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ABSTRACT:
Nutrient deficiencies, such as vitamins, minerals, and polyunsaturated fatty acids, as well as dietary surpluses, such as sugar and artificial food additives, have not been proven to have a role in the genesis of Attention Deficit Hyperactivity Disorder ADHD. There is no solid data supporting dietary treatments for ADHD therapy at the group level. The complicated and ill-defined character of ADHD makes it difficult to identify a function for dietary components. Due to the disorder's variability, possible therapeutic advantages of dietary treatments may be limited to identifiable subpopulations of children with ADHD. In comparison to nutrient supplements, the combined advantages of the variety of foods that make up healthy diets may produce superior results. Diet and nutrition interact with other lifestyle factors like physical exercise, and research on treatment modalities for ADHD should place more emphasis on how diet and nutrition interact with lifestyle factors.
INTRODUCTION:
Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental condition that manifests in infancy as developmentally inappropriate and impaired inattention, motor hyperactivity, and impulsivity, with issues that frequently persist into adulthood.[1,2] The disorder was earliest described by Sir Alexander Crichton around 1798. Despite ADHD research in the West was accelerating, a study covering instances of hyperkinetic response in children was conducted for the first time in India in 1972, about 150 years after the disorder was first described.
It is characterised as a "consistent pattern of inattention or hyperactivity - impulsivity that is more frequently expressed and more severe than is generally found in persons of equivalent developmental level."[3] It affects roughly 3% to 5% of children worldwide, with symptoms appearing before the age of seven. ADHD is often a chronic illness, with 30% to 50% of people diagnosed in childhood still experiencing symptoms in maturity. Adolescents and adults with ADHD are likely to acquire coping techniques to compensate for their disability as they age. Young children in general are impatient and energetic; the difference with ADHD is that symptoms appear over a longer period of time and in various contexts. They have a negative impact on a child's capacity to perform socially, academically, and at home.
Signs and Symptoms:-

It is natural for youngsters to have difficulty focusing and behaving at times. Children with ADHD, on the other hand, do not just grow out of these behaviours. The symptoms persist, might be severe, and can cause problems at school, home, or with friends.

A child with ADHD might:
· daydream a lot

· forget or lose things a lot

· squirm or fidget

· talk too much

· make careless mistakes or take unnecessary risks

· have a hard time resisting temptation

· have trouble taking turns

· have difficulty getting along with others

Types:-
ADHD manifests itself in three ways, depending on which sorts of symptoms are prominent in the individual:
1) Predominantly Inattentive Presentation: The individual finds it difficult to arrange or complete a task, pay attention to details, or follow directions or dialogues. The individual is easily side-tracked or forgets   regular routine things.
2) Hyperactive-Impulsive Presentation: The individual fidgets and speaks a lot. It is difficult to remain still for an extended period of time (e.g., for a meal or while doing homework). Younger children may continually run, jump, or climb. The person is restless and struggles with impulsivity. Someone who is impulsive may frequently interrupt others, seize items from others, or talk at inappropriate times. It is difficult for the individual to wait their turn or listen to orders. Those who are impulsive may have more accidents and injuries than others.
3) Combination Presentation: Both sorts of symptoms are present in the person. Symptoms of inattentiveness and hyperactivity-impulsivity present equally. This type is what people most commonly associate with ADHD. About 70% of cases fall under this type.
Because symptoms might alter over time, the presentation may also shift.[4,5]
Diagnosis
Although many individuals lose attention, become distracted, and behave impulsively on occasion, those with ADHD exhibit these behaviours more severely and frequently. ADHD can impair relationships, work performance, and self-esteem. Many adults with ADHD are unaware that they have it; they may just be aware that ordinary activities are difficult. These behaviours have a significant impact on their quality of life, whether at job, school, or home, if they are not properly identified and treated.[5]
According to CHADD, there is no one ADHD test used to diagnose the illness. A complete assessment by a professional, such as a psychologist, psychiatrist, pediatrician, or clinical social worker, is required for an accurate diagnosis, which excludes other disorders and takes into account probable concomitant conditions.[6]
The Diagnostic and Statistical Manual, Fifth Edition (DSM-5) [3] of the American Psychiatric Society is used by medical professionals to make an ADHD diagnosis. This diagnostic standard aids in ensuring that individuals with ADHD are properly identified and treated. Determining the prevalence of ADHD among children and how this disease affects public health can both be done by using the same standard across communities.[7]
CAUSES & RISK FACTORS:
Scientists are researching the cause(s) and risk factors of ADHD in order to develop better ways to manage and minimise the likelihood of a person having the disorder. Although the cause(s) and risk factors for ADHD are unclear, recent research indicates that genetics plays a significant influence. Current research has linked genetic variables to ADHD.[3]

While the specific origin of ADHD is unknown, along with  genetics, the environment, or abnormalities with the central nervous system during critical stages of development may all play a role in the development of ADHD.

