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ABSTRACT
AIM: This narrative review examines the relationship between nutrition and cognitive function across the lifespan, aiming to assess the influence of specific nutrients and dietary patterns on cognitive performance, evaluate research methodologies employed in nutritional cognitive neuroscience, analyze results from nutritional intervention studies across diverse populations, and discuss implications for public health policy and future research directions.
STUDY DESIGN: Narrative literature review and comprehensive analysis of peer-reviewed research examining nutrition-cognition relationships.
METHODOLOGY: A comprehensive literature search was conducted using PubMed, PsycINFO, and Google Scholar databases. Keywords including "nutrition," "cognition," "brain health," and "cognitive function" identified relevant peer-reviewed articles, reviews, and meta-analyses published between 2010 and 2022. Studies examining nutrition-cognition relationships in human populations were included. Data extraction compiled information on study objectives, methodologies, key findings, and implications across multiple domains including macronutrients, micronutrients, and dietary patterns.
RESULTS: Evidence demonstrates significant associations between nutrition and cognitive domains including memory, attention, executive function, and academic achievement. Macronutrient findings reveal that simple carbohydrates are associated with poorer cognitive performance, while higher fiber intake is linked to favorable cognitive aging outcomes. Adequate protein intake shows positive associations with working and episodic memory, particularly in cognitively demanding tasks. Polyunsaturated fatty acids demonstrate beneficial associations with cognitive function, while saturated and trans fats are linked to impaired performance. Micronutrient studies indicate that attention and concentration are associated with adequate levels of calcium, iron, zinc, selenium, vitamins A, B12, D, and folate. Research on dietary patterns suggests that Mediterranean, Dietary Approaches to Stop Hypertension (DASH), and Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diets are associated with improved cognitive performance and reduced cognitive impairment risk, potentially through anti-inflammatory mechanisms. The gut-brain axis has emerged as a critical bidirectional communication system that may mediate dietary effects on cognition.
CONCLUSION: Nutrition plays a fundamental role in cognitive development and maintenance throughout life. Current evidence suggests that balanced macronutrient intake, adequate micronutrient status, and adherence to anti-inflammatory dietary patterns are associated with optimal cognitive function. These findings support the potential for nutrition-based interventions in cognitive health promotion and dementia risk reduction across diverse populations.
Keywords: Nutrition and cognitive function, Specific nutrients and dietary patterns, nutritional cognitive neuroscience, Nutritional intervention studies

INTRODUCTION
Cognition, encompassing processes such as attention, memory, reasoning, and decision-making, is essential for daily functioning and academic success (Rebecca & Conor, 2021). Adequate nutrition is vital for supporting cognitive development and maintaining optimal brain function. This review seeks to explore the multifaceted interplay between nutrition and cognition, emphasizing the importance of a balanced diet in promoting cognitive health across the lifespan.
Objectives:
1. To assess the influence of specific nutrients and dietary patterns on cognitive function and performance.
2. To evaluate the methodologies employed in studying the relationship between nutrition and cognition, including experimental designs, observational studies, and neuroimaging techniques.
3. To analyse the results of research studies investigating the effects of nutritional interventions on cognitive outcomes in different populations, including children, adults, and the elderly.
4. To discuss the implications of nutrition-related findings for public health policy, education, and future research directions in the field of cognitive neuroscience.
The life course approach to nutritional cognitive health recognizes that dietary patterns and nutrient intake at different developmental stages have cumulative effects on brain structure and function, influencing cognitive trajectories from childhood through advanced age (Puri et al., 2023).

METHODOLOGY
A comprehensive literature search was conducted using electronic databases such as PubMed, PsycINFO, and Google Scholar. Keywords including "nutrition," "cognition," "brain health," and "cognitive function" were used to identify relevant peer-reviewed articles, reviews, and meta-analyses published between 2010 and 2022. Studies examining the relationship between nutrition and cognition in humans were included in the review. Data extraction was performed to compile information on study objectives, methodologies, key findings, and implications.

1. Nutritional Cognitive Neuroscience
Neurocognition refers to the brain's cognitive functions, including perception, memory, attention, language, and problem-solving. Research in this area seeks to understand how we think, process information, and make decisions (Lezak et al., 2012). "Nutritional cognitive neuroscience," a term coined by Zamroziewicz and Barbey (2016), explores how nutrition affects cognitive function and brain health throughout life.
