
17 Spring 2021 Issue

Nausea, heartburn, indigestion, constipation, and 

stomach pain are all kinds of gastrointestinal prob-

lems we have faced before. They are easy to dismiss 

as merely an upset stomach, but this mentality could 

build up and ultimately be detrimental to mental and physical 

health. Improperly caring for the digestive system can lead to 

extensive intestinal health issues. The microbiome is a collection 

of all of the microorganisms that thrive in the human digestive 

system. It is a cohesive network of beneficial, neutral, and nega-

tive bacteria, fungi, protozoa, and viruses that help digest foods 

that are otherwise indigestible by our digestive tract among many 

other functions. Neglecting intestinal health by not nourishing 

the microbiome with proper nutrients, abusing medications, or 

excessive alcohol consumption can lead to a host of different 

health problems. For example, sleep disturbances, like insom-

nia, are a common symptom of a struggling gut. They can lead 

to chronic fatigue because the majority of serotonin, the neu-

rotransmitter that is pivotal in mood and sleep, is manufactured 

in the gut [1]. A more acute health crisis that can develop from 

improper care of one’s gut is the formation of peptic ulcers in the 

stomach or small intestine. Peptic ulcers are caused by a break-

down of the mucus membrane in the digestive tract and result in 

chest and abdominal pain, weight loss, trouble breathing, and in 

extreme cases expulsion of blood [2]. Who would have thought 

that what we eat could affect the development of healthy gut 

flora, which then can contribute to declining mental and physical 

health? This article investigates topics regarding the gut’s impact 

on body and mind, what lifestyle choices cause dysbiosis, and 

how Parkinson’s Disease can develop beginning in the gut to 

demonstrate how central the gut is to overall wellness.
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SYMBIOTIC GUT BACTERIA ELICIT ANTI-
INFLAMMATORY RESPONSES
Exploring the intestinal immune system is necessary for under-

standing how different bacteria affect overall health. For example, 

bacteria and other microorganisms in your gut work around the 

clock to ensure that you do not get sick, as maintaining the intes-

tinal region ensures the health of their host, their environment, 

and themselves. This symbiotic relationship is readily visible via 

the adaptive immune system. Gut microorganisms act as pro-

tection from possible pathogenic invaders and aid in intestinal 

architecture, the structure that supports the intestinal walls, by 

clinging to intestinal epithelial cells [3]. A properly functioning 

microbiota maintains a balance of symbionts that help with intes-

tinal regulation, commensals that serve no benefit or harm, and 

pathobionts which induce inflammation and harmful pathology. 

An error in this balancing act can cause dysbiosis, a decrease in 

the diversity of the commensal bacteria that can result in immu-

nological dysregulation that increases inflammation [4]. The 

anti-inflammatory response prevents the formation of a host of 

different autoimmune diseases, such as irritable bowel syndrome, 

allergies, and cancer [3]. 

WHAT CAUSES DYSBIOSIS?
While the gut microbiome is a resilient system that can fight off a 

lot of invaders, many different foods and lifestyle factors can lead 

to dysbiosis. Failing to ingest a wide variety of foods starves posi-

tive flora of the nutrients that can be used to fight off infection and 

protect our bodies [5]. Excess sugar has been proven to be very 

harmful to symbiotic gut bacteria. When sugar is overconsumed, 

a pro-inflammatory response is triggered, which can cause a 

die-off of bacteria and decrease diversity of the gut microbiome. 

A diet high in sugar can result in an increase in Proteobacteria, 

a bacterium that when elevated causes inflammation, and a 

decrease in Bacteroidetes, which is an abundant phylum in the 

gut microbiome that downregulates inflammatory responses [6]. 

An imaging study has shown that extended sucrose exposure 

activates the reward centers of the brain much like opioids do. 

The overconsumption of sugar creates cravings akin to an opioid 

addiction, which gives light to the intensity of the obesity epi-

demic and that it may be an addiction problem [7]. A diet change 

to incorporate more beneficial foods, like whole grains, vegeta-

bles, or fruits, can strengthen the gut in as little as a few days [5]. 

These foods allow gut bacteria to flourish because they contain 

prebiotic fiber, a sort of fiber that is indigestible by the human 

digestive system. Prebiotic foods stimulate the growth and action 

of bacteria. Another very harmful toxin for the gut is alcohol. 

Excessive alcohol consumption leads to dysbiosis and studies 

have shown that this differs depend-

ing on the type of alcohol consumed. 

