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Abstract

Parkinson’s Disease (PD) is a progressive neurodegenerative disorder characterised by motor symptoms such a tremors, rigidity and bradykinesia; as well as non-motor symptoms including cognitive impairment and gastrointestinal dysfunction. The prevalence and incidence of PD is rapidly on the increase and has doubled in the past decade. Thus, it is imperative to identify means of prevention, delay of onset and management of symptoms. While there is currently no cure for PD, emerging research suggests that nutrition may play a crucial role in both its aetiology and management. Thus, this paper will review existing literature on the relationship between nutrition and PD, focusing on the potential mechanisms underlying this association, as well as evaluating the mitigation of the symptoms and progression of the disease. A qualitative narrative review was carried out to achieve this, using a scale for the quality assessment of narrative review articles to ensure completion of all aspects of the review. Various nutrients emerged as potentially having increased and decreased risk of PD, as well as nutrients that may exacerbate and improve symptoms. Common nutritional deficiencies in PD were outlined and coenzyme Q10 and Omega-3 may be useful supplements in the slowing of PD progression. In future, more human studies are needed to better determine the relationship between nutrients and PD to ultimately support individuals with a diagnosis of PD.












Introduction

An analysis of population health reported neurodegenerative disorders as one of the top ten leading causes of death over a decade ago (Lopez et al., 2006). Today, neurodegenerative disorders remain a leading cause of death and takes the seventh spot in the top ten (World Health Organisation [hereafter WHO], 2023). These disorders are predominantly characterised by neuron loss and cause considerable disability, the most common including Parkinson’s Disease (Lamptey et al., 2022). Parkinson’s disease (PD) is an idiopathic disease of the nervous system that causes a loss of the dopamine-producing neurons in a specific area of the brain called substantia nigra pars compacta (Parkinson’s Foundation, 2023). Dopamine plays a vital role in regulating the movement of the body and its reduction is responsible for many of the physical and psychological symptoms of Parkinson's disease (National Health Service [hereafter NHS], 2023). This loss is thought to be due to a build-up within neurons of accumulated forms of the protein α-synuclein, known as Lewy bodies (Breasail et al., 2022). According to Mayo Clinic (2023), symptoms start slowly and worsen as the condition progresses over time. These symptoms include tremor or rhythmic shaking; slowed movement known as bradykinesia, which may cause simple tasks to be difficult and time-consuming; rigid muscles that can be painful and limit range of motion; impaired posture and balance, which causes susceptibility to falls; loss of automatic movements, which yields decreased ability to perform unconscious movements like swinging of arms while walking; and changes in speech, which includes developing a slur or speaking monotone (Mayo Clinic, 2023). Interestingly, according to NHS (2023), males are slightly more likely to develop PD than females, and PD usually develops at a late stage in life, around 50 years, though some develop the disease at 40 years and younger. Hence, as demographic ageing increases, the importance of PD as a public health issue is also expected to increase (Sääksjärvi et al., 2012). 
Notably, the prevalence of PD has doubled in the past decade, demonstrated by global estimates in 2019 of over 8.5 million individuals with Parkinson’s Disease (WHO, 2023). WHO (2023) also reported that current estimates suggest that, in 2019, PD caused 329 000 deaths, an increase of over 100% since 2000. Moreover, Chaudhuri et al. (2024) conducted a study to quantify the incremental economic burden of PD by disease severity in a real-world setting across various geographic regions. The study concluded that people with PD experience a high economic burden as the disease progresses and reported that the mean annual PD-related healthcare resource costs also increased significantly with progressing disease (Chaudhuri et al., 2024). Also, mean annual costs rose approximately doubly to triply in individuals with advanced disease which suggests the need for future interventions that can control symptoms or slow disease progression to reduce the burden on individuals with PD, whilst also substantially impacting societal costs (Chaudhuri et al., 2024). Consequently, both the prevalence of PD and socioeconomic aspects of the disease call for greater attention and identification of prevention and management of symptoms.
Furthermore, although the exact cause of Parkinson’s Disease is not fully understood, aspects of the disease related to nutrition are considered to be contributing factors (Lister, 2020). In fact, Seidl et al. (2014) stated that an increasing body of evidence suggests that nutrition may play a vital role in PD.  One such piece of evidence is a study done by Ongun (2018) which reported that Parkinson’s Disease motor and non-motor functions, duration and severity are related to the nutritional status.  The study was conducted on 96 patients who were fifty-five years and older with PD and were presented with personalised diet recommendations over a six-week period. It was reported that patients with abnormal nutritional status possessed a considerably longer disease history, reduced mobility and poorer quality of life than those with normal nutritional status (Ongun, 2018). However, Ongun (2018) stated that further research is much needed to better determine the role of nutrition in the progression of PD. Similarly, another study conducted by Mischley, Lau and Bennett (2017) assessed 1053 participants with PD of an average age of 63 years. The study found foods associated with the reduced rate of Parkinson’s Disease like vegetables, fruits, nuts and seeds; as well as foods associated with its rapid progression like canned foods, fried foods and cheese. Thus, it was reported that targeted nutrition is associated with the rate of PD progression (Mischley, Lau and Bennett, 2017). In addition, other studies suggest promising components in certain food groups that may bring about neuroprotection in PD (Iranshahy, Javadi and Sahebkar, 2022). However, the incorporation or omission of other food groups may exacerbate neurodegeneration (Miranda-Díaz, García-Sánchez and Cardona-Muñoz, 2020). Interestingly, in contrast, Sääksjärvi et al. (2012) conducted a cohort study on the role of food groups and the risk of PD. It was reported that most of the single food groups and quality of nutrition did not predict Parkinson’s Disease occurrence and therefore the study concluded that the role of nutrition is rather insignificant (Sääksjärvi et al., 2012). Though this study may be considered dated, recent studies also suggest similar findings. In fact, a study done by Ying et al. (2020) examined the associations for intake levels of certain nutrients in over 544 PD cases and reported that certain nutrients were not associated with the risk of developing PD. Consequently, varied views on the topic exist, which suggests the need for evaluation necessary for future research.
Clearly, these studies demonstrate a great need for more information on the role that nutrition plays in PD. A review by Gaba (2015) echoed the importance of identifying means of prevention and management of symptoms in persons with PD. The knowledge of strategies and different approaches to encourage optimal quality of life for Parkinson’s Disease patients is of paramount importance for caregivers, health providers and patients themselves and their families (Beitz, 2014). Thus, this review will examine previous literature on Parkinson’s Disease in an effort to identify significant nutrition factors which may be related to the prevention and management of the disease.
















