kijiji. We expect recruitment to last for 24 

months. Recruitment rate will be determined by availability of participants (based on 

inclusion/exclusion criteria) as well as resource limitations. 

 

Prohibited Foods/Medication. Participants will be asked to maintain their regular diet during 

the study. Participants will be asked to discontinue any use of probiotic supplements and foods 

containing added probiotics or prebiotics such as yogurts or drinks with added probiotic cultures, 
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snack bars and cereals that contain probiotics, and foods containing any of the following 4 

ingredients: inulin, chicory root fiber (or extract), oligofructose, or fructooligosaccharide (FOS). 

Medications not allowed during the study are listed in the exclusion criteria.  

 

Analyses. Sample Size: Sample size was calculated based on the standard deviation of 

population MADRS scores as well as MADRS scores of depressed patients consuming 

Probio’Stick from our pilot data. A sample size of 43 participants per arm for a total of 96 

participants. Accounting for 25% attrition, we conclude that recruitment of 54 participants per 

arm for a total of 108 participants will yield a sufficient sample size for 80% power at 0.05 level 

of significance.  

Statistical Analyses: Changes in clinical measures from baseline to week 8 and week 16 

will be analyzed with ANOVAs using the statistical program Statistical Package for the Social 

Sciences (SPSS) with a significance level of =0.05. Raw data from the PSGs will be analyzed 

by a trained sleep study technician and a quantitative report sent to research staff. Changes from 

baseline to week 4 and week 8 will also be analyzed with ANOVAs using SPSS. 

Neuroimaging Analysis: Neuroimaging data will undergo manual quality control by a 

trained rater, followed by appropriate preprocessing for analysis. Analysis may include 

identifying structural changes and/or functional changes within the default mode network. Final 

analysis, however, will follow results from other ongoing work within the CAN-BIND network.  

Biological Sample Analyses: Molecular analysis of plasma samples will include 

inflammatory markers such as the cytokines interleukin (IL)-1, IL-6, IL-17, tumor necrosis 

factor- (TNF-), and C-reactive protein (CRP), as well as the bacterial product LPS. LPS will 

be measured using a TLR4-reporter bioassay [52]. The cytosolic protein intestinal fatty acid 



 

 

 

83 

binding protein (I-FABP) will be measured by enzyme-linked immunosorbent assay (ELISA). 

Gut microbiota composition will be determined by 16S rRNA gene sequencing [53]. Additional 

transcriptomic and genomic analysis of RNA and DNA will be determined based on results from 

other ongoing work and may take the form a targeted validation or a discovery screen in these 

new samples. Metabolomics both targeted and untargeted will be conducted using participants’ 

urine and plasma samples.  

 

Approvals and Registrations. Ethics approval was obtained by the Queen’s University Health 

Sciences and Affiliated Teaching Hospitals Research Ethics Board on July 31st, 2017 (Queen’s 

University Health Sciences and Affiliated Teaching Hospitals Research Ethics Board protocol 

number 6020656). Authorization from Health Canada was obtained for use of a probiotic 

supplement in the form of Probio’Stick, a natural health product registered with the Natural 

and Non-prescription Health Products Directorate of Health Canada. The trial was registered 

with ClinicalTrials.gov on September 1st, 2017 (NCT03277586) and is being funded by 

Lallemand Health Solutions and the Ontario Brain Institute. 

 

5.3.4 Results 

Participant recruitment began April 2018. We expect results from this trial to replicate and 

expand on results from the pilot study by showing improvements in these symptoms. We expect 

to see these outcomes mediated by decreases in inflammatory markers. Further, with the addition 

of neuroimaging and additional molecular measures, we hope to identify biological markers that 

will help predict responsiveness to probiotic supplementation in MDD. 
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5.3.5 Discussion 

Despite advances in depression research, it remains a challenging disorder to treat. This is in part 

due to failure of current pharmacological treatments [54]. Thus, identifying novel treatments and 

treatment targets is key to advances in depression research. To the best of our knowledge, this 

will be the first blinded, randomized, placebo-controlled trial assessing the effects of a probiotic 

supplement on symptoms of depression in MDD patients controlling for severity, chronicity, and 

treatment-resistance of the disorder. We hope to provide evidence of efficacy for a new option 

for alleviating symptoms of depression. Inside the CAN-BIND network, we also hope to 

elucidate the neuropathology of this disease by isolating biomarkers that predict responsiveness 

to the probiotic.   

 

Effective first-line antidepressant medications are currently limited. Many patients try two to 

three different formulations or combinations before achieving symptom relief, delaying the onset 

of possible recovery. Even then, up to 60% of patients discontinue their antidepressant use within 

3 months [55]. One of the most common reasons for this is side effects, that can include nausea, 

vomiting, headache, agitation or sedation, sexual dysfunction, and weight gain ([49, 56]. A study 

by Bet and colleagues (2013) showed that over two-thirds of patients experience up to three side 

effects that often persist throughout long-term antidepressant use [56]. Moreover, many 

individuals do not seek treatment for their depression at all due to the stigma associated with 

mental illness and antidepressant medication, preventing recovery and perpetuating the disease 

cycle. Probiotic supplementation is considered low-risk and may be a favourable alternative to 

classical antidepressants due to the absence of side effects or adverse reactions noted in our pilot 

research. Furthermore, probiotic supplementation does not carry with it the stigma that 
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antidepressant medications do, an issue that can be a barrier to seeking treatment. Finally, 

probiotic supplementation may even lead to improvements in overall general health [57].  

 

Possible limitations of this trial include issues with participant recruitment and attrition, and 

failure to comply with the investigational product regimen. Finding individuals who are 

depressed and not currently taking any medication to participate in research can be difficult, and 

adherence to medication is typically lower in patients who present with depression compared 

with those patients who do not [58]. These issues will be minimized by directing a substantial 

amount of time and resources to advertising and recruitment and having the study explained to 

the participant in detail at the screening visit. The investigational product will be clearly labelled 

and packaged for easy use and participants will be followed up with biweekly and monitored for 

adherence via questionnaire at each follow-up. Other limitations include selection bias in 

recruitment and the unblinding of study personnel in Phase II which carries the risk of 

confirmation bias.  

 

In summary, there is a critical need for blinded, randomized, placebo-controlled trials in clinical 

populations using novel antidepressant therapies. This study will contribute to the growing body 

of nutritional psychiatry research by assessing the efficacy of dietary probiotics on depressive 

illnesses and attempt to disentangle the underlying mechanisms of this relationship. 
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Table 5-1. Pilot study descriptive statistics. 

MADRS: Montgomery-Åsberg Depression Rating Scale; QIDS-SR16: Quick Inventory of Depressive Symptomatology 16-item self-report; SHAPS: 
Snaith Hamilton Pleasure Scale; GAD-7: Generalized Anxiety Disorder 7-item scale; STAI: State-Trait Anxiety Inventory; WCQ: Ways of Coping 

Questionnaire; PSQI: Pittsburgh Sleep Quality Index; REM: Rapid Eye Movement; PSG: Polysomnography; M: Mean; SD: Standard Deviation 

 

Figure 5-1. Summary of the protocol design. 

 

CFU: Colony Forming Units  

 
Measure 

Baseline Week 4 Week 8 
p 

M (SD) M (SD) M (SD) 

C
li

n
ic

a
l 

MADRS 24.9 (3.5) 15.4 (4.4) 12.7 (8.1) .000 

QIDS-SR16 20.5 (6.4) 14 (6.3) 11.6 (8.1) .000 

SHAPS 36.8 (2) 31.4 (4.6) 30.7 (6.8) .001 

GAD-7 13.5 (3.8)  9.6 (4.9) 9.8 (6.6) .031 

STAI 123.3 (11.3) 105.7 (21.5) 104.3 (28.1) .008 

WCQ 57.9 (15.9) 64.4 (20.1) 67.3 (27.8) .223 

PSQI 9.8 (3.6) 8.6 (2.9) 6.6 (2.8) .005 

P
S

G
 

Sleep Efficiency 89.3 (8.3)  92.9 (5.9) 92.9 (3.3) .374 

Sleep Time in REM 21.6 (3.9) 24.4 (8.4) 23.7 (7.7) .547 

REM Latency 67.4 (40.1) 67.1 (25.6) 85.2 (47.8) .472 

Sleep Continuity 15.1 (6.5) 16.1 (5.9) 17 (6.2) .706 
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Table 5-2. Inclusion criteria. 

