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Introduction 

Attention-deficit/hyperactivity disorder (AD/HD) is a 
chronic, heritable neurobehavioral condition marked by 
impulsivity, hyperactivity, and inattention, and affects 1.4-
3% of the population (1). Approximately 60% to 80% of 
AD/HD symptoms last throughout adulthood. Therefore, 
AD/HD is not exclusively a childhood condition that 
subsides on its own after adolescence, and 4.4% of adults 
on average experience it (2). Although there are similarities 
in adult and childhood symptomatology, there are also 
important differences. Adults frequently experience 
emotional dysregulation, inattention compensated 

through depressive and anxious mechanisms, executive 
function (EF) -related symptoms, substance use disorders, 
and sleep disorders (3). Adults and children with AD/HD 
have varying levels of impairment in EFs, according to 
studies. The ability to mentally engage with ideas, wait 
before acting, meet unique, unexpected problems, resist 
temptations, and maintain attention is an example of EFs 
(4). Basic cognitive processes like attention management, 
cognitive inhibition, inhibitory control, working memory, 
and cognitive flexibility are examples of EFs, which are 
a fundamental to cognition (5). Working memory, also 
known as short-term memory, is affected in AD/HD, 
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where cognitive control, self-direction, self-regulation, and 
stimulus-driven behavioral responses are impaired, and is 
encoded with visual and auditory stimuli (6). 

Researchers have used neurophysiological examinations 
to elucidate and correlate the complex neural pathways 
and etiology of neurodevelopmental mental diseases, 
such as AD/HD. Few studies have investigated visual 
evoked potential (VEP) patterns as a helpful tool for 
understanding visual processing (7). VEPs are electrical 
potentials triggered by brief visual stimuli, and recorded 
from the scalp the overlying the visual cortex. Signal 
averaging is used to extract VEP waveforms with an 
electroencephalogram (EEG) (8). Electrical changes in the 
central nervous system (CNS) caused by external stimuli 
are frequently recorded using evoked potentials. Clinically, 
short-latency brainstem auditory evoked response, 
somatosensory evoked potential, and VEPs are used. 
These evoked potentials represent the neuronal response 
to the given stimulus. Their amplitudes and latency are 
determined by the stimulus’s physical properties. These 
waves have been researched in a variety of neurological 
and psychiatric syndromes, particularly schizophrenia, 
some types of anxiety disorders, and epilepsy. It is a non-
invasive procedure that provides information about neural 
activity connected to sensory and cognitive information 
processing (9).

The goal of this study was to compare VEP latency 
and amplitude in one treated and one untreated group of 
30 AD/HD patients, 15 of whom are on psychostimulant 
medication, and 15 of whom are not. We hypothesize that 
the cognitive impacts of disease severity and medication 
use in individuals with AD/HD can be demonstrated by 
VEP measurements. 

Materials and Methods 
Written informed consent was obtained from the 

patients in line with the ethical rules stated by the 
Declaration of Helsinki. Ethics approval was received on 
09.03.2023 with approval number 2023-21, from the 
Scientific Research Ethics Committee of University of 
Health Sciences Türkiye, Kocaeli Derince Training and 
Research Hospital where the study was carried out. 

Patients and Data

The sample size was calculated with power analysis 
by G*Power version 3.1.9.4. The minimum sample size 
was determined as 22 patients, with 11 patients in each 
group, based on the reference study and normal standard 
deviation at a 95% confidence level (1.81), as cited in the 
reference study (2).

Thirty patients aged between 18 and 65 years who 
applied to University of Health Sciences Türkiye, Kocaeli 
Derince Training and Research Hospital Psychiatry 

