Effects of Diet on Depression and Anxiety in Adolescence - A Systematic Review 

This systematic review investigated the relationships between diet quality, depression, anxiety, and associated symptomatology. Depression and anxiety disorders, commonly known as common mental disorders (CMDs), have had a huge impact on the world’s economy due to the amount of individuals diagnosed with the disorders (Whiteford et al., 2015). Although treatment and prevention of CMD’s has gained a lot of interest and funding over the last few decades, the number of individuals affected still seems to be increasing instead of declining over the world’s population (Jorm et al., 2017). This review will investigate how the role of the diet could be playing a major role in the overall number of cases of CMD’s.

Introduction
Beardsley. B (2015) states that while the link between poor nutrition and mental health is well understood, very few individuals are actually aware of the relationship between nutrition and mental health. Most people tend to think of mental health as being either psychological  or emotionally based. Contrarily, diet may have a significant impact on the development, severity, and persistence of mental health issues. Many of the readily observable dietary habits that characterise mental health problems have many similarities. Poor appetite, skipping meals, and a predominance of sugary foods are a few examples. A growing field called nutritional neuroscience (Beardsley. B 2015) is providing insight on how diet affects human brain, behaviour, and emotions. According to most data collected from multiple sources (Jacka et al. 2011; McMartin et al. 2013; O'Neil et al. 2014) consuming a healthy balanced diet has shown to be one of the most effective ways to decrease depression and anxiety. Furthermore, several studies have concluded that inadequate nutrition consumption has strong links to increased depression and anxiety in adolescents (Jacka et al. 2013; Kulkarni et al. 2015; Lien et al. 2006; Oddy et al. 2009; Takaoka and Kawakami 2013; Weng et al. 2011).
The prevalence of mental health problems, including anxiety and depression, is growing worldwide and poses a serious danger to public health (WHO. 2018). Depression and anxiety affect more than 300 million individuals worldwide and nonfatal illness burden is at its highest due to depression (WHO. 2016). The OECD estimates that the estimated cost for poor mental health in the European Union (EU) is over €600 billion, or more than 4% of GDP (WHO. 2016). Investment in preventative treatment for mental health has been shown to have positive effects on academic performance, occupational success, and social integration (WHO. 2016). Everyone is vulnerable to psychological disorders such as depression and anxiety, and it may be difficult to draw the boundary between normal and unhealthy mental states (WHO. 2018). However, positively, the stigma attached to common mental disorders (CMD's) is diminishing, and more individuals are seeking treatment. World Health Organization (WHO) produced a strategy for how this should be tackled in 2015 with "The European Mental Health Action Plan" (WHO. 2018); which depression is one of the primary public health concerns. This strategy addresses mental health and mental illnesses at all stages of life and is consistent with the principles and aims of Health 2020, the new European policy framework for health and wellbeing.

There is increasing data that shows how important diet is to adolescent mental health and the avoidance of CMD's. An updated evaluation found that eating healthy may be an effective tool in the fight against and treatment of CMD's in young adults (Chopra C. et al, 2021). CMD's such as major depressive disorder and anxiety, affect around 20% of children and adolescents annually across the world. According to statistics, depression is the second leading cause of mortality among young people (Patel, V, et al 2017: WHO. 2016). Adolescent depression has been shown to be a distinct type of the same condition in adults and to have a significant correlation with subsequent episodes. Initial symptoms and brain activity patterns of the disorder are same in adolescents and adults. Compared to adults, teenage depression is more difficult to spot because of signs including mood reactivity and irritability which is considered normal at this stage of life due to hormonal fluctuations (Birmaher B, et al 2004).
Types of diets have been shown as effective ways of combatting CMD’s. The Mediterranean diet with its emphasis on fresh produce, seafood, and healthy grains may help lower the incidence of depression in adolescences (Lai SJ, et al. 2014;Psaltopoulou T, et al 2013). While the prevalence of CMD's has been linked to an "unhealthy" and "Westernized" diet in correlational epidemiological studies (Sánchez-Villegas, A, et al. 2012).
Most cases of CMD's start in early adulthood but there can be a delay in recognising these due to physiological changes such as puberty and also changes in environment (Frech A. 2012) Other methods have looked at how changes in overall diet and eating habits might affect mental state. Yet, it is important to account for other possible confounders, such as socioeconomic status (SES), family income, and level of education (Lemstra, M, et al. 2008).
As the brain grows and changes throughout these years, and since depression and anxiety often first appears in adolescence, it's possible that nutrition has a stronger effect on mental health in childhood and adolescence than it does later in life (Kendall, PC, et al. 2010). Furthermore, teenage independence expands to include making their own eating choices, which increases the risk of consuming unhealthy 'junk' and 'fat dense' meals (Cutler, GJ, et al 2009). Thus, it is crucial to pay close attention to the connection between food and mental health in children and adolescents.

Depression in adolescents
Depression is characterised by significant symptoms such as increased unhappiness and stress, lack of appetite, and loss of interest in pleasure activities, although depression can be linked to numerous symptoms (Mann JJ. 1990). If no immediate therapeutic intervention is provided, this illness may have a variety of implications (Mann JJ. 1990). Patients suffering from depression have a higher suicidal inclination and are thus often treated with antidepressants and/or psychotherapy (Brown GL, et al. 1982). It may have negative effects on adolescent's mental, emotional, and physical health. This is where it is vital to introduce education around diet and mental health as preventative measures (Magson. N,R., et al 2021). Depressive episodes may happen at any age, although adolescent and adult depression may present differently. (Clinic, M. 2022). Adolescents often experience highs and lows as they navigate challenging life stages and navigate issues like peer pressure, academic expectations, and body image, but, for some young people, these lows are more than simply fleeting; they are an indicator of depression (Clinic, M. 2022).