This field combines various disciplines to study how overall dietary patterns and individual nutrients impact brain structure and function (Zamroziewicz and Barbey, 2016). The connection between nutrition and cognitive neuroscience is complex, involving multiple nutrients, metabolites, and other factors. Advances in biological sciences and new methodologies in molecular biology and brain imaging have clarified some fundamental processes (Polidori et al., 2021).
Neuroimaging techniques, such as fMRI, provide insights into how specific nutrients influence brain structure and function, and the neural networks involved in cognitive functions (Zamroziewicz and Barbey, 2016). Researchers explore how nutrients cross the blood-brain barrier, affect neurotransmitter systems, and participate in synaptic plasticity. Studies highlight the relationship between dietary patterns, such as the Mediterranean diet, and cognitive resilience.
Nutritional cognitive neuroscience bridges nutrition, neuroscience, and psychology, offering a holistic perspective on human health. It equips clinicians, dietitians, and neuroscientists with strategies to optimize brain health across the lifespan.

2. Nutrition and Neurobiological Mechanisms
Brain function is regulated by various networks and relies on neurotransmitters (NTs) like glutamate, GABA, dopamine, norepinephrine, serotonin, and acetylcholine. A balance in NT synthesis, uptake, and regeneration is crucial, as disruptions can cause imbalances (Ekstrand et al., 2020).
Neural circuits regulating feeding behavior are connected to brain regions controlling energy balance and cognition. Sensory inputs, such as smell and sight, can trigger emotional changes in the brain even before eating. Hormones and peptides like insulin and GLP1, released during food consumption, activate pathways in the hypothalamus and hippocampus, enhancing synaptic activity and supporting learning and memory. Hunger-induced ghrelin and adipose-derived leptin also influence synaptic plasticity and cognitive function (Gomez-Pinilla, 2008).
Early malnutrition can cause long-term cognitive impairments and accelerated brain aging. Microglia, crucial immune cells in the brain, play different roles in development and adulthood. Hyper-activated microglia can produce pro-inflammatory cytokines that hinder learning and plasticity. Studies show that early-life diet impacts neuroinflammation and microglial function, affecting cognitive outcomes (Miller and Spencer, 2014).
Excessive eating, obesity, high-fat diets, and inadequate early nutrition can trigger inflammation in immune cells, influencing the brain and fullness regulation. This involves cytokines, chemokines, and fatty acids, which activate microglia, leading to more pro-inflammatory molecules like IL1β, IL-6, and TNFα in brain regions associated with cognition and emotion. This inflammation can cause memory deficits and depressive behaviors. However, polyunsaturated fatty acids (PUFAs), polyphenolics, and a positive early-life environment can mitigate these effects (Spencer et al., 2017).
Short-term consumption of high-fat, high-sugar diets can independently trigger neuroinflammation, impairing hippocampal memory functions. Maric et al. (2014) found that a five-day high-fat diet reduced attention and memory retrieval. High-fat diets increase pro-inflammatory cytokines and corticosterone in the hippocampus, affecting synaptic plasticity and priming microglia for future inflammatory responses (Sobesky et al., 2016).
The synergistic effects of nutrition and physical exercise on neuroplasticity represent a particularly promising avenue for cognitive health promotion. Combined interventions targeting both dietary quality and physical activity have been shown to enhance neuroplasticity mechanisms more effectively than either approach alone, with implications for both cognitive function and structural brain health (Esmaeilzadeh and Moradikor, 2025).
These findings highlight the significant impact of nutrition on cognitive function, from early-life influences to short-term dietary choices, providing crucial insights into promoting long-term cognitive health.
2.1 Gut-Brain Axis
The gut significantly influences cognitive processes and emotions through hormones and peptides like leptin, ghrelin, GLP1, and insulin. These molecules impact synaptic plasticity, learning, appetite, and energy balance. Leptin, from adipose tissue, reduces appetite and enhances hippocampal synaptic plasticity. Ghrelin, from an empty stomach, stimulates appetite and promotes synaptic changes in the hypothalamus and hippocampus, improving spatial learning and memory. GLP1, from intestinal cells, regulates energy metabolism, suppresses food intake, and enhances memory. Insulin, beyond its pancreatic role, affects synaptic activity and cognition by interacting with receptors in the hippocampus (Gomez-Pinilla, 2008).