Aim and Objectives
The purpose of this narrative review is to provide an understanding of the emerging role of nutrition in Parkinson’s Disease. The key objectives to achieve this aim include:
· To identify what nutrients are related to the prevention and slowing of Parkinson’s Disease and summarise their mode of action in PD.
· To identify what nutrients are associated with the management of Parkinson’s Disease and summarise their mode of action in PD.
· To describe the role of supplements in the slowing of Parkinson’s Disease symptoms.






















Literature Search

[bookmark: _Hlk164469198]	For this project, a narrative literature review was executed. Narrative reviews are comprehensive arrangements of previously published information which report authors’ findings in a condensed format (Greene, Johnson and Adams, 2006). In fact, Bolderston (2008) stated that the need for a narrative review may arise from lack of agreement on a topic. As conveyed earlier, varied conclusions on the proposed topic of the role of nutrition in Parkinson’s Disease exist; that is the significance of nutrition or lack thereof. Therefore, this is one reason why the narrative review was the chosen literature review to be executed; to evaluate both sides to the topic impartially. Also, Derish and Annesley (2011) stated that narrative reviews assess and put into perspective what has already been published.  In other words, they do not present new data.  This is another reason why the narrative style was chosen for this project, since previous literature was summarised, and relevant aspects identified. In fact, it would have been challenging to conduct a new study due to ethical approval and procedures that were deemed unfeasible, hence the choice of the narrative approach. In contrast to systematic reviews which have a strict guideline, narrative reviews can address multiple questions; and the selection criteria for inclusion of articles are not defined clearly (Ferrari, 2015). This is yet another reason why the narrative style was chosen, since there were multiple questions to be addressed and articles reviewed were not confined to just a particular set. Notably, narrative reviews are subjective, and this is said to be their main limitation since original scientific principles and clinical concepts could be neglected (Ferrari, 2015). This can result in biases and yield personal reviews instead of objective analysis (Yuan, 2009).  However, some topics, such as the one at hand, require the wider scoping of a narrative review to form theories and set the stage for future research (Ferrari, 2015) and thus, was carried out in this project. In addition, a scale for the quality assessment of narrative review articles (SANRA) which was developed to evaluate narrative reviews (Baethge, Goldbeck-Wood, and Mertens, 2019) was used as a check list while executing this narrative review to ensure completion of all aspects of the review.
	In terms of databases, Google Scholar and PubMed (National Library of Medicine and National Institutes of Health) were used to search for relevant literature utilising key words such as Parkinson’s disease, nutrition, food groups, onset, prevention, progression, management, neuroprotective and neurodegenerative. Also, a combination of Parkinson’s disease and the different nutritional factors were searched separately. These were in detail: “Parkinson’s Disease and nutrients”, “Parkinson’s Disease and Vitamins”, “Parkinson’s Disease and Supplements”, based on nutritional components internationally discussed to have an effect on PD. 
In addition, the inclusion criteria were case and cohort studies, randomised controlled trials, original articles and review articles. On the other hand, the exclusion criteria included studies published more than 12 years ago, to ensure current and relevant information as well as to compare recent and dated research. Each article meeting the inclusion criteria for this narrative review was carefully evaluated according to key results, interpretation of the results, the suitability of the methods used to test the aims and objectives, limitations and the impact of the conclusions and contributions. The studies with substantial contributions were grouped into either positive, negative, mixed, or inconclusive results to be contrasted and compared throughout the review. Also, the actual results of each study that answers the research question were clearly identified. Furthermore, each aspect of these contributions were carefully assessed to recommend necessary future research.














