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Background

Attention deficit hyperactivity disorder is a common neurodevelopmental disorder characterized by symptoms of inattention, hyperactivity and or impulsivity. Since the development of the concept, a reliable biomarker to aid diagnosis has been sought. One potential method is the use of electroencephalogram to measure neuronal activity. The aim of this review is to provide an up to date synthesis of the literature surrounding the potential use of electroencephalogram for diagnosis of attention deficit hyperactivity disorder in adulthood.



Methods

A search of PsycINFO, PubMed, and EMBASE was undertaken in February 2019 for peer-reviewed articles exploring electroencephalogram patterns in adults (18 years with no upper limit) diagnosed with attention deficit hyperactivity disorder.



Results

Differences in electroencephalogram activity are potentially unique to adult attention deficit hyperactivity disorder populations. Strongest support was derived for elevated levels of both absolute and relative theta power, alongside the observation that alpha activity is able to typically differentiate between adult attention deficit hyperactivity disorder and normative populations.



Conclusions

Electroencephalogram can have a use in clinical settings to aid adult attention deficit hyperactivity disorder diagnosis, but areas of inconsistency are apparent.
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Background

Having discovered that the mode of function of the human central nervous system is based on electric activity (1, 2) the invention of electroencephalography (EEG) and its first applications in humans (3) provided the possibility of analyzing the brain at its core functional level. Establishing a method that monitors the electrical activity of the cortex was revolutionary in elucidating functional aspects of common neurological conditions (4). Since then, EEG has been most commonly used in the diagnosis and management of epilepsy due to its capacity to discern both the classification and localization of seizures (5). EEG has also proven valuable in diagnosing and monitoring other forms of neuropathology including traumatic brain injury, dementia, encephalitis, brain tumors, and sleep disorders (6).

Alongside its use to better understand organic pathology, developments in its application saw an emphasis upon mapping neural correlates believed to be associated with psychiatric disorders. For instance, in schizophrenia, EEG patterns were studied as early as the 1960s (7), with evidence demonstrating reduced alpha activity with greater beta and slow wave delta voltage in quantitative EEG (qEEG) (8). Further, Knott & Lapierre (1987, 9) found deactivation in the right hemisphere in patients with major depression versus controls using EEG, and global waveform patterns between patients with post-traumatic stress disorder and normal controls have been investigated, finding resting state EEG demonstrated reduced complexity of global waveforms in the experimental group (10). For bipolar disorder, EEG analysis has been able to classify type I and type II bipolar disorder in adolescents (11). In characterizing social anxiety disorder, Harrewijn, Van der Molen, & Westenberg (12) found a negative delta-beta correlation in highly anxious participants comparative to those with lesser anxiety. In a similar review as this one, EEG abnormalities were found to be more severe in early-onset Alzheimer Disease patients (13). However, despite the potential usefulness of these findings, EEG has been notably absent from application to clinical practice.


EEG and ADHD

More recently, EEG has been used to identify possible biomarkers in neurodevelopmental disorders. For example, it has recently been suggested that EEG can be used for the diagnosis of Autism Spectrum Disorder (ASD) (14) and even measure its severity (15). In terms of ADHD, over the past decade researchers have used EEG to identify a number of localized changes in children with ADHD, purporting to differentiate cortical activity from ADHD and non-ADHD children (16). In these studies, the most commonly reported difference is in the Theta/Beta Ratio (TBR), the elevation of which is associated with childhood ADHD. Other differential biomarkers which are reported include increased alpha and resting state theta activity (17).

However, despite the proliferation of research into EEG and childhood ADHD, a significantly smaller number of studies have sought to determine neural correlates and biomarkers in adulthood. These are the ones we are focusing on in this review. The possibility of differentiating adult ADHD specific biomarkers remains a potentially important means of diagnosing the condition in this group and would be considered a welcome development by clinicians (18). Given that clinical presentation of ADHD appears to evolve and diminish across the developmental course, it is important to ascertain if any functional differences exist specific to the adult population. This is of pressing importance, considering that ADHD assessment is largely dependent on subjective patient report and clinical observations. Should EEG be able to be applied in clinical practice as a means to aid diagnosis, it would provide a potentially noninvasive and economical method with which to objectify the assessment process. Although there are a good number of studies for the use of EEG in adult ADHD, there is only one published review to date. Lenartowicz and Loo (2014, 19) explored the use of EEG in diagnosing adult ADHD, concluding that EEG was not an appropriate diagnostic tool but has a potentially promising future. This however requires revising due to passage of time and particularly due to the increase in numbers of studies in the last five years.

This review synthesized research which used EEG to map cortical activity in adults with a formal diagnosis of ADHD. The aims of this review was to (i) discern whether there are any differences between resting state and event related potential (ERP) cortical activity in the adult ADHD brain from the normative population, and (ii) to ascertain whether this evidence may lend itself to position EEG in clinical practice to aid diagnosis.