The gut-brain axis (GBA) is a bidirectional communication system between the central nervous system (CNS) and the enteric nervous system (ENS), linking brain centres with intestinal functions (Mayer, 2011). Gut microbiota play a crucial role in this dynamic interplay, involving neural, endocrine, immune, and humoral pathways (Carabotti et al., 2015).
The GBA includes the gut microbiota, ENS, and CNS. The gut microbiota, consisting of trillions of microorganisms, produces compounds that influence brain function. The ENS, the "second brain," operates autonomously and communicates with the CNS. Gut microbiota produce neurotransmitters like serotonin and dopamine, regulating mood and emotions. They also produce metabolites like short-chain fatty acids, affecting brain health (Cryan et al., 2019).
Nutritional cognitive neuroscience examines the relationship between dietary patterns, gut microbiota, and cognitive function. Dietary components modulate gut microbiota, influencing neurophysiological processes (Li et al., 2017). The GBA is implicated in anxiety, depression, and neurodegenerative diseases. Dysbiosis, or altered gut microbiota composition, is linked to cognitive changes and increased cognitive disorder risk. Polyunsaturated fatty acids (PUFAs) like DHA and AA are crucial for neurotransmission and neuroinflammation, influencing mood and cognition (Bazinet and Laye, 2014). Diets high in saturated fat and sugar can trigger neuroinflammation, leading to cognitive disruptions (Tran and Westbrook, 2017).
The gut-brain axis is a complex and evolving research area, crucial for understanding cognition, mental health, and neurological disorders.

3. Nutrients and Cognitive Function
The brain requires essential nutrients, including proteins, fats, carbohydrates, vitamins, minerals, and water, for its structure and function. Proper nutrition is crucial for brain development and operation (Roberts et al., 2022).
3.1 Macronutrients
The brain relies on energy and essential nutrients from macronutrients: carbohydrates, proteins, and fats. These provide substances like glucose, fatty acids, and amino acids. A balanced intake of macronutrients is vital (Jakobsen and Overvad, 2011). Research shows that altering the macronutrient ratio in meals can impact cognitive functions immediately (Solfrizzi et al., 2017).
3.1.1 Carbohydrates and Cognitive Function
Carbohydrates, composed of carbon, hydrogen, and oxygen, come in complex forms (starches, fibers) and simple forms (sugars). Whole foods provide complex carbs, while processed foods offer simple sugars (Taylor et al., 2017).
Simple carbohydrates are linked to poorer cognitive function. Each 60 grams of daily sugar intake correlates with a reduction in Mini-Mental State Examination (MMSE) scores, equivalent to an additional 10 years of aging. Memory function shows a negative correlation with total sugar intake, while attention shows a trend and executive functions show no correlation (Ding et al., 2018).
Taylor et al. (2017) found that “sugar intake negatively affects executive control, working memory, attention, and visual-spatial processing. High intake of glucose and added fructose, but not natural fructose, is associated with poorer cognitive function”.
Conversely, high fiber diets are linked to better cognitive outcomes. A study with 1,609 participants showed that “higher fiber intake (29 grams/day) is associated with successful aging, defined by the absence of disability, depressive symptoms, cognitive impairment, and chronic diseases a decade later. Thus, the type of carbohydrate affects brain function differently” (Gopinath et al., 2016).
Carbohydrates affect glucose metabolism variably, with individual differences. For those with normal fasting glucose levels (below 6 mmol/l), immediate carbohydrate intake doesn't affect memory performance. However, non-diabetic participants with impaired fasting glucose perform worse on memory tasks after a carbohydrate-rich meal. Fiber intake (at least 6 grams) improves memory performance in those with poor glucose tolerance by moderating glucose metabolism (Zeevi et al., 2015).
Choong et al. (2019) studied sugar intake's impact on cognitive functions among older adults in Malaysia. Higher intake of total sugars, free sugars, sucrose, and sugary foods correlates with lower MMSE scores, indicating poorer cognitive performance. Conversely, consuming cooked dishes and fruits is linked to better MMSE scores. Excessive sugar intake increases the risk of cognitive impairment, with a prevalence of 31.9%. These findings suggest the adverse effects of excessive sugar on cognitive functions, warranting further studies to establish causality and mechanisms.
Glucoregulation and carbohydrate availability affect selective attention in older, but not younger, individuals. Good glucoregulation, the body's ability to balance glucose and glycogen, results in better sustained attention after a low glycemic index (GI) meal compared to a high GI meal in older adults, as measured by accuracy and reaction time (Fuller et al., 2016).