In addition to genetics, scientists are investigating additional potential causes and risk factors, such as:
· Brain injury

· Exposure to environmental risks (e.g., lead) during pregnancy or at a young age

· Alcohol and tobacco use during pregnancy

· Premature delivery

· Low birth weight

a) Genetics:-
According to the aforementioned research published in the Lancet Psychiatry, current data shows ADHD has a hereditary component, which means it appears to run in certain families.
The particular genes linked to ADHD have yet to be discovered. Because of the condition's intricacy, specialists at the National Human Genome Research Institute suspect numerous genes may be involved. These genes may be involved in the activities of certain neurotransmitters, or chemical messengers in the brain, such as dopamine, which is involved in the brain's reward systems as well as the regulation of impulsivity and movement.
b.) Environmental exposure to toxins and chemicals:-
Substance exposure, particularly lead exposure, may be a factor. According to research, there is a link between ADHD and blood lead levels. Lead exposure was linked to the impulsivity-hyperactivity mixed form of ADHD, but not the inattentive kind, according to one study published in the Journal of Child Psychology and Psychiatry.
Although research has repeatedly demonstrated a link between lead exposure and ADHD, it is crucial to remember that lead exposure is not the main cause of ADHD, nor does it ensure that a child will acquire ADHD.
Additional environmental chemicals, such bisphenol A (BPA) and phthalates, have lately been discovered to be potentially harmful to brain health. Yet, no link has been shown between these chemicals and ADHD.
c.) Use of Alcohol or tobacco during pregnancy:-
Tobacco use during pregnancy has been linked to ADHD symptoms in children in several studies. Nevertheless, recent studies has called into doubt whether drug abuse directly causes ADHD.
According to a research published in the Journal of Child Psychology and Psychiatry, there is no evidence that smoking during pregnancy promotes ADHD. Another study, published in the International Journal of Epidemiology in October 2017, discovered that alcohol usage during pregnancy was modestly, but perhaps causally, related with reported ADHD symptoms but not with clinical diagnoses of ADHD.
Still, pregnant women should avoid drinking and smoking due to additional well-established dangers such as early birth, low birth weight, and foetal alcohol syndrome.
d.) Traumatic brain injury:-
Early childhood traumatic brain injury has been related to the development of mental illnesses. ADHD is the most frequent of these illnesses, with a prevalence of around 20%, according to a report published in the May 2018 issue of JAMA Pediatrics. TBI is not rare; approximately three million People seek emergency care each year for it.
e.) Premature birth or low birth weight:-
According to some study, the smaller a baby's birth weight or the sooner their delivery, the greater the chance of getting ADHD. A meta-analysis and review of 34 research published in Paediatrics in January 2018 validated this, revealing an even greater relationship with the development of ADHD when birth weight was exceedingly low or the birth was extremely preterm (before 28 weeks).
f.) Diet and behavioural factors:-
Excessive sugar or food additives in the diet, as well as excessive screen time (television, cellphones, tablets, and laptops), have been linked to ADHD. For example, one small research published in BMC Pediatrics in January 2022 revealed that certain eating behaviours, such as high sugar intake, were more prevalent in children with ADHD than in those without ADHD.[8,9]
While these variables may influence or intensify symptoms, there is no evidence that they cause ADHD.

RISK FACTORS

ADHD is not associated with any other psychiatric or developmental issues. Children with ADHD, on the other hand, are more prone than others to have disorders such as:
· Oppositional defiant disorder (ODD) is a pattern of negative, rebellious, and aggressive conduct towards authority figures.

· Conduct disorder is characterised by antisocial conduct such as theft, fighting, property destruction, and injuring people or animals.