Methods


Inclusion Criteria

Quantitative reports of EEG used in the adult ADHD population were included. Criteria stipulated that studies appear in peer-reviewed journals in English language. Studies must present EEG neurophysiological outcome data, and concern subjects with a confirmed diagnosis of ADHD. Case studies are excluded. Due to the relative infancy of research in this area studies of controlled and noncontrolled design are included. No time limits were applied to the search parameters.

This review considers all outcomes relating to primary symptoms of ADHD. Studies may or may not include follow-up of various lengths. For the purposes of the review, adulthood is defined from 18 years old with no upper limit. Participants must have met diagnostic criteria for ADHD confirmed either by clinical assessment, or as reported using a cut off on at least one recognized diagnostic tool. Studies were excluded if ADHD was a secondary diagnosis, if the focus was on psychopharmacological or neuro-feedback outcomes. Participants could also report any comorbidity commonly associated with ADHD (e.g. bipolar); however, any diagnosis that might take precedent (e.g. moderate-severe intellectual disability) was excluded here. Studies were assessed independently by two authors; any uncertainty of appropriateness was discussed in order to achieve a consensus.



Data Extraction

Where reported, the following data were extracted from each article: author, year of publication, country, methodological approach, demographics, number of subjects, and main findings.



Study Quality Assessment

The study quality was assessed using a standardized quality-rating tool. The Downs and Black (20) method provides a framework for assessing the quality of randomized and nonrandomized trials. The quality rating checklist considers the following areas: (i) reporting (ii) external validity, (iii) bias, (iv) confounding variables, and (v) power. Four of the five subscales demonstrated high internal consistency and the quality index correlates highly with existing standardized appraisal tools for assessing randomized studies (r = .90).

Papers rated as poor quality were included in data extraction as our primary search objective was of including all available research. Poor quality papers were notably limited in the quality of reporting and internal validity due to lack of controlling for confounding variables. The tool was employed using a modification in order to be applicable to the nature of the studies included in the review. Therefore maximum score was 22, classified as excellent were scores of 18–22, good 15–17, fair 12–14, and poor <11. Quality was assessed by one author; any uncertainty of rating was discussed with other authors in order to achieve a consensus. While quality rating is useful in giving an overall evaluation of the literature, it was not a used as an exclusion criterion.



Search Strategies

The following terms were used in the title, ADHD and EEG; ADD and EEG, ADD and Encephal*, ADHD and Encephal*, Encephal* and Hyperkin*, Hyperkin*, and EEG and adult* in the abstract field. No time limits were applied to the search.

In order to identify relevant primary studies, databases germane to the research area (PsycINFO, PubMed, and EMBASE) were searched. Final searches were conducted in February 2019. In addition, hand searches of published systematic reviews, and of key journal publications were undertaken. Finally, following the application of the inclusion criteria, citation searches concluded the search. The initial search yielded 179. After duplicates were removed, studies were assessed for eligibility using PICOS methodology and exclusion-inclusion criteria was applied. Finally, 21 studies were included in this review (Figure 1; Table 1).




Figure 1 | PRISMA flow diagram (21).




Table 1 | Characteristics of the studies included in the review.









Results

Of the 21 studies included, the median number of participants was 34 (excluding control groups), with a range of 295. The largest study included 309 participants, the smallest 14. The mean age of participants (adult subgroups only) was 33.7 (SD ± 7.05) years. Study design varied significantly. From the twenty-one studies included, only one did not employ a control group (24). It was however included because it met inclusion criteria. Table 1 provides additional information about the nature of each study. In terms of quality, 42.9% of studies included in the review were rated excellent, 52.3% good, 4.8% fair, and 0% were rated poor. The median quality score was 17, with a range of 13 to 19. Of the studies included in this review, evidence for elevated levels of both absolute and relative theta power and alpha activity, along with a general reduction in neural activity for tasks requiring attention in adult ADHD populations was established, however there was variance in study design and inconsistency of findings. To a lesser degree, no differences are evident for delta or beta activity, and no consistent evidence of atypical TBR in adult ADHD. One study reported reduced resting state gamma activity. Results also support reduced CNV amplitude as a possible biomarker for adult ADHD (see Table 1).



Discussion

An objective, reliable measure to aid diagnosis would be extremely valuable, in any clinical setting. Such a tool would allow for accuracy in diagnosis, be economical and ensure consistency. Such would be the scope in the use of EEG to aid adult ADHD diagnosis should the evidence support that there are patterns specific to adult ADHD. However, the summative narratives of the studies included in this review suggest that observable EEG activity that is unique to adult ADHD is consistently variable.