Anxiety in adolescences
Anxiety is the brain's reaction to threats, or stimuli that an organism will want to avoid in any way possible (Pine DS, et al. 2009). This neurological reaction is present from birth and throughout early childhood, with the intensity of its manifestations spanning the whole range of human experience. It's not always the case that anxiety is pathological, since it might be adaptive in situations when it helps you stay out of harm's way. These potentially adaptive features of anxiety likely account for the striking similarities across species seen in both the reactions of creatures to dangers and the underlying brain circuitry activated by threats. (Pine DS, et al. 2009). 
Since adolescents exhibit various concerns and anxieties as part of normal development, distinguishing between normal and abnormal anxiety may be especially challenging during these years of life. (Morris RJ, et al. 1991: Muris P, et al. 1998). Extensive & physiological anxiety symptoms, behavioural issues such severe aversion of feared items, and related suffering or impairment are significant components across a wide range of anxiety disorders (Beesdo K, 2009). Typically, during adolescents, rejection from peers and fear of negative evaluation is a common worry, thus can lead to social anxiety (Beesdo K, 2009).




Nutrition overall summary, nutritional statistics in adolescent. 
According to research conducted by Lassale C., 2019, large consumption of fruit, nuts, vegetables, moderate consumption of poultry, eggs and dairy and low consumption of red meats known as the Mediterranean diet has shown to decrease the risk of depression and anxiety in adolescents. 

The general population's food consumption pattern in many Asian, American and European nations shows that they are often low in numerous nutrients, including vital vitamins, minerals, and omega-3 fatty acids. (American psychiatric A. 2000). The degree of deficit in these nutrients is a noticeable aspect of the diets of people suffering from mental illnesses (American psychiatric A 2000). Daily supplementation of important nutrients has been shown in studies to be useful in lowering symptoms. (Shaheen Lakhan SE, Vieira KF. 2008).

When we look closely at the diets of adolescents struggling with mental health problems, there tends to be a trend that their nutrition is far from optimal. These individuals usually make poor eating choices and choose products that may aggravate depression. Recent data reveals a relationship between low serotonin levels and suicide (Mann JJ. 1990). Lower levels of this neurotransmitter are thought to contribute to a general insensitivity to future consequences, activating hazardous, impulsive, and violent actions that might end in suicide, the ultimate act of inwardly directed impulsive anger (Mann JJ. 1990).
Micronutrients are very important in overall health and wellbeing and also pay a key role in mental state, some key micronutrients for improved cognitive function are; Chlorine, magnesium, Vitamin D, Iodine, folate, vitamin B12 (Xie, Y., et al 2023)

Choline
Choline is a B-vitamin that may be found in high concentrations in animal products (meat, eggs) and yeast extract, since it is a water-soluble vitamin. Choline has a key role in mood, memory, and cognition as a necessary component of cell membranes and as a precursor to the neurotransmitter acetylcholine (Bartholomew, R. 2021)

Magnesium
The 'feel good' neurotransmitter serotonin is essential for maintaining a steady disposition, and magnesium is a necessary co-factor in its creation. Improvement of depression symptoms by magnesium has been the subject of research. (Jacka FN, et al, 2009). Magnesium supplementation has been shown to reduce symptoms of anxiety and depression in current research. It has also been shown to be an effective therapy for mild to moderate depression with positive results seen within two weeks.  (Jacka FN, et al, 2009)

Vitamin D
Vitamin D was formerly thought to be essential just for strong bones, now, vitamin D is understood to have far-reaching benefits on health. Healthy brain growth and function, as well as brain protection, require adequate vitamin D levels (Boucher BJ. 2012). Cognitive impairment, depression, and autism have all been linked to insufficient vitamin D levels. (Moon JH, et al. 2015). New evidence shows that prenatal or early life vitamin D supplementation may help lower the likelihood of autism spectrum disorder (ASD) (Cannell JJ, et al.2013). Vitamin D insufficiency is more common in the fall and winter, so it's particularly vital to make sure everyone levels are where they should be.




Iodine 
Being a component of thyroid hormones, which are essential to proper brain and nervous system development and function, iodine is a remarkable mineral with various physiological functions. If the body doesn't get enough iodine, the thyroid could stop producing enough thyroid hormone (Bartholomew, R. 2021). The ensuing imbalance and associated functional and developmental problems are known together as iodine deficiency disorders (IDD). Infectious disease outbreaks are one of the most pressing public health concerns in the globe today. Their influence is subtle, yet it has far-reaching consequences for people's well-being. When the soil is deficient in iodine, food items with low iodine concentrations are produced, leading to inadequate iodine consumption by the population as a whole (Kapil U. 2007). Nonetheless, iodine is a scarce element in soils, and rains may easily wash it away. Several researchers believe that iodine deficiency is the biggest probable cause of intellectual impairments, and that as much as a third of the world's population may be affected (Bartholomew, R. 2021). It has serious consequences for children's brain development, including effects on their ability to reproduce and a decline in their intelligence. Particularly high in iodine content are sea vegetables, while other sources such as seafood, eggs, dairy products, and strawberries may also help (Kapil U. 2007).