· Disruptive mood dysregulation condition characterised by impatience and difficulties with frustration tolerance

· Learning challenges, such as difficulties reading, writing, understanding, and communicating

· Substance abuse disorders (drugs, alcohol, and smoking)

· Anxiety disorders, which include obsessive compulsive disorder, can cause excessive concern and uneasiness (OCD)

· Mood illnesses such as depression and bipolar disorder, which involves both depression and manic behaviour.

· Autism spectrum disorder is a brain development issue that affects how a person sees and socialises with others.

· Tic disorder or Tourette syndrome are conditions characterised by uncontrollable repetitive motions or noises (tics).[10]
COMPLICATIONS ASSOCIATED WITH ADHD:
Without treatment, ADHD can potentially lead to a number of long-term complications. These complications may include:
· Poor self-esteem.

· Depression and anxiety.

· Eating disorders.

· Sleep issues.

· Substance use disorder.

· Risky, impulsive behaviours.

· Frequent driving accidents and injuries.

· Trouble with relationships and other social interactions.

· Academic underachievement.

· Job instability.[11]

Children with ADHD may find life challenging. ADHD in children:
· Often struggle in school, which can lead to academic failure and criticism from other children and adults

· Children with ADHD suffer more accidents and injuries of all types than children who do not have ADHD.

· Self-esteem is low in this group.

· Are more likely to struggle to engage with and be accepted by peers and adults.

· Are at a higher risk of alcohol and drug misuse, as well as other delinquent conduct.[11, 12]

PATHOPHYSIOLOGY OF ADHD:
The pathogenesis of Attention deficit hyperactivity disorder (ADHD) is not well understood. Having stated that, numerous pathways have been postulated as contributing contributors to the illness. They include problems in neurotransmitter function, brain anatomy, and cognitive function.

Although it is uncertain whether these processes cause or are a result of ADHD, they appear to be connected to the pathophysiology of the disorder and are present in afflicted people.[13]
Neurotransmitter-

 Since psychostimulants and noradrenergic tricyclics are effective in the treatment of ADHD, neurotransmitters like as dopamine and noradrenaline have been proposed as significant actors in the pathophysiology of ADHD.
These drugs work to alleviate ADHD symptoms by facilitating the release and activity of dopamine and noradrenaline neurotransmitters. As a result, a lack of neuronal transmission may be related to the pathogenesis and symptoms of ADHD.
Decreased dopamine activity has been linked to the illness and has been detected in patients using positive electron transmission (PET) scans.[16]
Brain structure- 
ADHD is known to be related with the frontal and prefrontal brain areas, as well as the parietal lobe and cerebellum. These anatomical regions were discovered using magnetic resonance imaging (MRI), as studies has demonstrated that children with ADHD had abnormal brain activity when doing particular activities.[14]
In children with ADHD, deformations of the basal ganglia nuclei may also be seen. In general, children with more severe deformities experience more severe symptoms. The success of stimulant medicines in treating ADHD, which may assist to minimise deformations, may provide weight to this notion.
Furthermore, several studies have found that children who are more hyperactive or impulsive have a slower rate of cortical thinning in the brain, which is especially noticeable in the prefrontal areas. This is characteristic of ADHD throughout adolescence.[14, 15]
Cognitive function- 
ADHD has also been related to various neurophysiological impairments and cognitive function abnormalities. These deficiencies are often found in the resting brain, although Default-Mode-Network (DMN) activity, which is important in the area of the brain used to process activities, may be implicated. As a result, impacted persons are more prone to struggle with attention regulation and maintenance.
Top-down cognitive executive control is supposed to aid in the monitoring of memory, cognitive flexibility, and inhibition. This is especially significant when people are executing difficult jobs that require a lot of adaptability and effort.[16]
ALLOPATHIC REMEDIES: 

Medicines may not be effective for all ADHD symptoms or have the same effect on everyone. The most successful treatment is frequently a mix of medication, counselling, behavioural modifications, and skill training. This is known as multimodal therapy.

The ones most widely used to treat ADHD include:
· Stimulants. For decades, this class of medications has been used to treat ADHD. These medications may assist you in focusing your thoughts and ignoring distractions. Stimulant medications help 70% to 80% of patients. They are used to treat mild to severe ADHD. These may be beneficial to children, teenagers, and adults who are struggling at school, job, or at home. Certain stimulants are safe to use in children beyond the age of three. Others are appropriate for youngsters above the age of six.