Inclusion Criteria 

1. Diagnosis of Major Depressive Disorder (MDD) according to DSM-IV as determined by MINI   

2. Current depressive episode with a MADRS score of  20 

3. Males and females between ages 18 and 65 

4. Able to understand and comply with the requirements of the study 

5. Provision of written informed consent 

MDD: Major Depressive Disorder; DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, 4th edition; MINI: Mini International Neuropsychiatric 
Interview; MADRS: Montgomery-Åsberg Depression Rating Scale 

 

Table 5-3. Exclusion criteria. 

Exclusion Criteria 

1. Current use of any antidepressant drug 

2. Three or more previous episodes of depression 

3. Failure to respond to another treatment in the current episode 

4. Use of any antibiotic drug in the past 4 weeks (may be eligible to participate after a 1-month washout 

period). Should a participant require an antibiotic drug during the 16-week study period, they may 

continue with the study but must take the probiotic 4-6 hours before or after they take the antibiotic. 

5. Use of any sleep medication in the past 4 weeks (may be eligible to participate after a 1-month washout 

period) 

6. Milk, yeast, or soy allergy 

7. History of alcohol or substance dependence in the past 6 months  

8. Use of probiotic product in the past 2 weeks (may be eligible to participate after a 2-week washout period) 

and during the trial 

9. Use of any type of laxative 

10. Use of non-steroidal anti-inflammatory drugs (NSAIDs) during the trial 

11. Consumption of products fortified in probiotics 2 weeks before and during the trial 

12. High risk of suicide (score 4 or more on item 10 of MADRS) 

13. Psychotic symptoms determined by the MINI 

14. Bipolar Disorder determined by the MINI 

15. Women who are pregnant, breastfeeding, or planning to become pregnant during the course of the trial 

(determined by a pregnancy test performed at the screening visit and confirmation of the use of 

appropriate contraception) 

16. Immunodeficiency (immuno-compromised and immuno-suppressed participants, e.g., AIDS, lymphoma, 

participants undergoing long-term corticosteroid treatment, chemotherapy and allograft participants) 

17. Unstable or severe medical conditions (e.g., cancer, cardiovascular, renal, lung, diabetes, psychiatric 

illness, bleeding disorders, etc.) 

18. The use of natural health products (NHPs, e.g., St. John’s Wort, melatonin, passionflower, etc.) that affect 

depression or sleep is not allowed in the trial 

19. Electroconvulsive therapy (ECT) in the year prior to participation in the study 

20. Taking medication or other not-permitted treatment that cannot be safely discontinued 

NSAID: Non-steroidal anti-inflammatory drug; MADRS: Montgomery-Åsberg Depression Rating Scale; MINI: Mini International Neuropsychiatric 
Interview; NHP: Natural health product; ECT: Electroconvulsive Therapy
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Table 5-4. Study visit schedule. 

Procedure SV Week 0 
(BL) 

Week 2 
(± 3 days) 

Week 4 
 (± 3 days) 

Week 6  
(± 3 days) 

Week 8  
(± 3 days) 

Week 10 
(± 3 days) 

Week 12 
(± 3 days) 

Week 14 
(± 3 days) 

Week 16 
(± 3 days) 

Clinical 

ICF and criteria review & sign-off X          

MINI X          

Demographics X          

Antidepressant History Form X          

Physical Exam X          

Medical History X          

Pregnancy Test (Females) X          

Randomization  X         

MADRS X X X X X (phone) X X X X (phone) X 

CGI  X X X  X X X  X 

TSES   X X   X X  X 

CECA *No set time point 

LEDS *No set time point 

SHAPS  X  X  X    X 

DARS  X  X  X    X 

QIDS-SR16  X X X  X X X  X 

GAD-7  X  X  X    X 

STAI  X  X  X    X 

BIS/BAS  X  X  X    X 

NEO-FFI  X         

IPAQ  X    X    X 

Q-LES-Q  X    X    X 

WHOQoL-BREF  X    X    X 

LEAPS  X    X    X 

SDS  X    X    X 

C-DHQ-II  X        X 

PSQI  X  X  X    X 

CNS VS  X    X    X 

Polysomnography 

PSG recording  X  X  X     

Neuroimaging 

MRI, fMRI, DTI  X    X     

Molecular 

Blood Samples  X X   X    X 

Fecal Samples  X X   X    X 

Urine Samples  X X   X    X 
SV=Screening Visit; BL: Baseline; ICF: Informed Consent Form; MINI: Mini International Neuropsychiatric Interview; MADRS: Montgomery-Åsberg Depression Rating Scale; CGI: Clinical Global Impressions Scale; TSES: Toronto Side 
Effects Scale; CECA: Childhood Experiences of Care and Abuse; LEDS: Life Events and Difficulties Schedule; SHAPS: Snaith Hamilton Pleasure Scale; DARS: Dimensional Anhedonia Rating Scale; QIDS-SR16:   Quick Inventory of 

Depressive Symptomatology 16-item self-report; GAD-7: Generalized Anxiety Disorder 7-item scale;  STAI: State-Trait Anxiety Inventory; BIS/BAS: Behavioral Inhibition System and Behavioral Activation System; NEO-FFI: NEO Five-
Factor Inventory; IPAQ: International Physical Activity Questionnaire;  Q-LES-Q: Quality of Life, Enjoyment, and Satisfaction Questionnaire; WHOQoL-BREF: World Health Organization Quality of Life Assessment; LEAPS: Lam Employment 
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and Satisfaction Questionnaire; SDS: Sheehan Disability Scale;  C-DHQ-II: Canadian Diet History Questionnaire version II; PSQI: Pittsburgh Sleep Quality Inventory;; CNS VS: Central Nervous System Vital Signs;  PSG: Polysomnography; 
MRI: Magnetic Resonance Imaging; fMRI: Functional Magnetic Resonance Imaging; DTI: Diffuse Tensor Imaging
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Chapter 6 

COMPARING THE CLINICAL EFFECTS OF PROBIOTICS VERSUS 

PLACEBO ON DEPRESSION AND MOLECULAR AND MICROBIAL 

ACTIVITY FOR MECHANISTIC UNDERPINNINGS 

 

6.1 Prologue 

Following our foundational pilot work and the implementation of our DBRCT, I wanted to 

extend and deepen my exploration of the influence of probiotics on depression with a more 

comprehensive examination that involved less risk of bias and fewer confounding variables. I 

accomplished this through the analyses and interpretation of the DBRCT data, reported on in the 

following chapter. As you will read, while we did not find any conclusive results, I was able to 

improve my understanding of the relationship between probiotics and depression by integrating 

clinical, molecular, and microbial data and compare our results with those of the current 

literature.  

 

6.2 Manuscript Information 

Status: Not yet submitted. 

Citation: Wallace CJK, Forth E, Sutherland M, Foster JA, Milev RV. Comparing the clinical 

effects of probiotics versus placebo on depression and molecular and microbial activity for 

mechanistic underpinnings. Not yet submitted. 

