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Chapter 1: An Introduction to the Gut-Brain Axis 

"Gut health" is one of the latest trends to hit the internet. Aesthetically pleasing posts on 

Instagram and Tik Tok guide readers through "healing your gut microbiome" and hails it as a 

cure-all. Social media influencers tout apple cider vinegar shots and gluten-free diets to achieve 

it all: clearer skin, weight loss, and a better life. 

To the scientifically educated these claims create a justifiable amount of skepticism. 

While lifestyle changes can certainly positively impact overall health, it is not as simple as 

consuming green tea and eight glasses of water a day. However, this trend has prompted an 

interesting conversation and debate surrounding the symbiotic interaction between our gut health 

and the rest of our body. Recent research advances are particularly focused on the growing 

importance of the gut-brain axis (GBA)- the bidirectional relationship that is present between the 

enteric and central nervous system.  

The central nervous system (CNS) consists of the brain and the spinal cord and is divided 

into grey matter and white matter. The grey matter in the brain is present in the outermost layer 

and contains neuronal cell bodies and dendrites in addition to glial cells and capillaries. White 

matter refers to areas of the CNS where myelinated axons are located. Myelin is an insulating 

material that forms around axons and aids in the transmission of nerve signals.  

Each hemisphere of the brain is divided into four lobes: frontal, parietal, temporal, and 

occipital. Each area of the brain is associated with different functions. The lobes are divided by 

gyri and sulci, bumps and grooves that increase the surface area of the brain and allow more 

brain matter to fit in the skull. The frontal lobe is responsible for advanced executive 

functioning. The frontal lobe is responsible for emotional regulation, planning, reasoning, and 

problem solving (Catani 2019). The parietal lobe is located behind the frontal lobe and is 
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responsible for integrating sensory information like touch, temperature, pain, and pressure 

(Dieterich & Brandt 2018). The temporal lobe contains areas that control the processing sensory 

information like language, hearing, and is responsible for forming memories (Friederici 2011). 

Finally, the occipital lobe is the brain’s visual processing center (Marek & Dosenbach 2019).  

The enteric nervous system (ENS) is a part of the autonomic nervous system that holds 

neural circuits that control motor functions, local blood flow, mucosal transport, and secrete 

acetylcholine and neuropeptides (Nezami & Srinivasan 2013). The ENS is comprised of primary 

afferent neurons that are sensitive to both chemical and mechanical stimuli, interneurons, and 

motor neurons. All these neurons act on smooth muscle, pacemaker cells, blood vessels, mucosal 

glands, and epithelial cells. It also is responsible for modulating immune and endocrine function 

(Costa et al. 2000). ENS dysfunction is commonly linked to digestive disorders, and its role in 

neurological and psychiatric disorders is becoming more apparent with advancing research 

(Heiss & Olofsson 2019).  

The GBA involves interactions between the sympathetic and parasympathetic parts of the 

autonomic nervous system (ANS). This interaction connects the afferent and efferent signals 

between the gut and the brain. It also involves communication between the endocrine system, 

immune system, and autonomic nervous system (Agirman et al. 2021). The endocrine-neuro-

immune mediators of the GBA play a large role in the brain's ability to affect the function of the 

intestines. Immune cells, epithelial cells, enteric neurons, and smooth muscle cells are all 

affected by these interactions. Additionally, the gut microbiome plays a massive role in the 

composition of the GBA.  

An introduction to the basic anatomy of neuroanatomy, the ENS, and the CNS aids in 

understanding the more complex topic of gut-brain signaling. Though the GBA is still a 
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developing area of research, there has been much research laying the groundwork for expansion 

of our understanding in how the gut and brain interact.  

 

Chapter 2: The Gut Microbiome and Gut-Brain Signaling 

The human microbiome is defined as all the microorganisms on and in a host and its 

host's genetic material. The human microbiome has extensive functions such as the development 

of immunity, defense against pathogens and host nutrition. Host nutrition involves the production 

of short-chain fatty acids that are important in host energy metabolism. It also includes the 

synthesis of vitamins and fat storage. All these different functions have a major influence on 

human behavior. The human microbiome as an estimated 100 trillion microbes, the bulk of 

which live in our gut (Schmidt et al. 2018).  

The human microbiome is composed of a community of microorganisms (bacteria, fungi, 

viruses) that have a greater complexity than the human genome itself. Because of the 

microbiome's size, the Human Microbiome Project (HMP) was established by the National 

Institutes of Health common fund in 2008 to understand the relationship between health and the 

human microbiome. The HMP has utilized a largely high throughput approach, incorporating 

sensitive omics technologies (proteomics, genomics) and analyses to characterize the human 

microbiome in health and disease (Cresci & Bawden 2015). Specifically, the human gut 

microbiome is being intensively studied for its putative effects on metabolism, immune 

responses, and behavior.  

The gut microbiome is composed of microorganisms such as bacteria, archaea, fungi, and 

viruses throughout the entire gastrointestinal (GI) tract. A typical, healthy individual has trillions 

of microbes in their gut microbiome. However, no two microbiomes are alike. Research has 



Winokur 4 

shown that several factors can impact the composition and overall health of the gut microbiome. 

Diet, medications, geography, lifestyle stage, the birthing process, infant feeding method, and 

stress (exercise, metabolic, psychological) have all been demonstrated to play critical roles 

(Cresci & Bawden 2015).  

In the gut, the bacteria phyla Firmicutes and Bacteroides make up about 75% of the gut 

microbiota and are extremely sensitive to any changes (Pittayanol et al. 2019). Additionally, the 

rise in allergies, autoimmune diseases, metabolic disorders, and neuropsychiatric disorders are 

disrupters of the gut microbiome.  

