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Research Question: Does Meat Consumption Increase the Risk of Cognitive Decline Leading to the Onset of Dementia: A Systematic Review 
Introduction and Rationale 
Worldwide, ageing population and extended life expectancies are linked to many challenges, by 2050 the population aged over 65 years is expected to rise from 630,000 in 2016 to 1.6 million (Mealy and Sorensen, 2020; Brayne and Wu, 2022), longevity has raised awareness of cognitive function, with brain health preservation a Public Health priority (Ungvari et al., 2021). 

Cognitive decline can occur due to normal ageing, additionally a variety of impairing neuropathology’s of which are not a natural consequence of ageing can accumulate decades prior to decline, such as dementia (Boyle et al., 2021; Chowdhary et al., 2022). Transitional state between normal cognitive ageing and dementia is known as Mild Cognitive Impairment (MCI), in which memory impairment occurs beyond normal age-related changes, MCI is linked to repeated hospital admissions and poorer outcomes (Brito et al., 2023). 
Several studies have highlighted an association between MCI and dementia, with 10%-15% of cases progressing to dementia (Anderson, 2019; Brito et al., 2023; Lissek, 2021). 

Dementia, an irreversible condition is currently one of the greatest global health challenges of the 21st century, worldwide in 2019, 55 million people were living with dementia, this is likely to increase to 152.8 million by 2050 (Nichols et al., 2022). 
Amongst the older population dementia is the leading cause of mortality and morbidity (Livingston et al., 2024), large contributor to disability-adjusted life years (DALYs) (Nandi et al., 2022), costing the UK £25 billion, rising to £47 billion by 2050 (Alzheimers Research). 
Alzheimer’s Disease (AD) is the most common form of dementia, present in around 60%-70% of cases, followed by vascular and mixed forms, affecting memory, cognitive ability and behaviour (Dominguez et al., 2021). Average age of onset dementia is 65, although 6%-9% of individuals are diagnosed with early-onset dementia, often beginning at 30 years (Chiari et al., 2022; De Veen et al., 2021).

Dementia and its progression are a consequence of genetic and lifestyle factors, around 40% of cases are connected to modifiable risk factors, including diet (Wahl et al., 2019). 
To date, no counteracting treatments are available to reduce progression and prevalence of cognitive decline and dementia, therefore lifestyle primary preventative measures through a lifelong upstream approach to reduce progression is recommended (Orgeta et al., 2019; Alty, Farrow and Lawler, 2019). Additionally, genetically apolipoprotein APoE ε4 allelle is shown to be a risk factor, accelerating both cognitive decline and AD, poor lifestyle factors can influence progression, placing carriers at a greater risk (Rodriguez et al., 2017; Berendsen et al., 2018). 

Nutrition has shown to be pivotal in neurodegeneration, particularly to the onset of dementia, adherence to a healthy dietary pattern is associated with a lower risk of cognitive decline and dementia (Van De Rest et al., 2015).  Several studies have supported the role of Mediterranean diet with long-lasting neuro protective effects, a higher adherence is associated with a preservation of cognitive function and reduced risk of MCI and dementia (Tanaka et al., 2018; Charisis et al., 2021; Garcia-Casares et al., 2021; Shannon et al., 2023). The Mediterranean diet is high in monounsaturated fats, fruit and vegetables, legumes, nuts and wholegrains, moderate consumption of fish and a low consumption of poultry, meat and saturated fatty acids (Tanaka et al., 2018; Gracia-Casares et al., 2021). 

Meat is acknowledged as a high-quality source of protein, providing high value bioavailable nutrients, some of which are difficult to obtain (Leroy and Cofnas, 2020).  Its consumption has been an evolving topic in recent years, due to sustainability, animal welfare and public health, its consumption has increased from 70 million tons in the 1960’s to 315 million tons in 2013 (Mattiuzzi and Lippi, 2021). Studies have recently highlighted a reduction in meat consumption (Stewart et al., 2021) arguably, the Organization for Economic Co-operation and Development, forecast a global increase in meat production by 2030 (OECD-FAO, 2021). 

High intake of processed and unprocessed red meat is associated with a higher risk of metabolic syndrome, type 2 diabetes, colorectal cancer and cardiovascular disease (CVD), a risk factor for dementia (Libera, Howiecka and Stasiak, 2021; Guo et al., 2021).  
The Scientific Advisory Committee on Nutrition recommends that daily intake of red meat does not exceed 70g (Public Health England, 2011).  A low intake of meat and meat products has been shown to be positively associated with healthy cognitive ageing and greater brain volume (Titova et al., 2013). 

Processed and red meat has been shown to increase low-density lipoprotein cholesterol, adding to the incidence of CVD (Bovalino et al., 2016; Pan et al., 2022). An 18% higher risk of coronary heart disease was observed with a 50g/day higher intake of processed meat (Papier et al., 2023). Similar pathophysiological pathways have been identified between CVD and cognitive disorders such as inflammation and increased oxidative stress (Santos et al., 2017). CVD has been associated with an increased risk of AD possibly due to atherosclerosis (Tini et al., 2020), whilst improved cognitive health and lower rates of dementia are observed in greater cardiovascular health (Samieri et al., 2018). 

Several Systematic Reviews have previously assessed dietary patterns and cognitive function, giving a broad insight, fewer reviews have analysed cognitive health and specific foods. Previous systematic review on meat consumption and cognitive decline was conducted in 2020 by Zhang et al. with inconsistent findings. Zhang and fellow researchers advised for additional research using large cohort studies to be implemented. Large cohort studies have since been published, highlighting a need to review the findings. 