Copyright permission: N/A 
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Relative contributions to manuscript: Caroline Wallace, together with her supervisor, Roumen 

Milev, conceived the research hypothesis and study design. Caroline collected, analyzed, and 

interpreted patient data, wrote the first draft, and revised all drafts. Jane Foster provided crucial 

input for the study design and interpretation of microbiome data. Evan Forth and Morgan 

Sutherland contributed to the collection of patient data.  

 

6.3 Manuscript 

6.3.1 Abstract 

Background: A growing body of research suggests that probiotic supplementation may improve 

symptoms associated with Major Depressive Disorder (MDD). Evidence indicates that these 

outcomes may be driven by probiotics reducing inflammation and regulating neurotransmission 

in the brain through the gut-brain axis. Our recent open-label, 8-week pilot study provided the 

first evidence of probiotics improving symptoms of MDD in treatment-naïve depressed patients. 

To further support and expand upon this evidence, data from the pilot study was used to plan a 

dual-phase, 16-week, double-blind, placebo-controlled, randomized trial to assess the effects of 

probiotics on symptoms of MDD in a similar patient population of 23 participants. Here we 

report on Phase I clinical, molecular, and microbiome outcomes of the study. Methods: 

Participants diagnosed with MDD recruited from the greater Kingston area orally consumed a 

probiotic supplement containing Lactobacillus helveticus R0052 (90%) and Bifidobacterium 

longum R0175 (10%) (CEREBIOME, Lallemand Health Solutions) or placebo once daily. 

Participants underwent biweekly assessments measuring clinical outcomes using the MADRS, 

QIDS-SR16, SHAPS, GAD-7, and PSQI. Blood and stool samples were collected at key time 

points to examine concentrations of inflammatory markers and gut microbiome composition and 
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were analyzed using standard immunoassays and 16S rRNA gene sequencing respectively. 

Results: No significant group differences were observed between probiotic and placebo groups 

on any clinical outcome or any blood-based biomarker. 16S sequencing revealed both individual 

and sex differences in microbiome composition, as well as differences between responders and 

non-responders to the probiotic. Conclusions: Probiotic supplementation was not superior to 

placebo in improving symptoms of MDD. However, these clinical findings and corresponding 

molecular and microbial findings add to the emerging body of research and provide crucial 

information and direction for developing future studies to further examine this relationship. 

 

6.3.2 Introduction 

The potential role of gut bacteria in the prevention and treatment of mental health disorders is 

currently under extensive investigation in the scientific community. Within this context, much 

clinical research is underway examining the effects of probiotics on Major Depressive Disorder 

(MDD) and how these effects may be mediated by key components of the biochemical signaling 

network between the gut and the brain known as the gut-brain axis [1]. The gut-brain axis 

utilizes components from several interrelated physiological systems to communicate including 

the autonomic nervous system, the enteric nervous system, the neuroendocrine system, and the 

immune system [2]. These cross-system components include dietary and microbial metabolites, 

lipopolysaccharides, inflammatory markers, the vagus nerve, and more [3]. While the exact 

pathways of communication between the gut and brain using these key components have yet to 

be fully delineated, recent evidence suggests that the clinical symptoms of depression may, for a 

subset of depressed patients, originate in the gut and be amenable to probiotic supplementation 

via the gut-brain axis [4]. 
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Our own pilot data suggest that probiotics may have a role in alleviating symptoms of depression 

[5, 6]. Clinical data demonstrated significant improvements on several dimensions of depressive 

symptoms after 8 weeks of supplementation [5]. While we did not observe any significant 

changes in blood-based biomarker concentrations, it warranted further investigation in a larger 

sample size. Interestingly, microbiome data from this pilot work indicated both clear individual 

differences and sex differences in diversity and relative abundance of several taxa [6].  

 

The present study was designed on the foundation of our pilot work to address areas of concern 

we identified in a review of the literature in 2017 [7] where detailed research was lacking. These 

areas of concern led us to carefully consider the following key elements of our study design: 

appropriate strain selection, incorporating a dose-response design in two phases, ensuring a 

clinical diagnosis of MDD, the collection of microbiome data, and investigating the role of 

probiotics in the absence of concurrent antidepressant medication. Within the framework of the 

Canadian Biomarker Integration Network in Depression (CAN-BIND), we were able to examine 

not only global scores of depressive symptoms, but also specific clinical dimensions of 

depression symptomatology as well, including anhedonia, anxiety, and sleep quality. These 

dimensions are some of the most commonly reported symptoms in MDD but have distinct 

neuropathology: altered mesolimbic reward circuitry in anhedonia [8], frontoparietal fear and 

arousal circuitry in anxiety [9], and hypothalamic activity in sleep [10]. As well, anhedonia has 

been observed as a clinical marker for antidepressant response [11]. Individually examining the 

effects of probiotics on these core symptoms, as well as measuring circulating inflammatory 

activity and examining the composition of the gut microbiome, may help us further understand 

the potential role of probiotics in MDD.  
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Here we compare the clinical effects of the probiotic supplement versus placebo on global 

depression scores and specific symptomatic dimensions of depression in the first 8 weeks (Phase 

I) of the study, as well as examine the molecular and microbial underpinnings hypothesized to be 

driving this relationship. 

 

6.3.3 Methods 

Study design and participants. The study was a dual-phase 16-week double-blinded placebo-

controlled randomized trial comparing a probiotic supplement containing Lactobacillus 

helveticus R0052 (90%) and Bifidobacterium longum R0175 (10%) (CEREBIOME, previously 

known as Probio’Stick®; Lallemand Health Solutions Inc., Mirabel, Canada) to placebo in adults 

with MDD in Kingston, Ontario, Canada. Participants were males and females ages 18-65 in a 

current episode of MDD as per DMS-IV criteria, with a Montgomery-Åsberg Depression Rating 

Scale (MADRS) score of at least 20, indicating at least a moderate depression, and not currently 

taking any antidepressant medication. Full study procedures have been previously described 

[12].  

 

Measures. Clinical Depression Symptoms. Our primary outcome measure was global depressive 

symptoms measured using the MADRS, a 10-item clinician-rated scale which measures severity 

of various symptoms. We paired this with the Quick Inventory of Depressive Symptoms (QIDS-

SR16), a 16-item self-report questionnaire which measures dimensions similar to the MADRS. 

Distinct dimensions of depression symptomatology were measured using individual scales. 

Anhedonia was measured using the Snaith-Hamilton Pleasure Scale (SHAPS), a 14-item self-
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report questionnaire that measures one’s ability to experience pleasure or enjoyment. The 

SHAPS was scored according to Liu and colleagues’ method [13]. Anxiety was measured using 

the Generalized Anxiety Disorder scale (GAD-7), a 7-item self-report questionnaire that 

measures various dimensions of anxiety. Sleep quality was assessed using the Pittsburgh Sleep 

Quality Index (PSQI), a questionnaire with 19 self-reported questions and 5 questions reported 

by the bed partner or roommate (if applicable). Physical activity levels were determined using 

the International Physical Activity Questionnaire (IPAQ).  

Blood-based biomarkers. Blood samples were collected to examine circulating 

concentrations of potential molecular biomarkers that may predict response to the probiotic. 

Biomarkers of interest included the pro- and anti-inflammatory cytokines and chemokines 

interleukin-1 (IL-1), IL-6, IL-10, tumor necrosis factor- (TNF-), interferon- (IFN-), 

monocyte chemoattractant protein-1 (MCP-1/MCAF), as well as c-reactive protein (CRP), a 

protein produced in the liver in response to inflammation, and intestinal fatty-acid binding 

protein (iFABP), a protein expressed by epithelial cells in the gut and serves as marker of gut 

permeability [14]. Venous blood was collected and centrifuged at 4 Celsius to obtain plasma 

which was then frozen at -80 Celsius until analysis. Blood samples were obtained from 

participants at baseline, week 2, and week 8.  