The gut microbiome interacts with the CNS through a few pathways. First, there is 

interaction through the vagus nerve. The afferent spinal and vagal sensory neurons carry 

information from the intestines to the brain stem. This engages the hypothalamus and limbic 

system, which are integral in regulating human emotions. The descending projections from the 

limbic system that are activated by stress, influence the autonomic activity in the gut (Dicks et al. 

2021).  

There is an emerging role for a bidirectional communication between the gut microbiome 

and neuroendocrine signaling. This interaction occurs through the stimulation of enteroendocrine 

cells (EECs) by bacterial products. This stimulation releases important neuropeptides such as 

neuropeptide Y (NPY), peptide YY, cholecystokinin, glucagon-like peptide-1 and -2, and 

substance P which all play roles in various physiological and homeostatic processes such as 

feeding, stress, anxiety, and pain amongst others. (Asadi et al. 2022; Foster et al. 2021). 

The gut microbiome plays a critical role in the metabolism of several essential amino 

acids such as tryptophan as a precursor for the synthesis serotonin. An estimated 95% of 

serotonin (5-HT) is produced by enterochromaffin cells in the gut mucosa. 5-HT plays multiple 
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roles in the gut including GI pain perception, motility, and GI secretion. In the brain, 5-HT is 

involved in regulating mood and cognitive processes (Gao et al. 2020).  

The gut microbiome also exhibits a bidirectional relationship with the immune system. 

The gut-associated lymphoid tissue makes up 70% of the immune system and is estimated to be 

the largest mass of lymphoid tissue in the body. Some components of the immune system include 

cytokines like (IL)-1B, IL-6, and tumor necrosis factor (TNF). These cells aid in the 

inflammation response of the immune system and generally help control immune cell activity 

and growth (Parkin & Cohen 2001).  

Chronic stress has also been implicated in affecting intestinal permeability, a condition 

known as leaky gut syndrome. Leaky gut syndrome can induce an inflammatory response, and 

considering the bidirectional relationship of the GBA, has been hypothesized to be associated 

with psychiatric disorders. With a leaky gut, there are elevated levels of bacterial endotoxins 

called lipopolysaccharides (LPS) which are risk factors for disease. Other research has also 

explored the possibility that gut microbiota can influence neuropsychiatric disorders through the 

gut's production of neuroactive substances. This theory would implicate the gut microbiota in the 

pathophysiology of a host of psychiatric disorders, such as anxiety, depression, and autism 

(Obrenovich 2018).  

Gamma-aminobutyric acid (GABA), the main inhibitory neurotransmitter in the brain, is 

produced by many species of Lactobacillus and Bifidobacterium. Additionally, the bacteria 

Candida, Enterococcus, and Escherichia produce serotonin, and some Bacillus produce 

dopamine. Bacteria also produce short-chain fatty acids (SCFAs) like butyric acid, propionic 

acid, and acetic acid. These fatty acids stimulate the sympathetic nervous system and mucosal 
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serotonin release. Subsequently, the memory and learning process in the brain is influenced 

(Yunes et al. 2016).  

Chronic stress can have severe negative effects on the human gut microbiome. When 

there are increased levels of cortisol, the permeability of the gut wall increases. This causes leaky 

gut, which induces an inflammatory response in the body. A leaky gut's is reflected by increased 

levels of proinflammatory cytokines including TNF-α, interferon-y, and IL-6. IL-6 activates the 

HPA axis and down-regulates glucocorticoid receptors. Activation of the glucocorticoid 

receptors are part of a feedback mechanism that suppresses the HPA axis. However, this 

inflammation related downregulation only results in a hyperactive and overly sensitized HPA 

axis. Stress-related gut changes like leaky gut can also reduce the hippocampal serotonin and 

reduce brain-derived neurotrophic factor (BDNF) expression.  

With an understanding of the basis for the GBA, it is important to also examine how 

gastrointestinal disorders can alter both brain and GI function due to the clear connection 

between the brain and the gut.  

 

Chapter 3: Irritable Bowel Disease  

Irritable Bowel Disease (IBD) refers to Crohn's Disease and Ulcerative Colitis. These 

diseases are characterized by chronic inflammation of the gastrointestinal tract (GI tract), which 

can damage it over time. While Ulcerative Colitis is inflammation in the large intestine and 

rectum alone, Crohn's Disease can affect any part of the GI tract (Yangyang & Rodriguez 2017). 

Crohn's Disease is most seen in the small intestine. In Ulcerative Colitis, the inflamed damaged 

areas are continuous, starting at the rectum and spreading into the colon. However, in Crohn's the 

damaged areas are "patchy" and can affect multiple discontinuous areas of the GI tract and 
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neighbor healthy tissue. Inflammation in Colitis is found only in the innermost layer of the 

colon's lining whereas inflammation in Crohn's reaches through multiple layers of the GI tract 

walls (Zhang & Yu Li 2014).  

Common symptoms of IBD include persistent diarrhea, abdominal pain, rectal bleeding, 

bloody stool, weight loss, and fatigue. While IBD's exact cause remains unknown, there are a 

few theories as to its causes. The first theory is that the immune system is incorrectly responding 

to triggers like a virus or bacteria which causes inflammation. The second cause is likely related 

to genetics, as those with a family history of IBD are more likely to develop this incorrect 

immune response (Zhang & Yu Li 2014).  