Discussion 

1.Nutrition and the Onset of Parkinson’s Disease
	The onset of PD predates the aforementioned signs and symptoms by many years, which become apparent following damage to approximately 50% of dopaminergic neurons and a reduction of dopamine levels by around 80% (Fearnly and Lees, 1991). As a result of the lengthy preclinical period, it is possible that lifestyle factors, such as nutrition, may determine the risk or development of PD (Lange et al., 2019). Risk factors are various variables that increase or decrease an individual's probability of acquiring a particular disease or disorder (Springer Link, 2024). While many nutrients are associated with a reduced risk of PD, some studies have suggested that certain nutrition factors may be associated with an increased risk of developing PD (Lange et al., 2019). Thus, both increased and decreased risks will be reviewed.

1.1 Nutrients that may be Associated with an Increased Risk of Parkinson’s Disease
	Dairy consumption has been reported to increase one’s risk of PD (Hughes et al., 2017). In this study, low-fat dairy foods like skim and low-fat milk showed an association with the risk of developing PD in both men and women. Similarly, a strong positive association with the consumption of milk was reported by Kyrozis et al. (2013). Interestingly, a large body of research actually reports this. However, one study reports that milk is not connected to an increased rate of PD (Mischley, Lau and Bennett, 2017). In this study, the patient-reported outcomes in PD were used as the primary outcome measure, and a food frequency questionnaire was used to assess dietary intake. Perhaps the aspect of how the study was done made it difficult to assess intake, and participants may not have reported the accurate measure of milk consumption. Despite this, there may be various mechanisms responsible for the association between dairy products and an increased risk of PD (Vieru et al., 2016). Firstly, diary consumption lowers uric acid, which has protective effects against toxins like peroxynitrite in the central nervous system which contribute to oxidative stress and neurodegeneration in PD (Kouti et al., 2013). Second, the possible presence of pesticides in dairy products may increase the risk of PD, since these pesticides may find their way to the mid-brain (Samson, 2016). Interestingly, the linear dose–response relationship in a study by Jiang et al. (2014) showed an increase in PD risk by 17% for every 200 g/day increment in milk consumption. Also, one study reported that neuron density was found to be lowest in individuals who consumed large quantities of milk (Abbott et al., 2016).
	In addition, excessive iron intake or accumulation of iron in the brain has been reported to contribute to neurodegeneration and oxidative stress, potentially increasing the risk of PD (Mochizuki, Choong and Baba, 2020). Their review reported that the mid-brain of individuals with PD, where the loss of dopaminergic neurons occurs, shows a fairly selective and significant elevation in iron contents (Mochizuki, Choong and Baba, 2020). Similarly, there is some evidence that iron load in the mid-brain of PD patients may be linked with motor disability (Naduthota et al., 2017), and there was a report of a connection between rigidity and freezing of gait and iron accumulation in the mid-brain of PD patients (Martin-Bastida et al., 2017). Since the increased iron accumulation in PD appears to be categorised according to motor severity, iron assessment may be useful for monitoring risk of PD in future. Also, more experimental research is needed to identify the exact reason for the link between iron and the increased risk of PD.
	Moreover, bisphenol A (BPA) is used globally to coat inner food cans. BPA is an endocrine conductor associated with an energy balance conductor, and contaminates canned foods (Le Corre, Besnard and Chagnon, 2015). It is also a high-volume chemical and is considered one of the greatest potentials for human health risk. According to Musachio et al. (2020), BPA may cause neurotoxicity, decrease motor capacity and induce PD. Similarly, Landolfi et al. (2017) reported that individuals with PD have a reduced ability to inactivate BPA, as the chemical has adverse effects on the dopaminergic system. Thus, consumption of canned foods like tinned vegetables, canned tuna and canned tomatoes may be related to an increased risk of PD as a result of the contamination of BPA.
	Furthermore, consumption of large amounts of saturated fats may be associated with and increased risk of PD (Hantikainen et al., 2022). In this study, 41,597 participants were analysed for over 17.6 years; and among them, 465 developed Parkinson disease. After adjusting for potential confounders, the highest quartile of saturated fat intake was associated with a 41% increased risk of Parkinson disease. Similarly, saturated fatty acids contribute to oxidative stress and dysfunction of the blood brain barrier, which may affect the central nervous system and a high intake of saturated fats may also contribute to neurodegeneration and neuroinflammation, leading to the development of PD (De Queiroz Cavalcanti, De Almeida and Gasparotto, 2023). Interestingly, the studies searched all reported a link between saturated fats and an increased risk of PD, which perhaps speaks volumes about the threat of saturated fats to individuals at risk of developing PD.
	In summary, some evidence exist that certain nutrients and components of foods may increase the risk of PD. These include dairy products, high iron intake, BPA from canned foods and high intake of saturated fats. In future, more studies are needed to determine full effects of nutrients on PD, but it is encouraged not to consume aforementioned in excess to potentially protect against PD.