Microbiome composition. Stool samples were collected to examine composition of the 

microbiome in the form of alpha and beta diversity and relative abundance of bacterial taxa, as 

well as to detect the presence of the bacterial strains under investigation. Samples were collected 

in sterile specimen containers and frozen at -80 Celsius until analysis. Stool samples were 

collected at baseline, week 2, and week 8.  
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Analyses. Clinical symptom analyses. Data was analyzed using two-tailed techniques with 

IBM’s statistical program Statistical Package for the Social Sciences (SPSS) version 27 with a 

significance level of =0.05. Clinician-rated scale and self-report questionnaire data was 

analyzed using repeated measures analyses of variance (ANOVAs). When appropriate, 

confounding variables were statistically controlled for in the model by using analyses of 

covariance (ANCOVAs). When applicable, main effects were compared using Bonferroni 

correction. Where sphericity was violated, Greenhouse-Geisser corrections were used.  

Blood-based biomarker analyses. Plasma obtained from whole blood samples were 

analyzed using standard antibody-based immunoassays. CRP and iFABP levels were determined 

using enzyme-linked immunoabsorbent assay (ELISA). CRP with Invitrogen’s KHA0031 – 

Human C Reactive Protein ELISA Kit (Invitrogen Canada Inc., Burlington, Canada) and iFABP 

with Abcam ab193700 – FABP2 Human ELISA Kit (Abcam, Toronto, Canada), both according 

to manufacturer protocols in triplicates. IL-1, IL-6, IL-10, TNF-, IFN-,and  MCP-1 levels 

were determined using Luminex Custom Multiplex Assay (Luminex Molecular Diagnostics, 

Toronto, Canada) according to manufacturer protocols in singlicates. Quantitative outputs were 

statistically analyzed using the same methods as the clinical data described above. 

Microbiome composition analyses. Microbiome composition was analyzed using 16S 

rRNA gene sequencing. Bacterial DNA extracted from stool samples was amplified to get 

multiple copies of the 16S V3-V4 regions from all bacteria in each sample using quantitative 

polymerase chain reaction (qPCR). DNA concentrations were determined using a Nanodrop. 

Samples were normalized and pooled for multiplexing using a liquid handling robot and loaded 

into an Illumina MiSeq for sequencing and clustered into operational taxonomic units (OTUs) 

based on sequence identity, then taxonomically classified using a common reference database. 
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Resultant fastq files were exported for bioinformatics analyses. Relative abundance and diversity 

outcomes were produced from raw sequencing data using the bioinformatics platform 

Quantitative Insights Into Microbial Ecology 2 (QIIME 2).  

 

6.3.4 Results 

Sample Characteristics. The study was terminated early due to challenges with recruitment 

exacerbated by the COVID-19 pandemic. 28 participants were enrolled between May 2018 and 

February 2020. Data was analyzed on an intent-to-treat (ITT) basis and any missing values in 

clinical data were imputed using the last observation carried forward (LOCF) method. Two 

participants were withdrawn from the study due to non-compliance and changes in eligibility 

respectively. Otherwise, compliance was above 80%, monitored via questionnaire and the return 

of unused IP at each clinic visit. Eight participants dropped out of the study of their own accord 

with the most cited reason as being unable to commit to the study procedures. Four of these 

participants dropped out between screening and baseline and were not randomized. The 

remaining participants dropped out between baseline and week 8. 19 participants remained at 

week 8. This resulted in a total of 23 participants with at least one post-baseline observation for 

the primary outcome measure, 10 in the placebo group and 13 in the probiotic group. Three 

participants (1 in the placebo group, 2 in the probiotic group) had been receiving psychotherapy 

before the trial and maintained their regular schedule during the trial. Two participants (1 in the 

placebo group, 1 in the probiotic group) did not have post-baseline measurements for the 

SHAPS, GAD-7, and PSQI due to the study design and were thus excluded from these analyses. 

Baseline characteristics and demographic information can be found in Table 6-1. Mann-Whitney 

U tests were performed to check for significant differences between the probiotic and placebo 
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group on baseline MADRS scores and age. The groups did not differ significantly in baseline 

MADRS scores (U=64.5; p=0.976) but did differ significantly in mean age (U=26; p=0.015).  

 

Clinical. Global Depression Symptoms. While all participants significantly improved (p<0.001) 

from baseline (26.74.5) to week 8 (18.87.5), analyses showed no significant group differences 

(p=0.606) on our primary outcome measure, the MADRS (Figure 6-1A). Further analyses 

controlling for sex and physical activity level at baseline, measured using categorical scores from 

the International Physical Activity Questionnaire (IPAQ), still did not yield any significant 

differences (p=0.630). Of the 19 participants who completed up to week 8, there were 5 

responders (3 in probiotic group; 2 in placebo group) and 14 non-responders (8 in probiotic 

group; 6 in placebo group). Response was measured as at least a 50% reduction in baseline 

MADRS scores. Similar to the MADRS results, analyses of the QIDS-SR16, another outcome 

measuring global depression symptomatology, also showed no significant group differences 

(p=0.253) (Figure 6-1B), nor when controlling for sex and physical activity level at baseline 

(p=0.259). Pairwise comparisons did however reveal that regardless of group, all participants 

significantly improved from baseline (20.05.5) to week 4 (13.84.8; p<0.001) and week 8 

(14.16.1; p<0.001).  

Specific Dimensions of Depressive Symptomatology. Analyses did not show any 

significant group differences on the SHAPS (p=0.344), GAD-7 (p=0.838), or PSQI (p=0.793) 

(Figure 6-2). All participants did significantly improve (p=0.004) on the SHAPS from baseline 

(37.75.) to week 8 (33.94.7). No significant changes were observed across time regardless of 

group on the GAD-7 or PSQI. 
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Blood-Based Biomarkers. Multiplex analyses were performed at a dilution of 1:2. Of all the 

cytokines examined (IL-1, IL-6, IL-10, TNF-, IFN-,and  MCP-1), only MCP-1 was found in 

a concentration within the range of the standard curve, but no significant groups difference 

between probiotic and placebo groups were observed. All other inflammatory markers were 

found to be mostly or entirely below the range of their respective curves. Similarly, CRP and 

iFABP were present in all samples, however the observed concentrations had extreme variance 

between samples. Due to this variance, some samples fell below the standard curve when 

analyzed using ELISA. This is a consequence of the dilution factor applied (equally) to all CRP 

and iFABP samples (1:6000 dilution and 1:2 dilution respectively). It was understood that 

participants with higher concentrations of CRP and iFABP would generate more insightful data, 

thus a greater dilution factor was required to analyze the samples with highest concentrations. 

Since many samples were out of range, sample sizes differed for analyses of cytokines 

(multiplex), CRP (ELISA), and iFABP (ELISA). No group differences between probiotic and 

placebo were observed for changes in concentration across time for any blood-based biomarker.  

 

Microbiome Composition. Group differences in microbiome composition were determined by 

examining beta diversity by unweighted UniFrac principal coordinate analyses (PCoA) and 

visualized using Emperor (Figure 6-3). Each data point in the PCoA plot represents one sample 

and are colour-coded according to the classifier. In Figure 6-3A, we see individual differences in 

microbiome composition highlighted by the clustering of each colour, representing one 

participant at all 3 time points. Figure 6-3B visualizes sex differences. However, these 

differences were small and not meaningful. Figure 6-3C visualizes differences between 

responders and non-responders represented with different colours, where we can see clustering 
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of responders in the upper right portion. A machine learning algorithm was then implemented to 

classify the profiles and highlight the most explicative taxa. >90% accuracy was achieved for the 

responders vs. non-responders classification. Figure 6-4 depicts the microbiome composition 

(relative abundance of observed bacteria up to taxonomic level 6) grouped by responders vs. 

non-responders. Using Linear discriminant analysis Effect Size (LEfSe) to compare relative 

bacterial proportions between responders and non-responders, we observed enrichment of 

Coprococcus in non-responders and Collinsella, Methanobrevibacter, Anaerofustis, 

Actinomycese, Holdemania, and Phascolarctobacterium in responders (Figure 6-5).  