IBD is diagnosed with different tests such as endoscopy, colonoscopy, contrast 

radiography, magnetic resonance imaging, computer tomography, stool samples, and blood tests. 

IBD has a few possible treatment routes, such as 5-aminosalicylic acids, immunomodulators, 

corticosteroids, and biologics. In extreme cases, patients undergo surgery to remove overly 

damaged parts of the intestines (Yangyang & Rodriguez 2017).  

While IBD was once thought of as a disease plaguing Western civilization, it is now 

being seen in globally developing countries in Asia, Africa, and South America. Rates of IBD, 

though high in Western countries, are stabilizing. However, the age of onset continues to 

decrease worldwide. In newly developed countries, IBD seems to be rapidly increasing, 

burdening the delicate healthcare infrastructure (Windsor & Kaplan 2019).  

The mechanism of inflammation is due to interactions between the mucosal immune 

system and the microenvironment. Luminal antigens, T lymphocytes, intestinal epithelial cells, 

cells that belong to the innate and adaptive immune systems, and secreted mediators all 

contribute to sustained inflammation in genetically predisposed IBD patients. Northern 
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American and European people are especially at risk for IBD (Ananthakrishnan 2015). People 

with first-degree relatives with IBD are especially at risk, and genetically isolated groups like 

Ashkenazi Jews carry the highest risk of disease (Oostenbrug et al. 2003). Along with genetics, 

environmental and lifestyle factors like smoking, obesity, physical inactivity, and a western-style 

diet are considered one of the biggest risk factors in the development of IBD (Piovani et al. 

2019). Additionally, bacterial flora is implicated in the development of IBD and higher levels of 

mucosal antibodies against intestinal bacteria have been seen in patients with IBD (Hyon & 

Mayer 2006).  

IBD is a complicated and systemic inflammatory disorder without any known cure. With 

an understanding of the gut’s role in overall health, it is worth examining the implications of a 

gut-focused inflammatory illness and its effects on the entire body.   

 

Chapter 4: The Serotonergic System and Mental Health 

The serotonergic system is hypothesized to play a foundational role in both the cause and 

treatment of many psychiatric disorders. Serotonin, also known as 5-hydroxytryptamine, is a 

signaling molecule that plays a fundamental role in many physiological systems Neurons that use 

serotonin as a primary neurotransmitter within the nervous system are mostly found in the 

brainstem on the midline raphe nuclei and extend down into the subnuclei of the lateral reticular 

formation. There are two types of serotonergic neurons the first are a rostral group that is in the 

midbrain and rostral pons. This group has a projection to the forebrain. Then, there is a casual 

group that is found in the caudal pons and the medulla that projects to the spinal cord. Both the 

caudal and the rostral group project to the brainstem (Hall, 2013).  
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Serotonin is synthesized in the serotonergic neurons of the central nervous system and the 

enterochromaffin cells of the gastrointestinal tract. It is synthesized from the essential amino acid 

tryptophan, which is then converted to serotonin following a series of biochemical reactions. 

About 95% of serotonin is synthesized and stored in the gastrointestinal enterochromaffin cells 

and the remaining 5% is produced and stored in the brain-stem neurons (Jonnakuty & Gragnoli, 

2008; Mercado et al. 2022; O’Mahony et al. 2015).  

Due to the widespread presence of serotonin receptors in the human body, there are many 

physiological systems in which serotonin is involved. Seven different types of serotonin 

receptors exist, which are classified according to structure, transduction signal, and 

pharmacology. Serotonin has a known role in platelet aggregation, and regulation of smooth 

muscle in the gastrointestinal and cardiovascular system and plays a role in mood disorders like 

depression and anxiety neurons (Mercado et al. 2022).  

Serotonin's role in psychiatric disorders has been long studied. It is thought to play a role 

in depression, anxiety, obsessive-compulsive disorder, eating disorders, and addiction 

(O’Mahony et al. 2015). The hypothesis regarding serotonin's role in clinical depression has 

existed for about 50 years. However, it is still widely debated. Significantly, one of the 

mainstream treatments for depression, SSRIs, isn’t effective in all patients with depression, 

indicating that there are factors at play beyond serotonin disruption in chronic depression 

(Murphy et al. 2021).   

In a study by researchers Lam et al. (1996), individuals with major depressive disorder 

showed low levels of tryptophan, the essential amino acid that serotonin is derived from, relative 

to a control group. The study showed that depression was induced within hours by lowering 

levels of tryptophan in those with risk factors for depression (Lam et al., 1996).  
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While serotonin’s role in psychiatric disorders has been studied previously, its role in 

gastric disorders is lesser known. It is worth examining the role that serotonin plays in the gut to 

continue to understand the significance of the GBA and its implications for both psychiatric and 

gastric research and drug development.  

 

Chapter 5: Serotonin, the Gut, and Inflammatory Bowel Disease 

Serotonin plays a large role in gastrointestinal systems as 95% of serotonin is produced 

and stored in the enterochromaffin cells of the gastrointestinal tract. Serotonin is released from 

enterochromaffin cells in response to acetylcholine, sympathetic nerve stimulation, raised 

intraluminal pressure, and low pH (Banskota et al. 2019).  

