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Abstract: Attention-Deficit/Hyperactivity Disorder (ADHD) is a 

neurodevelopmental condition characterized by inattention, 
hyperactivity, and impulsivity, significantly impacting various 
aspects of an individual's life. This study focuses on investigating 
the cerebral cortical dysregulation evident in ADHD, specifically 
emphasizing prefrontal cortex dysfunction, dopaminergic 
irregularities, and neurogenetic correlates. The paper aims to 
unveil the intricate interplay between these factors and their 
collective contribution to the manifestation of ADHD symptoms. 
Through an extensive review of literature and empirical 
investigation, this study seeks to elucidate the underlying 
mechanisms of ADHD, providing a deeper understanding of the 
disorder's neurobiological underpinnings. Moreover, the 
exploration of these complex interactions is intended to offer 
insights into more precise and effective therapeutic interventions 
for individuals affected by ADHD, potentially paving the way for 
targeted treatments and management strategies tailored to the 
unique neurobiological profiles of those with ADHD. 
 

Keywords: ADHD, neurodevelopmental disorder, inattention, 
hyperactivity, impulsivity, prefrontal cortex, dopaminergic 
dysfunction, neurogenetic correlates, therapeutic interventions, 
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1. Introduction 
“Attention-Deficit/Hyperactivity Disorder (ADHD) is a 

neurodevelopmental disorder characterized by a persistent 
pattern of inattention, hyperactivity, and impulsivity that 
interferes with functioning or growth. ADHD is usually 
diagnosed in childhood, although it frequently persists 
throughout adolescence and adulthood. Its multidimensional 
character can have a substantial influence on many elements of 
a person's life. ADHD (attention-deficit/hyperactivity disorder) 
is a neurodevelopmental illness that affects 11% of school-age 
children. More than three-quarters of patients have symptoms 
that last into adulthood. ADHD is distinguished by patterns of 
development in inattention, impulsivity, and hyperactivity. 
Individuals with ADHD can be very successful in life. 
However, without identification and proper treatment, ADHD  

 
may have serious consequences, including school failure, 
family stress and disruption, depression, problems with 
relationships, substance abuse, delinquency, accidental injuries 
and job failure. Early identification and treatment are extremely 
important. Medical science first documented children 
exhibiting inattentiveness, impulsivity and hyperactivity in 
1902. Since that time, the disorder has been given numerous 
names, including minimal brain dysfunction, hyperkinetic 
reaction of childhood, and attention-deficit disorder with or 
without hyperactivity. With the Diagnostic and Statistical 
Manual, Fifth Edition (DSM-5) classification system, the 
disorder has been renamed attention-deficit/hyperactivity 
disorder or ADHD. The current name reflects the importance of 
the inattention aspect of the disorder as well as the other 
characteristics of the disorder such as hyperactivity and 
impulsivity.” 

About ADHD - Symptoms, causes and treatment - CHADD. 
(2019, June 13). CHADD.  

https://chadd.org/about-adhd/overview/  

2. Importance of Understanding Neurobiological Factors 
Understanding the neurobiological factors underlying 

ADHD is of paramount importance due to its far-reaching 
implications in various critical domains, spanning healthcare, 
research, education, and social perception. Understanding 
neurobiological factors associated with Attention-Deficit 
/Hyperactivity Disorder (ADHD) is pivotal in comprehending 
the underpinnings of this complex condition. ADHD is 
characterized by persistent patterns of inattention, impulsivity, 
and hyperactivity, impacting cognitive function, behavior, and 
social interactions. Neurobiological research has unveiled 
multifaceted insights into the mechanisms influencing ADHD, 
shedding light on various brain structures, neurotransmitters, 
and neural circuits. 

One of the primary areas of focus in ADHD research 
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involves the structural and functional aspects of the brain. 
Neuroimaging studies have highlighted alterations in specific 
brain regions, such as the prefrontal cortex, basal ganglia, and 
cerebellum. Individuals with ADHD frequently have aberrant 
development of the prefrontal cortex, which is important for 
executive processes such as impulse control and attention. 
Furthermore, anatomical abnormalities in the basal ganglia 
influence reward processing and motor functions, which 
contribute to impulsive and hyperactive behavior. 

Neurotransmitters, the chemical messengers that allow 
neurons to communicate with one another, are important in 
understanding ADHD. Dysregulation of neurotransmitters, 
particularly dopamine and norepinephrine, has been linked to 
the disorder. These neurotransmitters are involved in attention, 
motivation, and impulse control, and the altered functioning of 
these systems contributes to the disorder's characteristic 
symptoms, such as inattention and impulsivity. 

Moreover, the interplay of neural circuits in individuals with 
ADHD differs from those without the condition. Disturbances 
in the frontostriatal circuitry, responsible for cognitive control 
and motor function, impact attention regulation and behavioral 
inhibition. Additionally, the cortico-limbic circuitry, involved 
in emotion and motivation, plays a role in ADHD-related 
emotional dysregulation and motivational deficits. 

Understanding these neurological substrates is critical for 
designing effective interventions and therapies. ADHD 
medications frequently target neurotransmitter systems, 
seeking to adjust dopamine and norepinephrine levels in order 
to enhance attention and impulse control. Furthermore, 
behavioral therapies and therapy procedures are meant to 
improve particular brain processes, addressing the cognitive 
and behavioral elements of ADHD. 

In conclusion, delving into the neurobiological factors 
associated with ADHD provides crucial insights into the 
complex mechanisms underlying the disorder. This 
understanding not only aids in early identification and diagnosis 
but also guides the development of more targeted and effective 
interventions to help individuals manage and cope with the 
challenges posed by ADHD. 

3. Behavioral and Cognitive Symptoms of ADHD 

A. Symptoms: The Symptoms of ADHD can be Categorized 
into Three Main Areas 

Inattention: Individuals with ADHD frequently struggle with 
retaining focus, which results in numerous distractions, 
difficulty following directions, overlooking data, and being 
disorganized. They may regularly misplace task-specific things 
and avoid or detest activities that require persistent mental 
effort. Inattention is a prominent symptom of Attention-
Deficit/Hyperactivity Disorder (ADHD), manifesting itself in a 
variety of behavioral and cognitive attributes.   Individuals with 
ADHD often struggle with sustaining attention, staying 
focused, and avoiding distractions, impacting their daily 
functioning across multiple settings. Behaviorally, inattention 
presents as an inability to maintain focus on tasks, leading to 
frequent shifts from one activity to another. Those affected may 

seem disorganized, forgetful, and easily sidetracked, often 
failing to complete tasks or follow through on instructions. 
They might overlook details or make careless mistakes due to 
their difficulty in sustaining attention. Cognitively, inattention 
involves challenges in concentrating on specific tasks, making 
it arduous to engage in activities that require sustained mental 
effort. This difficulty often results in daydreaming, mind-
wandering, and a tendency to lose track of thoughts. 
Concentration on schoolwork, job-related tasks, or even 
conversations becomes demanding, as the ability to filter out 
irrelevant stimuli is compromised. 