1.2 Nutrients that may be Associated with A Decreased Risk of Parkinson’s Disease
	Phytochemicals have been reported to have neuroprotective effects and contribute to a decreased risk of PD (Balakrishnan et al., 2021). Phytochemicals are plant-based bioactive compounds produced by plants and can be obtained from whole grains, fruits, vegetables, nuts, and herbs (Kumar et al., 2023). Also, there are over a thousand different phytochemicals to date (Kumar et al., 2023), some of which may be significant in decreasing the risk of PD. Firstly, polyphenols are a type of phytochemicals which contain flavonoids and are abundantly found in foods like spinach, broccoli, onion and cherry (Ganesan and Xu, 2017). Polyphenols are divided into four major classes: phenolic acids, flavonoids, stilbenes, and lignans (Scalbert and Williamson, 2000). The main one studied in regard to PD is flavonoids and can be found in berries and berry leaves (Debnath-Canning et al., 2020). Flavonoids have protective effects that prevents dopamine reduction, which is significant in the decreased risk of PD since a loss of dopamine is the main characteristic of the disease (Karuppagounder et al., 2013). Furthermore, carotenoids are another type of phytochemicals which are known to possess antioxidant, anti-neuroinflammatory and neuroprotective properties and can be found in foods like pumpkins, carrots and tomatoes (Dewanjee et al., 2021). Studies have found a decrease in PD risk in individuals who consume carotenoids-containing foods, since there is a decrease in the apoptosis of mid-brain neurons (Behdokht et al., 2020) In contrast, Ying et al. (2020) reported that intake of dietary antioxidants, such as carotenoids, was not associated with a risk of developing PD. Upon the completion of an average 19.4 years of follow-up, 544 incident PD cases were identified, and no association was found for dietary carotenoids, singularly or grouped (Ying et al., 2020). Clearly, there needs to be more research in this area to better understand the effects of carotenoids in PD. In addition, some research has indicated that saponins, another phytochemical found in beans, peanuts and sunflower seeds, demonstrate neuroprotective activities on central nervous system disorders including PD (Kabir et al., 2023). However, more research can be done to better determine saponins’ effect on the risk of PD. Lastly, riboflavin, known as vitamin B2 and found in lean meats and avocados, is considered to be another phytochemical capable of preventing oxidative stress (Perez-Visñuk et al., 2022). Notably, current research studies with a connection between riboflavin and the risk of PD are few (Perez-Visñuk et al., 2022). However, for context on the significance of riboflavin in PD, a rather dated study that was conducted to determine the status of riboflavin in PD reported that individuals with PD who were deficient in B2 improved their motor skills as a result of daily riboflavin supplementation (Coimbra and Junqueira, 2003). Nevertheless, this study can be considered flawed, in that, there was an absence of a placebo control group, which may have led to inaccurate result. Thus, there is a need for more large-scale studies to determine the role of riboflavin in the decreased risk of PD.
	Moreover, omega-3 may also be significant in decreasing the risk of PD (Boina, 2022). Omega-3 polyunsaturated fatty acids are vital components of the cell membrane which can be found in salmon and mackerel; and may potentially prevent or delay PD by promoting neurotrophic factor production, recovering the mitochondrial function and maintaining α-synuclein homeostasis (Li and Song, 2024).  The quantitative study by Boina (2022) collected data from healthcare professionals on 100 participants and reported that omega-3 may help in protecting the brain from the development of neurological disorders like PD. Similarly, Pantzaris et al. (2021) conducted a study which suggested that a well-designed intervention rich in omega-3 may delay PD. Forty patients were randomized to receive either 20ml dose, once daily, of control substance or Neuroaspis PLP 10™, a formula containing a mixture of omega-3. Supplementation of this mixture for thirty months in individuals with PD, significant delayed aspects of the disease. Thus, it might be worth conducting more studies for prevention of PD with omega-3.
	Furthermore, numerous epidemiological studies have investigated the association between caffeine intake and the decreased incidence of developing PD (Chen and Schwarzschild, 2020). Caffeine belongs to the methylxanthines family, a group of phytocompounds derived from xanthine, and is mainly extracted from the seeds and leaves of coffee, tea and cocoa (Gurley, Steelman and Thomas, 2015). It is a central nervous system stimulant that blocks adenosine receptors, leading to increased dopamine release and enhanced neuronal activity necessary for a decreased incidence of PD (Ascherio and Schwarzschild, 2016). Additionally, caffeine has antioxidant properties and can modulate various signalling pathways involved in neuroinflammation and oxidative stress, both of which play crucial roles in the aetiology of PD (Victorino, Guimarães-Marques, and Nehlig, 2021). Furthermore, caffeine may promote mitochondrial function and inhibit the aggregation of alpha-synuclein, a protein implicated in the formation of Lewy bodies, characteristic pathological features of PD (Cornelius et al., 2022). Interestingly, the neuroprotective effect of caffeine appear to be dose-dependent, with greater consumption linked to a lower risk of disease onset as reported in a study done by Zhao et al. (2024). In this study, associations between self-reported total coffee consumption and future PD risk were examined in a prospective population-based cohort including 6 European countries. This study demonstrates that the neuroprotection of coffee against PD is attributed to caffeine and its metabolites by detailed quantification of plasma caffeine and its metabolites many years before diagnosis (Zhao et al., 2024). Similarly, an analysis of studies demonstrated significant reduction in the risk of PD among caffeine consumers, and the higher the consumption of caffeine, the lower the risk of PD (Hong, Chang and Bai, 2020). On the other hand, Reyhanifard et al. (2021) suggest that there is not enough evidence to evaluate the effect that caffeine has on PD. Interestingly, there is a large body of research that supports the theory that caffeine may cause a decreased risk of PD, but most appear to be reviews, or questionnaires completed by individuals with PD, or studies done in mice. This may be the reason Reyhanifard et al. (2021) commented that there needs to be more studies with original evidence that caffeine is linked to a decreased risk of PD. Nonetheless, the neuroprotective effects of caffeine in Parkinson's disease may be attributed to several mechanisms which may include antioxidant properties (Teo and Ho, 2013). Also, it has been reported that caffeine can inhibit lipid peroxidation by reducing the production of reactive oxygen species, such as hydroxyl radicals which can damage structures in brain cells (Teo and Ho, 2013). 
	To summarise, some nutrients are said to be associated with a decreased incidence of PD. Phytochemicals, omega-3 and caffeine have been reported to possess protective qualities against PD. More information is needed on each to better treat individuals at risk for PD, it is encouraged to consume these nutrients as a way of delaying or prevention of PD.