· Non-stimulants. Non-stimulants may be useful when stimulants fail to function or create undesirable side effects. These drugs can help with symptoms including focus and impulse control.

· Antidepressants. ADHD patients frequently suffer from sadness, anxiety, and bipolar illness. They may be prescribed an antidepressant to treat mental health issues or other conditions, as well as a stimulant to treat ADHD.[17]
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NUTRITIONAL MANAGEMENT FOR ADHD:
The consequences of malnourishment on the growing brain, such as diminished DNA synthesis, cell division, myelination, glial cell proliferation, and dendritic branching, indicate the brain's crucial requirement for appropriate nutrition. Malnourishment will emerge pathologically depending on the stage of brain development at the time of nutritional damage.[18]  Certain nutritional deficiencies' effects on development have become widely recognized and understood, such as perinatal iodine deficiency, which is now considered the world's biggest avoidable cause of mental retardation[19], folate deficiency, which is linked to spina bifida, and iron-related anaemia. Severe omega-3 polyunsaturated fatty acid (PUFA) shortages, particularly docosahexaenoic acid (DHA) shortages, can cause significant mental retardation linked with peroxisomal diseases.[20, 21]
ADHD is influenced by nutrition in three ways:
1. Brain cells, like all other cells in the body, require sufficient nutrients to operate properly.
2. The myelin sheath, which covers the axons of brain cells in the same way that insulation covers electrical wires, requires adequate nutrition to facilitate the passage of electrical signals between brain cells.
3. Diet is also necessary for the efficient functioning of neurotransmitters such as dopamine, serotonin, and norepinephrine.
The role of dietary intervention in ADHD management There is no evidence that nutrition causes the behavioral disease ADHD. Yet, evidence shows that dietary adjustments might help some people with their symptoms. Because meals and supplements have been demonstrated to impact behaviour, a significant amount of nutrition research has been conducted to investigate the effects of foods and supplements on ADHD.[3]
Micronutrients, such as minerals and vitamins, and polyunsaturated fatty acids (PUFAs), are among the major dietary elements claimed to be beneficial in the treatment of ADHD. Many studies have shown lower blood plasma levels of several minerals, such as magnesium, iron, and zinc, in children with ADHD at the group level, and supplementation of these minerals may alleviate ADHD symptoms in people with corresponding deficits. Unfortunately, there is no evidence to back this up.[22]
Many research have looked at the function of supplements in the treatment of ADHD symptoms, such as polyunsaturated fatty acids (PUFAs), single micronutrients like zinc and vitamin D, micronutrient blends, herbal supplements, and probiotics.
Generally, two types of research have been conducted: Supplement studies: Adding one or more nutrients to your diet. Elimination studies: Removing one or more components from the diet.[3]
Supplementation with amino acids:- 
The amino acids phenylalanine, tyrosine, and tryptophan are required to produce the neurotransmitters dopamine, serotonin, and norepinephrine. Individuals with ADHD have been proven to have issues with these neurotransmitters, as well as low amounts of these amino acids in their blood and urine. As a result, including these has resulted in a slight improvement in ADHD patients.
Mineral and vitamin supplements:- 