Folate 
Vitamin B9 (Folate) is present in many foods in its natural water-soluble form. Folic acid, which is also used to boost levels is widely available as a dietary supplement (Pitkin RM. 2007). The nutrient folic acid has a role in the synthesis of DNA and RNA as well as the breakdown and use of proteins. It is essential in the degradation of homocysteine, an amino acid that, in excess, may cause health problems (Pitkin RM. 2007). Red blood cell production and maintenance, as well as fast growth, such as that which occurs during pregnancy and fetal development, all depend on adequate intakes of folic acid (Cafasso, J. 2022). Folate deficiency may develop if the body does not get enough from nutrition. Citrus juices and dark green vegetables are two excellent examples of beverages and vegetables that are high in folate (Cafasso, J. 2022).

Vitamin  B12
Similar to folate, Vitamin B-12 is crucial for the creation of DNA, the molecules found within cells that contain our genetic information, as well as for the proper functioning of our nervous system and red blood cells. (Clinic, M. 2021). B12 insufficiency in the diet is uncommon in the United Kingdom, except among dedicated vegans and devout Hindus (Banarjee DK, et al. 1970). An unmanaged lack of vitamin B-12 may cause anaemia, exhaustion, muscular weakness, digestive issues, nerve damage, and mental disorders (Clinic, M. 2021).

Depression and anxiety linked to nutrition
Depression and anxiety are the most prevalent mental health issues globally (Friedrich MJ., 2017). Subclinical symptoms of depression and anxiety influence the well-being and functioning of a huge percentage of the population (Johnson J, 1992).
As a result, new techniques to treating clinically recognised and subclinical depression and anxiety are required. The connections between diet and mental health have received a lot of attention in recent years. 
Some studies have shown that improving an individual's nutrition may be an effective therapy for depression, suggesting that inadequate nutritional intake may play a role in the development of the disorder (Yen, PK, 2005)
As depression has been shown to impact appetite, it's possible for individuals with depression to have fluctuations in weight, either upwards or downwards (Yen, PK, 2005). Regardless of body mass index, a decrease in appetite raises the risk of micronutrient imbalances. It is still unknown if the link between sugar and depression is causal or whether these types of people seek out sugary foods as a kind of self-medication (Peet, M. 2004). Nonetheless, an excessive consumption of refined sugars has been linked to depression.

Neurotransmitters linked with depression.
Dr. Richard Wurtman of MIT, who has engaged in multiple research projects on nutrition and the brain, claims that the nutrients in meals are precursors to neurotransmitters, and that the quantity of a given neurotransmitter generated depends on the amount of that precursor consumed. (Benton, D., et al 1999). This may seem like a simple procedure, but it is complicated by the fact that most diets are composed of more than one nutrient, and the interaction between these nutrients affects neurotransmitter synthesis and release (Benton, D., et al 1999).
Amino acid supplements have also been reported to ease symptoms, since they are converted too neurotransmitters, which reduce depression and other CMD’s (Lakhan SE, et al. 2008).  Fortunately, nutritional supplement/treatment, is developing as a result of growing scientific data. This research may be useful in treating or mitigating all forms of mental health (Lakhan SE, et al. 2008). Neurotransmitter deficiencies, such as serotonin, dopamine, noradrenaline, and -aminobutyric acid (GABA), are often related with depression and anxiety (Stockmeier CA, et al. 1997).

Serotonin 
The chemical serotonin is produced by nerve cells and is responsible for communicating with other nerve cells. The brain, the gastrointestinal tract, and the platelets in your blood all contain serotonin (Scaccia, A. 2022). It may also contribute to maintaining a balanced state of mind (Scaccia, A. 2022).
The amino acid tryptophan is used in the production of serotonin. This is an essential amino acid, meaning you must receive it from food (Scaccia, A. 2022). When consumed on an empty stomach, tryptophan, a precursor to serotonin, is generally converted to serotonin. Hence, tryptophan could aid in sleep and calmness. This provides evidence that correcting serotonin deficiencies alleviates depression (National Institute of Mental Health, 2008). 

Dopamine 
The neurotransmitter dopamine (DA) is essential for the brain's control of reward and action. The ventral tegmental region (VTA) is where DA is produced in the body of nerve cells as part of the reward pathway (Slaney T. R., et al 2013). Dopamine is often known as the "pleasure molecule," yet this name is inaccurate since dopamine does not cause happiness. Yet, by associating pleasurable experiences with specific actions, it helps to reinforce those sentiments (Sheppard, S. 2022).
Dopamine insufficiency is thought to be related to depression, but a shortage of serotonin is more often regarded for low mood. Depressed individuals often struggle with a lack of drive and focus (Watson, S. 2021). Tyrosine is a precursor to dopamine, therefore increasing your intake of this amino acid via diet may increase brain dopamine levels. A diet high in tyrosine has been linked to enhanced memory and cognition. (Hoes MJ, 1982).