2.Nutrition in the Management of Parkinson’s Disease
	Nutrition plays a vital role in the management of PD, as it can influence symptom severity and overall quality of life (Keun et al., 2021). Studies have shown that nutritional status could improve the quality of life of individuals with PD (Yang et al. 2020). Also, monitoring of nutrient intake in individuals with PD is crucial in detecting possible nutrient insufficiencies (Baert et al., 2020). One study reported that PD motor and nonmotor functions, disease duration and severity are related to nutritional status, and quality of life was apparent to be affected by changes in the nutritional status (Ongun, 2018). These results suggest that nutritional status assessment could be a standard approach in PD management and treatment. In fact, studies show that various nutrients play a role in the worsening and improvement of PD symptoms and thus, will be reviewed.

2.1 Nutrients Associated with the Exacerbation of Parkinson’s Disease Symptoms
	Sodium butyrate, or salt, is one of the six anaerobic bacterial fermented short-chain fatty acids (SCFAs) are six carbon-containing fatty acids in the gut (Du et al., 2021). It is said to exacerbate symptoms of PD this study sought to evaluate how butyrate affects the pathology in a treated mouse model of PD. Sodium butyrate was administrated for seven days and notably, sodium significantly aggravated motor dysfunction, decreased dopamine levels and reduced dopaminergic neurons (Qiao et al., 2020). Another study done in mice reported that sodium induces cell death and increases pro-inflammatory cytokines, which worsens the disease (Qiao et al., 2020). In contrast, a study conducted by Xu et al. (2022) suggested that motor symptoms may be relieved in PD mice by restoring the intestinal barrier with activated sodium. This demonstrates the potential for repairing the compromised intestinal barrier and activating sodium as a management tool for PD (Xu et al., 2022). Clearly, these varied results show a need for more studies to be carried out. Also, research studies on sodium in humans are scarce and perhaps should be done in future to better understand the link between sodium and PD. However, these studies provide a theory that may be used for individuals living with PD to better be able to manage symptoms and improve quality of life.
	In addition, the relationship between meat consumption and PD is an area of ongoing research (Weiyi et al., 2023). Meat products are the primary source of protein and various minerals and vitamins (Pereira and Vicente, 2013). However, meat also contains products that can be harmful to human health in excess, such as sodium, cholesterol, and free fatty acids (Nowotny et al., 2018). In fact, according to Miranda-Díaz, García-Sánchez and Cardona-Muñoz (2020), red meat consumption prior to PD onset may be positively associated with a diagnosis of PD, and a stronger positive association was noted with individuals who reported that they consume red meat regularly than with those who reported that they consume red meat rarely. However, no association was found in individuals who never eat red meat and thus, this may indicate that the association between red meat consumption and PD is dependent on quantity (Miranda-Díaz, García-Sánchez and Cardona-Muñoz, 2020). Similarly, Siting et al. (2023) suggest that an excessive consumption of red meat might increase the risk of PD which may be explained by the high iron content that may act as a toxin when not digested well. However, a hypothesis by Fan (2020) suggested that a β-adrenoreceptor agonist called ractopamine, used for increasing leanness of red meat, might provide protective effects for PD, since adrenoreceptors mediate the actions of the sympathetic nervous system which responds to stressful situations in the body. 
	In summary, some nutrients may exacerbate PD symptoms and individuals diagnosed with PD should be cautioned on sodium butyrate and red meat, as their components with worsen symptoms. If consumed, it should be done in moderation, not excessively.