Hyperactivity: Hyperactivity manifests as restlessness, 
excessive fidgeting, and difficulty engaging in quiet activities. 
Children might run, climb, or engage in physically excessive 
behavior when it's not suitable. Hyperactivity, a distinguishing 
characteristic of Attention-Deficit/Hyperactivity Disorder 
(ADHD), refers to a set of behavioral and cognitive symptoms 
that result in excessive and frequently impulsive movement. 
Individuals with ADHD often demonstrate excessive motor 
activity that is above what is considered developmentally 
normal for their age. Hyperactivity manifests itself behaviorally 
as a difficulty to sit still or remain seated, continual fidgeting, 
restlessness, and an apparent abundance of energy. Children 
with hyperactive symptoms may engage in improper running or 
climbing, as well as problems playing or engaging in leisure 
activities calmly. They often seem as if they are "on the go" or 
"driven by a motor." Cognitively, hyperactivity contributes to 
impulsivity, where individuals act before thinking, leading to 
frequent interruptions, blurting out answers, or having difficulty 
waiting their turn in conversations or activities. This 
impulsivity interferes with their ability to control their 
responses and engage in activities with appropriate restraint. 
Understanding the behavioral and cognitive elements of 
hyperactivity is vital for diagnosing and treating people with 
ADHD. When these symptoms are recognized, appropriate 
interventions and methods can be used to assist moderate 
hyperactive behaviors and enhance an individual's ability to 
handle everyday tasks and social interactions more 
successfully. 

Impulsivity: Impulsivity leads to hasty actions without 
considering the implications. Individuals may interrupt others, 
struggle to wait their time, and frequently act without 
understanding the consequences of their behaviors. Impulsivity 
is a key behavioral characteristic of ADHD, showing itself in a 
variety of cognitive and behavioral patterns that can have a 
substantial influence on an individual's everyday life. In 
ADHD, behavioral indicators of impulsivity include acting 
without thinking about the consequences, interrupting others, 
trouble waiting one's time, and impatience. This impulsivity can 
lead to challenges in social situations, disrupting conversations 
or activities. Individuals with ADHD might struggle to inhibit 
their immediate responses or reactions, blurting out answers, or 
making impulsive decisions. Cognitively, impulsivity in 
ADHD is reflected in challenges with executive functions, such 
as difficulties in planning, organizing, and maintaining focus on 
tasks. Individuals may find it hard to delay gratification, leading 
to problems with time management and prioritization. They 
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might also have trouble considering the long-term 
consequences of their actions, resulting in impulsive decision-
making. Understanding the behavioral and cognitive impulsive 
symptoms in ADHD is critical for establishing coping strategies 
and therapies. Behavioral therapy, cognitive-behavioral 
approaches, environmental adjustments, and, in some 
situations, medication may be used as interventions. These 
treatments attempt to improve impulse control, executive 
functioning, and emotional regulation, helping people to 
manage their symptoms more effectively and improve their 
quality of life. 

B. Impact on Daily Functioning  
ADHD (Attention-Deficit/Hyperactivity Disorder) 

significantly impacts various aspects of daily functioning, 
affecting individuals across different domains of life, including 
academic, occupational, social, and personal spheres. The 
impacts of ADHD on daily functioning can be profound and 
diverse:  ADHD (Attention-Deficit/Hyperactivity Disorder) 
significantly disrupts various aspects of daily functioning. This 
neurodevelopmental condition impacts executive functioning, 
severely hampering an individual's ability to organize tasks, 
manage time, and plan effectively. Those with ADHD struggle 
to maintain attention and focus, often becoming easily 
distracted and frequently shifting between tasks, resulting in 
difficulties concentrating on work, academic assignments, or 
even daily conversations. Impulsivity, a core characteristic, 
leads to hasty decision-making, interrupting others, and 
engaging in risky behaviors, impacting social interactions and 
relationships. Hyperactivity, while not present in all cases, can 
cause restlessness and excessive movement, making it hard to 
stay still for extended periods or participate in activities 
requiring a calm demeanor. Emotional regulation is also 
affected, leading to mood swings, heightened emotional 
sensitivity, and difficulties managing emotions. The impact 
extends to social settings, where difficulties with impulse 
control, attention, and emotional regulation can cause 
misunderstandings, social awkwardness, and strained 
relationships. In academic and professional settings, the 
challenges related to focus, organization, and impulsivity 
impede performance, making it hard to complete tasks, stay 
organized, and meet deadlines, affecting overall success. Even 
simple tasks that require sustained attention, organization, and 
planning, like managing household chores or adhering to a daily 
schedule, become challenging.  

4. Neuro Anatomy and Brain Structure in ADHD 

A. Prefrontal Cortex and Executive Functioning  
The prefrontal cortex (PFC) plays a fundamental role in 

various cognitive functions and behaviors, including decision-
making, impulse control, planning, attention regulation, 
working memory, and emotional regulation. In individuals with 
ADHD (Attention-Deficit/Hyperactivity Disorder), the 
functioning of the PFC is often altered, contributing 
significantly to the cognitive and behavioral challenges 
experienced by these individuals. 

Executive Functions and the Prefrontal Cortex: 
The PFC is often referred to as the brain's "CEO" or the 

"control center," overseeing higher-order cognitive processes 
known as executive functions. These functions are vital for 
managing and regulating behavior, thoughts, and emotions. The 
PFC is divided into different subregions, each responsible for 
specific executive functions: 

The dorsolateral prefrontal cortex (DLPFC) is a crucial 
region of the brain associated with executive functions such as 
working memory, cognitive flexibility, reasoning, planning, 
and problem-solving. In the context of ADHD (Attention-
Deficit/Hyperactivity Disorder), research suggests that 
alterations or differences in the functioning of the DLPFC 
contribute significantly to the cognitive and behavioral 
symptoms observed in individuals with this condition. Studies 
using neuroimaging techniques have identified structural and 
functional differences in the DLPFC among individuals with 
ADHD compared to neurotypical individuals. These 
differences may include reduced volume, altered connectivity 
with other brain regions, and differences in activation patterns 
during cognitive tasks. The DLPFC plays a pivotal role in 
working memory, which involves the temporary storage and 
manipulation of information essential for complex cognitive 
tasks. Individuals with ADHD often exhibit working memory 
deficits, leading to difficulties in keeping track of information, 
following instructions, and completing tasks. The impairments 
in the DLPFC could contribute to these challenges in working 
memory, affecting academic, professional, and daily life tasks. 