Gut-Brain Connection
Most of the human microbiota is found in the intestines, particularly the small and large intestines. Bacterial cells inside the gut microbiota are thought to outnumber human eukaryotic cells by a factor of 10 or more (Hamady, M. 2009). They influence one's mood and stress reactivity through interacting with the neurotransmitters and neuropeptides (Van Oudenhove, L, et al 2011). Furthermore, there are one hundred times as many genes in the gut microbiome as there are in the human genome (Qin, J., et al. 2009). Bacteria, viruses, archaea, protozoa, and fungus are all part of this intricate ecosystem.
By modulating immune system development, metabolising food nutrients (such as fatty acids, glucose, and bile acids), facilitating the digestion of complex indigestible polysaccharides, and producing vitamins and bioactive compounds (Lankelma, J.M, et al. 2015), the gut microbiota plays a significant role in host health and if it is deviated it may have ramifications in the context of food and metabolism that may contribute to the onset of CMD’s (Mayer, E. 2016)
Numerous variables, including host genetics, method of birth, lifestyle, medical treatments such as antibiotics and vaccines and health conditions (Burokas, A. et al, 2015) all have significant effects on the gut bacteria. It is now well established that nutrition is one of the most influential elements in determining the formation and composition of gut microbiota over the lifetime (Lankelma, J.M, et al. 2015). Significant dietary changes in adolescents may alter the microbiota in a matter of days (David, L.A., et al. 2014), and food accounts for more than half of the variance in gut microbiota (Zhang, C., et al, 2009).
Red meat, high-fat meals, and refined carbohydrates are all on the rise in the current diets around the world, which has changed dramatically over the last several decades. Increases in the prevalence of chronic inflammatory diseases like cardiovascular disease, obesity, depression, allergies, diabetes, and autoimmune disorders (Maslowski, K.M. 2009). These may contribute to the changes in gut microbiota brought about by the 'Westernisation' of diets and the rise in sedentary lifestyles. Both the risk for metabolic syndrome and the risk for depression may be affected by the microbiota in an individual's digestive tract, according to research (Dinan, T.G, et al. 2013). Therefore, it is evident that understanding the biological interactions between the diet and microbiota is vital for improving the nutritional value of food and, by extension, human health (Dinan, T.G, et al. 2013).

Inflammation 
Connections between chronic inflammation and many CMD's including depression and anxiety, have emerged in recent years (Miller, A.H., et al 2009). Previous research, for instance, have shown that people with depression had higher levels of pro-inflammatory peripheral cytokines than those without depression (Goldsmith, D.R., 2016). This occurs when microglia and other cells of the CNS secrete cytokines that play an important role in modulating numerous CNS activities, including the preservation of neuroplasticity (Stellwagen and Malenka, 2006). Neurotransmitter signalling, synthesis, reuptake, and release are all disrupted by excessive or prolonged inflammatory cytokine activity (McAllister, 2012). This, in turn, alters the performance of neurocircuits, including those involved in emotion and thinking (Dantzer et al., 2008).
Based on pooled data from 11 studies in a recent systematic review conducted by Tolkien. L., et al (2018) with a total of 101,950 individuals at baseline, indicated that people who eat a diet high in inflammatory foods are 1.4 times more likely to be diagnosed with depression and anxiety or have depressive symptoms. This research links in with other studies stating that pro-inflammatory nutrients may activate the innate immune system, leading to low-grade inflammation, causing a risk of depression and anxiety to occur (Cordain, L., et al. 2008; Bosma-den Boer, M.M., et al 2008).
There is a growing body of evidence showing that nutrition may affect neuronal function and synaptic plasticity (Sánchez-Villegas, A., et al 2011) both processes are important in the aetiology of depression. A healthy dietary pattern (one high in vegetables and fruit, whole grains, fish, and legumes) reduced C-reactive protein (CRP) and interleukin-6 (IL-6) plasma concentrations, while a Western (unhealthy) dietary pattern (high in red and processed meats, and foods which have been processed for wholesale) in increased these markers. (Lopez-Garcia E., et al 2004).
Inflammation may also be influenced by the food in many ways. The beta-glucans included in whole grains have been shown to boost immunity, and the fibre in these meals may also have a role in modifying the immune system (Volman JJ., et al 2008) The composition of gut microbiota may be altered by fibre [60], which in turn affects immune function (Parikh S., et al 2012). Whole grain food has been demonstrated to reduce the risk of inflammatory disorders (Jacobs DR., et al 2008). Similar research discovered choline—which is abundant in eggs, broccoli, and cauliflower—and betaine reduced levels of inflammation in the body's periphery (Detopoulou, P., et al 2008).
Some research suggests that a pro-inflammatory diet raises the risk of depression in women but not in men (Akbaraly, T.N., et al 2016). 

Home Environment
Relationships, family structure, and commonly held values are all components of what researchers call "family environment" (Moos & Moos, 1986). How well a family operates depends on a number of factors, including the level of support, the ease with which members may express their views and emotions, and the transparency with which roles and duties are defined. Different family functioning patterns have significant bearing on the part played by the family environment in shaping the lives of individual family members.
Adolescents are more likely to engage in healthful eating habits if they eat regularly with their families (e.g., Neumark-Sztainer, Hannan, Story, Croll, & Perry, 2003). More frequent family mealtimes have been linked to a variety of positive outcomes, including better diets (e.g., Gilman et al., 2000), lower risks of overweight and obesity (e.g., Fulkerson, Kubik, Story, Lytle, & Arcan, 2009), and lower rates of depression and anxiety (e.g., Eisenberg et al., 2004, Fulkerson et al., 2006). Overweight boys exclusively have shown a negative correlation between these problems and mealtime prioritisation (Fulkerson, Strauss, Neumark-Sztainer, Story, & Boutelle, 2007). 
Mealtime experiences may vary across sexes, with some research suggesting that females may benefit more from the social aspects of eating with others than boys do (Neumark-Sztainer et al., 2008). There is also substantial evidence to suggest that adolescent girls and boys experience psychopathology differently when it comes to eating, depression and anxiety with degrees of psychopathology more often reported by females than boys (E.g., Goodwin, Haycraft, Willis, & Meyer, 2011).
A healthy weight for an adolescent is open for debate depending on the family, culture, psychology and socio-economic backgrounds with dictate this. Statistically, almost 1/3 of mothers with overweight adolescents do not think of them as overweight, according to research from the third National Health Survey (Maynard LM., et al 2003). Additionally, around 70-80% of parents coming from a low incoming background do not believe their child is overweight if statistically they are (Baughcum AE., et al 2000). They will state that social stigma, restrictions in physical activity & an unbalanced diet is the cause of the adolescents’ issues. Although this might be correct, low-income mothers disagree with health experts who might suggest other objective reasonings to why this is (Baughcum AE., et al 2000). This research suggests that mothers coming from low-income backgrounds might understand the problems leading to their adolescents unhealthy eating patterns which could lead to more serious CMD, but lack the knowledge in how to help them improve their wellbeing.