 

6.3.5 Discussion 

Here we analyzed clinical, molecular, and microbiome data from Phase I of a dual-phase 16-

week DBRCT examining the effects of a probiotic supplement on symptoms of depression. Our 

clinical findings on our main outcome measure, the MADRS, measuring global depressive 

symptomatology did not yield any significant differences between the probiotic and placebo 

groups. Our secondary self-report measure of global depressive symptomatology also did not 

yield any significant differences. This was surprising given the positive findings we observed in 

our pilot work [5], though the two known previous studies examining this particular probiotic 

formulation on depression [15, 16] also found conflicting results on their global depression 

outcomes. We also did not observe any group differences on our other measures of depression 

symptomatology: anhedonia, anxiety, and sleep quality.  

 

Our molecular findings on blood-based biomarkers also did not yield any significant group 

differences. This was consistent with our pilot findings and given the lack of group differences 

observed on our clinical measures, was unsurprising. Similar to clinical findings, findings on 
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blood-based biomarkers in previous DBRCTs examining probiotics and MDD are inconsistent. 

While Akkasheh and colleagues in 2016 observed reduced high-sensitivity CRP concentrations 

in MDD patients who consumed a probiotic compared to placebo [17], Romijn and colleagues in 

2017 observed no group differences in CRP, IL-1B, IL-6, TNF-alpha [15], nor did Rudzki and 

colleagues in 2019 in TNF-alpha, IL-6, IL-1B, or CRP concentrations [18].  

 

Our microbiome findings built on our pilot work by demonstrating both individual differences 

and sex differences in microbiome composition. Additionally, we observed group differences 

between responders and non-responders to the probiotic and identified several key taxa 

contributing to these compositional differences. Eventually, this may serve as an important 

biomarker of treatment response. To the best of our knowledge, only one other DBRCT 

examining the effects of a probiotic supplement on symptoms of MDD collected stool samples 

for the analysis of microbiome composition [19], though they did not find any significant 

differences in alpha diversity or beta diversity between pre- and post-treatment samples within 

both placebo and probiotic groups or between groups, nor on tests for differential relative 

abundance [19].  

 

Given our small sample size, it is possible that our analyses were not able to achieve enough 

power and significance may have been observed in a larger sample size. Our relatively small 

sample size also prevented us from being able to statistically analyze how several important 

factors may contribute to both gut microbiome composition and depressive symptom outcomes, 

such as physical activity levels. While we were able to use categorical IPAQ scores to 

statistically control for physical activity levels between groups at baseline, we were not able to 
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stratify groups by IPAQ level, nor identify any differences in microbiome composition between 

categories of IPAQ scores. It has been well established that physical activity significantly and 

positively affects mental health [20] but evidence shows that exercise also influences the gut 

microbiome [21]. Thus, it is possible that participants with varying levels of physical activity 

may respond differently to a treatment manipulating the gut microbiome to target the brain. 

Another factor which may have contributed to the lack of response to the probiotic and should be 

considered in future research is particular dietary patterns. Nutritional psychiatry research 

suggests that specific dietary patterns may have an effect on mental health outcomes [22-24]. 

Since diet is one of the most substantial environmental moderators of the gut microbiome [25], 

this is unsurprising. However, it is unknown whether certain dietary patterns may influence 

activity of probiotics and potentially enhance effects on mental health outcomes. Recent research 

has suggested a synergistic effect of diet and exercise on the gut microbiome [26]. Future 

research should comprehensively examine both physical activity levels and dietary patterns in 

the context of probiotics alleviating symptoms of MDD. 

 

The sum of this evidence suggests that while probiotics may play a role in alleviating depressive 

symptoms, there may be other factors at play that work in conjunction with each other to have 

synergistic effects that produce beneficial effects on symptoms of depression. Building off 

groundwork laid by our pilot work, the integration of the clinical, molecular, and microbial data 

from the current study has allowed us to gain insight into the relationship between probiotics and 

depression and identify where further research is warranted. 
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Table 6-1. Sample characteristics and demographic information. 

Characteristic Probiotic (n=13) Placebo (n=10) 

Mean age in years (SD) 32.8 (12.9) 21.5 (4.7) 

Sex (n) 69% (9) Female 
31% (4) Male 

70% (7) Female 
30% (3) Male 

Ethnicity (n) 77% (10) White 
15% (2) Chinese 
7.7% (1) Arab 

80% (8) White 
10% (1) Chinese 
10% (1) Korean 

Mean baseline MADRS score (SD) 26.8 (5.1) 26.5 (3.8) 

Psychiatric comorbidity (n) 62% (8) 80% (8) 
MADRS: Montgomery-Åsberg Depression Rating Scale; SD: Standard deviation 

 

Table 6-2. Clinical data statistical analysis results. 

 Probiotic (n=13) Placebo (n=10)  

Outcome Measure Baseline 

Mean 

(SD) 

Week 4 

Mean 

(SD) 

Week 8 

Mean 

(SD) 

Change 

from 

baseline 

Baseline 

Mean 

(SD) 

Week 4 

Mean 

(SD) 

Week 8 

Mean 

(SD) 

Change 

from 

baseline 

p 

Global Depression Symptomatology 

Global Depression 

Symptomatology 

MADRS* 26.8 (5.1) 20.5 (7.2) 18.6 (6.7) -8.2 26.5 (3.8) 23.0 

(9.9) 

19.0 

(8.8) 

-7.5 0.630 

Global Depression 

Symptomatology 

QIDS-SR16* 19.2 (5.6) 12.9 (5.3) 14.5 (7.0) -4.7 21.1 (5.4) 14.9 

(4.0) 

13.5 

(4.9) 

-7.6 0.259 

Specific Depression Dimensions 

Anhedonia SHAPS† 36.2 (4.4) 32.8 (6.8) 33.8 (4.3) -2.4 39.7 (5.2) 36.1 

(6.9) 

34.0 

(5.5) 

-5.7 0.344 

Anxiety GAD-7† 12.7 (5.2) 10.8 (5.9) 10.5 (4.7) -2.2 10.7 (5.7) 7.6 (4.2) 8.0 (3.2) -2.7 0.838‡ 

Sleep Quality PSQI† 8.7 (3.3) 8.7 (4.1) 8.6 (4.0) -0.1 9.0 (4.1) 8.2 (2.4) 8.6 (3.5) -0.4 0.795 
*Sex and physical activity level at baseline added as covariates; †Values missing; adjusted sample size: probiotic n=12; placebo n=9; ‡ Sphericity assumption violated; Greenhouse-Geisser correction employed; 
SD: Standard deviation; MADRS: Montgomery-Åsberg Depression Rating Scale; QIDS-SR16: Quick Inventory of Depressive Symptomatology 16-item self-report; SHAPS: Snaith Hamilton Pleasure Scale; 

GAD-7: Generalized Anxiety Disorder 7-item scale; PSQI: Pittsburgh Sleep Quality Index
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Figure 6-1. No significant differences observed between probiotic and placebo groups on the 

clinician-rated primary outcome measure of global depressive symptoms measured by the MADRS 

(A), nor on the self-reported QIDS-SR16 (B).  

 
CR: Clinician-rated; SR: Self-report; MADRS: Montgomery-Åsberg Depression Rating Scale; QIDS-SR16: Quick Inventory of Depressive 
Symptomatology 16-item self-report 

 

Figure 6-2. No significant differences observed between probiotic and placebo groups on clinical 

dimensions of depressive symptoms. 