  

 
Fig. 1.  Dorsolateral prefrontal cortex 

 
 Image Source: Castellani, U., Rossato, E., Murino, V., Bellani, M., 

Rambaldelli, G., Perlini, C., Tomelleri, L., Tansella, M., & Brambilla, P. 
(2011). Classification of schizophrenia using feature-based morphometry. 
Journal of Neural Transmission, 119(3), 395–404. 

 
Anterior Cingulate Cortex (ACC): The Anterior Cingulate 

Cortex (ACC) is a crucial brain region involved in various 
cognitive and emotional functions. In the context of ADHD 
(Attention-Deficit/Hyperactivity Disorder), the ACC has been 
a subject of intense research due to its implication in attention 
regulation, executive functions, emotional processing, and error 
monitoring. Attention regulation is a fundamental function of 
the ACC. This region plays a pivotal role in directing attention, 
focusing on relevant information, and filtering out distractions. 
In ADHD, neuroimaging studies have shown alterations in 
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ACC structure and function, which contribute to attention 
deficits and challenges in maintaining focus while resisting 
distractions. These differences may underlie the symptoms of 
inattention seen in individuals with ADHD. The ACC is 
essential for executive functions, encompassing decision-
making, response inhibition, and impulse control. Dysfunctions 
in the ACC can lead to deficits in response inhibition, resulting 
in impulsive behaviors observed in ADHD. The inability to 
regulate behavior and inhibit impulsive responses is a core 
feature of the condition, which can impact social interactions, 
academic performance, and daily functioning. Furthermore, the 
ACC is crucial for error monitoring and performance 
adjustment. It detects errors during tasks and signals the need 
for adjustments in behavior or strategies. Research indicates 
that individuals with ADHD might exhibit altered ACC 
function in error detection and subsequent adjustments. This 
altered monitoring ability could contribute to difficulties in 
recognizing and rectifying mistakes during tasks, affecting task 
performance and accuracy. Neuroimaging studies have 
highlighted structural and functional differences in the ACC 
among individuals with ADHD compared to neurotypical 
individuals. These differences may include alterations in ACC 
volume, connectivity with other brain regions, and patterns of 
activation during cognitive and emotional tasks. Understanding 
the role of the ACC in ADHD offers insights into the neural 
underpinnings of the disorder.    This knowledge is crucial in 
developing interventions targeting the ACC to mitigate the 
cognitive and emotional symptoms associated with ADHD. 
This might include cognitive training, behavioral therapies, and 
potentially medications aimed at enhancing ACC function. 

 

 
Fig. 2.  Anterior cingulate cortex 

Image Source: Sagittal MRI slice with highlighting indicating location of 
the anterior cingulate cortex. Wikipedia contributors. (2023, May 29). Brain 
activity and meditation. Wikipedia. 
 https://en.m.wikipedia.org/wiki/Brain_activity_and_meditation  

 
Orbitofrontal Cortex (OFC): The orbitofrontal cortex (OFC) 

plays a pivotal role in various cognitive and behavioral 
functions, particularly in decision-making, emotional 
regulation, and impulse control. In the context of Attention-
Deficit/Hyperactivity Disorder (ADHD), the involvement of 
the OFC is crucial in understanding the challenges individuals 
face in managing attention, impulsivity, and behavior. Research 
suggests that individuals with ADHD exhibit structural and 
functional differences in their OFC compared to neurotypical 
individuals. These differences include alterations in the volume, 

connectivity, and activity within this brain region. 
Structural variances: Studies have highlighted that 

individuals with ADHD might have differences in the volume 
of the OFC. Some have shown reduced volume, while others 
have reported no significant alterations. These inconsistencies 
could be due to factors such as age, gender, or the presence of 
comorbid conditions. Nonetheless, alterations in the structure 
of the OFC might contribute to the behavioral and cognitive 
symptoms seen in ADHD. Functional implications: Functional 
imaging studies, such as functional Magnetic Resonance 
Imaging (fMRI), have revealed altered activity within the OFC 
in individuals with ADHD. Specifically, reduced activation in 
this region during tasks related to decision-making, inhibitory 
control, and reward processing has been observed. These 
findings align with the behavioral symptoms of impulsivity and 
difficulties in decision-making commonly associated with 
ADHD. 

Connectivity patterns: The connectivity between the OFC 
and other brain regions also seems to be affected in ADHD. 
Studies have demonstrated disrupted connectivity between the 
OFC and other areas involved in attention regulation, executive 
function, and emotional processing. These connectivity 
disruptions may contribute to the challenges individuals with 
ADHD face in regulating their attention, emotions, and 
behavior. Moreover, the OFC's role in reward processing and 
motivation is of particular interest in ADHD. Its function in 
assessing the value and significance of rewards, as well as in 
adjusting behavior based on reward feedback, is essential. 
Dysregulation in this area may lead to impulsive behavior and 
challenges in sustained attention, as individuals with ADHD 
might have difficulties 

   

 
Fig. 3.  Orbitofrontal cortex 

 
 Image Source: 10:16, 8 March 2006 Paul Wicks talk contribs uploaded File: 

OFC.JPG (Author: Paul Wicks Source: My head! MRI Obtained in a 1.5T GE 
Scanner in 2003 Region highlighted = approximate location of the orbitofrontal 
cortex.https://upload.wikimedia.org/wikipedia/commons/f/f6/MRI_of_orbitofr
ontal_cortex.jpg  

B. Impacts of PFC Dysfunction in ADHD 
The prefrontal cortex (PFC) plays a pivotal role in executive 

functions, encompassing a spectrum of cognitive processes 
essential for goal-directed behavior, decision-making, and self-
regulation. In individuals with Attention-Deficit/Hyperactivity 
Disorder (ADHD), the PFC often exhibits dysfunction, leading 
to a range of cognitive and behavioral manifestations. These 