There is a pressing need to study this correlation in adolescents because roughly 30% of adolescents experience mental health problems, evidence suggests that health behaviours during this life stage are typically poor, and the transition phase of youths may present unique opportunities for interventions to improve diet and mental health (Corder et al., 2017; Gustavson et al., 2018; Kimokoti et al., 2012; Winpenny et al., 2018). This study aimed to find out by investigating the connections between adolescent nutrition and mental health. The following are the questions that will guide the investigation.

1. Is there a possible relationship between diet quality, depression and anxiety in the adolescent population?
2. Are there multiple factors that could come into adolescents’ mental health in specific depression and anxiety?
 
Methodology 
This systematic review used research databases PubMed, google scholar & Science Direct to find all relevant literature regarding the topic ‘Effects of diet on depression & anxiety’.

Search Strategy 
The search was carried out using the following combinations of key terms: children OR adolescent OR teenager OR adolescence OR young person OR 11-17 years old and diet OR nutrition OR diet pattern OR food pattern OR healthy eating OR fruit OR vegetable OR fast food OR western diet AND depression AND anxiety. As mental health conditions overall are linked to adolescents there was a range of date regarding all mental health conditions. However, diet and its relationship with depressive & anxiety disorders was the primary objective of this review.

Inclusion criteria
In this review the following studies were found to be eligible for reviewing if the met the following criteria; Written in the English language, available in full text, age range was within parameters, 11-18 years old, studies consisted of cross-sectional, epidemiological cohort, case control, longitudinal and experimental trial studies, Investigated the relationship between nutrition, diet quality, depression and anxiety, assessed via self-reported questionnaires or controlled food records, internalising disorders assessed via doctors, medial records, interviews, self-diagnosis or depression/anxiety scale ratings.

Exclusion Criteria
Studies were excluded from this review if criteria did not meet the following; focused on eating disorders or weight loss, reported mental health conditions as a secondary issue to physical health issues, (i,e, heart disease, diabetes, cancer), studies which had adult participants, animal research, concentrated on 1 or 2 specific nutrients, studies that focused on pregnant women, focused on behavioural issues rather than mental health conditions.

Data Analysis

Data Extraction and Synthesis
One reviewer independently analysed the titles and abstracts of the publications that were recovered after duplication was removed. Studies that met the criteria to be excluded were immediately disregarded. Articles deemed reviewable were tracked down in full text and examined in order to make a final determination of eligibility. The reviewer used a standardised method to systematically gather data from the included papers. Participants, research aims/design, dietary and mental health measures, and significant results were gathered from the studies together with basic information such as author, year, country, location, and duration. Diet, depression, anxiety, and the relationships between the three were all considered when synthesizing the data.

Data Selection 
A total of 4348 studies were discovered using the search strategy's key words. After narrowing the search, 4119 studies were eliminated, leaving 70 potentially useful studies. When determining eligibility, we read through each study and eliminated any that did not meet the criteria. The method for selecting the final 11 studies for the systematic review is depicted in Fig 1.


Figure. 1
Flowchart summary of search results
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Description automatically generated]Table 1
Characteristics of chosen studies.
	Study
	Location
	Design
	Participants 
	Female %
	Mean Age
	Measures 

	Shivappa N, et al, 2018
	Iran
	Cross-Sectional
	300
	100
	16.2
	A Pro-Inflammatory Diet Is Associated with an Increased Odds of Depression Symptoms Among Iranian Female Adolescents

	Liang, K et al 2022
	China
	Cross-Sectional
	3314
	61
	14.21
	Association between Eating Habits and Mental Health in Chinese Left-behind Children

	Dehghan, P et al 2022
	Iran
	Cross-Sectional
	363
	100
	15.4
	The association between dietary inflammatory index, dietary antioxidant index, and mental health in adolescent girls

	Chi, X et al 2021
	China
	Cross-Sectional
	1794
	44
	15.26
	Mental health problems among Chinese adolescents during the COVID-19: The importance of nutrition and physical a

	Weng, T, et al 2012
	China
	Cross-Sectional
	5003
	48
	13.21
	Depressive symptoms and adolescent eating and health behaviors: a multifaceted view in a population-based sample

	Kulkarni, A., 2015
	New Zealand
	Cross-Sectional
	4249
	53
	15.2
	Associations between diet quality and mental health in socially disadvantaged New Zealand adolescents

	Jacka FN et al 2011
	Australia
	Cross-Sectional
	3040
	44
	N/A
	A Prospective Study of Diet Quality and Mental Health in Adolescents

	Wendy, H. et al, 2018
	Australia
	Cohort Study
	843
	51
	N/A
	Dietary patterns, body mass index and inflammation: Pathways to depression and mental health problems in adolescents