 
SHAPS: Snaith Hamilton Pleasure Scale; GAD-7: Generalized Anxiety Disorder 7-item scale; PSQI: Pittsburgh Sleep Quality Index
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Figure 6-3. Unweighted Unifrac principal coordinate analysis (PCoA) plots of beta diversity grouped by (A) Participant ID, (B) Sex 

(female=green; male=lilac), and (C) Response to the probiotic (non-responder=blue; responder=green). 

 
 

  

A B C
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Figure 6-4. Relative abundance of taxa observed in individual samples, categorized by response to the probiotic. Yes: Responder; No: 

Non-responder; NA: No week 8 sample to determine response status. See Appendix 6-1 for taxonomic legend. 
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Figure 6-5. Key taxa differences identified using Linear discriminant analysis Effect Size (LEfSe) of 

relative bacterial proportions between responders (Yes) and non-responders (No). 
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6.3.7 Appendix 6-1: Relative abundance taxonomic legend 
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Chapter 7 

DISCUSSION 

 

In the final chapter of the thesis, I will summarize my findings as a whole, consider the 

limitations of the research, discuss potential implications of the results, and identify areas where 

further research is warranted. Although each chapter contains its own discussion, the purpose 

here is to synthesize the findings and interpret the results within the larger context of the thesis. 

 

7.1 Summary of Findings 

My review of the literature described in Chapter Two systematically examined the current body 

of research assessing the effects of probiotics on symptoms of depression in humans. Ten studies 

were included in the qualitative synthesis, and outcome measures centered around three domains 

of depression symptomatology: mood and overall depressive symptoms, stress and anxiety, and 

cognition. Although the majority of studies reported positive outcomes, through this review we 

identified several areas of concern where detailed research was lacking for future studies to 

consider. These concerns included gaps and inconsistencies in the research in terms of the 

bacterial strains being examined, the dosage, the duration of intervention, and the lack of 

examining specific dimensions of depression symptomatology. Most notably, only one of these 

studies followed a double-blind randomized placebo-controlled trial (DBRCT) study design and 

examined a clinical sample of depressed patients [1]. Although the evidence from the systematic 

review was promising, it was clear that further research was warranted to draw any firm 

conclusions as to whether probiotics have an effect on depression. However, based on this 
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preliminary research, I hypothesized that probiotics may play a role in alleviating symptoms of 

Major Depressive Disorder (MDD) and that these effects may be mediated by inflammatory 

activity originating in the gut and altering neurotransmission in the brain via the gut-brain axis.   

 

In Chapter Three, I endeavored to test this hypothesis and started by examining the efficacy, 

safety, and tolerability of a probiotic supplement on Major Depressive Disorder (MDD). I 

developed a protocol for an 8-week, open-label pilot study to test the effects of a probiotic 

supplement containing two strains: Lactobacillus helveticus R0052 and Bifidobacterium longum 

R0175 in ten adults with MDD. This probiotic supplement was selected because of the existing 

pre-clinical evidence demonstrating effects on the gut-brain axis [2, 3]. On outcomes measuring 

overall mood, as well as other dimensions of depression symptomatology including anhedonia 

and anxiety, we saw significant improvements within the first 4 weeks. On our outcome 

measuring subjective sleep quality, we observed significant improvements by week 8. Perhaps 

most importantly, no side effects or adverse events were observed in any participant, indicating 

that the probiotic was safe and well-tolerated for use for this indication. Taken together, these 

findings supported our original hypothesis and provided a solid foundation and drive to explore 

further.  

 

In Chapter Four, I explored the molecular and microbial basis for the effects I observed in 

Chapter Three. Our search for blood-based biomarkers that may have explained the observed 

clinical effects did not yield any significant results, however, our examination of the composition 

of the gut microbiome revealed both clear individual differences in alpha diversity and sex 

differences in relative abundance. As discussed, these findings are an important addition to the 
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literature on characterizing the microbiome of both healthy controls and depressed patients. The 

findings from this study suggested that the probiotic supplement may improve symptoms of 

depression, but that there may be other biological mechanisms at play. This gave us the impetus 

to expand our pilot work into a larger study to increase effect size and reduce susceptibility to 

bias.  

 

In Chapter Five, I developed a protocol for a 16-week double-blind randomized placebo-

controlled trial (DBRCT) based on our findings from the literature review of Chapter Two and 

pilot work of Chapters Three and Four. We designed this study to align with the numerous 

studies within the Canadian Biomarker Integration Network in Depression (CAN-BIND) 

framework to allow for future comparison with other samples, and it was subsequently adopted 

under the CAN-BIND umbrella of studies as CAN-BIND12. Our DBRCT was a 16-week, dual-

phase study examining the same probiotic supplement as our pilot work in a similar patient 

population. In Phase I, participants diagnosed with MDD in a current episode of depression were 

randomized to receive either the probiotic or a placebo. After 8 weeks, participants were assessed 

for responsiveness and depending on treatment group and response status either received a 

probiotic dose increase, remained on the same probiotic dose, began the probiotic at the Phase I 

dose, or remained on the placebo for the remaining 8 weeks. In addition to completing bi-weekly 

clinician-rated scales and self-report questionnaires assessing clinical symptoms of depression, 

participants also underwent two magnetic resonance imaging (MRI) scans, three 

polysomnograms, and provided biospecimen samples at four key time points throughout the 16 

weeks.  
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In Chapter Six, I successfully implemented the study detailed in Chapter Five. The findings from 

the DBRCT did not support our original findings from the pilot study, although they gave us 

some critical insight into gut-brain communication. We did not find any significant differences 

on our primary outcome, likely due to lack of power as a result of the small sample size, though 

there may be other factors not studied that may explain the lack of response such as physical 

activity levels and dietary patterns, both of which tie into body mass index, which should also be 

considered. It is also possible that the effects we observed in the pilot study were simply the 

placebo effect. This is supported by the fact that we did not observe any changes in 

concentrations of inflammatory or gut permeability markers hypothesized to correspond to 

significant clinical improvements. Additionally, the placebo effect in treatment studies for 

psychiatric conditions is historically strong [4], and we also observed a placebo effect in the 

DBRCT on the MADRS, QIDS-SR16, and SHAPS. We did not observe any differences in 

concentrations of blood-based biomarkers between the probiotic and placebo groups. However, 

we did observe differences between responders and non-responders in the placebo group on beta 

diversity of microbiome composition, as well as individual differences, and identified some key 

taxa via machine learning techniques. 

 

The sum of the above evidence suggests a link between the gut microbiome and MDD and that 

probiotics may be involved, but further investigation is required, especially strongly powered 

DBRCTs that consider the sample characteristics, study design, and other potential underlying 

mechanisms.  
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7.2 Strengths and Limitations 

Against a backdrop of research that is still in its infancy, this study has several important 

strengths. First, the patient population not currently taking antidepressant treatment. In our 

research, we have examined the probiotic supplement as a monotherapy rather than as an 

adjunctive treatment to an antidepressant medication. While examining probiotics as an add-on 

to antidepressant treatment is certainly valuable, it is important to examine the singular effects of 

a probiotic as a standalone therapeutic. In the same vein, we have chosen to examine participants 

who are early in their trajectory and experiencing a mild to moderate depression, as opposed to a 

chronic, treatment-resistant sample. Consensus on a definition of treatment-resistant depression 

has not been reached, however, a patient is generally considered treatment-resistant following 

inadequate response to at least two antidepressant medications [5]. We chose to examine this 

population because many patients prefer to try non-psychopharmacological treatments before 

starting antidepressant medications and we thought that probiotics would offer such an approach. 

Second, the collection of stool samples to analyze the microbiome. This is important as we were 

able to confirm colonization of the GI tract by the probiotics, which also confirmed compliance. 

The analysis of stool samples for microbiome composition also provided crucial insight into taxa 

that may be important in the relationship between probiotic supplementation and MDD. Third, 

we have controlled for intake of other probiotic-enriched foods. We specified this in our 

exclusion criteria to avoid having the intake of other probiotic products or fortified foods act as a 

confounding factor in our investigation.  