https://en.m.wikipedia.org/wiki/Brain_activity_and_meditation
https://upload.wikimedia.org/wikipedia/commons/f/f6/MRI_of_orbitofrontal_cortex.jpg
https://upload.wikimedia.org/wikipedia/commons/f/f6/MRI_of_orbitofrontal_cortex.jpg
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irregularities in the PFC contribute significantly to the complex 
symptomatology observed in ADHD. Distinctly, the deficits in 
attention regulation stand as a hallmark feature, as the PFC's 
involvement in maintaining sustained attention and inhibiting 
irrelevant stimuli becomes compromised. This results in an 
inability to sustain focus, causing distractibility and difficulties 
in maintaining attention on tasks, activities, or conversations. 
Moreover, working memory, a fundamental component of the 
PFC, is responsible for temporarily holding and manipulating 
information. In ADHD, this crucial cognitive function is 
impaired, impacting an individual's ability to retain and process 
information, hindering learning and daily functioning. 
Additionally, compromised impulse control, which also heavily 
involves the PFC, gives rise to impulsive behaviors. Individuals 
with ADHD often exhibit difficulties in inhibiting immediate 
responses, leading to impulsive decision-making, disruptive 
behaviors, and challenges in social interactions. These 
behavioral challenges can profoundly impact various aspects of 
an individual's life, from academic performance to 
relationships, often leading to social difficulties, academic 
underachievement, and diminished self-esteem. The 
multifaceted impacts of PFC dysfunction in ADHD necessitate 
a comprehensive approach to address the diverse challenges 
individuals face. Interventions range from behavioral therapies 
that focus on enhancing attention and impulse control to 
pharmacological treatments that target neurotransmitter 
imbalances affecting PFC function. These interventions aim to 
ameliorate symptoms and enhance the individual's ability to 
function effectively in various settings. Moreover, behavioral 
interventions often involve strategies to improve organizational 
skills, time management, and social interactions to mitigate the 
impact of PFC dysfunction on daily life. It's important to note 
that while PFC dysfunction plays a significant role in ADHD, 
the disorder is complex and multifaceted, involving various 
other brain regions and neurotransmitter systems. The interplay 
of genetics, environmental factors, and neural networks adds to 
the intricate nature of ADHD, making its management and 
treatment a comprehensive endeavor that often requires a 
tailored, multi-modal approach addressing the cognitive, 
emotional, and behavioral aspects influenced by the 
dysfunction of the PFC and other implicated brain regions 

C. Intervention Strategies 
Understanding the pivotal role of the PFC in ADHD has led 

to the development of intervention strategies targeting 
executive functions. Behavioral interventions, such as 
cognitive-behavioral therapy, focus on enhancing these 
cognitive abilities. Training in organizational skills, planning, 
and time management aims to strengthen these functions, 
compensating for the deficiencies associated with ADHD. 

In conclusion, the prefrontal cortex's crucial role in executive 
functions and its dysfunction in individuals with ADHD 
significantly influences various cognitive and behavioral 
challenges they face. The ongoing exploration of the PFC's 
function and its impact on ADHD continues to be a focal point 
in research, with the hope of developing more targeted and 
effective interventions that address the specific neurobiological 

factors contributing to the difficulties experienced by 
individuals with ADHD. 
1) Striatum and Reward Processing  

The striatum, a crucial part of the mind's basal ganglia, is a 
complicated shape consisting of various subregions, 
extensively the caudate nucleus, putamen, and nucleus 
accumbens. It performs an essential function in numerous 
cognitive functions, which include motor control, decision-
making, and praise processing. Its capability in praise 
processing entails integrating facts from unique mind areas to 
assess and reply to profitable stimuli. Dopamine, a 
neurotransmitter, is mainly influential in modulating the 
striatum's reaction to rewards. Attention-Deficit/Hyperactivity 
Disorder (ADHD) is a neurodevelopmental situation 
characterized via way of means of chronic styles of inattention, 
hyperactivity, and impulsivity. Recent studies show that people 
with ADHD frequently show off changes inside the functioning 
of the striatum, impacting their potential to method and reply to 
rewards effectively. Structural and useful variations inside the 
striatum were located in people with ADHD. Neuroimaging 
research the use of strategies like useful magnetic resonance 
imaging (fMRI) has discovered adjustments inside the volume, 
connectivity, and activation styles of the striatum in people with 
ADHD in comparison to neurotypical people. These variations 
may also have an effect on how people with ADHD method 
rewards, mainly to demanding situations in decision-making 
and impulse control. 

The dysregulation within the dopamine system, a crucial 
neurotransmitter involved in reward processing, is strongly 
implicated in ADHD. Research suggests that individuals with 
ADHD often have alterations in the dopamine pathways that 
influence the striatum. This altered dopamine function affects 
the striatum's response to rewards, potentially contributing to 
the characteristic symptoms of impulsivity and reward 
sensitivity in ADHD. 

The altered functioning of the striatum in ADHD also affects 
the communication between different brain regions. 
Specifically, the connectivity between the striatum and the 
prefrontal cortex, responsible for higher cognitive functions and 
executive control, is often disrupted in individuals with ADHD. 
This disrupted connectivity impacts the regulation of goal-
directed behaviors, making it challenging for individuals with 
ADHD to control impulses and prioritize tasks, especially in the 
presence of rewarding stimuli. 

Furthermore, the involvement of the striatum in 
reinforcement learning is perturbed in ADHD. This aspect 
affects the ability to learn from past experiences and adjust 
behavior based on rewards. Research suggests that in ADHD, 
the striatum might not effectively process feedback, leading to 
difficulties in adjusting behavior based on past outcomes and 
experiences. 

Genetic factors also contribute significantly to the alterations 
in the dopamine system within the striatum among individuals 
with ADHD. Specific gene variations associated with dopamine 
receptors or transporters have been linked to differences in 
reward processing and sensitivity, contributing to the 
challenges individuals with ADHD face in processing and 
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responding to rewards. 
Understanding the impact of striatal changes in ADHD is 

critical for developing interventions and treatments. 
Therapeutic strategies aimed at modulating the dopamine 
system and improving striatal function could potentially help 
alleviate some of the difficulties individuals with ADHD 
experience in reward processing, impulse control, and decision-
making. Moreover, personalized approaches that consider the 
individual variations in the striatal function might offer more 
targeted and effective interventions for individuals with ADHD 

Furthermore, the communication between the striatum and 
other brain regions, particularly the prefrontal cortex, is 
disrupted in ADHD. The prefrontal cortex, essential for 
executive functions such as impulse control, decision-making, 
and goal-directed behavior, exhibits altered connectivity with 
the striatum in individuals with ADHD. This disrupted 
connectivity can impair an individual's ability to regulate 
behavior, leading to impulsivity and challenges in inhibiting 
actions, particularly in response to rewarding stimuli. 

Understanding the interplay between the striatum and reward 
processing in ADHD is essential for developing targeted 
interventions. Therapeutic strategies aimed at modulating the 
dopamine system or enhancing striatal function might offer 
potential avenues to mitigate the difficulties individuals with 
ADHD face in processing rewards, controlling impulses, and 
making decisions. 

 

 
Fig. 4.  Striatal responses to reward anticipation & delivery in ADHD and 

Control groups 
Furukawa, E., Bado, P., Tripp, G., Mattos, P., Wickens, J. R., Bramati, I. E., 

Alsop, B., Ferreira, F. M., Lima, D. O., Tovar‐Moll, F., Sergeant, J. A., & Moll, 
J. (2014). Abnormal striatal BOLD responses to reward anticipation and reward 
delivery in ADHD. PLOS ONE, 9(2), e89129. 