	Zalcman, S.S. et al. 2018
	Iran
	Cross-Sectional
	347
	100
	N/A
	The association between dietary patterns and depression in adolescents: A cross-sectional study

	Roberts, D.F. et al. (2004) 
	USA
	Cohort Study
	4734
	50
	14.9
	Depressive symptoms and adolescent eating and health behaviors: a multifaceted view in a population-based sample

	Esteban-Gonzalo, L., et al 2018 
	Spain
	Longitudinal Study
	798
	49
	14.1
	Diet quality and well-being in adolescents: the UP&DOWN longitudinal study



Results

Participants 
A total of 24785 adolescents both male and female were collected over the 11 studies. Participants were collected in a range of different geographic locations; 3 in China (Liang, K et al 2022; Chi, X et al 2021; Weng, T, et al 2012), 3 in Iran (Shivappa N, et al, 2018; Dehghan, P et al 2022; Zalcman, S.S. et al. 2018), 1 in New Zealand (Kulkarni, A., 2015), 2 in Australia (Jacka FN et al 2011; Wendy, H. et al, 2018), 1 in USA (Roberts, D.F. et al. 2004) and 1 in Spain (Esteban-Gonzalo, L., et al 2018).


Key findings from all studies
Key results from the studies found that a healthy diet is positively associated with better overall mental health and inversely an unhealthy diet can pose mental health problems.
Inflammation in the body due to foods high in saturated fats and processed foods have been linked to poor mental health in particular depression and anxiety. 
Individuals economical and socio-economic status can depend on what types of foods that are readily available to them. Adolescents in poorer countries have been shown to eat less nutrient dense foods, therefore rates of depression and anxiety due to this are higher than individuals coming from richer backgrounds with more access to better quality foods.
Depression and anxiety stemming from diet has been found to be more prevalent in female adolescents more than males & an adolescent’s home environment plays a massive role in their ability to eat healthier foods. If the home environment does not allow for this type of eating, then there is a possible influx of CMD’s including depression and anxiety.

Healthy Mediterranean diet
5 studies (Liang, K et al 2022;Dehghan, P et al 2022;Chi, X et al 2021;Jacka FN et al 2011;Esteban-Gonzal, L, et al 2019;Wendy, H. et al, 2018) found that adherence to a healthy diet (Mediterranean diet) which consists of fruits, vegetables, whole grains, nuts, fish and olive oil, had an inverse correlation in the risk of depression and anxiety in adolescence males and females. Overall scores of depression and anxiety were considerably lower when following this eating pattern across all of the studies. 
3 studies (Liang, K et al 2022; Jacka FN et al 2011; Wendy, H. et al, 2018) found that this healthy eating patterns helped lower the risk of inflammation. Since inflammation has been linked to various CMD’s, including depression and anxiety. 
Wendy, H (2018) conducted a follow up study which was done on adolescents at 14years and 17years, the hypothesised connections between eating patterns, inflammation, depression, anxiety and internalising and externalising problem behaviours have been backed up by their research stating that adolescents that follow a healthy eating pattern such as the Mediterranean diet can lower the risk of depression and anxiety symptoms. The study also found that having a higher body mass index (BMI) at the age of 14 was associated with having a higher BMI, leptin, and hs-CRP, as well as experiencing more depressive symptoms and mental health issues by the age of 17, while a "Healthy" food pattern seemed protective along these pathways (REF).

Unhealthy Western Diet
The western diet consists of foods that are higher in energy density but have poor micronutrient levels in them such as fries, sweets, chocolate, soft drinks & rich in saturated fats. 
5 studies (Kulkarni, A., 2015; Jacka FN et al 2011; Wendy, H. et al, 2018; Zalcman, S.S. et al. 2018; Esteban-Gonzal, L, et al 2019) found that western diets consisting of snack & animal foods resulted in a higher risk of depression and anxiety in adolescents. The results show that foods dense in overall energy but low in nutritional value can have negative effects on adolescents’ mental health. The gut-brain axis is affected in several ways by this diet, which leads to changes in cognitive performance 
(Wendy, H. et al, 2018). The hypothalamic-pituitary-adrenal (HPA) axis dysregulation linked, anxiety, and depression may also be triggered by repeated consumption of the highly desirable products characteristic of the western diet over an extended period of time (Esteban-Gonzal, L, et al 2019)

Inflammation 
Inflammation links in closely to the western diet as foods high in saturated fats, red/proceeded meats and refined grains have shown a strong correlation with increased risk of depression and anxiety. 
3 studies (Shivappa N, et al, 2018; Dehghan, P et al 2022;Wendy, H. et al, 2018) have found strong evidence that a pro-inflammatory diet has a greater chance of adolescents developing depression and anxiety symptoms. 
Dehghan, P., et al (2022) study found that there was no significant association between inflammation and depressed symptoms in women in their investigation. Among males, however, the association was somewhat significant.
Shivappa N, et al, (2018) found contradicting evidence to Dehghan, stating that there was a significant positive correlation between inflammation and depression/anxiety when diet is poor. 
Wendy, H. et al, (2018) research found that a western diet is indirectly associated with increased risk of depression and anxiety development through biological pathways of adiposity and inflammation.
This information links McAllister, A, (2012) study stating that neurotransmitter signalling, synthesis, reuptake, and release are all disrupted by excessive or prolonged inflammatory cytokine activity caused by a poor nutrient dense diet. This can cause alterations the performance of neurocircuits, including those involved in emotion and thinking.