Drinking hard liquor, like vodka and 

gin, always results in a decrease in 

positive bacteria. However, red wine 

has been proven to have the opposite 

effect because of its high polyphenol 

levels. Polyphenol is a plant-made 

compound that is digested by gut 

bacteria which leads to positive 

growth and a reduction in blood 

pressure and cholesterol. Another 

common factor that can easily lead to 

dysbiosis is antibiotic use. Antibiotics 

are prescribed to fight off bacterial 

infections like strep throat or acne, 

but they are unable to distinguish 

between the bad bacteria and the 

good ones and instead wipe them all 

out. This results in significant disrup-

tion in the delicate balance of the gut 

flora. The final lifestyle choice that 

can lead to dysbiosis is the absence 

of regular exercise. Exercise leads 

to a decrease in stress levels. This 

can greatly help the gut microbiome 

because excess stress can increase 

gut sensitivity and decrease blood 

flow [5]. Overall, it is essential to couple a well-rounded diet full 

of prebiotic foods or supplements, with exercise while being 

mindful of antibiotic usage. 

CONNECTING THE DOTS
There is a substantial link between the gut and a broad range of 

neurological and psychiatric disorders. The gut-brain link is reg-

ulated by microbial metabolism of short-chain fatty acids, neu-

rotransmitters (specifically, serotonin and GABA), hormones like 

cortisol, and a wide variety of immune system modulators [8]. A 

study was recently conducted using a cohort of 1,070 individu-

als to sequence metagenomes of human gut microbiota to find 

correlations between the gut and mental health. The research-

ers were trying to find evidence that an increase or decrease in 

specific bacteria can be detrimental to a healthy mind and body. 

Faecalibacterium and Coprococcus bacteria are known to pro-

duce butyrate, a metabolite necessary for proper gut flora devel-

opment and function by breaking down indigestible short-chain 

fatty acids. These bacteria were consistently associated with 

increased quality of life indicators that were identified through 

self-reported survey results. Also, low levels of Dialister and 

Coprococcus spp. bacteria are linked to depression, even after 

antidepressants were administered. Since antidepressants were 

not effective, it can be concluded that antidepressants do not 

affect gut bacteria associated with depression, but function solely 

as neurotransmitter modulators. Quality of life was measured 

using the RAND-36 health-related quality of life survey. The sur-

vey covers eight different topics: role limitations caused by emo-

tional health problems, social functioning, emotional well-being, 

overall energy levels, physical functioning, physical health, body 

pain, and general health perception. The results of the RAND-36 

survey were cross-checked with profiles derived from the par-

ticipant’s gut metagenomes, and the results showed evidence 

that there is a link between the gut microbiome and mental 

health. Participants with increased levels of Faecalibacterium 

and Coprococcus bacteria had an increased quality of life value 

assigned from the survey, and those with low levels of Dialister 

and Coprococcus spp. bacteria had revealed a reduction in quality 

of life [8]. One drawback of this study is that there is not a sub-

stantial database created which can be referenced to draw more 

conclusions based on the connection between gut microbes and 

neurological disorders. With increasing focus on this topic, there 

will be more research conducted to solidify the findings.

DEVELOPMENT OF PARKINSON’S DIS-
EASE BEGINS IN THE GUT

Have you ever experienced ‘runner’s high’ or had goosebumps 

radiate down your body when listening to your favorite song? 

If so, then you know what it feels like to have a rush of dopa-

mine release in the brain. Dopamine is a neurotransmitter that 

controls reward, pleasure, motor function, specific control of 

movement, mood, and decision making [9]. Parkinson’s is a neu-

rodegenerative disease that progressively kills neurons associ-

ated with dopamine production and signaling. A recent study 

conducted at the Johns Hopkins University School of Medicine 

mapped the progression of Parkinson’s Disease from the gut 
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PARKINSON’S DISEASE 
MAY TAKE DECADES TO 
PROGRESS TO THIS STAGE 
WHICH REVEALS THE 
SHOCKING PACE THAT IT 
WAS ABLE TO PROGRESS 
IN THIS RODENT MODEL.
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to the brain via the vagus nerve. The vagus nerve is a cranial 

nerve that is responsible for supplying the heart, lungs, diges-

tive tract, and other organs in the chest and abdomen with neu-

ronal signals from the brain. The brain-gut axis creates a direct 

link between the brain and the upper digestive tract because 

the muscles that surround the gut are rich in connections to the 

vagus nerve, which travels directly through the brain stem into 

the cortex [10].  The researchers were able to get mice to develop 

early and late-stage Parkinson’s symptoms by injecting synthetic 

forms of alpha-synuclein, the protein that coagulates and creates 

toxic clumps in the brains of Parkinson’s patients, into regions of 

gut muscle high in vagus nerve connections. After around one 

month, the injection had reached the bottom of the brainstem, 

and after two months clumps of alpha-synuclein were recorded 

in the substantia nigra pars compacta, amygdala, hypothalamus, 

and prefrontal cortex. Within seven months, the protein had taken 

over harder brain regions to penetrate: the hippocampus, stria-

tum, and olfactory bulb. Parkinson’s Disease may take decades to 

progress to this stage which reveals the shocking pace that it was 

able to progress in this rodent model. The coagulation of protein 

is what causes a die-off of brain cells in all of these regions. A 

loss of dopaminergic neurons in the substantia nigra pars com-

pacta and striatum leads to the symptoms seen in Parkinson’s 

Disease [11]. These findings reveal how crucial the vagus nerve 

is in Parkinson’s Disease and could allow future researchers 

to examine ways to prevent or stop Parkinson’s at all stages of 

development. Theoretically, this means that Parkinson’s can be 

combated before someone is showing symptoms and even when 

it is fully developed. Future studies on this topic will look into the 

gut-brain axis. Specifically, these studies will investigate if remov-

ing the vagus nerve can reduce the development of Parkinson’s 

Disease, how to stop the misfolding and coagulation of alpha-sy-

nuclein, and how to stop its spread to the brain [11].