For instance, consistent reporting of elevated theta (4–8 Hz) levels for adult ADHD would be usually associated with focused attention and difficulty of task. Indeed, the studies show evidence for elevated absolute and relative power in adult ADHD populations; however, these observations are seemingly dependent on the developmental phase hence not consistent. For example, there is evidence for elevated theta waves “at rest” comparative to control subjects, as well as observed elevated theta in Event Related Brain Potentials (ERP) analysis. Further to this, quantitative EEG allowed differentiation between not only adults with ADHD and controls, but also those with ADHD symptoms who did not meet the criteria to be given a diagnosis of ADHD, demonstrating the potential sensitivity that would be required in order to use EEG for diagnostic purposes (23). This suggests adequate support for the notion that theta activity is typically elevated in this population. However, at the same time, Liechti et al. (33) failed to find consistent elevated theta waves (however the sample of 22 participants could be considered relatively small), and Markovska-Simoska & Pop-Jordanova (35) only observed elevated theta in children, not adults. However taking lead from the longitudinal study by Feinberg, De Bie, Davis, & Campbell (42), they suggest a decline in EEG power is likely a reflective of brain reorganization which is driven by synaptic pruning. They discovered that slower waves decreased by up to 60% in ages 11 to 17 years, which could explain why patterns of inconsistency between ADHD in childhood comparative to adulthood are observed. Nevertheless, while the majority of studies tend to report elevated theta this is not a consistent trend and therefore cannot fully be endorsed as a specific biomarker, as yet.

Collectively, it is difficult to synthesize the findings in relation to alpha waves, as again, inconsistency is apparent in the findings of the studies included in this review. In summary, there is evidence of increased absolute power and decreased relative power to alpha waves alongside slower frequency in adulthood ADHD. More specifically, in terms of “at rest” studies, there is evidence of decreased alpha activity, and increased alpha activity. For instance, Poil et al. (38) found that in adults with ADHD there was slowing of alpha frequency along with increased power in alpha-1 (8–10 Hz) when eyes were closed for resting, but this resting state EEG activity was altered in ADHD in relation to age, suggesting that ADHD subjects clearly show a different maturation profile comparative to neurotypical populations; this has already been noted elsewhere (43). On the other hand, Woltering, Jung, Liu, & Tannock (41) report a decreased alpha power at rest. Reconciliation of these findings is difficult to attain here, with the eyes open/closed positioning not an explanatory factor in these findings.

As for beta waves (12–25 Hz), which are typically higher when a person is active, busy, anxious or concentrating for example, it is apparent that beta activity patterns are not unique in adult ADHD profiles and cannot be useful in differentiating ADHD in adulthood from normative populations based on evidence included in this review (23, 31). Yet, notably, there is evidence of abnormal rightward beta asymmetry in inferior parietal regions, which is potentially an important feature in adult ADHD which may occur due to impaired capacity for top down task directed control over sensory encoding functions associated with attention (26, 27). This insight provides intriguing information in relation to how EEG could be employed in ADHD populations, however at this point in time, beta activity is unable to offer reliable information in terms of differentiation of ADHD populations and more research is required to offer clarification.

Furthermore, a similar picture emerges when considering the information available regarding delta waves; there is no clear narrative regarding a potentially unique pattern of delta activity for adult ADHD populations when considering the information derived from this review, which suggests that, as yet, delta activity is not insightful for this population.

In terms of gamma activity, Tombor et al. (40) reports the first study to investigate resting state gamma band activity, finding this wave reduced (ranging from 30 to 39Hz) in adult ADHD, predominantly in the right hemispheric and midline centroparietal areas, comparative to controls. Curiously, gamma bands between 39 and 48 Hz were inversely correlated with ADHD severity, suggesting that reductions in gamma are associated with ADHD, perhaps reflecting dysregulation of neural networks associated with attention. This observation is in line with childhood studies which have found reductions in gamma activity compared to controls (44, 45). Tombor et al. (40) suggest their findings propose the dysregulation of neural networks relating to attention capacity, yet what limits the conclusions of this study is that it only employed an eyes open condition; therefore we cannot compare the two conditions. Also, the effect of medication on the sample is unknown but it does offer interesting information as to how gamma band is potentially insightful in relation to ADHD and EEG, albeit requires more research.

In general, the observed cortical under arousal reflected in the decreased contingent negative variation (CNV) in the EEG waves supports the notion of a reduced CNV amplitude as a possible biomarker for ADHD (46). This pattern of results with regards to EEG waves may be explained by the hypoarousal model of ADHD as a consequence of low tonic dopamine levels and the subsequent up-regulation of autoreceptors (47).