Economical Status 
Economical status plays a very important role in the likely hood of adolescents consuming a healthy balanced diet. Healthier eating habits are associated with higher socioeconomic class (SES), while the opposite is true for those with lower SES, whose dietary profiles are less compatible with nutritional recommendations or dietary standards (James, W.P.T., 1997). Public health is actively concerned with both social inequality and nutrition quality, which is reflected in healthy eating behaviours. 
2 Studies (Liang, K et al 2022, Esteban-Gonzal, L, et al 2019) looked at economic status as a factor for poor mental health.
The study conducted by Liang K, (2022) found that left behind children (LBC) in disadvantaged areas of China were much more likely to have an unhealthy quality of diet, due to the low socioeconomics’ of the area’s the study was focused on. Not being able to afford healthy foods high in micronutrients, the adolescents in this situation must adopt a ‘take what you can’ mentality to survive, but this comes with the consequences of increased risk of depressive and anxiety symptoms.
The study produced by Golzalo, LE (2018) found the same outcome in their research. However, when I looked more in depth at the other socioeconomic factors that could affect adolescents mental health. They found that as well as economic status being an important factor, an unhealthy diet was associated with being less physically active, higher family conflict, lower family meals, low parental job occupation and education status. This study suggests that if an adolescent does not have the family support systems in place and there is family conflict, they are much more likely to consume unhealthy foods with can result in increased depression and anxiety.








Anxiety and depression male vs female 
Differences in males and females cultures can play an important factor in anxiety and depression 4 studies (Liang, K et al 2022; Dehghan, P et al 2022; Chi, X et al 2021;Weng, T, et al 2012). The evidence from these studies suggest that females are more likely to develop anxiety and depression symptoms than males. Studies suggest this is due to multiple factors.
Liang, K (2022), found that this is due to the consistent snacking of unhealthy foods females consume when put in stressful situations for various reasons. The study also revealed regular fruit consumption was related to reduced chances of mental health disorders, and again this association was seen more in females. This is backed in part by data showing a correlation between eating fruit and a reduced risk of developing mood and anxiety disorders (Dehghan, P et al 2022).
Increased consumption and animal foods was generally associated with males more than females (Weng, T, et al 2012). This information was backed up by, Dehghan, P (2022) research that found no significant link between DII and depressive/anxiety symptoms in female participants. Among males, however, there was a small but significant association. This could be due to the fact that higher levels of inflammation are associated with red meats, processed meats & snack foods. However, these results differ from those of Shivappa N, (2018), study of Iranian adolescent girls, which found that a higher DII was significantly associated with higher odds of depression and stress levels in adolescent girls. 
Thus, factors such as residence, ethnicity, and local dietary habits & socioeconomic status could explain these differences, given the disparate study regions (Shivappa N, 2018).

Body Image links with anxiety and depression
Adolescence is the first time in their lives when girls and boys start to eat differently and choose different foods to what they are used to being given by their parents or guardians. Women have been educated to eat in a more feminine fashion, while males tend to eat more calories than women do and have distinct eating habits. Compared to boys, women are more likely to struggle with their weight because they like eating meals that are calorie dense but believe they should not. Dieting behaviour begins at a young age in females, indicating the existence of pressures to be slim in early adolescence. Dissatisfaction with one's weight and appearance are more common among women than among boys. Eating disorders are more common in women girls than in boys, suggesting that sociocultural and psychological variables play a role in their development.
2 studies  (Liang, K et al 2022; Jacka FN et al 2011) found that females are more likely to develop body dissatisfaction than males, due to the fact that teenage girls are more prone to be anxious about their appearance and make dietary sacrifices in an effort to stay thin, therefore, sacrificing prominent nutrients that help brain function, this could then lead to serious CMD’s such as depression and anxiety.

Home Environment 
1 study (Golzalo, LE 2018) looked at the importance of the home environment when it comes to nutrition and CMD’s , frequent family meals, home cooked food and parental food choices reflect on the well-being of the adolescent. 
The study found that adolescents' diets and health improve when they dine together as a family more often. Adolescents' eating habits were also related to the availability of nutritious foods and the encouragement of good eating by parents and peers. Adolescents whose parents reported eating more fruits and vegetables had a higher quality diet. 
When it comes to the home environment there are other factors that are important to note. Adolescents' well-being is connected to their relationships with family members, and family conflict may have a detrimental impact on their eating habits. Adolescents eating habits may be influenced by their parents' examples, household rules, and encouragement. In a similar vein, Golzalo, LE (2018) also linked family dynamics to dietary habits and health. Cohabitation between both parents may have a beneficial effect on children's eating habits, but growing up in a home with just one parent may be correlated with negative psychological outcomes in later life. Last but not least, dietary quality may be impacted by variables such as a rise in meal skipping and the prevalence of eating out.

Neurotransmitters
2 studies (Chi, X et al 2021; Zalcman, S.S. et al 2018) looked at the effects diet has on neurotransmitters and how different foods work on changing adolescents’ overall mood. 
Chi, X. (2021), found that when adolescents snack excessively with foods high in fat and sugar they do not provide their bodies essential micronutrients which is important for neurotransmitter function. This leads to CMD’s such as depression and anxiety. The study also found that even if the individual is not over consuming unhealthy foods high in fat and sugar, they could still be depriving themselves of essential nutrients by not consuming fruits, vegetables & protein frequently enough.
Similarly, Zalcman, S.S. (2018) study, found that micronutrient-poor foods have a large role in the creation of antidepressant neurotransmitters like serotonin and dopamine in the brain, as they examined the influence diet has on neurotransmitter function. The study also found that the induction of inflammation and/or oxidative stress by eating a diet heavy in animal proteins, saturated fat, and foods with a high glycaemic index has also been linked to the development of depression and anxiety.