Serotonin activates neural reflexes and plays an integral role in intestinal secretion, 

sensation, and peristalsis. Serotonin's role is also relevant regarding nausea, vomiting, and 

general pain and discomfort in the gastrointestinal tract. Additionally, serotonin can act as a pro-

inflammatory molecule and can regulate the immune cells in the gut. Some studies have shown 

that increased levels of serotonin in the gastrointestinal region can affect the level of severity of 

inflammation in IBD patients (Perez et al. 2022). Other studies found that IBD patients taking 

Selective Serotonin Reuptake Inhibitors (SSRI) suffered increased GI symptoms, possibly due to 

the increased availability of serotonin which can aid in the pathogenesis of. Research also 

showed that by blocking serotonin in the gut, symptoms, and severity of colitis were reduced 

colitis (Chojnacki et al. 2021). Additionally, serotonin was found to activate the gut immune 

cells to produce proinflammatory cytokine (Wan et al. 2020).  

However, it's important to note that since anxiety and depression are comorbidities of 

IBD, SSRIs are often necessary to treat IBD patients. In general, people with chronic illnesses 
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suffer from anxiety and depression at higher rates than the public (Clarke & Currie, 2009). IBD 

patients have rates of lifelong anxiety and depression of 30%-50% and 20%-40%, respectively 

(Lewis et al., 2019; Brink et al. 2015). Recent studies have even shown that patients with 

gastrointestinal symptoms who were diagnosed with depression were at a higher risk for future 

IBD flares (Blackwell et al., 2020).  

One theory for the high rates of depression and anxiety in IBD patients is the 

"inflammation-depression hypothesis" (Brink et al. 2015). This is a relatively new theory 

explaining depression through the lens of inflammation in the body. While attempts to 

understand the relationship between inflammation and depression have been fruitful, the specific 

mechanisms remain a mystery.  

Generally, the "monoamine-depletion hypothesis" was the historic theory of depression's 

pathophysiology (Roohi et al. 2021). However, this theory seemed incomplete to many 

researchers. To further explore the causes of MDD, researchers began to explore the relationship 

between the peripheral immune system and MDD. Roohi et al. (2021) sought out to study this by 

establishing an immune cell profile of patients to study immune activation during MDD. They 

found that there seems to be associations between interleukin 6 (IL-6) activity, acute phase 

proteins, and "hyperactivity of the hypothalamic-pituitary-adrenal…axis" (Roohi et al. 2021). 

Many patients with Major Depressive Disorder (MDD) are also found to have elevated levels of 

inflammatory cytokines, such as IL-6. All of this suggests a more comprehensive and systemic 

forces at play in the pathogenesis of depression (Roohi et al. 2021). 

Inflammation generally works in the body through the modulation of immune response 

genes. These include interleukin (IL)-1B, IL-6, and tumor necrosis factor (TNF) (Ott et al. 2007). 

All these immune response genes are responsible for promoting the secretion of proinflammatory 
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cytokines that result in system-wide inflammation (Darif et al. 2021). When the brain detects 

possible threats, inflammation in the body increases. Imminent stress can activate the "conserved 

transcriptional response to adversity" (CTRA) (Roohi et al. 2021) in response to a threat or 

infection. However, this response can also occur when true danger is absent. Normally, the 

CTRA response is "downregulated by the HPA axis" (Roohi et al. 2021) by cortisol. However, 

when there are long-term stressors or threats, resistance to glucocorticoids can develop. This 

resistance can lead to high levels of inflammation, raising one's risk of developing an 

inflammatory illness, like MDD and IBD (Roohi et al. 2021; Ott et al. 2000; Darif et al. 2021).   

About one-third of IBD patients have been prescribed antidepressants for anxiety and 

depression. The types of medications that are often prescribed are serotonin reuptake inhibitors 

(SSRIs), tricyclic antidepressants (TCAs), and serotonin and norepinephrine inhibitors (SNRIs) 

which have known gastrointestinal effects (Byrne et al., 2017).  

Researchers found that patients with preexisting depression were more likely to be 

diagnosed with IBD and antidepressant medication was found to protect against IBD (Frolkis et 

al., 2019). Researchers Kristensen et al., (2019) found that SSRIs have anti-inflammatory 

properties that can help treat IBD patients. These researchers conducted a study with IBD 

patients in Denmark and found that SSRIs were useful in treating IBD patients, especially those 

who had never taken SSRIs before, warranting further basis for exploring SSRIs in addition to 

conventional IBD treatment (Kristensen et al., 2019). This is especially important as recent 

studies have found that symptoms of depression and anxiety can trigger disease flare in IBD 

patients (Porcelli et al., 1996).  
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However, later research found that there could be a bidirectional relationship between 

mental health disorders and IBD flares due to the "brain-gut relationship” and found that 

relieving symptoms of depression and anxiety improved gut health (Gracie et al., 2018).  

Gracie et al. (2018) demonstrated that IBD patients given SSRIs had a much lower 

disease flare rate than those who didn't take the medication (Gracie et al. 2018). However, those 

who hadn't taken the medication before the disease onset saw greater benefits than those who 

used the medications in the past (Gracie et al. 2018). Researchers hypothesized that perhaps, 

people who took SSRIs before IBD onset already received the anti-inflammatory benefits of the 

drug. Additionally, they hypothesized that patients who previously took SSRIs before disease 

onset have an increased risk for mental health challenges during disease onset, due to the stress 

of illness, leading to disease flare (Gracie et al. 2018).   

Researchers haven't been able to distinguish whether the usage of SSRIs benefits IBD 

patients due to the improvement in mental health, which greatly affects gastrointestinal health, or 

the anti-inflammatory properties of the medication. 

However, since IBD has no known cure, utilizing any treatments that improve the quality 

of life of IBD patients is vital. Since overall and most recently, SSRIs are helpful in conjunction 

with the traditional treatment of IBD, there is a need for further exploration to better understand 

the "brain-gut axis". Also, since the efficacy and positive effects of increased levels of serotonin 

due to SSRIs are debated, further study would be beneficial. 