 
2) The Limbic System and Emotional Regulation 

The limbic system, a collection of brain structures, plays a 
pivotal role in regulating emotions, memory, and various 
cognitive functions. Several key components within the limbic 
system, such as the amygdala, hippocampus, thalamus, and 
hypothalamus, are integral in emotional processing, memory 
consolidation, sensory relay, and physiological regulation. In 
individuals with Attention-Deficit/Hyperactivity Disorder 
(ADHD), various changes have been noted in these structures, 
influencing emotional regulation, memory processes, attention, 
and physiological functions. 

D. Changes in Structure  
1) Amygdala 

The amygdala is vital in emotional regulation and the 
processing of emotional stimuli. In ADHD, alterations in the 
amygdala's function have been observed. These changes might 
result in emotional dysregulation, leading to impulsivity and 
difficulties in controlling emotional responses. Differences in 
the activation or volume of the amygdala might contribute to 
challenges in social behavior regulation and impulse control 
often seen in individuals with ADHD. 

  

 
Fig. 5.  Amygdala 

Wikipedia contributors. (2011, September 8). File: MRI Location Amygdala 
up.png - Wikipedia.  

https://en.m.wikipedia.org/wiki/File:MRI_Location_Amygdala_up.png  
 

2) Hippocampus 
The hippocampus is crucial for memory and learning 

processes. Individuals with ADHD might display differences in 
the volume or functioning of the hippocampus. Such alterations 
may affect memory consolidation, impacting the ability to 
retain and recall information, and potentially contributing to 
academic challenges in individuals with ADHD. 

 

 
Fig. 6.  Hippocampus 

File: Left Hippocampal sclerosis on MRI.jpg - Wikimedia Commons. (2021, 
July 2). 

https://commons.m.wikimedia.org/wiki/File:Left_Hippocampal_Sclerosis_
on_MRI.jpg#mw-jump-to-license  

 
3) Thalamus 

Relay centers for sensory and motor information are found in 
the thalamus. The thalamus may undergo alterations in ADHD, 
which may exacerbate problems with attention control and 
sensory processing. The thalamus's role in attention and sensory 
processing can be compromised by dysfunction, which 
exacerbates the inattention and hyperactive symptoms of 
ADHD. 

https://en.m.wikipedia.org/wiki/File:MRI_Location_Amygdala_up.png
https://commons.m.wikimedia.org/wiki/File:Left_Hippocampal_Sclerosis_on_MRI.jpg#mw-jump-to-license
https://commons.m.wikimedia.org/wiki/File:Left_Hippocampal_Sclerosis_on_MRI.jpg#mw-jump-to-license
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Fig. 7.  Thalamus 

Rao, N. P., Kalmady, S. V., Arasappa, R., & Venkatasubramanian, G. 
(2010). Clinical correlates of thalamus volume deficits in anti-psychotic-naïve 
schizophrenia patients: A 3-Tesla MRI study. Indian Journal of Psychiatry, 
52(3), 229.  

 
4) Hypothalamus 

The hypothalamus plays a role in regulating various 
physiological processes, including sleep, appetite, and hormone 
production. Changes in the hypothalamus of individuals with 
ADHD may impact sleep patterns, appetite regulation, and 
other fundamental physiological functions. Disturbances in 
these processes might contribute to sleep problems, altered 
eating behaviors, and potential disruptions in the regulation of 
other bodily functions in individuals with ADHD. 

 

 
Fig. 8.  Hypothalamus 

Rodrigues, Livia & Rezende, Thiago & Zanesco, Ariane & Hernández, Ana 
& Franca Jr, Marcondes & Rittner, Leticia. (2020). Hypothalamus fully 
automatic segmentation from MR images using a U-Net based architecture. 40. 

E. Overall Impact 
The changes observed in the limbic system of individuals 

with ADHD collectively contribute to the multifaceted 
challenges they experience. Emotional dysregulation, memory 
and learning difficulties, attentional challenges, and potential 
disruptions in physiological functions collectively affect 
various aspects of daily life in individuals with ADHD. 

Understanding these alterations within the limbic system is 
essential for developing interventions that consider emotional 
regulation, memory and learning processes, attentional control, 
and physiological impacts. Therapeutic strategies targeting 
these areas could potentially offer more comprehensive support 
for individuals with ADHD, aiming to address emotional and 

behavioral aspects, memory and learning challenges, 
attentional difficulties, and physiological disruptions. 

These detailed alterations in the limbic system highlight the 
need for holistic interventions that address the emotional, 
cognitive, and physiological aspects of ADHD to provide more 
effective and tailored support for individuals living with the 
condition. 

F. Correlation with Emotional Regulation: 
The changes observed in the limbic system of individuals 

with ADHD significantly impact emotional regulation. 
Emotional dysregulation is a key feature of ADHD, 
characterized by impulsivity and difficulties in controlling 
emotional responses. These changes within the limbic 
structures—especially the amygdala, responsible for processing 
emotions—contribute to challenges in emotional control, 
leading to impulsive reactions and difficulty in managing 
emotional states. 

The interplay between altered structures within the limbic 
system and emotional regulation in ADHD emphasizes the 
intricate relationship between brain regions involved in emotion 
processing and the manifestation of emotional dysregulation in 
individuals 

Understanding these detailed alterations within the limbic 
system is crucial for developing interventions aimed at 
addressing emotional regulation in individuals with ADHD. 
Therapeutic strategies focusing on emotional control, memory 
and learning processes, attentional regulation, and 
physiological impacts within the limbic system may offer more 
comprehensive and tailored support for individuals living with 
ADHD. 

Addressing emotional regulation is a significant aspect of 
managing ADHD, and considering the intricate changes within 
the limbic system is pivotal in developing strategies to support 
individuals in managing their emotional responses and 
behaviors effectively. 

5. Neurotransmitter Imbalance  
Dopamine dysregulation: How alterations in dopamine 

neural transmission including receptor functioning transporters 
and dopamine release are associated with ADHD symptoms  

Dopamine dysregulation stands as a pivotal factor in 
comprehending the neurobiological underpinnings of ADHD 
(Attention-Deficit/Hyperactivity Disorder). ADHD is 
intricately linked to aberrations within the dopaminergic 
system, affecting multiple aspects of dopamine transmission, 
including disruptions in receptor functioning, transporters, and 
dopamine release dynamics. Dopamine, a neurotransmitter 
crucial for regulating attention, motivation, reward processing, 
and executive functions, is integral to understanding the 
pathophysiology of ADHD. Research findings consistently 
suggest that dysfunctions within dopaminergic pathways 
significantly contribute to the symptomatology of ADHD. 
Specifically, abnormalities in dopamine receptors, such as D1 
and D2, have been identified in individuals with ADHD, 
impacting attention, impulse control, and behavioral regulation. 
The anomalies in these receptors contribute to the core 
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symptoms observed in the disorder. Moreover, alterations in 
dopamine transporters (DAT), responsible for the reuptake of 
dopamine, disrupt the regulation of dopamine levels in the 
synaptic cleft, leading to impaired neurotransmission, which 
plays a role in the hallmark symptoms of inattention, 
impulsivity, and hyperactivity in ADHD. Variations in the 
dynamics of dopamine release are equally critical in 
understanding ADHD. Studies have highlighted irregular 
dopamine release patterns in ADHD individuals, affecting the 
brain's reward circuitry and cognitive control mechanisms. 
These irregularities significantly impact an individual's ability 
to sustain attention, regulate impulses, and modulate behavioral 
responses, which are key symptoms of the disorder. Overall, the 
complex interplay of dopamine dysregulation, involving 
alterations in receptor functioning, transporter activity, and 
irregular release mechanisms, profoundly influences the 
manifestation of ADHD symptoms, offering a neurobiological 
framework that aids in understanding and potentially targeting 
interventions for the disorder. 