2.2 Nutrients Associated with an Improvement of Parkinson’s Disease Symptoms
Vitamin D is a nutrient which belongs to a group of fat soluble secosteroids, produced by skin exposure to ultraviolet light or supplied by foods like tuna, cod liver oil and salmon (Pignolo et al., 2022). It is important for brain development and associated with various neurological disorders like PD (Pignolo et al., 2022). Notably, various studies highlighted a possible implication of vitamin D in the central nervous system, with a positive attitude as neuroprotective agent in the management of PD (Zhao et al., 2019). Through its receptors, vitamin D is significant in the upregulation of genes both involved in antioxidant and neuroprotective regulation (Pertile et al., 2018). It also regulates the differentiation and maturation of neurons necessary for dopaminergic neurons which are vital for motor function (Vinh quôc Luong and Thi Hoàng Nguyên, 2012). Similarly, it was reported that inadequate levels of circulating vitamin D may lead to cell death within the mid-brain (Fullard and Duda, 2020). On the other hand, a study cohort of almost 13,000 men and women found no association between vitamin D levels and PD (Shrestha et al., 2016). This may have been due to concerns about reverse causation, since sun exposure influences vitamin D levels and individuals with PD may be less likely to spend time outdoors as a result of poor motor function (Shrestha et al., 2016). Notably, it remains unknown whether a reduction in vitamin D exacerbates PD symptoms and thus, more research needs to be done to address the differences of research.
In addition, disturbances of calcium homeostasis have been reported to be linked to the development of PD (Zhang et al., 2022). Calcium homeostasis is sustained by actions of hormones that regulate calcium transport in the gut, kidneys, and bone.
         [image: ]
Figure 1: Calcium Homeostasis in Parkinson’s Disease (Zhang et al., 2022).
As seen in Figure 1, calcium travels between the extracellular space, cytoplasm, endoplasmic reticulum, mitochondria, lysosomes, and Golgi bodies, and maintains a steady amplitude and frequency of calcium changes. However, in the PD state, the α-synuclein alters the levels of calcium pathways, causing imbalanced calcium signalling between different cellular which contributes to dopaminergic neuron death. (Zhang et al., 2022). Thus, individuals with PD should be encouraged to consume adequate amounts of calcium to maintain homeostasis and potentially improve motor function. Also, it is strongly recommended to visit healthcare professionals for advice on nutrient requirements, as it is not a “one-size-fits-all” situation.  Furthermore, the level of ionized calcium was significantly lower among PD patients than in control subjects in a study done by Emad et al. (2022). PD participants with hypocalcaemia demonstrated considerable deterioration of motor symptoms and poorer quality of life when compared to PD participants with normal calcium levels (Emad et al., 2022). Thus, it can be inferred that adequate calcium levels may manage and improve motor symptoms. Notably, as mentioned previously, dairy products may increase the risk of PD although they contain high levels of calcium. Therefore, individuals with PD may opt for other foods high in calcium like green leafy vegetables and soya drinks with added calcium (NHS, 2024).
	In summary, both vitamin D and calcium show potential in the management of PD symptoms. Thus, individuals with a PD diagnosis are encouraged to consume these nutrients in correct proportion which should be advised by healthcare professionals.

3.Nutrition in the Progression of Parkinson’s Disease
Research suggests that the severity of PD is associated with nutritional status and body weight, levels of cholesterol and HDL may be important biological markers to monitor malnutrition and the progression of the disease (Lin et al., 2020). Thus, it should be advised to individuals living with Parkinsons Disease to monitor the factors. Furthermore, aerobic exercise shows significant effects in improving motor symptoms and may help to improve neuroprotective agents against neurodegeneration (Cammisuli et al., 2020). In fact, in a randomised controlled trial, sedentary patients with PD were recruited to perform aerobic exercise for 30 – 45 minutes, 3 days a week for 6 months (Van der Kolk et al., 2019). The results were in favour of aerobic exercise to slow the progression of PD in mild disease severity and perhaps reduce symptoms like constipation due to sedentary lifestyle that slows passage of food through the intestines. Thus, individuals with a mild severity of PD may benefit greatly from aerobic exercise and reduce progression of the symptoms. Moreover, L-3,4-Dioxyphenylalanine (levodopa) has been the gold standard for the treatment of PD for many years, but long-term levodopa treatment is frequently associated with unstable motor response and leads to poor quality of life (Tambasco, Romoli and Calabresi, 2018). This may be as a result of the pharmacokinetic and pharmacodynamic properties of levodopa which are associated with discontinuous drug delivery, short half-life, poor bioavailability, and narrow therapeutic window that may cause the instability. However, during the last decades, several attempts have been made to improve levodopa treatment for individuals with PD to reduce progression of the disease as much as possible (Tambasco, Romoli and Calabresi, 2018).

