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Review of the nutritional factors influencing gut health and its correlation to mental health and neurological disorders 





The Gastrointestinal (GI) tract is a system where the digestive process occurs. The intestine is a part of the digestive system between the stomach and the anus that plays a key role in the endocrine system. Within this system trillions of Gut Microbiota are present. The Gut Microbiota are a complex and dynamic population of micro-organisms of over 100 trillion species; this includes bacteria, viruses and parasites (Thursby and Juge, 2017; Rieder et al., 2017; Heiss and Olofsson, 2019). The large intestine area is highly active in producing important signalling compounds produced by microbial action on digestive food. This includes Short Chain Fatty Acids (SCFA) Vitamins, Neurotransmitters and Polyphenols (Oriach et al., 2016). 
In recent years the role of the Gut Microbiota in controlling numerous body functions has been shown to be of critical importance. One of the key links is the gut to brain axis. This paper will describe in general the role of the gut microbiota and how it can affect the mental wellbeing of the individual.
[bookmark: _Hlk87263448][bookmark: _Hlk87363816]The microbiota in the gut have been shown to play a key role in a variety of body functions external to the gut itself. Communication from the gut to the external systems (e.g. brain) is via the “enteric nervous system” (ENS) including the vagus nerve (located above the spinal cord which carries chemical messages bi-directionally gut to brain). The process by which this communication takes place is complex involving the neural, endocrine, immune and metabolic pathways. This chemical signalling is triggered by compounds such as amino acids (molecules combined to form proteins); peptides (short chain of amino acids); biogenic (substance produced by living organisms); SCFA and metabolites produced from microbial activity (Breit, et al., 2018; Capuco et al., 2020; Dinan et al., 2019).
One of the most important communication channels is the “Gut Brain Axis” whereby signals from the gut impact directly on brain function generating adaptions in both Neurotransmission (a process where any activity, including signal impulses, is transferred from one neuron to the next close neuron or cell) and Neuroinflammation (activation of the brain’s immune system). It has been shown that the following parts/functions within the brain are affected: vasopressin hormone (peptide hormone produced in the hypothalamus); opioid peptides (inhibit the release of dopamine and norepinephrine); serotonin; and the synthesizing of SCFA (Oleskin and Shenderov, 2019). 

An imbalance in the Gut Micro-Organisms, known as dysbiosis, can occur due to many reasons with the most influential being dietary factors (Thursby and Juge, 2017; Heiss & Olofsson, 2019). The two most important classes of gut bacteria are Firmicutes and Bacteroidetes and the ratio between these two in the gut tract is of critical importance to health. This ratio is commonly known as the F/B ratio (Stojanov, et al. 2020).
In recent years the daily diet of individuals has significantly changed with numerous adaptions to diet composition such as increased intake of red meat, food with a higher saturated fat content, and refined sugar (Dinan et al., 2019). Fava et al. (2013) discussed evidence in a study conducted by Keller, Salabaum and Hans-Rudolf (2018) that found that diet has a rapid effect on gut microbiome, this is driven by the quality and quantity of both dietary fat and carbohydrates. Below is a summary of how various food groups/ nutrients influence the activity of the gut microbiota.
A large percentage of the macro-nutrient carbohydrate is incorporated within the diet of an average healthy individual, with an appropriate balance of both simple (monosaccharides and disaccharides) as well as complex (polysaccharides) carbohydrates (Sharmaa and Tripathi, 2019). Diets low in carbohydrates have been shown to have both positive and negative effects on the gut microbiota. A review by Rondanelli et al. (2021) outlined the various changes in those on a very low carbohydrate diet, including decreases in the Firmicutes phyla, e.g., Roseburia, which help protect against systemic health conditions such as type 2 diabetes, central nervous conditions and Irritable Bowel System. Additionally, carbohydrate digestion is key to producing butyrate, a short chain fatty acid, that can help protect against type 2 diabetes (Arora and Tremaroli 2021). 
Complex Polysaccharides are complex carbohydrates that cannot be broken down in the gut by enzymes produced during digestion, as a result they are processed by the large microbial community in the intestines before reaching the colon (Byndloss, Pernitzsch and Bäumle, 2018). The carbon and energy sourced from dietary polysaccharides are metabolised by gut microbes to produce short chain fatty acids (SCFA). The SCFA are absorbed and provide energy to gut microbes (Heiss & Olofsson, 2019). Tomova et al. (2019) stated that the micro-nutrient fibre, a non-starch Polysaccharide, has been shown to be the most efficient in increasing lactic acid bacteria, e.g Ruminococcus, which is beneficial in increasing nutrient uptake. As fibre is undigestible, it passes through the digestive tract intact and enters into the caecum (lower abdominal cavity) and large intestine; it is then partially or completely fermented by trillions of bacteria. By-products such as SCFA are produced by the fermentation process in the gut which is initiated by the microbiota. The production of SCFA is suggested to be the major mechanism of metabolic interaction between the microbiota and the individual (Swann, Kilpatrick, Breslin and Oddy, 2020). In addition, levels of good bacteria in the gut, such as Bifidobacteria, can be increased through the ingestion of prebiotics in the following high fibre foods, celery, artichoke, and garlic. In relation to mental health, Bifidobacteria produces gamma-Aminobutyric acid (GABA), a neurotransmitter that can lower stress and anxiety (Dinan et al., 2019).
The Gut F/B ratio can be significantly influenced by both the quantity and type of fat intake within the diet. Diets high in saturated fat have been shown to reduce levels of beneficial bacteria, whilst high levels of unsaturated fat have the opposite effect. In addition, unsaturated fats can help reduce the levels of undesirable gut bacteria such as Streptococcus and Escherichia (Yang et al, 2020). A review by Candido et al. (2018) on the effects of high fat diets on the gut microbiota showed that the diversity of the gut microbiome could be severely affected by the consumption of high saturated fats. In addition, the levels of endotoxins present in the individual were elevated, through the resultant death of healthy gut bacteria, leading to systemic medical complications. A “Mediterranean” style diet, which is high in mono and poly unsaturated fats, has also been shown to have significant positive benefits for the gut microbiota. A review by Merra et al. (2020) reported the significant health benefits of a “Mediterranean” style diet brought about positive changes in the gut microbiota; the Mediterranean diet has a more diverse range of nutrients compared to other diet types. The health benefits include improved immune function, decreased obesity and type 2 diabetes, and a lower incidence of degenerative neurological disorders.