Outpatient Clinic with a diagnosis of AD/HD were included 
in the study. From this patient group, 15 patients who used 
psychostimulant drugs, and 15 who did not use them, 
were admitted to the psychiatry outpatient clinic between 
January 2024 and June 2024. The adult AD/HD Diagnostic 
Screening and Rating Scale, which has been validated 
for Turkish populations, was applied to all participants 
(10). The scale is a five-point Likert-type rating scale and 
consists of three subsections: Section 1, Attention Deficit: 
This section contains nine items based on symptoms of AD 
according to Diagnostic and Statistical Manual of Mental 
Disorders, 4th edition (DSM-IV). Section 2: Hyperactivity/
Impulsivity Section: This section also contains nine items 
based on symptoms of hyperactivity according to DSM-IV. 
Section 3: Characteristics and Problems Related to ADHD 
(Problem): This section, based on clinical experience and 
observations, contains a total of 30 items. The patients 
with total scores below 20 were considered mild, 
between 20-59 moderate, and above 59 severe AD/HD. 
Visual evoked potential measurements were performed 
on all patients. The obtained VEP measurements were 
compared according to the patients’ disease severity and 
treatment status.

Participants had no eye disease, anisocoria, or pupillary 
abnormality. Visual acuity was normal, and no myotic or 
mydriatic drops were used.

Study Design

Pattern visual evoked potential were recorded with 
a Viasys Medelec Synergy device. Pattern visual evoked 
potential tests were performed in a dark, sound-isolated 
room. Surface electrodes were used, ensuring that the 
scalp was cleaned and the electrodes were entirely placed. 
The active electrode was placed 2 centimeters above the 
external occipital protuberance; the reference electrode 
was placed on the vertex; and the ground electrode was 
placed on the scalp border on the forehead. 

The recordings were made in a 1-degree pattern 
size according to the International Society for Clinical 
Electrophysiology of Vision protocol. While the patients 
were looking at the fixation point the middle of the moving 
chessboard pattern on the screen 1 meter in front of 
them, the electrical potentials at the occipital cortex were 
recorded. The black-white chessboard pattern reversed at 
2 reversals per second. 

An average of 100 waves was recorded. The latency 
was measured in milliseconds (ms) and the amplitude was 
measured in microvolts (mV). The contrast was measured 
to be 99% according to the Michelson constant. When 
the cover or environmental artifacts exceeded 5%, the 
study was repeated. 

Two negative waveforms (N75 and N135 peaks) 
and one positive waveform (P-100 peak) were recorded 
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for each eye (Figure 1). All recordings were made with 
every participant’s eyes closed. Participants were closely 
followed by an experienced electrophysiology technician 
who ensured that they looked at the fixation point. 
Records were repeated for both eyes, of all patients, to 
ensure accuracy. P-100 latency and amplitude for both 
eyes of all patients were compared. 

Statistical Analysis

Statistical Package for Social Science (IBM SPSS 
Statistics 25 software, Armonk, NY: IBM Corp.) was used 
for data analysis. Descriptive statistical methods were used. 
Continuous variables were expressed as mean ± standard 
deviation, and categorical variables were expressed as 
numbers. Metric data with a normal distribution were 
compared using the independent samples t-test. The 
Mann-Whitney U test was used to analyze the presence 
of significant differences when data were non-normally 
distributed. A p-value under 0.05 was considered 
statistically significant.

Results
Thirty patients were included in the study; 19 were 

male and 11 were female. Five women and 10 men 
were using psychostimulant drugs. The mean age of 
all participants was 25.53±8.1, while the mean age of 
women was 24.91±7.1 and that of men was 25.89±8.9. 
There was no statistically significant difference in the age 
or the gender distribution of the patients.

Adult AD/HD Diagnostic Screening and Rating Scale 
was applied to all patients. Eight (26.7%) of the patients 
were moderate and the other 22 (73.3%) were diagnosed 
with severe AD/HD. Five (62.5%) of the patients with 
moderate AD/HD were on medication, while 10 (45.5%) 
of the patients with severe AD/HD were on medication 
(Table 1).

The pattern VEP right P-100 latency, right P-100 
amplitude, left P-100 latency, left P-100 amplitude, and 
mean P-100 latency values of all patients were compared. 
Mean left P-100 latency was 103.86±5.0 ms. Right P-100 
latency was 105.73±5.6 ms. Left P-100 amplitude was 
11.1±4.0 mV. Right P-100 amplitude was 10.6±4.4 mV. 
Four VEP values of each patient were compared according 
to medication use and AD/HD severity (Table 2). 