  

 
Fig. 9.  Deficits in dopamine reward pathway 

Image Source: DEFICITS IN BRAIN’S REWARD SYSTEM OBSERVED 
IN ADHD PATIENTS - Document - Gale Academic OneFile Select. (n.d.). 
https://link.gale.com/apps/doc/A216132591/EAIM?u=anon~d282c5af&sid=si
temap&xid=51bb908f  

 
"Our findings imply that these deficits in the dopamine 

reward pathway play a role in the symptoms of inattention in 
ADHD and could underlie these patients' abnormal responses 
to reward," VolkoW said. 

  "This pathway plays a key role in reinforcement, 
motivation, and in learning how to associate various stimuli 
with rewards," she continued. "Its involvement in 

ADHD supports the use of interventions to enhance the 
appeal and relevance of school and work tasks to improve 
performance."[ Nora Volkov,2009] 

 
Norepinephrine and Cognitive Functions in ADHD: How 

alterations in Norepinephrine and Cognitive functions are 
associated with ADHD symptoms. 

A neurotransmitter that is closely connected to the 
dopaminergic system, norepinephrine is involved in the 
neurobiology of ADHD (Attention-Deficit/Hyperactivity 
Disorder) and is important in regulating cognitive functioning. 
Changes in the norepinephrine system are being identified as 

contributing factors to the cognitive abnormalities seen in 
patients with ADHD. The prefrontal cortex, which is important 
for executive processes including working memory, impulse 
control, and attention, is one of the brain areas that 
norepinephrine primarily affects. Studies show norepinephrine 
has a role in controlling the signal-to-noise ratio in brain 
circuits, improving signal processing, and blocking out 
background noise that isn't relevant, all of which are essential 
for maintaining focus. Repulsion control.  

Moreover, norepinephrine plays a role in modulating the 
stability of networks involved in cognitive control and working 
memory, thereby influencing an individual's capacity to 
concentrate and manage impulses. Dysfunction within the 
norepinephrine system, often linked to genetic predispositions 
or environmental factors, leads to disrupted noradrenergic 
signaling, impacting the prefrontal cortex's functioning. This 
disruption contributes to the cognitive symptoms observed in 
ADHD, including deficits in attention, working memory, and 
impulse regulation. Medications used to treat ADHD, such as 
stimulants or non-stimulants, often target norepinephrine 
pathways, aiming to enhance its availability in the synaptic cleft 
and improve cognitive functions. Thus, the relationship 
between norepinephrine and cognitive functions in ADHD is a 
crucial area of study, shedding light on the underlying 
mechanisms and potential targets for therapeutic interventions 
aiming to ameliorate the cognitive impairments associated with 
the disorder. 

 

 
Fig. 10.  Parametric images of the distribution volume ratio (DVR) in axial 

and sagittal view after spatial normalization to the MNI-space 
Image Source: Ulke et al. Translational Psychiatry (2019)9:301. 
 
 “An exemplary healthy control and ADHD together with 

their corresponding T1-MPRAGE image. b Group mean of all 
healthy controls and ADHD patients. ADHD attention-
deficit/hyperactivity disorder, MNI Montreal neurological    
institute, R right, L left.” [ Ulke, 2019] 

6. Neuroimaging studies 

A. Structural Brain Differences in ADHD 
Understanding the structural brain variances in individuals 

with Attention-Deficit/Hyperactivity Disorder (ADHD) is a 
growing area of research that sheds light on the neurological 
underpinnings of the condition. While the precise etiology of 

https://link.gale.com/apps/doc/A216132591/EAIM?u=anon%7Ed282c5af&sid=sitemap&xid=51bb908f
https://link.gale.com/apps/doc/A216132591/EAIM?u=anon%7Ed282c5af&sid=sitemap&xid=51bb908f
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ADHD remains multifaceted, neuroimaging studies have 
revealed several structural differences in various brain regions, 
providing insight into the neural mechanisms underlying 
ADHD symptoms. 

Certainly, let's delve deeper into the structural brain 
differences observed in ADHD individuals compared to non-
ADHD individuals using neuroimaging studies: 
1) Prefrontal Cortex (PFC) 

Differences with ADHD: People with ADHD have anomalies 
in the prefrontal cortex (PFC), which are typified by decreased 
volumes or changed shape. The volume of the dorsolateral 
prefrontal cortex (DLPFC), which is essential for working 
memory, cognitive flexibility, and inhibitory control, is lower 
in people with ADHD than in people without the disorder. The 
structure of the ventrolateral prefrontal cortex (VLPFC), which 
controls emotions, attention, and behavioral inhibition, varies 
in people with ADHD, which affects impulse control. 
Furthermore, there is abnormal morphology in ADHD brains in 
the anterior cingulate cortex (ACC), which is important for 
mistake detection, attention, and emotional regulation. 

Differentiation: The PFC's distinct regions of decreased 
volume or changed morphology draw attention to the ways in 
which the brains of those with ADHD and those without it differ 
in terms of executive functioning, emotional regulation, and 
attention. These differences in the PFC contribute to impaired 
inhibitory control, attentional deficits, and difficulties in 
emotional regulation observed in individuals with ADHD. 

  

 
Fig. 11.  Changes in brain structure & functioning in ADHD patients 

Image Source:  Qiu, M. G., Ye, Z., Li, Q. Y., Liu, G. J., Xie, B., & Wang, 
J. (2011). Changes of brain structure & function in ADHD children, 

topography, 24(3-4),243–252. 
 

2) Basal Ganglia 
Differences linked to ADHD: People with ADHD have 

differences in the caudate nucleus and putamen, two basal 
ganglia structures. Anomalous features in terms of size, shape, 
and connectivity can be seen in imaging investigations. These 
variations affect motor coordination, cognitive processes, and 
inhibitory control. The impulsivity and hyperactivity seen in 
ADHD sufferers are linked to these anatomical changes. 

Differentiation By contrasting the basal ganglia in brains 
with and without ADHD, one can highlight the function of these 
regions in the modulation of inhibition and motor control. 
Individuals with ADHD may exhibit hyperactive and impulsive 
behaviors as a result of anatomical variations.    