 

Despite these strengths, there are several notable limitations worthy of discussion. First, the lack 

of follow-up after the 16 weeks of probiotic supplementation. In future studies, it would be 

valuable to have at least one data collection point post-intervention to assess whether the 



 

 

 

128 

probiotic has any lasting effects following the discontinuation of supplementation. This would 

also give us insight into duration of treatment. Second, the relatively high attrition rate of the 

study. While we had no dropouts or withdrawals in the 8-week pilot study, we had a 36% 

dropout rate in the DBRCT. In order to obtain high quality data, the study design of the DBRCT 

was lengthy and comprehensive. It included semi-invasive procedures such as blood draws and 

time-consuming appointments such as neuroimaging scans. Additionally, ethical considerations 

required biweekly follow-up appointments given that we were technically withholding standard 

care (at the consent and freedom to withdraw of the participant). This means there was a 

relatively high participant burden, especially compared to the shorter, less comprehensive pilot 

study. However, this is consistent with other DBRCTs examining the effects of probiotics on 

depression [6]. The significant participant burden may have also contributed to the loss of some 

data collection points and biospecimen samples due to protocol deviations, which further 

reduced sample size for some analyses. The small sample size of the DBRCT reduced the power 

of the study and increased the margin of error. This reduced power may explain why we did not 

detect and significant differences and serves as a third significant limitation to this research. Both 

our pilot work and DBRCT were under-powered, which is unfortunately common in this line of 

research and is why larger, strongly powered trials are warranted to draw any conclusions. 

Fourth, we did not collect data on body mass index (BMI). BMI is a rudimentary, yet reliable 

indicator of body fat based on an individual’s height and weight. It has been suggested that the 

metabolic activity of the gut microbiome is associated with obesity [7]. In addition to metabolic 

activity, differences in composition of the gut microbiome have also been noted in lean 

individuals compared to overweight or obsess individuals [7]. Further, there appears to be a link 

between BMI and antidepressant response [8-11], but this link remains poorly understood. It is 



 

 

 

129 

possible that variations in BMI could explain the observed poor response to the probiotic in the 

DBRCT. Finally, the use of the last observation carried forward (LOCF) method may be 

considered a limitation. LOCF is a method used to impute missing data in clinical trials when 

there is at least one measurement post-baseline by carrying forward the last value observed to 

replace the missing data point [12]. While it protects against attrition and thus increases 

statistical power by maintaining sample size, it results in a considerably conservative assessment.  

 

7.3 Implications 

From an etiological perspective, research on the gut-brain axis including trials examining 

probiotics and depression may give us crucial insight into and address the causal mechanisms 

underlying depressive symptoms. It can be argued that treatment with standard antidepressant 

medication is simply fixing a peripheral problem without addressing the root cause. Standard 

first-line medications including selective serotonin reuptake inhibitors (SSRIs) and serotonin and 

norepinephrine reuptake inhibitors (SNRIs), and even older classes of antidepressants such as 

monoamine oxidase inhibitors (MAOIs) and tricyclic antidepressants work to treat the symptoms 

of depression by regulating monoamine neurotransmission. Current gut-brain axis research 

hypothesizes that gut dysbiosis may be causing the dysregulated neurotransmission that results in 

depressive symptoms observed in depressed patients. Therefore, in targeting the gut, we may be 

targeting a root cause. This may lead to achieving a more stable remission. However, it should be 

noted that given the heterogeneity of the disorder, it is unlikely that the gut dysbiosis theory can 

be generalized to all patients suffering from depression. It is more likely that depression can be 

subcategorized into etiological subgroups that will each then correspond to different effective 
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treatments [13]. A nutritional psychiatry-based intervention would be a likely candidate for a 

subgroup of depression caused by gut dysbiosis. 

 

Effective and tolerable alternatives to standard antidepressant pharmacotherapies are in high 

demand from both patients and physicians. Reasons for seeking alternative treatments vary, but 

often include tolerability to side-effects, contraindications to medications for other conditions, 

personal choice, or belonging to a population where medications are not recommended. While 

there is little evidence of maternal antidepressant use being a risk for adverse outcomes in the 

offspring [14-16], some physicians still do not recommend antidepressant medication for women 

who are pregnant or breastfeeding, and many women do not want to take them. In fact, leaving 

perinatal mood disorders untreated negatively impacts both the mother and the child, leading to 

increased risk of both adverse physiological and psychological outcomes [17]. However, this has 

not prevented women from avoiding antidepressant medication during pregnancy.   

 

Another population for which nutritional psychiatry-based treatments may be advantageous are 

youth under 18. In the early 2000s, regulatory bodies worldwide warned the public of increased 

suicidality among youth using antidepressants, primarily the then-novel SSRI [18]. While the 

practice of avoiding prescribing youth under 18 antidepressant medication has been challenged 

as doing more harm than good [19], many physicians still heed these warnings, and many 

patients still refuse to take them. Depressive disorders are prevalent in youth [18], and this leaves 

a vulnerable population with limited options for treatment.  
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Further, antidepressant avoidance can also be a personal choice prompted by the associated 

stigma. Mental health disorders such as depression carry with them a strong self and social 

stigma [20]. Not only is there stigma associated with the disorder itself, but there is stigma 

associated with antidepressant medication as well. This stigma often results in individuals 

avoiding seeking treatment and continuing to suffer [20]. Probiotics and nutritional psychiatry 

interventions may be considered desirable in this context as they do not carry with them the same 

stigma and may result in individuals being more likely to seek and follow through with this type 

of treatment. These types of interventions are also easier to implement in a much wider scope, so 

they may be useful for prophylaxis of future disorders. 

 

 

7.4 Directions for Future Research 

Determining Fundamental Details. Despite complex trials examining the effects of probiotics 

on mood disorders being well underway, there still exist some fundamental research questions 

that need to be addressed. Since publication of the systematic review of Chapter Two, five 

additional DBRCTs have been published examining the effects of a probiotic supplement on 

depression in clinical samples [6, 21-24]. Like our qualitative analysis of the literature in Chapter 

Two, analysis of these trials (described in Table 7-1) reveals where further attention is warranted.  

 

First and foremost, the selection of appropriate species and strains for mental health indications 

is critical. The term probiotic can be thought of as general as the term ‘drug’, an umbrella term 

for many diverse formulations with distinct indications. For our research, we chose a 

multispecies supplement containing a Lactobacillus strain and a Bifidobacterium strain. As 
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discussed previously, we selected this combination because there has been considerable 

preclinical research in rats and mice and clinical research in healthy humans showing that these 

strains, when used in combination, act on the gut-brain axis and produce anxiolytic and 

antidepressant effects [2, 3]. Some GABA-producing probiotic strains are also under 

investigation [25, 26]. Four out of the six clinical DBRCTs examined different probiotic 

formulations; the remaining two examined the same formulation examined in this thesis and 

found conflicting results (see Table 7-1). The question remains of which, if any, species and 

strains of probiotics are able to effectively alleviate depressive symptoms in a way that could 

lead to probiotic supplementation being accepted as an approved form of treatment, and whether 

these are multispecies or single strain products. Regardless of genus, species, or strain, all 

probiotics are quantified and dosed not by milligrams but by colony forming units (CFUs), a 

measurement used to estimate the number of viable (i.e., able to proliferate and form colonies) 

bacteria in a sample. Finding the minimum effective dose is another variable that requires further 

research. Our pilot work examined the probiotic at a dose of 3x109 CFUs, but our DBRCT 

examined doses of 6x109 CFUs and up to 20x109 CFUs. As seen in Table 7-1, the six clinical 

DBRCTs also varied substantially on dosage. Further studies should incorporate a dose-response 

similar to our DBRCT dual phase study design to elucidate threshold doses eliciting clinical 

responses and whether a dose increase can be considered for patients who do not respond to 

initial doses. Similarly, it will be important to establish a timeline of effectiveness. Almost all 

clinical DBRCTs tested the respective probiotic formulations for a duration of 8 weeks (see 

Table 7-1). If a clinically effective dose is established, it will then be important to determine how 

quick probiotics are to act and how long these effects are sustained post-intervention to properly 
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design a course of treatment. Further, it will be important to determine other details such as 

whether the probiotic is more or less effective when taken with food.  