 

Chapter 6: Psychological Tools and Interventions for IBD and Depression/Anxiety 

In addition to medication, there are other tools available to manage both IBD symptoms 

and anxiety/depression. One such tool is cognitive behavioral therapy (CBT). CBT is a type of 
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psychological treatment that seems to aid in the treatment of many psychiatric disorders. has 

been demonstrated to be effective for a range of problems including depression, anxiety 

disorders….and severe mental illness" (Oar et al. 2017).  

There are a few principles for CBT practice. The first principle is to teach the patient that 

many psychological problems are partly, if not fully, based on unconstructive ways of thinking. 

The second principle is that psychological problems are also based on unhelpful thoughts and 

behaviors. Finally, CBT states that those suffering from psychological problems can learn coping 

skills to better navigate their mental health concerns and live a better life. At its core, CBT is a 

scientifically based means of attempting to change someone's thinking and behavioral patterns 

(Oar et al. 2017).  

To change behavioral patterns, a therapist may encourage a client to actively face fears, 

engage in role-play to prepare for feared scenarios, and teach calming techniques to mitigate and 

manage mental health symptoms. Ultimately, the emphasis is on giving the individual tools and 

confidence to "graduate" from therapy and apply these skills for the rest of their lives. It 

emphasizes dealing with the present instead of fixating on the past, to teach one to move forward 

and cope with life's challenges.  

There is mixed research on the application and outcomes of CBT's management of IBD 

outcomes. It is proven to be effective in alleviating symptoms of anxiety and depression with or 

without medication. However, it is unclear whether CBT can improve IBD disease outcomes and 

alleviate mental health symptoms specifically in IBD patients.  

In a study by Mikocka-Walus et al. (2017) the effectiveness of CBT on physical 

outcomes in IBD and the long-term effectiveness of CBT was evaluated. After a randomized 



Winokur 15 

controlled trial observing IBD patients undergoing CBT, the study found that CBT didn't greatly 

influence IBD activity or mental health status.  

There are also studies evaluating the effectiveness of disease-specific cognitive-

behavioral therapy. In a 2015 study by Brink et al., (2015) researchers assessed if treating 

depression can decrease gastrointestinal inflammation and improve IBD outcomes. The 

researchers conducted a randomized controlled trial to test how effective IBD-specific CBT is to 

reduce depression, anxiety, and improving disease outcomes and courses in adolescents with 

IBD. The researchers found that there was a "reduction in depressive and/or anxiety symptoms 

after 3 months and sustained remission for 12 months'' (Brink et al. 2015). The researchers also 

found that the subject's quality of life improved along with their "psychosocial functioning" 

(Brink et al. 2015). Inflammatory cytokines in peripheral blood molecular cells were also 

assessed and were lowered than previously measured. Overall, IBD-specific CBT proved to be 

helpful for patients and seemed to overall improve their quality of life.  

Another possible intervention is medical hypnotherapy. Medical hypnotherapy is when a 

provider guides the patient to a state of concentration and focus. This can help relax the patient 

and provide relief from both psychological and physical pain (Hauser et al. 2016).  

Gut-directed hypnosis (GDH) is a specific form of medical hypnotherapy that was 

developed to reduce gastrointestinal (GI) distress in patients with IBS and IBD. This form of 

therapy is thought to modulate the brain-gut axis to improve both GI symptoms and psychosocial 

functioning. In a 2020 study by Pemberton et al., researchers conducted a qualitative study 

evaluating six practitioners trained in GDH. The idea is that reducing psychosocial symptoms 

can work within the brain-gut axis, thereby reducing overall inflammation in both the brain and 

body.  
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According to this study, GDH seems to impact GI functioning, reduce anxiety and 

depression, and improve cognitive functioning overall positively. Clinical trials have also shown 

that three months of GDH improved symptoms in GI patients (Pemberton et al. 2020). Other 

literature reviews have also found positive and significant results of GDH on GI patients. The 

specific mechanism remains unclear; however, it is likely related to the GBA and stress.  

While the research on CBT and GDH needs further study, overall, it has shown to be a 

harmless and often helpful means of alleviating IBD and mental health symptoms.  

 

Chapter 7: Dietary Tools and Interventions for IBD and Depression/Anxiety 

The gut microbiome can also be manipulated to reduce symptoms of IBD and 

anxiety/depression. In a 2022 study by Olendzi et al., the role of dietary treatment for IBD was 

evaluated. According to the researchers, diet is a "modifiable, noninvasive, inexpensive behavior 

that is crucial in shaping the intestinal microbiome" (Olendzi et al. 2022).  

This makes diet manipulation an attractive and vital tool in the treatment of IBD. 

Through an assessment of stool and blood samples as well as a dietary intake assessment, the 

efficacy of the IBD-Anti-Inflammatory Diet (IBD-AID) was analyzed. In addition, patients 

consumed prebiotics, probiotics, and foods associated with Clostridia and Bacteroides which are 

in low levels in people with IBD. These bacteria are particularly important due to their role in 

maintaining "gut homeostasis" by producing short-chain fatty acids (SCFAs) (Olendzi et al. 

2022).  