 

 
Fig. 12.  Basal Ganglia 

Image Source: Qiu, A., Crocetti, D., Adler, M., Mahone, E. M., Denckla, M. 
B., Miller, M. I., & Mostofsky, S. H. (2009). Basal ganglia volume and shape 
in children with attention deficit hyperactivity disorder. The American journal 
of psychiatry, 166(1), 74–82.  

 
3) Cerebellum 

ADHD Differences: The cerebellum, traditionally associated 
with motor functions, also displays structural variations in 
ADHD. Imaging studies demonstrate differences in cerebellar 
volume and connectivity, impacting attention and coordination. 
These alterations in the cerebellum contribute to difficulties in 
sustaining attention and motor coordination observed in 
individuals with ADHD. 

Differentiation: Comparing the cerebellum in ADHD and 
non-ADHD brains highlights the role of this region not only in 
motor functions but also in attention and coordination. The 
structural differences in the cerebellum contribute to the 
attention deficits and coordination issues observed in ADHD 
individuals. 

 
Fig. 13.  Cerebellum 

 Image Source: Gardner, A., Salmaso, D., Varrone, A., Sánchez-Crespo, A., 
Bejerot, S., Jacobsson, H., Larsson, S., & Pagani, M. (2009). Differences at 
brain SPECT between depressed females with and without adult ADHD and 
healthy controls: etiological considerations. Behavioral and Brain Functions, 
5(1), 37. 

 
In summary, the areas of differentiation between ADHD and 

non-ADHD brains, as observed through neuroimaging studies, 
highlight structural differences in crucial brain regions. These 
differences contribute to the cognitive deficits, impulsivity, 
hyperactivity, attentional impairments, and difficulties in 
emotional and behavioral regulation observed in individuals 
with ADHD. The alterations in the PFC, basal ganglia and 
cerebellum are indicative of the multifaceted neurobiological 
underpinnings of ADHD, emphasizing the role of these brain 
regions in the manifestation of ADHD symptoms. 
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Fig. 14.  Voxels reflecting lower tracer uptake (blue) in the adult ADHD 

depressed patients compared to healthy controls 
Image Source:  Gardner, A., Salmaso, D., Varrone, A., Sánchez-Crespo, A., 

Bejerot, S., Jacobsson, H., Larsson, S., & Pagani, M. (2009b). Differences at 
brain SPECT between depressed females with and without adult ADHD and 
healthy controls: etiological considerations. Behavioral and Brain Functions, 
5(1), 37. 

B. Gray and White Matter Variances 
1) Gray Matter Differences 

Studies using structural MRI have shown that people with 
ADHD have different gray matter volumes in different parts of 
their brains. The PFC, anterior cingulate cortex (ACC), and 
other areas related to attention, impulse control, and motor 
regulation are among the locations where the variations are 
seen. Individuals with ADHD may experience behavioral 
difficulties and cognitive deficiencies as a result of reduced 
gray matter volumes in these areas. 

Prefrontal Cortex (PFC): Individuals with ADHD often 
exhibit reduced gray matter volume in the PFC, which is 
responsible for executive functions such as impulse control, 
attention, and decision-making. 

Striatum: Differences in the gray matter volume of the 
striatum have been observed in ADHD. This structure is 
involved in reward processing, motor function, and cognitive 
control. 

Cerebellum: The cerebellum, known for its role in motor 
control, has also shown gray matter alterations in ADHD. 
Research suggests it's implicated in cognitive functions and 
ADHD symptoms. 
2) White Matter Integrity 

Studies using diffusion tensor imaging (DTI) have shown 
that people with ADHD differ in their white matter integrity and 
connectivity. There have been differences found in the integrity 
of white matter tracts, especially those related to neuronal 
transmission and interregional communication. These 
variations in white matter may have an impact on how well 
neural impulses are transmitted between different parts of the 
brain, which might lead to problems with attention control and 
cognitive function. 

Frontostriatal Pathways: People with ADHD exhibit 
abnormalities in the white matter tracts that link the striatum 
and frontal lobes and send signals relevant to cognitive 
regulation. Implicit impulsivity and attention deficiencies may 
be caused by a decrease in the integrity of these networks. 

Corpus Callosum: ADHD is frequently associated with 
abnormal microstructure in the white matter connections 
between the hemispheres of the brain, notably in the corpus 
callosum. This may have an effect on how brain areas linked to 
attention and behavior regulation communicate with one 
another. 

Long-Range Connectivity: Studies reveal changes in the 
brain's long-range white matter connections, which may impact 
communication between far-flung brain areas and perhaps be a 
factor in the symptoms of ADHD. 

 

 
Fig. 15.  IC-A was associated with inattention and IC-B was associated 

with working memory. Both components had gray matter reduction in ADHD 
patients 

Image Source: Duan, K., Jiang, W., Rootes-Murdy, K. et al. Gray matter 
networks associated with attention and working memory deficit in ADHD 
across adolescence and adulthood. Transl Psychiatry, 11, 184 (2021).  

 
The cognitive and behavioral difficulties linked to ADHD are 

partly caused by structural brain abnormalities seen in those 
who have the illness, such as modifications in the prefrontal 
cortex, basal ganglia, connection patterns, and gray and white 
matter integrity. These variations provide light on the intricate 
neurological foundations of ADHD and shed light on the 
illness's molecular causes. To get a better knowledge of ADHD 
and maybe guide more specialized therapies and treatments 
geared at treating these neurological variations, greater study 
into these structural variances is necessary. 

7. Conclusion  
The results of this study highlight the crucial roles that 

striatal modifications and anatomical variations in the brain 
play in the development of Attention-Deficit/Hyperactivity 
Disorder (ADHD). Determining the effects of these 
neurological differences is crucial to creating therapies and 
interventions that effectively address the main issues that 
people with ADHD have with decision-making, impulse 
control, and reward processing. Furthermore, individualized 
strategies that take into account individual differences in striatal 
function present a possible path toward more focused and 
successful therapies for ADHD sufferers. Furthermore, 
research on the connection between norepinephrine and 
cognitive abilities in ADHD is crucial since it sheds light on the 
underlying processes and possible targets for treatment 
therapies meant to lessen the cognitive deficits linked to the 
illness. These findings underscore the need for further research 
and the development of tailored therapeutic strategies to 
address the multifaceted nature of ADHD. 

References 
[1] About ADHD - Symptoms, causes and treatment - CHADD. (2019, June 

13). CHADD. https://chadd.org/about-adhd/overview/  

https://chadd.org/about-adhd/overview/


More et al.                                                  International Journal of Research in Engineering, Science and Management, VOL. 6, NO. 11, NOVEMBER 2023 153 

[2] Bunge, S. A., Dudukovic, N. M., Thomason, M. E., Vaidya, C. J., & 
Gabrieli, J. D. E. (2002). Immature frontal lobe contributions to cognitive 
control in children. Neuron, 33(2), 301–311.  

