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Abstract

Attention Deficit/Hyperactivity Disorder (ADHD) is one of the most prevalent childhood disorders, mainly characterized by inattention, hyperactivity,
and impulsivity. These symptoms often manifest differently in males and females. This study investigates the relationship between ADHD and gray
matter (GM) density in the brain, with a focus on gender differences. Structural MRI data were obtained from the ADHD-200 database, including 164
male controls, 227 male ADHDs, 129 female controls, and 67 female ADHDs, all aged between 7 and 14 years. Voxel-based morphometry (VBM)
analysis was used to compare GM density between ADHD and control groups for each gender. The findings indicate significant GM alterations in
specific brain regions: the posterior cingulate gyrus, precuneus, hippocampus, and thalamus in males, and the cerebellum in females. These regions play
key roles in cognitive functions such as learning, memory, emotion regulation, and visual processing. As a result, male ADHD patients may experience
difficulties in managing these functions, while female patients may particularly struggle with attention compared to their healthy peers. This gender-
specific pattern highlights the importance of considering sex differences in the neurobiological basis of ADHD.
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Introduction

This section provides an overview of the foundation of ADHD, including its symptoms, the influence of genetic and environmental factors, diagnostic
methods, and the utilization of neuroimaging techniques such as VBM method to assess the gray matter density changes due to ADHD. It also highlights
disparities in ADHD prevalence and symptom presentation between genders, drawing upon several VBM studies that investigate structural GM changes
due to this disease. However, in light of inconsistencies in previous researches, the present study aims to examine MRI data from both male and female
participants (both ADHDs and controls) aged 7-14 years and employ just the VBM method to gain further insights.

Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

In this paper 587 structural MRI images (male ADHDs/male controls and female ADHDs/female controls) were extracted from the ADHD-200 database
to investigate the GM density changes due to ADHD between males and females. This paper’s methodology involved preprocessing, segmentation,
registration, and statistical analysis using the SPM12 software. The results showed significant differences in GM density in various brain regions
between ADHD patients and the healthy group, particularly in the posterior cingulate gyrus, precuneus, hippocampus, thalamus in male ADHDs, lingual
gyrus in both male and female ADHDs, and cerebellum in female ADHDs. These findings suggest potential difficulties in cognitive and behavioral
processes associated with ADHD in these patients.

Conclusion

The GM density changes in the posterior cingulate gyrus, precuneus, and hippocampus regions in boys ADHDs, suggested difficulties in emotion
management, motivation, and memory. Also, the thalamus region in male ADHDs is more involvement than in female ADHDs. So, male ADHDs
experience greater problems in visual processing, management of cognitive, behavioral, and motor functions. Furthermore, the lingual gyrus was
affected by ADHD in both male and females which may cause problems related to visual processing. The cerebellum is more affected by ADHD in
females than in males. This finding could be one of the factors contributing to the high occurrence of inattentiveness in ADHD girls.
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