The study also reviewed some popular diets for the treatment of IBD. Trials have 

evaluated the efficacy of the Specific Carbohydrate Diet (SCD), the modified SCD with oats 

(mSCD), the Crohn's disease exclusion diet with partial enteral nutrition (CDED+PEN), and the 
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exclusive enteral nutrition (EEN) diet in pediatric patients. It was found that with SCD, mSCD, 

and a whole foods diet 100% of pediatric IBD patients were in remission within 12 weeks 

(Levine et al. 2019; Suskind et al. 2020). A study comparing CDED+PEN and EEN found that 

63% and 67% of patients achieved remission after 3 and 6 weeks of treatment, respectively 

(Sigall et al. 2021). Overall, these diets were found to be high in Clostrida, like Faecalibacterium 

prausnitzii, Roseburia hominis, and Eubacterium eligens (Sigall et al. 2021; Suskind et al. 2020; 

Levine et al. 2019). 

In adult patients, the SCD and Mediterranean diet has also been found to produce 

remission (Lewis et al. 2021). Studies found that after 6 weeks on either diet 50% of patients 

were in symptomatic remission or had a ≥30% reduction in fecal calprotectin levels.  

The researchers in Olendzi et al. (2022) created the IBD-AID diet to improve the gut 

microbiome through the consumption of foods high in prebiotics and probiotics and avoid foods 

that trigger "intestinal symptoms and dysbiosis" (Olendzi et al. 2022). The researchers found that 

adult IBD patients on this diet had fewer symptoms and a reduced need for medication after 4 

weeks on the IBD-AID diet.  

In the same study it was also found that microbiotic interventions promoted the “1) 

biosynthesis of several key amino acids (i.e., histidine, lysine, threonine, methionine, serine, 

glycine, isoleucine, and arginine); 2) degradation of mannan (a dietary fiber); and 3) β-oxidation 

for fatty acid degradation" (Olendzi et al. 2022). Overall, it seemed that the IBD-AID diet 

increased the availability of SCFAs. The results showed that an increased level of consumption 

of prebiotics, probiotics, and other beneficial foods improves Clostridia and Bacteroides levels.  

Additionally, as predicted, certain foods correlated with either lowered or raised levels of 

cytokines. Higher consumption of whole foods "negatively correlates with pro-inflammatory 
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cytokines" (Olendzi et al. 2022). Outside of the study, "high consumption of foods discouraged 

on the IBD-AID…relates to higher levels of pro-inflammatory cytokines" (Olendzi et al. 2022). 

The study concluded that a diet rich in fiber, probiotics, and other beneficial food like lean 

animal protein and omega-3 fatty acids can help with the production of anti-inflammatory 

bacteria like Clostridia and Bacteroides (Olendzi et al. 2022).  

Similarly, researchers have evaluated the effect of diet on depression. A 2017 study by 

Parletta et al. evaluated the effects of diet on mental health symptoms.  Researchers found that a 

Mediterranean diet high in omega-3 and low in omega-6 improved mental health overall and 

noted the use of supplemental fish oil to provide an extra boost of omega-3s in mentally ill 

patients (Parletta et al. 2017).  

Since depression has only recently been associated with chronic inflammation, 

researchers Belliveau et al. (2022) set out to evaluate the role of one's diet in promoting 

inflammation in the body. Foods such as sugar, refined flour, saturated fats, and red and 

processed meat can contribute to inflammation. Along with promoting health conditions like 

cardiovascular disease, diabetes, cancers, and neurocognitive disorders, this diet is now linked 

with an increased chance of depression (Belliveau et al. 2022). Since the brain's 

neurotransmitters need proper amino acids, vitamins, and minerals to function, deficits in key 

nutrients can increase one's risk of developing depression.  

The Empirical Dietary Inflammatory Index (EDII) "focuses on weekly consumption of 

sixteen net pro-or anti-inflammatory food groups" (Belliveau et al. 2022). Using the EDII, 

researchers attempt to understand the relationship between symptoms of depression and high 

EDII scores. It has been demonstrated that a pro-inflammatory, high EDII score was associated 

with increased symptoms of depression. This supports the use of diet as a method of treating all 
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inflammatory conditions, along with providing evidence of depression's inflammatory nature 

(Belliveau et al. 2022).  

It is clear from existing literature that an anti-inflammatory diet plays a massive role in 

modulating symptoms of both IBD and depression/anxiety. Overall, it seems that the 

Mediterranean Diet seems to be the most highly regarded anti-inflammatory diet. A manipulation 

of the gut microbiome through dietary means could prove quite life changing as another tool to 

manage symptoms of both IBD and depression.  

 

 

Chapter 8: Lifestyle Tools and Interventions for IBD and Depression/Anxiety 

Since chronic stress is proven to be a cause of inflammation in the body, thereby 

contributing to both IBD and depression/anxiety, researchers have evaluated lifestyle changes to 

lower stress in a patient's life.  

A 2019 study by Shuch & Stubbs (2019) aimed to evaluate the role of exercise in both 

the treatment and prevention of depression. In the literature, it is seen that exercise can both 

reduce symptoms and protect against depression. However, noting the heterogeneity of the 

effects of exercise, identifying which people are at risk to benefit less from exercise in the 

treatment and prevention of depression will be important in guiding future research and 

developing comprehensive treatment plans. Several studies have shown that people with greater 

levels of physical activity have decreased symptoms of depression. This is due to the endorphins 

released during exercise binding to the brain's opiate centers and triggering the release of 

dopamine (Mikkelsen et al. 2017). These findings are consistent across countries and cultures.  
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A study by Shuch & Stubbs (2019) study cited evidence from the Brazilian National 

Healthy Survey, which showed an association between a lack of exercise and depression in 

young males. Similarly, the study cited data from a study conducted on older Japanese adults, 

and in the United States. The researchers conducted a meta-analysis of all available data on 

exercise and depression, and it seems that people with depression "have about a 50% higher 

chance of not meeting the 150 minutes of moderate to vigorous PA as recommended by the 

general public health guidelines" (Shuch & Stubbs 2019).  