If meat consumption is found to be associated as a risk factor for cognitive health and/or the onset of dementia it could add to the current literature and up to date evidence of the risks associated with meat and increased non-communicable diseases. Due to a lack of preventative treatments for cognitive impairment and dementia, it is essential to consider lifestyle factors such as diet, consequently providing safe and sustainable recommendations to delay progression, reducing DALYs and associated costs. 
Such recommendations could be useful for updating dietary guidelines and Public Health policies, providing evidence-based recommendations allowing individuals to make informed dietary choices, primary prevention, and improving outcomes. 

Aim & Outcome 
The aim of this review is to summarise current evidence regarding the association between the consumption of meat and cognitive function, leading to dementia among the adult population. 
The objective of the review is to critically explore the current literature that is available using prospective studies to distinguish the association, whilst exploring the shape of the association and risk between an exposure (long-term meat intake) and outcome (cognitive function). Furthermore, exploring if there is an additional association between meat intake, cognitive function and risk of incident dementia, to provide up to date evidence based dietary guidelines whilst suggesting future areas of research on this topic. 

 Methodology
Systematic reviews are important due to the rigour in their methods which avoid biased interpretation on research, providing a vital resource for science and policymaking (Greenhalgh, Thorne and Malterud, 2018).  Due to the specificity of the research question, which is narrowly focused with the aim of providing an answer, systematic review has been chosen due to its structured method and ability to summarise data in comparison to a narrative review (Greenhalgh, Thorne and Malterud, 2018).  
Search Strategy
Currently to date scoping searches have been carried out identifying background literature, refining the review question, mapping out any existing literature. 
Initial searches have been carried out using bibliographic databases such as University of Wales Trinity Saint David (UWTSD), PubMed, Google Scholar, Cochrane Library, Medline, CABI (Nutrition and food science collection) and Scopus. 
Publication search dates will be not restricted, restricting dates could increase potential for systematic bias, limiting dates could exclude certain studies if the databases recorded study start dates as publication dates (Aali and Shokraneh, 2021).  Due to the review focusing on long-term outcomes, limiting the dates could restrict wider knowledge, older studies and earlier findings, scoping searches also found limited number of published studies, justifying a broader date range (Palese et al., 2021). 

The search strategy will include the following terms: `meat`, `processed meat`, `cognitive decline`, `dementia`, ` Alzheimer’s`, `neurodegenerative diseases`, `cognitive function`, `cognitive performance`, ` dietary pattern`. 


The search will identify all published prospective observational studies, research will be published, peer-reviewed and full-text articles. Prospective observational studies were selected due to the ability to longitudinally measure a disease occurrence and its association with an exposure, helping to identify a possible cause for health-related events such as cognitive decline and dementia (Song and Chung, 2011). Data collection methods of prospective observational studies allow exposure data to be collected, enabling robust statistical analysis, such as calculating incidence, causality and relative risk (Song and Chung, 2011).  Data reported will include usual meat intake at baseline with prospective follow-up data on cognitive decline or incidence dementia in adults

Inclusion and exclusion criteria
The inclusion criteria for the review are studies on human subjects only, studies will not be limited to the UK, other nationalities and countries will be included. Studies on adults and the elderly will be included, due to the nature of cognitive decline and dementia the age range will begin at 30 years and over. Male and Female subjects will be included in the criteria, studies will be included even if participants have the apolipoprotein APoE ε4 allelle. 
Studies will be excluded from the review if they meet the following criteria, children and young adults, studies with subjects with a current diagnosis of any neurodegenerative disease prior to observational study. 
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and checklist will be used to allow a complete reporting in the systematic review (Wormald and Evans, 2018). Due to the data collected from the studies being from large sample sizes and numerical, the systematic review will be quantitative in nature. The Newcastle-Ottawa Quality assessment scale will be used to assess the quality and risk of bias of included studies as recommended by the Cochrane Collaboration for observational cohort studies (Lo, Mertz and Loeb, 2014). 
No ethical approval will be required for this systematic review as existing literature will be analysed, there will be no collection of any new data (Wormald and Evans, 2018). 



Timetable 
	October 
	Carry out scoping searches to analyse current literature on topic of interest to define and review a research question. Formulate research question and identify literature to write up rationale for systematic review. Formulate a presentation for systematic review, followed by a written proposal

	November
	On receiving feedback from proposal, carry out literature searching on bibliographic databases as mentioned above in methodology. 
Screening of titles and abstracts, excluding irrelevant studies that have not met the eligibility criteria as mentioned above. Gain full text copies of potential studies and re-asses for eligibility. Rigorous inclusion and exclusion to all included papers, to include a quality assessment. Keep good record keeping of studies that have been screened

	December
	Write up introduction section of systematic review. Extract data from each included study and present in a table form. Meeting with Supervisor to review introduction section and information on analysing data.

	January
	Analyse all data and present in table. Write up methods section. Meeting with supervisor to review analysis of data and methods section. 


	February
	Write up results section of the systematic review. Write up discussion section of the review. Meeting with Supervisor to review results and discussion sections. 


	March
	Write up conclusion and abstract section of the review. Meeting with supervisor on reviewing conclusion and abstract section. Present draft of full review to supervisor to assess

	April
	Carry out any changes that need to be completed from draft. Final meeting with allocated supervisor, complete any final editing ready for submission.  
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