The mean right P-100 latency of AD/HD patients who 
were taking medication was 107.6±4.7 ms, and of those 
who were not taking medication was 101.1±4.8 ms. The 
left P-100 latency of AD/HD patients who were taking 
medication was 108.4±4.8 ms, and of those who were not 
taking medication was 103.0±5.2 ms. The difference was 
statistically significant between P-100 latency according to 
pshycostimulant use (p=0.046, p=0.016). When the mean 
of right and left P-100 latency values were compared 
in the two groups, the difference was also statistically 
significant (p=0.008).

Figure 1. VEP-N75, P100, N145 waves
VEP: Visual evoked potential
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Discussion
In our study, left P-100 latency and right P-100 Latency 

values differed significantly between groups that used 
psychostimulants and those that did not. There was 
no noticeable difference when the latency values were 
compared according to the severity of AD/HD. Attention-
deficit/hyperactivity disorder is a disorder that affects 
both simple and complicated cognitive processing, even 
though it involves behavioural problems. Distractibility, 
slow processing speed, and rising response time variability 
are examples of basic cognitive processes (11,12). 
Distractibility is the characteristic that leads individuals 
to become distracted from the intended stimuli. The 
failure to store the appropriate stimulus in memory or 
recording incorrect components is caused by distraction 
or task diversion. Distractibility in AD/HD is caused by an 
inability to reject unnecessary data or an excessive amount 
of attention to task-irrelevant stimuli (13-15). It is still 
unclear which stage of information processing is affected 
by attention problems in AD/HD and which regions of 
the CNS play a role in this problem. According to some 
theories, the CNS’s three neural networks play a significant 
role in how effectively sustained attention processes are 
carried out. The alerting network ensures that this state of 
alertness is maintained and that the reaction is prepared. 
The excitatory network includes the right parietal lobe, the 
locus coeruleus and the right frontal lobe, particularly in 
some higher regions of the 6th Brodmann area. It seems 

that noradrenaline has a special role in the excitatory 
network’s operation (16,17). Sensory stimuli are oriented 
via the orientation network. This network has been the 
subject of research, particularly with regard to visual 
stimuli. The parietal lobes, the oculomotor system, and 
the visual regions, particularly the fusiform gyrus, make-
up the majority of the extrinsic network for processing 
visual stimuli. Acetylcholine appears to play a key role 
in the functioning of the orientation network (16,18). 
The executive-control network is focused on regulating 
intentional behavior, target identification, error detection, 
problem solving, and restraining automatic responses. 
This network consists of the basal ganglia and anterior 
cingulate gyrus. The executive-controller network appears 
to be particularly dependent on dopamine for proper 
function (16,19). Adults with AD/HD show impairments 
in both basic cognitive abilities such as slower processing 
speeds and increased distractibility and more advanced 
abilities such as problems with cognitive flexibility, selective 
attention, planning, verbal fluency, working memory, and 
memory functions (10,20). From the perspectives of 
neuroanatomy and chemistry, AD/HD is viewed as a very 
heterogeneous condition. 

Measurement of evoked potentials has been used 
in several studies in an attempt to explain this complex 
relationship. Visual evoked potentials are recordings of 
electrical brain responses that occur in the occipital cortex 
in response to visual stimuli received by photoreceptors 
in response to visual stimuli. It measures the duration for 

Table 1. Demographics and clinical characteristics of the groups

Characteristics Medication (n=15) Non-medication (n=15) Total (n=30) p-value

Age (years), mean ± SD 25.89±8.9 24.91±7.1 25.53±8.1 0.72

Gender (M/F) 10/5 9/6 19/11 0.71

AD/HD score, mean ± SD 58.4±10.2 56.7±9.8 57.6±9.9 0.65

Data are presented as mean ± SD or n. An independent samples t-test was used for normally distributed continuous variables. The Mann-Whitney U test was used for 
non-parametric data. P<0.05 was considered statistically significant
AD/HD: Attention-deficit/hyperactivity disorder, SD: Standard deviation, M: Male, F: Female