[3] Castellani, U., Rossato, E., Murino, V., Bellani, M., Rambaldelli, G., 
Perlini, C., Tomelleri, L., Tansella, M., Brambilla, P. (2011). 
Classification of schizophrenia using feature-based morphometry. Journal 
of Neural Transmission, 119(3), 395–404.  

[4] Duan, K., Jiang, W., Rootes-Murdy, K. et al. Gray matter networks 
associated with attention and   working memory deficit in ADHD across 
adolescence and adulthood. Transl Psychiatry, 11, 184, (2021). 

[5] Deficits In Brain’s Reward System Observed in ADHD Patients - 
Document – Gale Academic One File Select. (n.d.). 
https://link.gale.com/apps/doc/A216132591/EAIM?u=anon~d282c5af&
sid=sitemap&xid=51bb908f  

[6] File: Left Hippocampal sclerosis on MRI.jpg - Wikimedia Commons. 
(2021, July 2). 
https://commons.m.wikimedia.org/wiki/File:Left_Hippocampal_Sclerosi
s_on_MRI.jpg#mw-jump-to-license  

[7] Furukawa, E., Bado, P., Tripp, G., Mattos, P., Wickens, J. R., Bramati, I. 
E., Alsop, B., Ferreira, F. M., Lima, D. O., Tovar‐Moll, F., Sergeant, J. 
A., & Moll, J. (2014). Abnormal striatal BOLD responses to reward 
anticipation and reward delivery in ADHD. PLOS ONE, 9(2), e89129.  

[8] Gardner, A., Salmaso, D., Varrone, A., Sánchez-Crespo, A., Bejerot, S., 
Jacobsson, H., Larsson, S., & Pagani, M. (2009a). Differences at brain 
SPECT between depressed females with and without adult ADHD and 
healthy controls: etiological considerations. Behavioral and Brain 
Functions, 5(1), 37. 

[9] Gardner, A., Salmaso, D., Varrone, A., Sánchez-Crespo, A., Bejerot, S., 
Jacobsson, H., Larsson, S., & Pagani, M. (2009b). Differences at brain 
SPECT between depressed females with and without adult ADHD and 
healthy controls: etiological considerations. Behavioral and Brain 
Functions, 5(1), 37. 

[10] Orbitofrontal cortex. (2006). 
https://upload.wikimedia.org/wikipedia/commons/f/f6/MRI_of_orbitofro
ntal_cortex.jpg  

[11] Qiu, M., Ye, Z., Li, Q., Liu, G., Xie, B., & Wang, J. (2010). Changes of 
brain structure and function in ADHD children. Brain Topography, 24(3–
4), 243–252. 

[12] Rao, N. P., Kalmady, S. V., Arasappa, R., & Venkatasubramanian, G. 
(2010). Clinical correlates of thalamus volume deficits in anti-psychotic-
naïve schizophrenia patients: A 3-Tesla MRI study. Indian Journal of 
Psychiatry, 52(3), 229. 

[13] Rodrigues, Livia & Rezende, Thiago & Zanesco, Ariane & Hernández, 
Ana & Franca Jr, Marcondes & Rittner, Leticia. (2020). Hypothalamus 
fully automatic segmentation from MR images using a U-Net based 
architecture. 

[14] Shin, L. M., Bush, G., Whalen, P. J., Handwerger, K., Cannistraro, P. A., 
Wright, C. I., Martis, B., Macklin, M. L., Lasko, N. B., Orr, S. P., Pitman, 
R. K., & Rauch, S. L. (2007). Dorsal anterior cingulate function in 
posttraumatic stress disorder. Journal of Traumatic Stress, 20(5), 701–
712.  

[15] Ulke, C., Rullmann, M., Huang, J., Luthardt, J., Becker, G., Patt, M., 
Meyer, P., Tiepolt, S., Hesse, S., Sabri, O., & Strauß, M. (2019). Adult 
attention-deficit/hyperactivity disorder is associated with reduced 
norepinephrine transporter availability in right attention networks: a 
(S,S)-O-[11C]methylreboxetine positron emission tomography study. 
Translational Psychiatry, 9(1). 

[16] Wikipedia contributors. (2011, September 8). File: MRI Location 
Amygdala up.png - Wikipedia. 
https://en.m.wikipedia.org/wiki/File:MRI_Location_Amygdala_up.png  

[17] Wikipedia contributors. (2023, May 29). Brain activity and meditation. 
Wikipedia. 
https://en.m.wikipedia.org/wiki/Brain_activity_and_meditation 

 
 
 

https://link.gale.com/apps/doc/A216132591/EAIM?u=anon%7Ed282c5af&sid=sitemap&xid=51bb908f
https://link.gale.com/apps/doc/A216132591/EAIM?u=anon%7Ed282c5af&sid=sitemap&xid=51bb908f
https://commons.m.wikimedia.org/wiki/File:Left_Hippocampal_Sclerosis_on_MRI.jpg#mw-jump-to-license
https://commons.m.wikimedia.org/wiki/File:Left_Hippocampal_Sclerosis_on_MRI.jpg#mw-jump-to-license
https://upload.wikimedia.org/wikipedia/commons/f/f6/MRI_of_orbitofrontal_cortex.jpg
https://upload.wikimedia.org/wikipedia/commons/f/f6/MRI_of_orbitofrontal_cortex.jpg
https://en.m.wikipedia.org/wiki/File:MRI_Location_Amygdala_up.png
https://en.m.wikipedia.org/wiki/Brain_activity_and_meditation

	1. Introduction
	2. Importance of Understanding Neurobiological Factors
	3. Behavioral and Cognitive Symptoms of ADHD
	A. Symptoms: The Symptoms of ADHD can be Categorized into Three Main Areas
	B. Impact on Daily Functioning

	4. Neuro Anatomy and Brain Structure in ADHD
	A. Prefrontal Cortex and Executive Functioning
	B. Impacts of PFC Dysfunction in ADHD
	C. Intervention Strategies
	1) Striatum and Reward Processing
	2) The Limbic System and Emotional Regulation

	D. Changes in Structure
	1) Amygdala
	2) Hippocampus
	3) Thalamus
	4) Hypothalamus

	E. Overall Impact
	F. Correlation with Emotional Regulation:

	5. Neurotransmitter Imbalance
	6. Neuroimaging studies
	A. Structural Brain Differences in ADHD
	1) Prefrontal Cortex (PFC)
	2) Basal Ganglia
	3) Cerebellum

	B. Gray and White Matter Variances
	1) Gray Matter Differences
	2) White Matter Integrity


	7. Conclusion
	References