Agans et al. (2018) described how microbial digestion of protein in the colon can lead to increased levels of undesirable compounds such as ammonia and hydrogen disulphide and that this possibly increases the chance of developing colon cancer by causing damage to the colon epithelial lining. Wu et al. (2021) discussed the impact of high protein diets and their effect on the microbiota. Wu et al. (2021) further discuss that high protein diets can decrease the levels of beneficial bacteria, particularly those that produce butyric acid, a key bacterial metabolite that plays a role in numerous functions such as blood sugar and cholesterol regulation, also supplying energy to the colon cells and acting as an inflammation suppressor.
Due to the gut microbiota having a key role in brain activity, another factor to consider is the effect that the use of antibacterial drugs may have on gut-brain signalling. One of the reported potential adverse side effects of long term anti-biotic use has been depression which may be linked to the anti-bacterial effects of the drugs in the gut (Lach et al. 2018). In addition to the dietary impact on the gut microbiota, the use of antibiotic drugs can lead to significant changes in the microbiota resulting in a wide range of potential health issues. Francino (2016) provided an in-depth review of the literature relating to antibiotics and their impact on the gut microbiota. Imbalances in the gut microbiota directly associated with antibiotic use can have both long- and short-term health consequences and this should be considered when prescribing antibiotic use. Whilst antibiotic use can have a negative effect on neurological conditions, the active role of the gut microbiota in these conditions could be modified for positive health benefits. Obrenovich et al. (2020) postulated that potentially modulating the gut microbiota in a controlled manner could aid in the treatment of neurodegenerative conditions such as Amyotrophic Lateral Sclerosis (a nervous system disease). 
The effect of dysbiosis in gut microbiome is not only correlated to dysfunction in the GI system, but also the Enteric system and Central Nervous system. It is believed that dysbiosis can cause the loss of Dopaminergic Neurons; these are required for movement, mood and stress and have been hypothesized to be the aetiology of Parkinson’s Disease (PD), Alzheimer’s Disease (AD) and mood disorders (Elfil, et al., 2020). Magnusson, et al. (2015) focused on cognitive ability, specifically on the possible influence a western diet, especially high sugar diets, have on memory and cognition; whereas Li, et al. (2020) discussed how low levels of certain bacteria can be linked to psychiatric disorders. The important factor from both papers is that for normal function, you need to maintain the balance of gut microbes, this should be neither too high nor too low. The impact of gut dysbiosis being too high leads to cognitive issues and when they are too low this can impact on mental disorders.
[bookmark: _Hlk87946038]Bianchi, Herrera and Rizzi (2019) clarified that neurodegenerative diseases are characterized by a decline of brain Neuron activity. These diseases are continuously increasing, and it is currently estimated to affect 17.2 million people worldwide. An individual’s nutritional status can impact both the development and progression of these diseases. It is also noted that malnutrition, defined as nutritional deficit, can activate the gut-microbiota-brain axis dysfunction that accelerates the neurodegenerative process. Part of the processes that induce this change initiates with the release of those neurotoxins that are destructive to nerve tissue. Consequently, this impacts the systemic circulation (which provides blood supply to all body tissues), a decrease in the production of neuroprotective factors (preservation of neuronal structure and/or function) and triggering inflammatory and autoimmune responses (Elfil, et al., 2020). Neural inflammation is defined as an inflammatory response occurring within the brain and spinal cord, this is as a result of the production of cytokines and secondary messengers. Neural inflammation is an important contributor to the development of age-related diseases; two examples being Parkinson’s Disease and Alzheimers. 
Parkinson’s Disease (PD), a common neurodegenerative disease affecting the brain, presents itself in shaking, stiffness and intestinal inflammation (constipation) (Elfil, et al., 2020; Mulak & Bonaz, 2015). Bhattarai and Kashyap (2020) stated that approximately 60-80% of patients with PD have GI dysfunction. The symptoms of gastrointestinal issues, due to an imbalance in the microbiota, often appear prior to motor symptoms; this supports the theory that the disease process could be from the gut to brain (Mulak & Bonaz, 2015). It has been shown that PD suffers have elevated levels of inflammatory cytokines and it has been further postulated that the gut brain axis is responsible for this increase via stimulation of the autoimmune system (Elfil, et al., 2020).