3.1.2 Protein and Cognitive Function
Proteins are fundamental to the body's structure and function, contributing to the formation of bones, muscles, skin, blood, hormones, and neurotransmitters. Dietary proteins come from both plant and animal sources, with animal proteins providing all essential amino acids, making them complete proteins. Plant proteins are typically incomplete, except for some like soybeans. During digestion, proteins break down into amino acids, which play various roles in the body. Notably, tryptophan and tyrosine, precursors to dopamine and serotonin, are crucial for cognitive function (Staubo et al., 2016).
The cognitive benefits of protein consumption are linked to specific amino acids, especially large neutral amino acids (LNAAs) such as tryptophan and tyrosine. Tryptophan, found in nearly all protein-containing foods, is a precursor to serotonin. Studies on acute tryptophan depletion (ATD) indicate that it impairs the consolidation of episodic memory for verbal information, although other memory forms (semantic and working memory), attention, and executive function are less affected (Mendelsohn et al., 2009). Conversely, increasing tryptophan levels to enhance serotonergic activity may positively affect cognitive function.
Tyrosine, a conditionally essential amino acid, is a precursor to catecholamine neurotransmitters, including dopamine, norepinephrine, and epinephrine (Fernstrom and Fernstrom, 2007). Research shows a significant correlation between tyrosine intake from protein and improvements in fluid intelligence and working memory in both young and older individuals. A 21-day high-protein dietary intervention (3 grams per kilogram of body weight per day) improved performance on complex cognitive tasks requiring control and inhibition but not on simpler sustained attention tasks. However, high protein intake was negatively associated with digit subtraction in older adults, possibly due to increased fibrinogen, an inflammatory biomarker linked to cardiovascular disease and dementia risk (Handing et al., 2017).
Kühn et al. (2017) found “a positive relationship between protein intake and episodic memory tasks in both young and older adults, while no such association was observed with semantic memory”. This relationship may be due to the correlation between tryptophan and tyrosine levels. Tryptophan plays a role in declarative memory consolidation, and tyrosine in spatial memory. Other nutrients, such as B vitamins, may also contribute to the cognitive benefits of protein intake.
Inadequate protein consumption might contribute to cognitive difficulties in the elderly. Most studies show a positive correlation between protein intake in older adults and overall cognitive functioning. Regular protein and polyunsaturated fatty acid (PUFA) intake appears to mitigate cognitive decline in old age and reduce the risk of mild cognitive impairment or dementia (Muth and Park, 2021).
Kühn and colleagues (2017) noted that “the average daily tyrosine intake in older adults was significantly below the WHO recommendation. Overconsumption of protein can be as detrimental as insufficient intake. High protein intake (over 16.5% of total energy) is associated with increased incidence of mild cognitive impairment compared to average intake (15% and below), aligning with WHO's recommended intake. Excessive tyrosine intake, which increases with higher protein intake, correlated with decreased working memory performance, especially in tasks with higher cognitive demands”.
Thus, protein intake selectively enhances working and episodic memory, particularly in tasks with higher cognitive demands. Adequate protein intake, especially in advanced age, is crucial, as both insufficient and excessive intake have been associated with adverse outcomes.
3.1.3 Dietary Fat and Cognitive Function
Dietary fats are classified into four categories: saturated fats, trans fats, monounsaturated fats (MUFA), and polyunsaturated fats (PUFA). “Saturated fatty acids (SFA) are commonly found in dairy and meat products, while processed foods are typically high in trans-unsaturated fats. MUFA and PUFA are prevalent in sources such as olive oil, nuts, avocados, various vegetables, and vegetable seed oils. Additionally, dietary cholesterol, an unsaturated alcohol, is found in meat, eggs, and dairy products” (Berdanier et al., 2008).
“Research on dietary fatty acids' impact on cognitive functions indicates that PUFAs, which include essential fatty acids like omega-3 and omega-6, are generally associated with cognitive benefits. Diets rich in PUFAs have been linked to enhanced memory and quicker psychomotor processing speeds. Specifically, omega-3 fatty acids (particularly alpha-linolenic acid, the precursor of EPA, DPA, and DHA) have shown benefits for various memory functions. These include spatial memory and learning in older adults, semantic memory in longitudinal studies with elderly individuals, short-term memory and recall in observational studies with adults over 60, and overall memory function in cross-sectional studies involving middle-aged to elderly adults” (Muth, 2024). Handing et al. (2017) found that “PUFA intake predicted delayed story recall performance using the East Boston Memory Task in individuals aged 60 and above”.