Table 2. P-100 values according to psychostimulant use and adhd severity

Psychostimulant medication
p-value

AD/HD severity
p-value

Under-medication Non-medication Moderate Severe

Left P-100 latency (ms) 108.4±4.8 103.0±5.2 0.046* 106.4±5.2 103±4.7 0.098

Right P-100 latency (ms) 107.6±4.7 101.1±4.8 0.016* 105.8±4.4 105.6±6.1 0.777

Mean P-100 latency (ms) 107±3.9 102.6±4.6 0.008* 106.1±4.4 104.3±4.9 0.368

Left P-100 amplitude (mV) 10.4±3.9 11.9±4.2 0.321 9.4±2.6 11.8±4.4 0.163

Right P-100 amplitude (mV) 10.6±4.7 10.7±4.3 0.974 8.7±2.8 11.4±4.7 0.150

Mean P-100 amplitude (mV) 10.5±4.2 11.3±4.1 0.614 9.1±2.6 11.6±4.4 0.143

Data are presented as mean ± SD or n. Independent samples t-test was used for normally distributed continuous variables. Mann-Whitney U test was used for non-
parametric data. A p-value <0.05 was considered statistically significant
P-100 values according to psychostimulant use and AD/HD severity 
AD/HD: Attention-deficit/hyperactivity disorder, ms: Millisecond, mV: Microvolt
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neuronal activity to transit from the retina to the occipital 
cortex and is used clinically to assess the pathway’s integrity 
and function. The multiple stimulus-dependent waveforms 
are averaged by standard VEP. However, the positive wave 
on the midline occipital EEG electrode, marked P-100, which 
typically occurs about 100 ms after stimulation, is thought 
to be significant. For many disorders, their amplitude and 
latency are revealing (21,22). However, research has been 
conducted to determine whether measuring VEP-based 
wave qualities can be used to differentiate between 
various neurodevelopmental, neurodegenerative and 
mental diseases (23-25). Results from a study comparing 
VEP values of 12 healthy individuals, 12 patients with AD/
HD, and 12 patients with bipolar mood disorder show that 
there is a significant difference in the neural activity of 
the visual systems in response to periodic optical stimuli 
among individuals with AD/HD, bipolar mood disorder, 
and healthy controls (2).

In a systematic review of EEG findings in adult AD/
HD, Adamou et al. (26) revealed that EEG measurements 
differed for this disorder. Reasearch into the relationship 
between elevated theta (4-8 Hz) levels, alpha waves 
(8-10 Hz), beta waves (12-25 Hz), delta activity, and 
gamma band activity in EEG measurements and AD/
HD has revealed inconsistent findings. Low gamma 
band activity has been observed in adults with AD/HD, 
which is consistent with research conducted in children 
and adolescents. The dysregulation of brain networks 
related to attention function was assumed to be the 
explanation of this (27-30). Studies focusing on event-
related potential (ERP) measurements in AD/HD, on the 
other hand, have discovered these changes can be used 
as an informative tool. Event-related potentials studies are 
very beneficial in investigating a specific neural response 
triggered by cognition. A reaction to cognitive processing, 
such as viewing stimuli during assessment with scales, 
causes ERPs, which is a brief segment of the ongoing EEG 
recording (26,31). In adult AD/HD, it is visible that there is 
increased variability for both auditory and visual stimuli, as 
well as slowed cortical activity, which is consistent with the 
commonly predicted research findings (27,32). According 
to a study conducted by Leroy et al. (33), findings support 
the idea that earlier cortical levels of visual processing 
are impaired in the disorder, resulting in the formation 
of various ERP generators and EEG patterns in adult AD/
HD. Hasler et al. (34) found that the functional networks 
responsible for bottom-up and top-down attention were 
less active, which suggests that people with AD/HD have 
less cortical capacity for activities involving these processes. 
There have been few studies that have investigated the 
severity of AD/HD symptoms, psychostimulant use, and 

ERP characteristics. Transcranial Magnetic Stimulation 
evoked potentials and ERPs were analyzed in a study by 
Hadas et al. (35); and right prefrontal cortex excitability 
was closely linked with AD/HD severity and behavioral 
impulsivity. According to studies assessing the severity 
of symptoms using ERP components such as mismatch 
negativity, it appears to predict the severity of AD/HD 
symptoms in children and adolescents. These results 
support the use of ERPs in assessing AD/HD symptoms in 
patients (36,37). 