The aetiology of the neurodegenerative disease of Alzheimer’s is correlated to both protein neuroinflammation mediated by microglia cells and misfolding and aggregation of protein; however, the exact origin mechanisms are unclear. The gut Microbiome loses its diversity as the person ages, and this can result in increased levels of unwanted toxins due to the gut’s inability to process food correctly. This toxin build-up can also lead to systemic inflammation effects which are linked with numerous clinical conditions (Stadlbauer, et al. 2020). Angelucci et al. (2019) also reviewed the linkage between antibiotic use with its impact on gut microbiota and the tiggering of Alzheimer’s disease.
Current research has indicated that individuals who have a gut Dysbiosis have a higher risk of depression (Dinan et al., 2019). Dinan et al. (2019) stated that depression is the most common psychiatric disorder, with the World Health Organization (WHO) specifying that an estimated 264 million people are affected by depression globally. This condition is characterised by persistent low mood and presents with the following symptoms: loss of interest in daily activities, irregular sleep pattern, fatigue, and lack of appetite. Another prevalent mood condition that can be worsened by gut Dysbiosis is Bi-Polar Disorder, this affects 45 million people worldwide. This disorder causes extreme fluctuations in mood, irritability, and rapid speech (WHO, 2019). Firth et al. (2019) discussed the benefits of nutrition in severe mental health, specifically the inflammation on both peripheral inflammatory markers and systemic inflammation. As the diet has a role in adjusting inflammatory processes; the negative influence of a calorie dense, high saturated fat, simple carbohydrate and low nutrient diet may contribute towards the heightened inflammation observed in severe mental health. 
The brain activity changes are induced via the “gut brain axis” and it has been suggested that this can lead to behavioural changes (Capuco et al., 2020). The chemical messengers (Neurotransmitters) allow nerve cells to communicate with each other in both physical and psychological systems; these are produced by gut bacteria in the microbiota. An example of this being the bacteria Candida and Streptococcus producing 90% of the body’s serotonin (5HT), an important inhibitory neurotransmitter that stabilises mood, and is associated with numerous psychiatric disorders including depression and anxiety. This occurs due to enterochromaffin cells (EC) within the epithelium (lining) of the gut. Following this process, the serotonin crosses the mucosal layer of the intestine and acts locally on the ENS. The neurotransmitter, Dopamine, is associated with a feel-good positive emotional state; this is produced by the Bacillus bacteria. A low level of Serotonin can result in overproduction of Dopamine; excess dopamine can lead to imbalances in the stasis of the brain, potentially leading to mental health problems (De Vadder, et al., 2018; Dinan et al., 2019; Halverson & Alagiakrishnan, 2020). 
Gardener and Caunca (2018) discussed the influence of a Mediterranean Diet which consists of a high intake of fruit, fish, vegetable, whole grains, lentils, and nuts. The nutritional status of this diet is high in monounsaturated fat, and is lower in saturated fat, red meat, and a refined grain. This diet pattern is one of the top five modifiable protective factors against Alzheimer’s Disease and cognitive decline, although this is not consistently found within all studies (Gardener and Caunca, 2018). A study based on the Mediterranean Diet, conducted by the Hellenic Longitudinal Investigation of Ageing and Diet (HELIAD) was reviewed by Anastasiou et al. (2017) to assess whether there was any correlation between diet and cognitive performance. This was based on a representative sample from the Greek regions on individuals in the age bracket of 64 and over. The two key findings in the results for those already diagnosed with Dementia, were that fish did not bring about any change in the condition, while unrefined wholegrains were positively associated with cognitive performance.

From the literature it can clearly be seen that the role of the gut microbiota in maintaining overall health and wellbeing is critical. Pivotal to ensuring good health is keeping the right balance of gut microbiota, the balance being essential, either overactive or underactive gut microbiota can have a significant negative health impact. 

The reported links between gut microbiota health and neurological disorders clearly underlines the importance of the gut-brain axis and how diet choices can have long term effects in conditions such as Parkinson’s Disease and Alzheimer’s. The gut to brain axis has been shown to be highly influential on the mental wellbeing of the individual as numerous neurological and psychological conditions have direct links to the gut microbiota activity. The dietary intake of the individual is the primary driver of gut microbiota stability, and hence can significantly affect mental wellbeing. Whilst many dietary choices are driven by physical health benefits the effect on mental health by any dietary choice cannot be overlooked and should be of equal importance. 
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