Considering reports from ERP studies, a collective evaluation shows slowing or reduced EEG activity in adults with ADHD, comparative to controls. EPRs are a small section of the continuous EEG recording, which have been induced by a response to cognitive processing, such as viewing of stimuli during a test battery. ERP studies are particularly useful in exploring the evoked neurological response to specific cognition. The recording will demonstrate the electrical activity for a particular task at a particular moment in time. Of the studies included in this review, Leroy et al. (32) in a visual attention study, found a decrease in neural networks in adult ADHD, suggesting compromised early cortical stages of visual processing. Herrmann et al. (29) reported the first study looking at neural correlates of error processing, finding post error slowing in adults (mean age of 24.2 years) but not observed in an older sub group of adult ADHD (mean age of 40.9 years). This suggests ADHD can be characterized by abnormal ERP of the error positivity (Pe), however this abnormality seemingly vanishes with age. Gonen-Yaacovi et al. (25) found neural response variability was lager in ADHD participants compared to controls for visual and auditory stimuli, but results also show neural variability throughout the task, suggesting larger activity is not related to specific cognitive processes and rather, continuous. However, it must be acknowledged that this study was limited in that it had a small sample size. Further, Hasler et al. (28) observed reduced activation of the functional networks devoted to bottom-up and top-down attention, which suggests adults with ADHD have reduced cortical resources for tasks related to these processes. Hale et al. (26, 27) found ADHD to have atypical right lateralization of brain function during a continuous performance test (a test that ADHD populations consistently show impairment on) in inferior parietal brain regions, an area linked to ADHD by other studies (48). This is relevant for ADHD treatment as normalizing lateralized contributions have worked previously for dyslexia patients (49). In accordance with what would be expected, it is evident that increased variability and a slowing of cortical activity are found in adult ADHD. However, there is also evidence to suggest that these observations are potentially confounded, especially by maturation.


Theta/Beta Ratio

Based on our discussion relating to the changes to theta and beta waves in ADHD, we would expect to find some results relating to TBR namely elevation as there is increase in theta waves and rightward beta asymmetry in inferior parietal regions. Indeed this knowledge has been used to develop a commercial product called Neuropsychiatric Electroencephalograph-Based ADHD Assessment Aid (NEBA) system, which received FDA approval (Food and Drug Administration, 2013) (50) for childhood populations. The TBR is considered ‘robust’ especially when considering the quantity of studies supporting this model, and the finding that medication specific to ADHD stabilizes TBR in ADHD patients (51). It is not however clear how this would translate to adult populations. In this review, we found studies reporting no consistent evidence of atypical TBR in adult ADHD, despite the evidence in childhood samples (17). However, it must be considered that the irregularity in findings might be explained in the context of sampling issues. Specifically, Loo et al. (34) found that the TBR was reversed in ADHD, in that it was significantly lower comparative to controls, yet they state that included within the non-ADHD adult sample was parents of children included in the ADHD group. It is therefore possible that the non-ADHD adult group possessed a strong loading of gene variants and traits associated with ADHD. Moreover, Loo et al. (34) acknowledge that a majority of the non-ADHD adult group had a range of other psychiatric diagnosis which might account for the inverse ratio. It is therefore possible that the non-ADHD adult group possessed a strong loading of gene variants and traits associated with ADHD. Moreover, the majority of the non-ADHD adult group had a range of other psychiatric diagnosis which might account for the inverse ratio. In addition, Liechti et al. (33) found that TBR increase was not present in ADHD, even when multivariate analysis was applied.



EEG and Brain Maturation

A potential important explanation for the discrepancy in EEG activity in adult ADHD comes from the issue of the differences in neurological activity according to maturation. It seems there is evidence to suggest that the TBR is more reliable in childhood (50), albeit with some issues as use of fixed EEG bands may be a significant limitation, particularly in youth (52). Evidence points to a combination of reduction of TBR in ADHD as patients grow older, alongside the increase in TBR as neurotypical populations increase in age (53). This is likely related to the reduction in hyperactivity in adulthood ADHD, linked to frontocentral normalization of beta activity, and maintained increase in theta activity associated with impulsivity (54). In support of this line of thinking, Koehler et al. (31) found absolute power density in alpha and theta bands (posterior region only) to be significantly increased in adults with ADHD compared to matched controls when measuring resting state in an eyes closed position. No differences were found for delta and beta activity, with authors suggesting they could not be used to discriminate ADHD from neurotypical presentation. Increased alpha activity was found in frontal, central, and posterior regions of the brain. In addition, theta power and age shared a negative correlation, demonstrating again that age is a significant confounding factor in EEG abnormality in adult ADHD. They conclude that ADHD cortical activity is different in adults with ADHD compared to younger populations, and that EEG abnormalities change with maturation and suggest longitudinal research should be carried out to determine why this is observed.

Neurotypical populations consistently present with a decrease in theta activity and an increase in alpha activity as development progresses (55), with EEG frequency increasing in a linear relationship with maturation (56). For ADHD where it has been proposed that the brain maturation process is affected (4), this would introduce an important confounder. This is along the lines of what is reported by Poil et al. (38) who found that the effect of ADHD on EEG is greatly dependent on age.