In children with ADHD, reduced levels of zinc, magnesium, calcium, and phosphorus have been regularly found. The addition of these to the diet has improved the symptoms.[3]
· ZINC 
In addition to crucial functions in immunological function, growth, development, and reproduction, zinc is necessary for brain development. Arnold provides a detailed discussion of the role of zinc in brain function and ADHD.[23] His evaluation contains results from nine research done throughout the world, all of which discovered lower zinc levels in children with ADHD, as well as connections between lower zinc levels and severity of symptoms.
Changes in zinc levels were also associated with worsening behavioural and emotional symptoms in hyperactive children.[24]
· IRON
Iron is essential for the formation and function of the central nervous system, and it participates in a variety of neurotransmission processes. Iron insufficiency has been linked to impaired cognitive development, and it has been claimed that iron shortage may impact cognition and behaviour by acting as a cofactor for tyrosine hydroxylase, the rate-limiting enzyme in dopamine production.[25, 26]
Because of its neuroprotective action against lead exposure, iron has been postulated to have a role in ADHD.[27]
· MAGNESIUM
Suboptimal magnesium (Mg) levels may have an effect on brain function through a variety of mechanisms, including decreased energy metabolism, synaptic nerve cell signalling, and cerebral blood flow; it has also been suggested that its nervous system suppressive effect helps to regulate nervous and muscular excitability.[28]
Decreased Mg levels have been documented in ADHD youngsters.
Supplements for omega-3 fatty acids:- 
Omega-3 fatty acids are essential for the brain. The brain has 60% of its dry weight in lipids, while the retina, brain, and nervous system contain the highest concentration of long-chain omega-3 PUFA docosahexaenoic acid (DHA) in the body.[29] Children with ADHD have lower amounts of omega-3 fatty acids than those without ADHD. It is also worth noting that the lower the omega-3 levels, the more learning and behavioural issues the ADHD youngsters appear to have. Omega-3 fatty acids appeared to aid in job completion and attention span. They also reduced hostility, restlessness, impulsiveness, and hyperactivity
The role of omega-3 PUFAs in the pathogenesis and treatment of ADHD is debatable .[30, 31] Since blood levels of docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), and arachidonic acid (AA) were found to be significantly lower in children with ADHD compared to controls, numerous clinical studies have been conducted to investigate the effects of omega-3 PUFA supplementation on ADHD symptoms.

Herbal Supplements:-

· Pycnogenol and ADHD:-

Antioxidants are gaining popularity due to their ability to lower oxidative stress in the brain, which has been linked to a number of mental diseases such as autism and ADHD.[32]  Pycnogenol is a registered trademark for a powerful antioxidant obtained from the bark of maritime pine trees. It is high in polyphenolic chemicals, particularly procyanidins and phenolic acids.[33] Pycnogenol has also been shown to enhance blood circulation and boost nitric oxide production.[34, 35]As a result, it may help with cerebral blood flow, which is known to be hindered in ADHD.

· Gingko biloba :-
A natural supplement called gingko biloba has been shown to increase blood supply to the brain and reduce platelet activation.[36] Although systematic studies evaluating the effectiveness of G biloba for enhancing cognitive function have not backed up these claims, it has been promoted as a treatment for dementia and memory loss.[37]

· St John’s Wort: Hypericum perforatum :-
Serotonin, norepinephrine, and dopamine reuptake have been shown to be inhibited by the herbal supplement St. John's Wort.[38] A norepinephrine reuptake inhibitor called atomoxetine and the ADHD drug bupropion share a possible mechanism of action with St. John's wort. (a norepinephrine and dopamine reuptake inhibitor).[38]

Removing artificial colorants and preservatives:- 
AFCs and preservatives are compounds that appear to alter the behavior of children, regardless of whether they have ADHD or not. A study of 800 youngsters suspected of hyperactivity was conducted. 75% of them recovered while on an AFC-free diet, but reverted when AFCs were introduced again. Another study discovered that AFCs and sodium benzoate, a preservative, enhanced hyperactivity in 1,873 youngsters.[3]
Getting rid of sugar and artificial sweeteners:- 
Soft drinks have been related to increased hyperactivity, and persons with ADHD frequently have low blood sugar. In addition, several observational studies have linked sugar consumption to ADHD symptoms in children and adolescents. In theory, sugar induces inattention rather than hyperactivity, because blood sugar imbalances can cause attention levels to drop.[3]
CONCLUSION:
In conclusion, there is insufficient proof to definitively back the efficacy of dietary interventions removing or supplementing specific nutrients in reducing ADHD symptoms. The few-foods or oligoallergenic diet, however, offers a diagnostic aid for identifying kids who are sensitive to particular foods. This diet offers a novel, individualized dietary treatment strategy and shows some promise in reducing the symptoms of ADHD. The chance of acquiring or worsening disease symptoms appears to be significantly influenced by dietary patterns in ADHD, with unhealthy patterns being most strongly correlated with this pathology and healthy eating patterns being inversely correlated with ADHD. The aggravation and development of ADHD have also been linked to altered amounts of nutrients like vitamin D, iron, zinc, and PUFAs. As a result, diet has become a viable choice for treating ADHD. Nevertheless, stronger empirical proof is needed before these dietary interventions can be used as part of ADHD treatment.
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