4.Common Nutritional Deficiencies and Their impact on Parkinson’s Disease
	PD can lead to various nutritional deficiencies due to factors such as reduced appetite, swallowing difficulties, medication side effects and impaired nutrient absorption (Sheard et al., 2013). In a cross-sectional study conducted by Helliesen et al. (2023), 508 individuals with a PD diagnosis completed an online questionnaire with questions from two validated questionnaires, comprising the abridged Patient-Generated Subjective Global Assessment and the Radboud Oral Motor Inventory for Parkinson's disease.  Overall, 59% were categorised as well-nourished, 34% at risk of malnutrition and 6.5% as malnourished (Helliesen et al., 2023). Thus, common nutritional deficiencies seen in PD will be reviewed.
As stated previously, reduced ultraviolet light exposure and lack of vitamin in food consumption may contribute to vitamin D deficiency in PD patients, which is considered to be of high frequency (Pignolo et al., 2022). Vitamin D plays a crucial role in bone health and muscle function and its deficiency may exacerbate motor symptoms and increase the risk of falls (Pignolo et al., 2022).
In addition, poor absorption of vitamin B12 can occur in individuals with PD due to gastrointestinal dysfunction or the use of medications that affect its absorption (Dong and Wu, 2020). Also, sleep behavioural disorders are often associated with Vitamin B12 deficiency and can lead to weakness and neuropathy (Zalyalova and Ekusheva, 2023).
 Moreover, since individuals with PD are cautioned on dairy products, reduced intake can result in calcium deficiency (Vieru et al., 2016). Calcium is essential for bone health and its deficiency may increase the risk of osteoporosis, muscle weakness and poor neurotransmitter function, potentially worsening motor and non-motor symptoms (Marano et al., 2023)
Furthermore, magnesium is involved in the maintenance of the homeostasis of all the tissues, including the brain, where it coordinates nerve signal transmission and preserves the integrity of the blood–brain barrier (Maier et al., 2022). Thus, magnesium deficiency contributes to neuroinflammation which is common in most neurodegenerative diseases like PD (Maier et al., 2021).  Magnesium also plays a role in muscle function and energy metabolism, and its deficiency may worsen tremors and potentially increase oxidative stress and neurodegeneration (Woodburn, Bollinger and Wohleb, 2021)
In addition, while protein is necessary for muscle growth and overall health, excessive protein intake can interfere with levodopa absorption and efficacy in individuals with PD (Keun et al., 2021). Thus, managing protein intake in relation to consumption of levodopa can be considered crucial for optimising medication efficiency.
To sum up, managing the aforementioned nutritional deficiencies in individuals with PD requires a comprehensive approach, including dietary adjustments, supplementation when necessary, and regular monitoring of nutrient levels. Collaborating with healthcare professionals, such as dietitians and neurologists, can help develop personalised nutrition plans to support the overall health and wellbeing of individuals living with Parkinson’s Disease.

4.1 Importance of Addressing Nutritional Deficiencies in Parkinson’s Disease
Addressing nutritional deficiencies can be considered crucial in the management of Parkinson’s Disease. First, optimising the efficacy of medications such as levodopa used to manage PD symptoms, can be affected by dietary factors (Keun et al., 2021). Thus, addressing nutritional deficiencies can help ensure optimal absorption and effectiveness of medications, leading to better symptom management and improved quality of life.
Second, attention to nutritional deficiencies in individuals with PD will support overall well-being. As mentioned previously, nutritional deficiencies can compromise overall health and exacerbate PD symptoms, leading to loss of sleep, weakness and cognitive decline (Sheard et al., 2013). By correcting deficiencies and ensuring adequate intake of nutrients, individuals with PD can enhance their energy levels, cognitive function and overall health.
Furthermore, it is crucial to manage motor symptoms, since certain nutrients play a crucial role in muscle function and mobility, as stated previously (Woodburn, Bollinger and Wohleb, 2021). Hence, by addressing deficiencies in nutrients, individuals with PD may reduce muscle weakness and tremors, thus improving motor function and overall mobility.
In addition, preserving bone health is another reason to address nutritional deficiencies in PD. As one ages, muscle mass reduces (Cruz-Jentoft et al., 2020). Thus, individuals with PD may experience this more than the average person, so adequate intake of nutrients is essential for maintaining bone density, reducing the risk of falls and fractures, and maintaining muscle mass (Marano et al., 2023).
Moreover, it is crucial to address nutritional deficiencies in PD to support neurological health. Nutritional deficiencies can impact neurotransmitter synthesis and function, which may worsen neurological symptoms and accelerate the progression of the disease (Maier et al., 2022). By addressing deficiencies in nutrients, individuals with PD can look forward to optimal brain health and potentially slow the progression of the disease.
	In summary, paying attention to nutritional deficiencies in individuals with PD is crucial for the slowing of progression of the disease. Healthcare professionals should give advice and ensure that nutrient intake is monitored to achieve optimum quality of life while having PD.