The notion of age is a seemingly complex one, and a confounding factor that requires clarity if EEG is to be useful in a clinical settings. van Dongen-Boomsma et al. (57) suggest that discrepancies between childhood and adult ADHD EEG findings may be because of a multitude of factors, one being study design. They suggest that the majority of childhood studies look at eyes closed data, while the majority of adult studies look at eyes open conditions (here, we find a mixture of both) and perhaps this could explain some of the discrepancy. A previous meta-analysis looking at ADHD in childhood, adolescence and adulthood found consistent theta power increase and beta power decrease, also that the TBR in ADHD is commonly increased, and can predict ADHD with 94% sensitivity (58). We think this is a very ambitious conclusion particularly in relation to the findings here which cannot support such consistency in adults. What is interesting about this meta-analysis is that while they conclude consistency in EEG activity in ADHD, they also suggest that age related changes significantly affect the TBR in ADHD.



EEG Analysis

When Ponomarev, Mueller, Candrian, Grin-Yatsenko, & Kropotov (54) investigated the performance of spectral analysis of resting EEG by calculating current source density (CSD) and group independent component analysis (gICA) in 96 adults with a diagnosis of ADHD, they found that these measures were more sensitive in distinguishing ADHD from control populations in comparison to raw EEG data in the front-central areas. Furthermore, Biederman et al. (22) report an EPR study which employed brain network activation (BNA) analysis to achieve qualitative data on cortical connectivity to EEG data that was collected during a Go/No-Go task in adults with and without ADHD. They suggest BNA analysis produces an algorithm which is able to discriminate between ADHD and normative groups with a high level of accuracy. Moreover, the BNA ADHD profile is able to be refined further to build individual neural network profiles that are typical for subgroups that could be characterized by age and gender; a prospect that would be highly valuable. This approach is in line with Ahmadlou & Adeli (59) who previously suggested that ADHD diagnosis using EEG should use wavelets, a signal processing technique and neural networks, a pattern recognition technique as the signal is often chaotic and complex. They suggested that using nonlinear, multiparadigm methods would yield the most accurate results to aid diagnosis. Using a wavelet-synchronization method they reported a 95.6% accuracy of diagnosis in a sample of 47 ADHD patients. Therefore, it seems imperative to continue this trend of theory driven research that has the potential to establish a robust measure of ADHD using EEG in adult populations.



Future Research

Clearly, EEG as a diagnostic tool for adults with ADHD has discrepancies that require clarification. Leading themes here have surrounded the complexity of the maturation process and how this is a confounder in establishing a clear narrative of how EEG can be useful in adult ADHD. Further, the describing of raw EEG data without a theory driven study and standardized protocol, is problematic. It is possible that this approach is inhibiting the development of useful information regarding this potentially valuable method to aid diagnosis. A call for longitudinal research is required, mainly to unpick how cortical activity changes in this atypical population and how EEG can help us determine this. Also, mediating factors such as comorbidity and ADHD heterogeneity can significantly influence the inconsistencies found in these studies. This highlights that method is extremely important in EEG studies, in that age, subtype of ADHD and comorbidity need to be accounted for, otherwise, we should expect to see differing and contradictory results. Again, this observation links to our conclusions surrounding age and its’ effect on the value of EEG measures. Replication is needed to gain consistency across findings for particular waves, within this, research should be theory driven, rather than describing EEG data patterns. Finally, there is evidence to suggest that EEG abnormalities in ADHD are influenced by biological sex in childhood (45), a concept not approached in the studies available to this review, but one that requires further investigation to determine if sex differences could account for some of these inconsistencies.




Conclusions

There is potential the EEG can be used as a clinical diagnostic tool in Adult ADHD. However, with the current level of knowledge, it cannot be recommended. Although most studies point to elevated levels of both absolute and relative theta power and alpha activity as having potential to differentiate between adult ADHD and normative populations along with a general reduction in neural activity for tasks requiring attention, these findings are not consistent among studies to recommend it use.

In addition, the studies included in this review used differing paradigms and different samples so the exact nature of the EEG profile in adult ADHD remains unclear. However, one observation that is steadfast is the discrepancy in findings when comparing childhood and adulthood EEG activity which indicates developmental changes are atypical in ADHD.

It is also clear that the once considered robust measure, TBR, is highly inconsistent in adult ADHD and a new wave of research that considers and adds clarity to these discrepancies is required in order for this potentially valuable measure of ADHD in adulthood to be introduced.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material; further inquiries can be directed to the corresponding author.



Author Contributions

MA, TF, and SJ contributed equally. All authors contributed to the article and approved the submitted version.