Gut Microbiome
1 Study (Golzalo, LE, et al 2018) looked at the effects the gut microbiome has on depression and anxiety in regards to diet. They found that depression and anxiety problems may be linked to changes in gut microbiota, which have been found to affect stress-related behaviour. The study suggests that Improvements in diet and subjective well-being may result from changes in gut microbiota homoeostasis, which in turn may be influenced by the Mediterranean diet adherence. This research shows strong correlation to Maslowski, K., (2010) research stating that by eating more processed meals, saturated fat, and refined sugar. Increased rates of chronic inflammatory disorders like cardiovascular disease, obesity, depression, and anxiety, can occur which is caused by the changes in gut microbiota, this is brought on by the 'Westernisation' of diets and the prevalence of sedentary lifestyles.

Discussion and conclusion 
The purpose of this systematic review was to examine the current research and draw conclusions on the relationship between dietary quality and internalising conditions such depression, and anxiety in adolescents and see if there are any other external factors that contribute to development of these conditions. The research found that poor eating habits in teenage years were consistently associated with worse mental health outcomes.
Adolescents with depression and/or anxiety problems or symptoms may self-medicate by eating less healthily and it seems to suggest females deal with this burden more than males due to the extra life stressed caused by females feeling the need to fit in with being ‘normal’ influenced by social media and society. It's also possible that the examples set by parents and other role models in a teenager’s development, including how they eat and what they consume, can have a significant effect on depression and anxiety symptoms if the guardian is not well informed by what correct nutrients, they should be feeding their child. 
Adolescents' mental health may be affected by the quality of their nutrition in a variety of ways. For example, a lack of nutrient-dense foods in one's diet may lead to nutritional deficiencies, which have been linked to mental health problems (Khanna, P., 2019). The consumption omega-3 fatty acids are negatively connected to CMD's (Khanna, P., 2019), whereas the consumption of folate, zinc, and magnesium is negatively related (Khanna, P., 2019). These problems effect neurotransmitter functionality, which is the driving factor of mood and emotion, therefore poor consumption of these key elements can drive CMD’s such as depression and anxiety if deprived for a long period of time.

In review of the studies chosen for this systematic review, further longitudinal research is required to look at the associations between the effects diet has on depression and anxiety, accounting for the time frame the adolescent is on the diet regime chosen by the study, to look at the long-term effects that a healthy diet has on depression and anxiety symptoms. Also, this information is useful to see if any breaks in the healthy diet has an effect on the participants overall mental health.

An important point to note is the lack of reference to the gut microbiome and how it is an important factor in regulating mood. Golzalo, LE, et al (2018), was the only study from the 11 chosen to reference the effects the gut microbiome has on mood regulation. In contrast to the vast majority of research found, which in most, concentrated on dietary components like amino acids and micronutrients that are absorbed in their entirety in the proximal small intestine, most current research has taken an interest in food molecules that are too large to be absorbed intact in the proximal gut and whose digestion primarily depends on metabolic processes taken place by the gut microbiota in the distal small intestine and colon. The structure and activities of the gut microbiome are critical in determining whether or not these non-absorbable food components provide any health benefit at all (Horn, J., 2022). These early investigations were essential in elucidating the function of gut bacteria in mammalian behaviour, but little has been gleaned from them that may be applied to the diagnosis or treatment of human mental health disorders (Osadchiy, V., et al 2011). However, since diet greatly affects human gut microbial composition and function, the theory that nutrition, along with the immediate influence of macro/micronutrients on the neurological system, could play a contributing factor in gut microbiome alterations with impacts on human mood and cognitive function, is an important note point and could have huge effects on CMD’s across all ages of life. Therefore, should be referenced when researching topics regarding how diet effects depression and anxiety (REF).

The link between diet quality, depression and anxiety has shown a strong correlation. Other factors such as SES, home environment and social environment also play a role in the wellbeing on adolescents’ around the world mental health. If this systematic was to be reviewed in the future, more research on how the gut microbiome affects individuals mental wellbeing, so more research should be carried out in the sector in order to fully understand the mechanics on how this process occurs.

Limitations
Reliable reporting is essential to scientific studies, but there are a number of factors that might introduce error. Two common types of reporting bias are memory ability biases and social desirability biases (Hebert, J.R., 1995). In the former, respondents are more likely to report eating better because they are familiar with healthy eating norms. Since either adults or adolescent filled out the FFQs in the studies, it is difficult to compare the findings since reporting biases may be a factor. Those who suffer from depression may also be more likely to exaggerate their symptoms compared to those who do not causing a false set of data for the researcher to examine (Brouwer-Goossensen, D., 2021)
It is also worth noting although researchers have accounted for many common confounding factors, there are others who have not looked at them all. Due to its associations with both diet and mental health, socioeconomic status is one example of a significant possible confounder that has to be taken into account (Williams, L.J., 2011) Results from studies in this review that did not account for socioeconomic level should be interpreted with care since socioeconomic status and other associated factors may account for the observed correlations between diet and mental health, rather than diet and mental health alone. Also given all the studies looked at the effects diet in various forms has on CMD’s, only 2 studies (Chi, X et al 2021; Zalcman, S.S. et al 2018) looked at the way neurotransmitters are affected by various diets. As neurotransmitters are one of the main driving factors for overall mood, they should be looked at in more detail due to their importance. 
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