Previous literature reviews have named some factors that can predict whether symptoms 

of depression will respond positively to exercise. Higher levels of brain-derived neurotrophic 

factor (BDNF), IL-1β, and TNF-α are associated with a greater response to exercise 

(Malczynska-Sims et al. 2020).  

Interestingly, elevated levels of TNF-α and IL-6 are also associated with a pro-

inflammatory state as seen in leaky gut syndrome. This could provide even stronger evidence for 

the significance of exercise in patients with both gastrointestinal inflammation and 

depression/anxiety. There are also clinical psychosocial predictors as to whether someone will 

respond positively to exercise. Overall better functioning and social support seem to indicate that 

someone will respond more greatly to exercise benefits in preventing and treating depression 

(Craft & Perna 2004).  

Regarding inflammation, exercise can promote an increase in "anti-inflammatory and 

antioxidant enzymes" (Shuch & Stubbs 2019). These enzymes can combat the elevated 

inflammatory markers like IL-6 and IL-1β present in both depressed people and people with 

IBD. Exercise can also promote neuroplasticity and increase hippocampal volume, increasing 

brain activity and reducing symptoms (Shuch & Stubbs 2019).  
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Researchers have also evaluated the role of exercise in patients with IBD. In a 2017 study 

by Engels et al., researchers hypothesized that "moderate-intensity exercise exerts an anti-

inflammatory effect by both decreasing visceral fat and… [the release of] pro-inflammatory 

cytokines and releasing myokines…[like] IL-6" (Engles et al. 2017). The IL-6 that is released 

during exercise can also promote the release of "glucagon-like peptides." These peptides are 

associated with the repair of damage in the mucosa of the intestine. Exercise has also been found 

to decrease the expression of pro-inflammatory cytokines such as like TNF-α and IL-1β and 

increase the expression of anti-inflammatory cytokines including IL-10 (Engles et al. 2017).  

From research on the role of exercise in reducing inflammation for both people with IBD 

and depression, the similar anti-inflammatory mechanisms through which exercise provides 

benefits further support the innumerable connections between the brain and the gut. For both 

conditions, especially in those who suffer from both, it is vital to prevent and treat symptoms to 

obtain regular exercise, in any form attainable for each patient.  

Another lifestyle change studied for its effects on lowering inflammation is integrating 

meditative practices and mindfulness. In a 2016 article by Black & Slavich, researchers assessed 

the effects of meditation and mindfulness on the immune system. Researchers defined this 

practice as "the awareness that emerges through paying attention on purpose, in the present 

moment, and nonjudgmentally to the unfolding of experience moment by moment" (Black & 

Slavich 2016). Their review and analysis of currently available data on the effects of mindfulness 

and meditation on certain biological markers found effects in four areas. First, it seems there is a 

reduction in the actions of the "cellular transcription factor NF-κB", a protein complex that is 

implicated in promoting inflammation (Black & Slavich 2016). There also seemed to be 

reductions in C-reactive protein levels, another inflammation marker. While from an 
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inflammatory perspective there is still much evidence needed to support meditation's role in 

acting as an anti-inflammation measure, there is great promise for future research.  

The reduction of stress promoted by meditation is extremely beneficial for lowering 

inflammation in the body and can help mitigate symptoms of both IBD and depression. Through 

a meta-analysis of the neurobiological effects of meditation, Pascoe et al. (2017) found that 

meditation reduced many biological markers of stress including cortisol, C-reactive protein, 

blood pressure, heart rate, triglycerides, and inflammatory cytokines (Pascoe et al. 2017). There 

is a substantial basis for patients with IBD, depression, or both to integrate meditative practice to 

reduce psychological stress and subsequent biological inflammatory markers of stress.  

Exercise seems to be another means of reducing inflammation in the body with minimal 

risks and side effects. Beyond the obvious aesthetic and health benefits of exercise, research 

seems to support its role in mitigating symptoms of depression and IBD through the different 

mechanisms noted above. 

 

Chapter 9: Alternative Therapies—Ketamine 

As the scientific community continues to look for alternative means of lowering 

inflammation in the body to treat an array of illnesses, especially IBD and depression, some 

researchers have begun to explore the use of alternative therapies.  

Ketamine, a "noncompetitive antagonist of N-methyl-d-aspartate" (NMDA) has both 

anesthetic and rapid antidepressant properties (Yu et al. 2016).  Through activation of AMPA (α-

amino-3-hydroxy-5-methyl-4-isoxazole propionic acid) receptors and molecular signaling of 

mTOR (the mammalian target of rapamycin), enhancing hippocampal brain-derived neurotrophic 

factor (BDNF) and increased synaptogenesis, Ketamine aids in treatment-resistant depression 
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(Getachew et al. 2018). Ketamine therapy for treatment-resistant depression and the treatment of 

IBD is being explored. While traditional antidepressants act via the monoaminergic systems 

(Trujilo et al. 2011), ketamine elicits its effects by interacting with glutamate receptors. It has 

rapid long-lasting antidepressant effects, which can be lifesaving for people suffering from 

treatment resistant chronic Major Depressive Disorder.  