Abbreviations

ACC, reduced accuracy; ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; ASRS, adult self-report scale; BNA, brain network activation; CPT, continuous performance task; CSD, current source density; CVN, contingent negative variation; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, 4th. Edition; EEG, electroencephalography; ERN, error-related negativity; ERP, event related potential; FDA, Food and Drug Administration; GFS, global field synchronization; gIC/gICA, group independent component analysis; Go/NoGo, response inhibition task; NEBA, neuropsychiatric electroencephalograph based ADHD assessment aid; Pe, error positivity; qEEG, quantitative electroencephalography; TBR, theta/beta ratio; VIGALL, Vigilance Algorithm Leipzig; VLF, very low frequency.



References

1. Caton R. Electrical currents of the brain. J Nerv Ment Dis (1875) 2:610. https://journals.lww.com/jonmd/Citation/1875/10000/Electrical_Currents_of_the_Brain.13.aspx

2. Ferrier D, Burdon-Sanderson J. Experiments on the Brain of Monkeys.-No. I. Proc Soc Lond (1875) 23:409–30. doi: 10.1098/rspl.1874.0058

3. Berger P. Über das Elektrenkephalogramm des Menschen. Arch Psychiatr (1929) 87:527–70. doi: 10.1007/BF01797193

4. Beres AM. Time is of the Essence: A Review of Electroencephalography (EEG) and Event-Related Brain Potentials (ERPs) in Language Research. Appl Psychophysiol Biofeedback (2017) 42:247–55. doi: 10.1007/s10484-017-9371-3

5. Tzallas AT, Tsipouras MG, Fotiadis DI. (2007). The Use of Time-Frequency Distributions for Epileptic Seizure Detection in EEG Recordings. In: 29th Annual International Conference of the IEEE Engineering in Medicine and Biology Society. Lyon (2007). pp. 3–6. doi: 10.1109/IEMBS.2007.4352208

6. Roche RAP, Dockree PM, Garavan H, Foxe JJ, Robertson IH, O’Mara SM. EEG alpha power changes reflect response inhibition deficits after traumatic brain injury (TBI) in humans. Neurosci Lett (2004) 362(1):1–5. doi: 10.1016/j.neulet.2003.11.064

7. Sugerman AA, Goldstein L, Murphree HB, Pfeiffer CC, Jenney EH. Eeg and behavioral changes in schizophrenia. Arch Gen Psychiatry (1964) 10:340–4. doi: 10.1001/archpsyc.1964.01720220018005

8. Itil TM. Qualitative and quantitative EEG findings in schizophrenia. Schizophr Bull (1977) 3(1):61. doi: 10.1093/schbul/3.1.61

9. Knott VJ, Lapierre YD. Computerized EEG correlates of depression and antidepressant treatment. Prog Neuropsychopharmacol Biol Psychiatry (1987) 11(2–3):213–21. doi: 10.1016/0278-5846(87)90063-7

10. Chae JH, Jeong J, Peterson BS, Kim DJ, Bahk WM, Jun TY, et al. Dimensional complexity of the EEG in patients with posttraumatic stress disorder. Psychiatry Res – Neuroimaging (2004) 131(1):79–89. doi: 10.1016/j.pscychresns.2003.05.002

11. Khaleghi A, Sheikhani A, Mohammadi MR, Nasrabadi AM, Vand SR, Zarafshan H, et al. EEG classification of adolescents with type I and type II of bipolar disorder. Australas Phys Eng Sci Med (2015) 38(4):551–9. doi: 10.1007/s13246-015-0375-0

12. Harrewijn A, Van der Molen MJW, Westenberg PM. Putative EEG measures of social anxiety: Comparing frontal alpha asymmetry and delta–beta cross-frequency correlation. Cognitive Affective Behav Neurosci (2016) 16(6):1086–98. doi: 10.3758/s13415-016-0455-y

13. Micanovic C, Pal S. The diagnostic utility of EEG in early-onset dementia: a systematic review of the literature with narrative analysis. J Neural Transm (2014) 121(1):59–69. doi: 10.1007/s00702-013-1070-5

14. O’Neill M, Shear T. EEG for Diagnosis of Autism Spectrum Disorder. Pediatr Neurol Briefs (2018) 32:13. doi: 10.15844/pedneurbriefs-32-13

15. Hadoush H, Alafeef M, Abdulhay E. Automated identification for autism severity level: EEG analysis using empirical mode decomposition and second order difference plot. Behav Brain Res (2019) 362:240–8. doi: 10.1016/J.BBR.2019.01.018

16. Arns M, Conners CK, Kraemer HC. A Decade of EEG Theta/Beta Ratio Research in ADHD: A Meta-Analysis. J Attention Disord (2013) 17(5):374–83. doi: 10.1177/1087054712460087

17. Clarke AR, Barry RJ, McCarthy R, Selikowitz M. EEG Analysis of Children with Attention-Deficit/Hyperactivity Disorder and Comorbid Reading Disabilities. J Learn Disabil (2002) 35(3):276–85. doi: 10.1177/002221940203500309