Conversely, “high intake of SFA has been shown in both cross-sectional and longitudinal studies to lead to declines in various cognitive functions, such as prospective memory performance, visuospatial learning, and verbal memory performance in young adults. Habitual consumption of processed foods high in trans fats is similarly linked to poorer visuospatial learning and verbal memory performance in young women” (Gibson and Jeanes, 2013).
Oleson et al. (2018) reported that “the effects of cholesterol and MUFA intake on cognitive functioning are less straightforward. Both cholesterol and MUFA intake have been associated with improved performance on memory tasks, overall cognitive function, and a reduced risk of Alzheimer's disease and mild cognitive impairment. However, cholesterol intake was also linked with suboptimal performance on global cognitive test scores, and MUFA intake was associated with poorer learning and memory performance in a cross-sectional study involving 3,960 individuals”.
Engaging in physical activity appears to mitigate the negative impacts of SFA consumption on cognition. A cross-sectional study found that former athletes who consumed high levels of SFA did not report cognitive difficulties. Diet and exercise collectively influence energy balance and synaptic adaptability, supported by research involving both humans and animals (Hinton et al., 2011). The cognitive benefits of incorporating docosahexaenoic acid (DHA), a member of the omega-3 fatty acid family, are more pronounced when combined with regular exercise. Rodent studies have shown that exercise can counteract the detrimental effects of a high-fat diet on synaptic adaptability, primarily through the influence of brain-derived neurotrophic factor (Muth and Park, 2021).
“The influence of dietary fatty acids on cognitive functions follows a discernible pattern: SFA, trans fat, and cholesterol are largely associated with impaired performance, while MUFA and PUFA intake generally yield positive effects. This trend is particularly noticeable in areas such as executive function, memory, and overall cognitive performance. Consequently, studies should explicitly specify the type of dietary fat being examined to accurately assess their distinct impacts on cognition. In older individuals, a high-fat intake is linked to an increased risk of dementia, whereas PUFA and MUFA intake may offer a protective effect” (Andruchow et al., 2017).
3.2 Micronutrients
Micronutrients are critical components of the diet, supporting a wide range of physiological and cognitive functions. They are essential for various metabolic processes in the brain, and deficiencies in any micronutrient can have adverse effects on the development and operation of the nervous system. This often results in millions of children experiencing physical challenges like stunted growth, weakened immunity, and illnesses, as well as cognitive and intellectual deficits each year. Research indicates that micronutrient deficiencies are linked to hindered cognitive development and subpar performance in the classroom (More et al., 2013).
Several micronutrients, along with haemoglobin, significantly contribute to both physical and cognitive growth. Deficiencies in iron have been associated with poor cognitive development, reduced concentration, and lower intelligence. Similarly, inadequate levels of vitamin B12 and folate have been linked to cognitive issues. Additionally, deficits in zinc and vitamin D have been connected to impaired behavior and cognition. Vitamin D, often referred to as the "neglected neurosteroid," is crucial for brain development due to its presence of specific receptors in the brain and its role in aiding the absorption of calcium in the intestines, which is essential for synaptic transmission. However, excessive intake of both calcium and vitamin D has been associated with brain lesions (Thankachan et al., 2013).
Iron is a crucial micronutrient essential for neurodevelopment, playing a vital role in normal brain development, myelination, and neurotransmission (Delange, 2001). “Zinc also holds a significant position in neurodevelopmental processes, overseeing neurogenesis, neuronal migration, synaptic genesis, myelination, and the regulation of intra- and intercellular signaling. Severe zinc deficiency leads to significant brain structural malformations, but the impact of mild to moderate deficiency on sensorimotor or cognitive development remains an area of ongoing research” (Gower-Winter & Levenson, 2012). “Iodine is indispensable for synthesizing thyroid hormones, which are crucial for proper neuronal migration and myelination of the brain in fetal and early postnatal stages. Iodine deficiency, known as "cretinism," results in irreversible brain damage, and even mild to moderate maternal iodine deficiency can lead to impairments in cognitive or neurological function in offspring” (Vermiglio et al., 2004).