CONCLUSION
Maintaining a healthy gut and understanding the link between 

the gut and brain is vastly important for keeping an eye on 

one’s overall health. If gut health goes neglected without proper 

nutrients or destruction via alcohol or medications, a decrease 

in commensal symbionts in the gut can lead to dysbiosis. This 

change can develop into a wide range of bodily and psychiatric 

disorders that extend far past the gut. Further research into the 

role of the gut in Parkinson’s Disease, among many others, could 

shed light on possible treatments. Fortunately improving gastro-

intestinal health can be accomplished at home, and in as little as 

a few days positive changes can be noted. This can be done by 

incorporating diet changes, exercising more regularly, or eating 

a serving of probiotic yogurt a day. The gut is vastly overlooked, 

but incorporating this knowledge into everyday life can lead to 

comprehensive bodily health.
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the differences throughout the entire brain by first register-

ing every brain into a template by normalizing and segmenting 

MRIs of an appropriate sample size. This eliminates differences 

in structural anatomy among individuals by compiling an aver-

age of itself [7]. Then, a group analysis technique is administered 

to reveal statistically significant local morphological differences 

between each sample and this template [7]. Most importantly, 

the technique reveals patterns in structural features of the brain 

and their associations with specific psychiatric illness [7].

In a research study led by, VBM was used to study pathophys-

iology in the brain structure of patients with the restrictive 

type of AN, involving avoidant behavior towards food, within 

the early stages of the illness when involved with the study [5]. 

Pathophysiology refers to functional changes that pertain to ill-

nesses or injuries [8].  Within the first five months of the study, 

grey matter (GM) decrease took place. One of the areas affected 

include the precuneus, a part of the brain that plays a significant 

role in the conscious process, which especially plays a role in 

self image. To clarify the role of the precuneus, a study led by 

Sachdev and colleagues using functional MRI (fMRI), which mea-

sures the brain’s functional anatomy, showed less signals to the 

precuneus when thinking about self image compared to thinking 

about non-self images [9]. Other regions where GM decreased 

were in inferior and superior parietal lobules, which play a role 

in psychiatric disorders such as schizophrenia, and the cingulate 

cortex in the limbic system, which is involved in emotions such 

as fear and avoidance behavior [5]. Hence, the vulnerability and 

the deterioration of GM in such regions have a substantial role in 

skewed body image and the pathophysiology of AN [5]. As this 

was not a longitudinal study, the research does not portray some 

of the changes that come with nutritional recovery.

Similarly, in another research study by the principal investiga-

tor Castro-Formieles and colleagues, VBM was used to exam-

ine the cerebral volumes of patients with AN while also studying 

outcomes seven months out of treatment. 

During the first assessment, the patients 

with AN had reduced amounts of GM and 

increased volumes of cerebrospinal fluid 

(CSF) compared to the healthy control group 

[10]. In their follow up, during their recov-

ery, there were no differences in GM, white 

matter or CSF between the two groups 

[10]. They showed that while someone had 

AN, GM was affected more than white mat-

ter in posterior regions of the brain. More 

importantly, they concluded that there was 

some evidence of reversing the damage 

from AN, especially in GM alterations and 

CSF volumes, after nutritional recovery [10]. 

However, as mentioned before, the effective-

ness of VBM is dependent on sample sizes. 

This study, for example, consisted of 12 AN patients and 9 control 

patients, all aged 11-17 year old [10]. The small groups and signif-

icant age gaps that constitute differing brain maturation need to 

be acknowledged. Hence, more research on reversibility of struc-

tural damage is necessary for future research.

DISCUSSION

AN has detrimental effects on the brain related to cognitive func-

tion and physical structure and function. Although intelligence 

and specific cognitive functioning (except motor speed) are com-

parable between patients with and without AN, there is a dis-

parity in cognitive flexibility, particularly set-shifting. However, 

even with weight recovery, the difficulty in set-shifting remains 

in patients who have recovered, suggesting that other factors 

contribute to cognitive flexibility. The onset of AN also affects the 

structure and function of the brain by contributing to decreased 

grey matter in parts of the brain, such as the precuneus, which 

may explain the pathophysiology of the illness. Although a study 

from Castro-Fornieles and colleagues had suggested that recov-

ery of GM is possible with recovery, certain discrepancies, such 

as sample sizes and age groups, require more research in order 

to solidify that claim [10].
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