18. Strauß M, Ulke C, Paucke M, Huang J, Mauche N, Sander C, et al. Brain arousal regulation in adults with attention-deficit/hyperactivity disorder (ADHD). Psychiatry Res (2018) 261:102–8. doi: 10.1016/j.psychres.2017.12.043

19. Lenartowicz A, Loo SK. Use of EEG to Diagnose ADHD. Curr Psychiatry Rep (2014) 16(11):498. doi: 10.1007/s11920-014-0498-0

20. Downs S, Black N. The feasibility of creating a checklist for the assessment of the methodological quality both of randomized and non-randomized studies of health care interventions. J Epidemiol Community Health (1998) 52:377–84. doi: 10.1136/jech.52.6.377

21. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PloS Med (2009) 6(7):e1000097. doi: 10.1371/journal.pmed.1000097

22. Biederman J, Hammerness P, Sadeh B, Peremen Z, Amit A, Or-Ly H, et al. Diagnostic utility of brain activity flow patterns analysis in attention deficit hyperactivity disorder. psychol Med (2017) 47(7):1259–70. doi: 10.1017/S0033291716003329

23. Bresnahan S, Barry RJ. Specificity of quantitative EEG analysis in adults with attention deficit hyperactivity disorder. Psychiatry Res (2002) 112(2):133–44. doi: 10.1016/S0165-1781(02)00190-7

24. Broyd SJ, Helps SK, Sonuga-Barke EJS. Attention-induced deactivations in very low frequency EEG oscillations: Differential localisation according to ADHD symptom status. PloS One (2011) 6(3):1–8. doi: 10.1371/journal.pone.0017325

25. Gonen-Yaacovi G, Arazi A, Shahar N, Karmon A, Haar S, Meiran N, et al. Increased ongoing neural variability in ADHD. Cortex (2016) 81:50–63. doi: 10.1016/j.cortex.2016.04.010

26. Hale TS, Smalley SL, Walshaw PD, Hanada G, Macion J, McCracken JT, et al. Atypical EEG beta asymmetry in adults with ADHD. Neuropsychologia (2010) 48(12):3532–9. doi: 10.1016/j.neuropsychologia.2010.08.002

27. Hale TS, Kane AM, Tung KL, Kaminsky O, McGough JJ, Hanada G, et al. Abnormal parietal brain function in ADHD: Replication and extension of previous EEG beta asymmetry findings. Front Psychiatry (2014) 5:87. doi: 10.3389/fpsyt.2014.00087

28. Hasler R, Perroud N, Meziane HB, Herrmann F, Prada P, Giannakopoulos P, et al. Attention-related EEG markers in adult ADHD. Neuropsychologia (2016) 87:120–33. doi: 10.1016/j.neuropsychologia.2016.05.008

29. Herrmann MJ, Mader K, Schreppel T, Jacob C, Heine M, Boreatti-Hümmer A, et al. Neural correlates of performance monitoring in adult patients with attention deficit hyperactivity disorder (ADHD). World J Biol Psychiatry (2010) 11(2 PART 2):457–64. doi: 10.3109/15622970902977552

30. Kitsune GL, Cheung CHM, Brandeis D, Banaschewski T, Asherson P, McLoughlin G, et al. A Matter of Time: The Influence of Recording Context on EEG Spectral Power in Adolescents and Young Adults with ADHD. Brain Topogr (2015) 28(4):580–90. doi: 10.1007/s10548-014-0395-1

31. Koehler S, Lauer P, Schreppel T, Jacob C, Heine M, Boreatti-Hümmer A, et al. Increased EEG power density in alpha and theta bands in adult ADHD patients. J Neural Transm (2009) 116(1):97–104. doi: 10.1007/s00702-008-0157-x

32. Leroy A, Petit G, Zarka D, Cebolla AM, Palmero-Soler E, Strul J, et al. EEG Dynamics and Neural Generators in Implicit Navigational Image Processing in Adults with ADHD. Neuroscience (2018) 373:92–105. doi: 10.1016/.neuroscience.2018.01.022

33. Liechti MD, Valko L, Müller UC, Döhnert M, Drechsler R, Steinhausen HC, et al. Diagnostic value of resting electroencephalogram in attention-deficit/ hyperactivity disorder across the lifespan. Brain Topogr (2013) 26(1):135–51. doi: 10.1007/s10548-012-0258-6

34. Loo SK, Cho A, Hale TS, McGough J, McCracken J, Smalley SL. Characterization of the Theta to Beta Ratio in ADHD: Identifying Potential Sources of Heterogeneity. J Attention Disord (2013) 17(5):384–92. doi: 10.1177/1087054712468050