Studies conducted in India involving school-aged children and adolescents have consistently highlighted widespread micronutrient deficiencies. Singh et al. (2023) investigated “the relationship between micronutrient deficiency and general intelligence, as well as specific cognitive functions (such as attention, concentration, visuomotor coordination, and working memory) in urban school-going children and adolescents aged 6 to 16 years across ten cities in India. The study examined eight micronutrients (four minerals: calcium, iron, zinc, selenium; four vitamins: A, B12, D, folate) and assessed cognitive function through age-appropriate tests. They found that attention and concentration capacities exhibited a noteworthy correlation with all eight micronutrients examined, while general intelligence was linked with all except calcium. Visual-spatial abilities were linked with levels of calcium, folate, vitamin A, and vitamin B12, while working memory was associated with iron, folate, vitamin A, and B12 levels”.
Dennis et al. (2019) compared the effects of multivitamin/mineral or vitamin D supplements with a vitamin C control group on cognitive function over eight weeks in 60 healthy adults. The multivitamin group showed significant gains in visual strategy, motor planning, learning, and working memory, suggesting that low micronutrient intake may impact cognition across the lifespan.
B-complex vitamins play crucial roles in cell metabolism, neurotransmitter production, and maintaining the myelin sheath, while vitamins C and E act as antioxidants, protecting cells from oxidative damage. Insufficient levels of these micronutrients can lead to cell damage. Calcium is essential for various cellular functions, including mitochondrial maintenance and gene expression. Iron supports the development of oligodendrocytes, responsible for myelination, while zinc aids in neurotransmission and synaptic health. Suboptimal micronutrient levels may adversely affect neuronal functions like perception, cognition, and memory (Pipingas et al., 2010).
Among the various micronutrients, carotenoids have emerged as particularly important for cognitive health in aging populations. These lipophilic antioxidants, including lutein, zeaxanthin, and β-carotene, accumulate in brain tissue and have been associated with better cognitive outcomes and reduced cognitive frailty. The concept of cognitive frailty—a clinical syndrome characterized by the simultaneous presence of physical frailty and cognitive impairment—may be particularly amenable to nutritional interventions targeting oxidative stress and inflammation through carotenoid-rich diets (Polidori et al., 2021). Carotenoids function through multiple mechanisms including reduction of oxidative stress, modulation of inflammatory pathways, and enhancement of membrane fluidity, all of which contribute to the preservation of cognitive function in older adults (Polidori et al., 2021).
Haskell-Ramsay et al. (2017) investigated the acute cognitive and mood effects of consuming purple grape juice in a randomized, double-blind, placebo-controlled crossover design study involving 20 healthy young adults. The results showed significant improvements in reaction time on an attention measure and increased feelings of calmness compared to the placebo, suggesting potential mechanisms such as modulation of cerebral blood flow, glucoregulation, and inhibition of monoamine oxidase activity.
However, studies on the impact of micronutrient supplementation on cognitive function have produced mixed results, with no clear consensus. Some studies found improvements in specific cognitive abilities with multivitamin supplementation, while others showed no significant effects. The duration of supplementation and the specific cognitive domains affected varied across studies (Dennis et al., 2019).
Flavanols and stilbenes have emerged as key players in supporting brain health through both direct and indirect mechanisms, combating neuroinflammation and oxidative stress, and influencing the microbiota-gut-brain axis. Grapes, particularly the red variety, are a potent source of these compounds, providing up to 72 mg of total phenols in a 200g serving (Rodrigo-Gonzalo et al., 2023).
Psychobiotics, a unique class of probiotics, offer mental health benefits by producing or stimulating various essential substances like neurotransmitters, short-chain fatty acids, hormones, and anti-inflammatory compounds. They play a crucial role in the bidirectional communication between the brain and the gut, influencing signaling to the central nervous system (Sharma et al., 2021).
Overall, brain foods help to enhance cognitive functions alongside other genetic and environmental factors. These foods, in various combinations and specific dietary patterns, yield better results than when taken alone.
4. Dietary Patterns and Cognitive Health
The intricate interplay between dietary habits and cognitive function has garnered significant attention in recent years. Mounting evidence suggests that the composition and quality of an individual's diet can exert profound effects on cognitive processes, including memory, attention, and executive function (Smith et al., 2010; Parletta et al., 2013). As the global population ages and the prevalence of age-related cognitive decline and neurodegenerative disorders continues to rise, understanding the impact of dietary patterns on cognitive health has become a critical area of research. Moreover, the potential for dietary interventions to mitigate cognitive decline represents an attractive avenue for public health strategies aimed at promoting healthy aging.
