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Abstract
Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder characterized by persistent 

patterns of inattention, hyperactivity, and impulsivity. Despite its high prevalence in both children and adults, the exact 
neurobiological mechanisms underlying ADHD remain poorly understood. This article aims to review the current 
research on the neurobiological underpinnings of ADHD, focusing on structural and functional brain abnormalities, 
neurotransmitter dysfunctions, and genetic contributions. Imaging studies have highlighted differences in the prefrontal 
cortex, basal ganglia, and cerebellum of individuals with ADHD, suggesting that these brain regions are involved in 
attention regulation, impulsivity control, and motor activity. Furthermore, deficits in dopamine and norepinephrine 
systems are commonly observed in ADHD, contributing to the symptoms of the disorder. We also explore the role of 
genetic and environmental factors in the development of ADHD. Understanding these mechanisms is essential for 
improving diagnostic methods and treatment strategies for ADHD.
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Introduction
Attention-Deficit/Hyperactivity Disorder (ADHD) is one of the 

most prevalent neurodevelopmental disorders, affecting both children 
and adults worldwide. It is characterized by persistent patterns of 
inattention, hyperactivity, and impulsivity that significantly impact 
an individual’s academic, social, and occupational functioning. 
While ADHD has been extensively studied in terms of its behavioural 
manifestations, the neurobiological mechanisms responsible for its 
symptoms are still not fully understood [1]. Research has suggested 
that ADHD may be associated with abnormalities in various brain 
regions, including the prefrontal cortex, basal ganglia, and cerebellum, 
which are involved in cognitive processes such as attention regulation, 
motor control, and impulse inhibition. Additionally, dysfunctions 
in the dopaminergic and noradrenergic systems, which are critical 
for attention and executive function, have been implicated in the 
pathophysiology of the disorder [2]. Moreover, genetic studies have 
identified several risk genes that may contribute to the development of 
ADHD, but the interplay between genetic and environmental factors 
remains complex. This article will explore the current neurobiological 
evidence supporting these theories, providing a comprehensive 
overview of ADHD’s underlying mechanisms and their implications 
for diagnosis and treatment.

Discussion
The neurobiological mechanisms of ADHD have been studied 

extensively over the past few decades, revealing critical insights into its 
underlying pathophysiology. Structural and functional neuroimaging 
studies have consistently shown abnormalities in several brain regions 
associated with attention, impulse control, and motor activity [3]. The 
prefrontal cortex, basal ganglia, and cerebellum have emerged as key 
regions involved in the dysregulation of behavior observed in ADHD. 
Specifically, the prefrontal cortex, which plays a central role in executive 
functions such as planning, attention, and inhibition, is often found to 
be underactive in individuals with ADHD. This underactivity is believed 
to contribute to the characteristic difficulties with sustained attention 
and impulse control [4]. The role of neurotransmitters, particularly 

dopamine and norepinephrine, in ADHD is another area of significant 
focus. Dopamine dysfunction, in particular, is thought to play a 
crucial role in ADHD’s symptomatology, as this neurotransmitter is 
involved in reward processing, motivation, and cognitive function [5]. 
Abnormalities in dopamine signaling, especially in the prefrontal cortex 
and striatum, have been linked to both hyperactive and inattentive 
symptoms. Similarly, norepinephrine dysregulation, particularly in the 
frontal lobe, is believed to affect attention and arousal levels. Genetic 
studies have added another layer of complexity to the understanding of 
ADHD [6]. Although no single gene has been identified as the primary 
cause, numerous genetic variations have been associated with ADHD. 
These genetic factors likely interact with environmental influences, 
such as prenatal exposure to toxins, low birth weight, and early 
childhood adversity, further complicating the disorder’s pathogenesis 
[7,8]. Despite these advances, the relationship between genetics and 
the environment remains unclear, and further research is needed to 
identify the precise mechanisms by which these factors contribute to 
the development of ADHD.

Importantly, the clinical implications of these neurobiological 
findings are significant. A better understanding of the neurobiological 
basis of ADHD could lead to improved diagnostic tools, more effective 
interventions, and personalized treatment strategies [9]. Currently, 
medications such as stimulants and non-stimulants primarily target 
the dopaminergic and norepinephrine systems, and these treatments 
have been shown to be effective in alleviating symptoms for many 
individuals with ADHD. However, these treatments do not address 
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the root causes of the disorder and are not effective for everyone [10]. 
Research into the neurobiology of ADHD may ultimately lead to novel 
therapeutic targets, including non-pharmacological interventions, that 
could help those who do not respond to current treatments.

Conclusion
In conclusion, the neurobiological mechanisms of ADHD are 

multifaceted, involving abnormalities in brain structure, function, and 
neurotransmitter systems, as well as complex genetic-environmental 
interactions. While significant progress has been made in 
understanding the disorder’s underlying mechanisms, much remains 
to be learned. Future research should focus on further elucidating the 
role of neuroplasticity and how environmental factors may influence 
neurobiological changes over time. Additionally, the development of 
more refined neuroimaging techniques and genetic research methods 
will be crucial in advancing our understanding of ADHD. Ultimately, 
a more comprehensive understanding of the neurobiology of ADHD 
holds the promise of more effective and individualized treatment 
strategies, improving the quality of life for individuals affected by the 
disorder.
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