Methylphenidate (MPH) is the most commonly 
prescribed AD/HD medication as it helps increase and 
maintain alertness, tackle fatigue, and enhance focus. 
improvements in cognition, such as working and episodic 
memory (38,39). By comparing the ERPs of participants 
with AD/HD, following treatment with MPH, to participants 
who received a placebo, some EEG research in this field has 
attempted to answer this question. Unfortunately, findings 
for the N1, N2, P2, and P3 components’ amplitudes and 
latencies varied between analyses (40,41).

Study Limitations

Including a larger number of volunteers in the study 
is important for the consistency of the results. In this 
respect, it is important that future studies in this field be 
conducted with a larger number of patients. Additionally, 
no comparison was made in the study regarding the 
medication types, doses, and the periods of intake by the 
patients due to difficulty in classification. Another limitation 
of the study is the lack of healthy control group and the 
exclusion of EEG findings. The strength of the study is that 
it is the first study to examine confounding factors that 
may affect information processing speed, such as disease 
severity and treatment intake, using neurophysiological 
measures of visual processing speed.

Conclusion
This study shows that the P-100 latency, which indicates 

the optic nerve to occipital cortex conduction, is longer in 
AD/HD patients using psychostimulant medication. This 
would suggest an additional process in the conditioning 
phase of a stimulus rather than the recording phase. As 
expected, if the distractibility and disease severity caused a 
difference between the treated/untreated and moderate 
to severe groups, longer latencies and smaller amplitudes 
would be expected in untreated and severe patients. 
Larger sample size VEP studies in AD/HD with additional 
confounding factors will provide an understanding of 
information processing and elucidate the pathophysiology 
of this disorder. 



Kırsavoglu and Unluturk. VEP in Attention-deficit/Hyperactivity Disorder

272

Ethics 

Ethics Committee Approval: Ethics approval was 
received on 09.03.2023 with approval number 2023-21, 
from the Scientific Research Ethics Committee of University 
of Health Sciences Türkiye, Kocaeli Derince Training and 
Research Hospital which the study was carried out.

Informed Consent: Written informed consent was 
obtained from the patients in line with the ethical rules 
stated by the Declaration of Helsinki. 

Acknowledgments

We would like to express our special gratitude and 
thanks to our colleague MD. Ezgi Yilmaz for imparting 
her knowledge and providing the necessary information 
regarding this research study.

Footnotes 

Authorship Contributions 

Concept: B.K., Design: Z.U., Data Collection or 
Processing: B.K., Z.U., Analysis or Interpretation: B.K., Z.U., 
Literature Search: B.K., Z.U., Writing: B.K., Z.U.

Conflict of interests: No conflict of interest were 
declared by the authors.

Financial Disclosure: This study received no financial 
support.

References
1.	 Thapar A, Cooper M. Attention deficit hyperactivity disorder. 

Lancet. 2016;387:1240-50.

2.	 Nazhvani AD, Boostani R, Afrasiabi S, Sadatnezhad K. 
Classification of ADHD and BMD patients using visual evoked 
potential. Clin Neurol Neurosurg. 2013;115:2329-35. 

3.	 Weibel S, Menard O, Ionita A, et al. Practical considerations 
for the evaluation and management of Attention Deficit 
Hyperactivity Disorder (ADHD) in adults. Encephale. 
2020;46:30-40. 

4.	 Cristofori I, Cohen-Zimerman S, Grafman J. Executive 
functions. Handb Clin Neurol. 2019;163:197-219.

5.	 Chan RC, Shum D, Toulopoulou T, Chen EY. Assessment of 
executive functions: review of instruments and identification 
of critical issues. Arch Clin Neuropsychol. 2008;23:201-16. 

6.	 Clark L, Blackwell AD, Aron AR, et al. Association between 
response inhibition and working memory in adult ADHD: a 
link to right frontal cortex pathology? Biol Psychiatry. 2007; 
61:1395-401. 