5.Supplements that May Aid in Slowing of PD
	Interestingly, coenzyme Q10 (CoQ10) may be associated with significant reduced rates of PD progression (Mischley, Lau and Bennett, 2017).  CoQ10 is an antioxidant that aids in the conversion of food to energy (Negida et al., 2016). As the mechanisms of PD are that of slowness and degeneration, perhaps a regular intake of CoQ10 can help with movements and energy. In fact, Seet et al. (2014) reported that CoQ10 has been very successful in early human studies. However, a more recent meta-analysis done to evaluate the effects of CoQ10 on individuals with PD reported that CoQ10 supplementation does not slow functional decline nor provide any symptomatic benefit for patients with PD (Negida et al., 2016). In light of these findings, more research is needed to determine the status of CoQ10 in the slowing of PD.
	In addition, fish oil is a rich source of the omega-3 fatty acids and there has been a large body of research conducted on the role of omega-3 in neuronal health. (Mischley, Lau and Bennett, 2017). The neuroprotective effects have been attributed to its acting as an antioxidant and reducing inflammation by reducing metabolites. Also, it exerts enhances the synthesis of the brain-derived neurotrophic factor and promotes neurogenesis via enhanced neurite outgrowth which may be useful in individuals with PD (Mischley, Lau and Bennett, 2017). 
	To sum up, various supplements that may aid in the slowing of PD exist, but the most common are CoQ10 and omega-3. Individuals with PD should seek advice from healthcare providers before taking supplements, to allow them a better quality of life.

6.Impact of Nutrition on the Gut-Brain Axis in Parkinson’s Disease
As stated previously, PD is an idiopathic disease (NHS, 2023), or simply put, the onset of the disease is unknown. However, one hypothesis offers an explanation to this uncertainty (Hawkes, Del Tredici, and Braak, 2007).  This theory proposed that a neurotropic pathogen, which is likely viral, enters the brain via two routes - nasal, with progression into the temporal lobe; and gastric, secondary to swallowing of nasal secretions. These secretions might contain a pathogen that could enter axons of the Meissner's plexus in the intestinal wall and reach the motor neurons of the vagus nerve. Consequently, this would allow transport into the midbrain until the substantia nigra is reached and typical aspects of PD are initiated (Hawkes, Del Tredici, and Braak, 2007). Similarly, Yemula et al. (2021) suggest that there may be a link between intestinal microbiota and neurological diseases and highly indicate that the initial pathogenesis in the gut may proceed to the development of PD. In fact, neurological function is influenced by neuropeptides and neuronal hormones produced within the gut, and the gut itself is heavily influenced by the central nervous system (Sampson et al., 2016). This is known as the ‘microbiota-gut-brain-axis’ (Nicholson et al., 2012). Fundamentally, the gastrointestinal (GI) tract has the highest composition of microorganisms in the human body, and each individual has a unique flora structure (Gilbert et al., 2018).  The imbalance of this flora can lead to abnormality in the gut which may lead to the aetiology of PD (Sun et al., 2022). One study by Ren et al., (2020) analysed the faecal bacteria composition and short-chain fatty acids of 27 patients with PD, using ribosomal RNA sequencing and gas chromatography–mass spectrometry. The study concluded that the gut microbiota of patients with PD was significantly altered, as there was loss of good bacteria that the body needs to function efficiently. This alteration may be as a result of the consumption of certain foods (Jackson et al., 2019). Thus, it may be inferred that various nutrients can affect the gut microbiota and lead to the onset of PD.








Conclusion
To conclude, various research demonstrate a strong association between nutrition and PD. Nutrients with a potential increased incidence and neurodegeneration of PD include dairy products, excess iron, bisphenol A and saturated fats. On the other hand, nutrients that may have a decreased risk of PD include phytochemicals, omega-3 and caffeine. In addition, sodium and red meat were highlighted as main nutrients that may worsen symptoms of PD, while vitamin D and adequate calcium may possess neuroprotective properties and improve symptoms as seen in Figure 2. Various nutritional deficiencies in PD exist and should be addressed and monitored by health professionals to guide individuals with PD on nutrient intake and food consumption. Furthermore, gut microbiota may play a huge role in determining onset of PD and may lead to earlier diagnosis with new and improved therapeutics (Yemula et al., 2021). 
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Figure 2:  Illustration of Neurodegenerative and Neuroprotective Nutrients Found

Furthermore, one limitation of this review may have been a large body of studies conducted on mice. Perhaps more studies could be carried out in humans to better determine nutritional factors of PD. Also, another limitation may have been biases of the studies reviewed, which may have yielded personal reviews instead of objective analysis of the topic. In addition, perhaps some of the studies reviewed reported inaccurate results as a result of lack of knowledge and bias. Thus, this would affect this review’s accuracy also.
In addition, strengths of this review may include a fair range of studies reviewed, which perhaps laid out a balanced evaluation on the topic. Also, objectivity of the studies reviewed may be another strength of this review, in that, a fair examination of existing literature was conducted, without bias.
Future studies are greatly needed to determine exactly the relationship between nutrition and the onset, prevention and management of Parkinson’s Disease.
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