Researchers Sukhram et al. (2022) set out to understand the anti-depressant effects of 

ketamine from an inflammation perspective. Previous research has identified ketamine's anti-

inflammatory effect through the modulation of certain proinflammatory cytokines. Prior clinical 

studies have also indicated ketamine's antidepressant effects on the regulation of the peripheral 

and central immune systems. Ketamine is thought to lower pro-inflammatory cytokine levels and 

is thought to be associated with the ability to suppress proinflammatory molecules like IL-1β, IL-

6, and TNF-α. New data even suggests that ketamine's antidepressant effects work by blocking 

IL-6, a pro-inflammatory molecule (Sukrham et al. 2022). It's important to note that this is a 

relatively new area of research and discovery, and more advancements need to be made to 

confirm the relationship between cytokines and ketamine's antidepressant mechanisms. There is 

great potential for further research to be done.  

In the area of ketamine and the gut, researchers Getachew et al. (2018) evaluated 

ketamine interactions with the gut microbiota of rats to understand ketamine's antidepressant and 

anti-inflammatory properties. Getachew et al. found that ketamine magnified the bacteria 

Lactobacillus, Turibacter, and Sacrina.  Lactobacillus was amplified by 3.3-fold, Turibacter by 

26-fold, and Sacrina by 42-fold. The researchers noted how low levels of certain bacteria, 

specifically Lactobacillus and Turicibacter are often associated with depressive behaviors in 
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animals. Therefore, the researchers have evidence to support the potential role of the gut 

microbiota in depression and ketamine's antidepressant effects through the gut.  

High levels of the bacteria Ruminococcus are associated with intense symptoms of IBS, 

and some types of Mucispirillum bacteria have been associated with inflammation in the 

intestines. There is also evidence for the anti-inflammatory role of Sarcina. In this Getachew et 

al. (2018) rodent study, researchers found that some of the antidepressant and anti-inflammatory 

effects after a 7-day treatment of ketamine are mediated through ketamine's interaction with 

certain bacteria in the rodent gut (Getachew et al. 2018).  

It seems from all the available and current research that dysbiosis, meaning an imbalance 

in the gut microbiota, can happen during depression and a state of chronic stress because of an 

alteration of brain signaling to the gut. Significantly, some antidepressants have antimicrobial 

properties (Getachew et al. 2018), and germ-free animals have been shown to exhibit depressed 

behavior. The researchers hypothesized that ketamine would boost microbiota that are found to 

elevate mood and suppress microbiota that are found to be pro-inflammatory (Getachew et al. 

2018).  

The data in the Getachew study showed very significant effects of "chronic low dose 

ketamine on gut microbial ecology, ranging from 2 to 42-fold changes in specific genera" 

(Getachew et al. 2018). Overall, anti-inflammatory bacteria were amplified whereas pro-

inflammatory bacteria were reduced, suggesting a strong foundation for ketamine's anti-

inflammatory effects.  

Earlier research from 2011 by Loix et al. provided evidence that ketamine is "an anti-

proinflammatory drug" (Loix et al. 2011). Meaning, ketamine "avoids the extension and 

exacerbation of inflammation without blunting the local processes" (Loix et al. 2011). This is 
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especially significant given that many current anti-inflammatory drugs suppress the immune 

system and make the patient vulnerable to a whole host of viruses and bacteria. Loix et al. (2011) 

note that "Ketamine has immunomodulatory properties without being immunosuppressive." 

However, ketamine therapy does carry some risk, especially since it's only recently been 

approved as a treatment for depression. The main side effects are dissociation, intoxication, 

sedation, high blood pressure, dizziness, headache, blurred vision, anxiety, nausea, and vomiting. 

It also isn't used on patients with a history of psychosis, substance use disorder, teenagers, 

pregnant women, or older adults with dementia (Jelen & Stone 2021).  

However, for any inflammatory condition, especially patients with IBD and comorbid 

depression, further research on ketamine therapy holds a lot of promise for its anti-inflammatory 

effects and potential to greatly relieve the suffering of millions of people.  

 

Chapter 10: Conclusion and Future Research Directions  

There is a clear, significant, and symbiotic relationship between the brain and the gut. 

Through the lens of the brain-gut axis and inflammation, there is much evidence to support the 

use of dual-purpose therapies to relieve the suffering of IBD patients, depressed patients, and 

IBD patients with depression.  

There are many tools and resources available to navigate inflammation in the body, and it 

is quite clear that inflammation is a fully systemic disorder that affects a whole host of biological 

and psychological functioning.  

Future research should focus on a greater understanding of the mechanisms behind the 

gut-brain axis and explore that connection to develop advanced drugs that comprehensively treat 

each patient's specific symptoms and needs. Ketamine is particularly interesting due to its 
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immunomodulatory properties without immunosuppressant side effects. Because its clinical use 

is relatively new, this is a significant area for researchers to explore as a means of treating 

systemic inflammation. The ability to treat IBD without suppressing the immune system would 

be lifechanging for many IBD patients who suffer remain at risk for many illnesses due to their 

limited immune system.   

The body is one system, with pathways and interactions that seem increasingly intricate 

and interdependent as scientific research advances. Our increasing awareness and understanding 

of these interactions will help create treatment plans and biopharmaceuticals that 

comprehensively treat each patient’s individual illness and symptoms.  

Additionally, the low-risk methods for controlling symptoms of IBD and depression like 

diet, exercise, and therapy should not be undervalued. There is significant evidence that these 

methods can substantially help patients suffering from inflammation-related illnesses, whether 

that be from the brain, the gut, or both.  

This is an exciting and emerging area of research with so much potential to catalyze the 

scientific community’s understanding of the large role of inflammation plays in our health. 

Through an understanding of the unique connection between the gut and the brain, possibilities 

are wide open for creating treatment plans and medications that are safe, effective, and most 

importantly: have long-lasting, if not permanent, results.  
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