7.	 Hermens DF, Kohn MR, Clarke SD, Gordon E, Williams LM. Sex 
differences in adolescent ADHD: findings from concurrent 
EEG and EDA. Clin Neurophysiol. 2005; 116:1455-63.

8.	 Creel DJ. Visually evoked potentials. In: Kolb H, Fernandez E, 
Jones B, Nelson R, editors. Webvision: The Organization of 
the Retina and Visual System [Internet]. Salt Lake City (UT): 
University of Utah Health Sciences Center; 1995–. 2012 Mar 
1 [updated 2015 Jul 14; cited 2025 Oct 22]. Available from: 
https://webvision.med.utah.edu/ PMID: 23035319.

9.	 Wu X, Tao M, Qiu Y. The diagnostic effect of integrated visual 
and auditory continuous performance and event-related 
potentials in ADHD. Am J Transl Res. 2024;16:5248-67.

10.	Günay Ş, Savran C, Aksoy UM. Erişkin dikkat eksikliği 
hiperaktivite ölçeğinin (Adult ADD/AD/HD DSM IV-Based 
Diagnostic Screening and Rating Scale) dilsel eşdeğerlilik, 
geçerlik güvenirlik ve norm çalişmasi. Marmara Üniversitesi 
Atatürk Eğitim Fakültesi Eğitim Bilimleri Dergisi 21.21 (2005): 
133-150.

11.	Adams ZW, Roberts WM, Milich R, Fillmore MT. Does response 
variability predict distractibility among adults with attention-
deficit/hyperactivity disorder? Psychol Assess. 2011;23:427-
36. 

12.	Goth-Owens TL, Martinez-Torteya C, Martel MM, Nigg JT. 
Processing speed weakness in children and adolescents 
with non-hyperactive but inattentive ADHD (ADD). Child 
Neuropsychol. 2010;16:577-91.

13.	Thorsen AL, Meza J, Hinshaw S, Lundervold AJ. Processing 
speed mediates the longitudinal association between ADHD 
symptoms and preadolescent peer problems. Front Psychol. 
2018;8:2154.

14.	Barkley RA. Behavioral inhibition, sustained attention, and 
executive functions: constructing a unifying theory of ADHD. 
Psychol Bull. 1997;121:65-94. 

15.	Gumenyuk V, Korzyukov O, Escera C, et al. Electrophysiological 
evidence of enhanced distractibility in ADHD children. 
Neurosci Lett. 2005;374:212-7. 

16.	Fan J, Wu Y, Fossella JA, Posner MI. Assessing the heritability 
of attentional networks. BMC Neurosci. 2001;2:14.

17.	Witte EA, Marrocco RT. Alteration of brain noradrenergic 
activity in rhesus monkeys affects the alerting component of 
covert orienting. Psychopharmacology (Berl). 1997;132:315-
23.

18.	Davidson MC, Marrocco RT. Local infusion of scopolamine 
into intraparietal cortex slows covert orienting in rhesus 
monkeys. J Neurophysiol. 2000;83:1536-49. Erratum in: J 
Neurophysiol. 2003;89:3354 

19.	Simon H, Scatton B, Moal ML. Dopaminergic A10 neurones 
are involved in cognitive functions. Nature. 1980;286:150-1. 

20.	Butzbach M, Fuermaier ABM, Aschenbrenner S, Weisbrod M, 
Tucha L, Tucha O. Basic processes as foundations of cognitive 
impairment in adult ADHD. J Neural Transm (Vienna). 
2019;126:1347-62.

21.	Ghatol D, Widrich J. Intraoperative neurophysiological 
monitoring. StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2023 Jul 24. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK563203/

22.	Gronseth GS, Ashman EJ. Practice parameter: the usefulness 
of evoked potentials in identifying clinically silent lesions in 
patients with suspected multiple sclerosis (an evidence-based 
review): Report of the Quality Standards Subcommittee 
of the American Academy of Neurology. Neurology. 
2000;54:1720-5



Kırsavoglu and Unluturk. VEP in Attention-deficit/Hyperactivity Disorder

273

23.	Šuštar Habjan M, Bach M, van Genderen MM, et al. ISCEV 
standard for clinical visual evoked potentials (2025 update). 
Doc Ophthalmol. 2025;151:97-112.