Specific dietary patterns, such as the Mediterranean diet and the DASH diet, have garnered attention for their potential cognitive benefits. The Mediterranean diet, characterized by high consumption of fruits, vegetables, whole grains, and healthy fats, has consistently demonstrated positive associations with cognitive function (Parletta et al., 2013). Likewise, the DASH diet, designed to manage hypertension, has shown promise in preserving cognitive abilities, potentially due to its emphasis on nutrient-dense foods (Smith et al., 2010).
The conventional Mediterranean diet (MedDiet), characterized by a high intake of minimally processed plant-based foods and fish, is widely acknowledged as one of the most healthful dietary patterns. Multiple randomized clinical trials have provided evidence of its significant impact in combating oxidative stress, inflammation, and the onset and progression of conditions like cardiovascular disease, type 2 diabetes, and other metabolic disorders, which play pivotal roles in the development of neurodegenerative diseases. Several observational and experimental studies have explored the protective effects of the MedDiet against cognitive decline. Findings from observational research indicate that adopting the MedDiet may serve as an effective dietary approach for the early prevention of dementia (Siervo et al., 2021).
“The Mediterranean diet is the traditional dietary pattern followed by people residing on the shores of the Mediterranean Sea. Countries at the European shore include Greece, France, Spain, Italy, as well as countries on the southern shore such as Egypt, Libya, and Algeria. There is no unified consensus on what the Mediterranean diet is, as the minor details differ from one country to another depending on the specific culture; however, the key concepts are the same across all Mediterranean countries. Carbohydrates and starches, mostly unrefined, such as bread, pasta, cereal, bulgur, potatoes, and grains are at the base of the pyramid. Cheeses, yogurt, fruits, and vegetables are consumed in abundance on a daily basis among people in the Mediterranean region. Traditionally, red meats are rarely consumed in this population; no more than a few times a month. The Mediterranean diet is not considered low in fats; fat content ranges from 28-40% of the total dietary intake. However, it is low in saturated fatty acids and trans fatty acids due to its low content of animal meats and processed foods. Olive oil, a beneficial monounsaturated fatty acid, is the major contributor to this fat content, which makes it a healthy dietary pattern regardless of its high-fat content” (Aridi et al., 2017).
“The DASH diet, which has been proven effective in reducing blood pressure in individuals with hypertension or those at high risk, emphasizes a high intake of fruits, vegetables, low-fat dairy products, whole grains, poultry, fish, and nuts, while discouraging the consumption of red meat, fats, sweets, and sugary beverages. Compared to the Mediterranean diet, DASH advocates for lower saturated fat intake but higher consumption of low-fat dairy products” (Saneei et al., 2014).
The Mediterranean-DASH Diet Intervention for Neurodegenerative Delay, or MIND diet, targets the health of the aging brain. “The MIND diet emphasizes the consumption of ten brain-boosting food groups, including berries, nuts, beans, whole grains, seafood, poultry, green leafy vegetables, other vegetables, wine, and olive oil. It places less emphasis on overall fruit or dairy intake compared to the Mediterranean diet. Additionally, the MIND diet discourages the intake of five unhealthy foods, which include red meats, butter and margarine, cheese, pastries and sweets, and fried/fast food” (Berendsen et al., 2017).
In a study by Dhana et al. (2021), utilizing data from the Rush Memory and Aging Project, researchers investigated whether the association between the MIND diet and cognition is independent of common brain pathologies. They analyzed data from 569 deceased participants, considering factors such as dietary information, cognitive testing near death, and autopsy results. The results showed that a higher MIND diet score correlated with improved global cognitive functioning near death. This association remained significant even after accounting for Alzheimer's and other brain pathologies. These findings suggest that the MIND diet may contribute to cognitive resilience in the elderly, regardless of common brain pathologies.
Another recent study by Barnes et al. (2023) conducted a randomized controlled trial focused on older adults with a family history of dementia, a body mass index over 25, and suboptimal dietary habits. Participants were evenly split into two groups, with one following the MIND diet with mild caloric restriction and the other a control diet with similar restrictions, over a period of three years. Both groups received counseling and support for adherence to their assigned diet, along with efforts to promote weight loss. The study assessed cognitive performance using a battery of tests, converting raw scores to z-scores for analysis. Additionally, secondary outcomes included brain characteristics measured through magnetic resonance imaging (MRI). While both groups showed improvements in global cognition scores over the study period, there were no significant differences between the two diets. This suggests that for cognitively unimpaired individuals with a family history of dementia, both the MIND diet and the control diet with mild caloric restriction had similar effects on cognition and brain characteristics.