 

Monotherapy vs. Antidepressant Adjuvant. As noted in the strengths and limitations section, 

we cannot overlook the question of concurrent antidepressant use when examining probiotics 

effects in the context of depression. While we have chosen to examine probiotics in the absence 

of concurrent antidepressant use, it is also important to examine probiotics as an adjunct to 

antidepressant treatment. Evidence shows the antidepressant medications may exert antibacterial 

activity in the gut [27] and alter the relative abundance of key taxa [28]. This antimicrobial 

activity may then compromise treatment efficacy and contribute to the unpredictability of 

treatment response [29]. Thus, it is possible that when used in combination, probiotics may 

protect against the antimicrobial effects of antidepressant medication, augmenting their effects in 

the brain. Unsurprisingly, antidepressant medications are also often accompanied by 

gastrointestinal (GI) side effects including nausea, upset stomach, diarrhea, and constipation 

[30]. The use of probiotics as an adjuvant may also serve as protection against the adverse GI-

related side effects, given their established beneficial effects on the gut. However, it will be 

important in these studies to control for type of medication (SSRIs, SNRIs, tricyclics, etc.) and 

even specific drugs within each class. A recent meta-analysis of probiotics as a treatment for 

clinical depression concluded that probiotics were effective only when administered as an 

adjunctive treatment to antidepressants [31]. The authors suggest two potential theories 

underlying these findings: a synergistic effect, similar to what is proposed above, and an additive 

effect, with probiotics improving symptoms for which classical antidepressants are less effective. 
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However, further research is required in this area, particularly into the mechanisms underlying 

the interactions between probiotics and antidepressants. 

 

Considering Dietary Patterns and Nutritional Status. Research has shown that specific 

dietary patterns may be effective in reducing depressive symptoms, most notably in Jacka and 

colleagues’ work examining the Mediterranean diet on depression [32]. In the context of the gut-

brain axis, this is unsurprising, as diet is the single biggest modulator of gut microbiome 

composition. However, it remains unclear if and what dietary patterns contribute to the incidence 

of depression and, most importantly, what molecular and microbial underpinnings may be 

driving this relationship. Further, it is unclear whether such dietary patterns and related 

mechanisms may influence individual response to probiotics in depression. Given their effects on 

the gut microbiome, it is possible that different dietary patterns and probiotic supplementation 

interact to influence antidepressant-like response, such as having their effects on the gut-brain 

axis augmented in the presence of certain nutritional statuses. While comprehensive dietary data 

was collected in the DBRCT using the Canadian Diet History Questionnaire (C-DHQ-II), it was 

considered out of scope for the current thesis. However, given the suggested importance of diet 

and nutritional status, this data will be examined as part of a larger endeavor in the future 

including the analysis of Phase II of the study. Similarly, it has also been suggested that 

exploring the effects of probiotics on depression in the context of Vitamin D levels may be 

worthwhile [21]. Evidence suggests that depression may be associated with low Vitamin D levels 

[33], and that Vitamin D affects gut microbiome composition and inflammatory activity [34]. 

Thus, it will be crucial to consider dietary patterns of patients in future research, and how diet 

and nutritional status affect how the probiotic functions. Future research should examine the 
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efficacy of probiotics in the context of specific diets and in combination with other nutritional 

interventions. To this point, in a recently published review providing recommendations for best 

practice in study design for research on diet-microbiome interactions, Shanahan and colleagues 

highlight the need for collaboration across nutrition science and microbiology [35]. In the 

context of the current research, collaboration across neuroscience and psychiatry will also be 

crucial. 

 

7.5 Conclusions 

With a very early systematic review, good pilot data, and a methodologically strong clinical trial, 

we have provided comprehensive data to add to the growing body of literature examining the 

potential antidepressant-like effects of probiotics. While the current limited evidence does not 

yet support the use of probiotics as a standalone treatment for MDD, we have identified several 

crucial limitations common across the current literature and provided insight into critical avenues 

for future research to explore. As discussed, the potential impact of this research on patients 

suffering from depression is significant and may eventually help reduce the burden of disease for 

many.  
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Table 7-1. Summary of double-blinded randomized placebo-controlled trials examining the effects of probiotics on depression in clinical samples. 

Reference Country Sample Characteristics Probiotic Strain (Dose) Duration of 

Intervention 

Psychiatric 

Measure 

Significance? 

Akkasheh et al., Nutrition, 2016 

[1] 
Iran n=40 

L. acidophilus (2x109 CFU), L. casei (2x109 

CFU), & B. bifidum (2x109 CFU) (once 

daily) 

8 weeks 

BDI * 

Romijn et al., Aust N Z J 

Psychiatry, 2017 [21] 

New 

Zealand 
n=79; no current AD 

L. helveticus-R0052 & B. longum-R0175 

(3x109 CFU total, once daily) 

8 weeks MADRS ns 

iCGI-S ns 

iCGI-I ns 

QIDS-SR16 ns 

GAF ns 

DASS ns 

Ghorbani et al., Arch Neurosci, 

2018 [22] 
Iran n=40; add-on to fluoxetine 

L. casaei (3x108 CFU), L. acidofilus (2x108 

CFU), L. bulgaricus (2x109 CFU), L. 

rhamnosus (3x108 CFU), B. breve (2x108 

CFU), B. longum (1x109 CFU), S. 

thermophilus (3x108 CFU), & 

fructooligosaccharide (100mg) (total of 

500mg, twice daily) 

6 weeks 

HAM-D * 

Kazemi et al., Clinical Nutrition, 

2018 [23] 
Iran 

n=81; add-on to sertraline, 

fluoxetine, citalopram, 

amitriptyline 

L. helveticus-R0052 & B. longum-R0175 

(10x109 CFU total, once daily) 

8 weeks 

BDI ** 

Rudzki et al., 

Psychoneuroendocrinology, 2019 

[24] 

Poland n=60; add-on to SSRI 
L. Plantarum-299v (10x109 CFU total, twice 

daily) 

8 weeks HAM-D ns 

PSS-10 ns 

SCL 90 ns 

Chahwan et al., J Affect Disord, 

2019 [6] 
Australia n=71; no current AD 

B. bifidum W23, B. lactis W51, B. lactis 

W52, L. acidophilus W37, L. brevis W63, L. 

casei W56, L. salivarius W24, Lactococcus 

lactis W19, Lactococcus lactis W58 

(2.5x109 CFU total, twice daily) 

8 weeks BDI ns 

DASS ns 

Cog Reac * 

BAI ns 

*=p<0.05; **=p<0.01; CFU: Colony Forming Unit; AD: Antidepressant; SSRI: Selective Serotonin Reuptake Inhibitor; BDI: Beck Depression Inventory;  MADRS: Montgomery-Åsberg Depression Rating Scale; iCGI-S: Clinical Global 
Impressions scale – severity; iCGI-I: Clinical Global Impressions Scale – improvement; GAF: Global Assessment of Functioning; DASS: Depression, Anxiety, and Stress Scale; HAMD-D: Hamilton Depression Rating Scale; PSS-10: 
Perceived Stress Scale; SCL-90: Symptom Checklist; Cog Reac: Cognitive reactivity; BAI: Beck Anxiety Inventory
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Health Science Research Ethics Board Approval – DBRCT 
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