24.	The temporal correlations of the VEP of the visual and motor 
cortices during the perception and mental reproduction of 
an image in normal children and in those with intellectual 
disorders]. Zh Vyssh Nerv Deiat Im I P Pavlova. 1997, 47:49-
57.

25.	Kim J, Sung IY, Ko EJ, Jung M. Visual evoked potential 
in children with developmental disorders: correlation 
with neurodevelopmental outcomes. Ann Rehabil Med. 
2018;42:305-12.

26.	Adamou M, Fullen T, Jones SL. EEG for diagnosis of adult 
ADHD: a systematic review with narrative analysis. Front 
Psychiatry. 2020;11:871. 

27.	Gonen-Yaacovi G, Arazi A, Shahar N, et al. Increased ongoing 
neural variability in ADHD. Cortex. 2016;81:50-63. 

28.	Hale TS, Smalley SL, Walshaw PD, et al. Atypical EEG 
beta asymmetry in adults with ADHD. Neuropsychologia. 
2010;48:3532-9.

29.	Woltering S, Jung J, Liu Z, Tannock R. Resting state EEG 
oscillatory power differences in ADHD college students and 
their peers. Behav Brain Funct. 2012;8:60. 

30.	Mercado-Aguirre I, Gutiérrez-Ruiz K, Contreras-Ortiz SH. 
Classification of auditory ERPs for ADHD detection in children. 
J Med Eng Technol. 2025; 49:69-78. 

31.	Kropotov JD, Pronina MV, Ponomarev VA, Poliakov YI, 
Plotnikova IV, Mueller A. Latent ERP components of cognitive 
dysfunctions in ADHD and schizophrenia. Clin Neurophysiol. 
2019;130:445-53.

32.	Herrmann MJ, Mader K, Schreppel T, et al. Neural correlates 
of performance monitoring in adult patients with attention 
deficit hyperactivity disorder (ADHD). World J Biol Psychiatry. 
2010;11:457-64.

33.	Leroy A, Petit G, Zarka D, et al. EEG dynamics and neural 
generators in implicit navigational image processing in adults 
with ADHD. Neuroscience. 2018; 373:92-105. 

34.	Hasler R, Perroud N, Meziane HB, et al. Attention-related EEG 
markers in adult ADHD. Neuropsychologia. 2016;87:120-33. 

35.	Hadas I, Hadar A, Lazarovits A, Daskalakis ZJ, Zangen A. Right 
prefrontal activation predicts ADHD and its severity: a TMS-
EEG study in young adults. Prog Neuropsychopharmacol Biol 
Psychiatry. 2021;111:110340. 

36.	Yamamuro K, Ota T, Iida J, Nakanishi Y, Kishimoto N, Kishimoto 
T. Associations between the mismatch-negativity component 
and symptom severity in children and adolescents with 
attention deficit/hyperactivity disorder. Neuropsychiatr Dis 
Treat. 2016;12:3183-90. 

37.	Lee YJ, Jeong MY, Kim JH, Kim JS. Associations between 
the mismatch-negativity potential and symptom severity in 
medication-naïve children and adolescents with symptoms of 
attention deficit/hyperactivity disorder. Clin Psychopharmacol 
Neurosci. 2020;18:249-60. 

38.	Rösler M, Casas M, Konofal E, Buitelaar J. Attention deficit 
hyperactivity disorder in adults. World J Biol Psychiatry. 
2010;11:684-98.

39.	Parlatini V, Bellato A, Murphy D, Cortese S. From neurons to 
brain networks, pharmacodynamics of stimulant medication 
for ADHD. Neurosci Biobehav Rev. 2024;164:105841.

40.	Berchio C, Kumar SS, Narzisi A, Fabbri-Destro M. EEG 
microstates in the study of attention-deficit hyperactivity 
disorder: a review of preliminary evidence. Psychophysiology. 
2025;62:e14762.

41.	García-Ponsoda S, Maté A, Trujillo J. Refining ADHD diagnosis 
with EEG: the impact of preprocessing and temporal 
segmentation on classification accuracy. Comput Biol Med. 
2024;183:109305.