Recent evidence suggests that sustained adherence to healthy dietary patterns has dynamic influences on cognitive healthspan, with effects that vary across different life stages and may be modified by genetic, environmental, and lifestyle factors (Kim et al., 2024). This perspective emphasizes that nutritional interventions for cognitive health should be tailored to individual life course trajectories rather than applying a one-size-fits-all approach.
All in all, the Mediterranean, MIND, and DASH diets have demonstrated associations with reduced levels of inflammatory markers, implying that these dietary patterns can influence inflammation and potentially impact cognitive health in older adults. “Inflammation is considered a significant risk factor for neurodegenerative diseases, including cognitive impairment and dementia. Diets rich in anti-inflammatory foods like vegetables, legumes, fruits, whole grains, and seafood, which are naturally packed with vitamins, antioxidants, and poly- and mono-unsaturated fatty acids, have been reported to mitigate systemic inflammation. Conversely, diets characterized by high consumption of red and processed meats, sweets, desserts, fries, and refined grains may escalate inflammation” (Parletta et al., 2013).
Mannikko et al. (2015) conducted a study examining the relationship between adherence to a healthy Nordic diet and cognitive function. A balanced Nordic diet is characterized by a diverse range of berries, which are rich in polyphenols, antioxidants, and other beneficial compounds. Additionally, whole grains like rye, oats, and barley, which are high in dietary fiber, are commonly consumed. Unsaturated fatty acids, crucial for health, are sourced from rapeseed oil in this diet. It is recognized as a potential preventive dietary approach that has been shown to lower the risk of cardiovascular disease, type 2 diabetes, and overall mortality. They found that individuals with a high adherence score at the outset showed positive associations with verbal fluency and word-list learning after four years on the diet. Furthermore, when individuals with impaired cognition at the beginning were excluded from the analysis, the Nordic diet score remained positively linked to cognitive test performance in a follow-up study after four years on the diet.
[bookmark: _GoBack]“Other dietary patterns, identified through data reduction techniques like principal components analysis (PCA), factor analysis, cluster analysis, or reduced rank regression, have also been examined. An example is the Prudent healthy diet, which prioritizes a high intake of vegetables, fruits, nuts, whole grains, fish, poultry, and low-fat dairy. This pattern is considered healthier compared to the Western diet, characterized by elevated consumption of red meat, processed foods, refined grains, high-fat dairy, and saturated/trans-fat” (Chen, 2019).
Mechanistically, the impact of diet on cognitive function is multifaceted. Factors such as neuroinflammation, oxidative stress, and synaptic plasticity are implicated in the relationship between dietary patterns and cognitive outcomes (Parletta et al., 2013). These mechanisms influence neuronal health and connectivity, ultimately shaping cognitive abilities.

Findings and Discussion: 
The review identified a wealth of evidence highlighting the impact of nutrition on various aspects of cognition, including memory, attention, executive function, and academic achievement. Specific nutrients such as omega-3 fatty acids, antioxidants, vitamins, and minerals have been shown to support cognitive function and protect against age-related cognitive decline. Additionally, dietary patterns such as the Mediterranean diet and Dietary Approaches to Stop Hypertension (DASH) diet have been associated with improved cognitive performance and reduced risk of cognitive impairment.


The findings of this review underscore the importance of nutrition in promoting cognitive health and well-being. While research in this area has made significant strides, several challenges remain, including the need for standardized methodologies, longitudinal studies, and interdisciplinary collaboration. Moreover, translating research findings into actionable public health interventions requires concerted efforts from policymakers, educators, healthcare professionals, and the food industry. By prioritizing nutrition education, access to healthy foods, and research funding, stakeholders can work towards optimizing cognitive function and enhancing overall quality of life across diverse populations.

CONCLUSION
In conclusion, the relationship between nutrition and cognition is complex and multifaceted, with implications for individuals, families, and society as a whole. This review highlights the critical role of nutrition in supporting cognitive development, maintaining brain health, and preventing cognitive decline. Moving forward, continued research and advocacy efforts are needed to further elucidate the mechanisms underlying this relationship and implement evidence-based strategies to promote cognitive well-being for all.
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