35. Markovska-Simoska S, Pop-Jordanova N. Quantitative EEG in Children and Adults with Attention Deficit Hyperactivity Disorder. Clin EEG Neurosci (2017) 48(1):20–32. doi: 10.1177/1550059416643824

36. Marquardt L, Eichele H, Lundervold AJ, Haavik J, Eichele T. Event-related-potential (ERP) correlates of performance monitoring in adults with attention-deficit hyperactivity disorder (ADHD). Front Psychol (2018) 9:1–12. doi: 10.3389/fpsyg.2018.00485

37. Missonnier P, Hasler R, Perroud N, Herrmann FR, Millet P, Richiardi J, et al. EEG anomalies in adult ADHD subjects performing a working memory task. Neuroscience (2013) 241:135–46. doi: 10.1016/j.neuroscience.2013.03.011

38. Poil SS, Bollmann S, Ghisleni C, O’Gorman RL, Klaver P, Ball J, et al. Age dependent electroencephalographic changes in attention-deficit/hyperactivity disorder (ADHD). Clin Neurophysiol (2014) 125(8):1626–38. doi: 10.1016/j.clinph.2013.12.118

39. Ponomarev VA, Mueller A, Candrian G, Grin-Yatsenko VA, Kropotov JD. Group Independent Component Analysis (gICA) and Current Source Density (CSD) in the study of EEG in ADHD adults. Clin Neurophysiol (2014) 125(1):83–97. doi: 10.1016/j.clinph.2013.06.015

40. Tombor L, Kakuszi B, Papp S, Réthelyi J, Bitter I, Czobor P. Decreased resting gamma activity in adult attention deficit/hyperactivity disorder. World J Biol Psychiatry (2018) 0(0):1–12. doi: 10.1080/15622975.2018.1441547

41. Woltering S, Jung J, Liu Z, Tannock R. Resting state EEG oscillatory power differences in ADHD college students and their peers. Behav Brain Functions (2012) 8:1–9. doi: 10.1186/1744-9081-8-60

42. Feinberg I, De Bie E, Davis NM, Campbell IG. Topographic differences in the adolescent maturation of the slow wave EEG during NREM sleep. Sleep (2011) 34(3):325–33. doi: 10.1093/sleep/34.3.325

43. Shaw P, Eckstrand K, Sharp W, Blumenthal J, Lerch JP, Greenstein D, et al. Attention-deficit/hyperactivity disorder is characterized by a delay in cortical maturation. Proc Natl Acad Sci (2007) 104(49):19649–54. doi: 10.1073/pnas.0707741104

44. Barry RJ, Clarke AR, Hajos M, McCarthy R, Selikowitz M, Dupuy FE. Resting-state EEG gamma activity in children with Attention-Deficit/Hyperactivity Disorder. Clin Neurophysiol (2010) 121(11):1871–7. doi: 10.1016/j.clinph.2010.04.022

45. Dupuy FE, Clarke AR, Barry RJ, McCarthy R, Selikowitz M. EEG differences between the Combined and Inattentive types of attention-deficit/hyperactivity disorder in girls: A further investigation. Clin EEG Neurosci (2014) 45(4):231–7. doi: 10.1177/1550059413501162

46. Mayer K, Wyckoff SN, Strehl U. Underarousal in Adult ADHD: How are peripheral and cortical arousal related? Clin EEG Neurosci (2016) 47(3):171–9. doi: 10.1177/1550059415577544

47. Sikström S, Söderlund G. Stimulus-dependent dopamine release in attention-deficit/hyperactivity disorder. Psychol Rev (2007) 114(4):1047–75. doi: 10.1037/0033-295X.114.4.1047

48. Schneider M, Retz W, Coogan A, Thome J, Rösler M. Anatomical and functional brain imaging in adult attention-deficit/hyperactivity disorder (ADHD)—A neurological view. Eur Arch Psychiatry Clin Neurosci (2006) 256(S1):i32–41. doi: 10.1007/s00406-006-1005-3

49. Simos PG, Fletcher JM, Bergman E, Breier JI, Foorman BR, Castillo EM, et al. Dyslexia-specific brain activation profile becomes normal following successful remedial training. Neurology (2002) 58(8):1203–13. doi: 10.1212/WNL.58.8.1203

50. Food and Drug Administration. De novo classification request for Neuropsychiatric EEG-Based Assessment Aid for ADHD (NEBA) System. Food and Drug Administration (2013). Available at: https://www.accessdata.fda.gov/cdrh_docs/pdf11/K112711.pdf.


51. Angelidis A, van der Does W, Schakel L, Putman P. Frontal EEG theta/beta ratio as an electrophysiological marker for attentional control and its test-retest reliability. Biol Psychol (2016) 121:49–52. doi: 10.1016/j.biopsycho.2016.09.008

52. Saad JF, Kohn MR, Clarke S, Lagopoulos J, Hermens DF. Is the Theta/Beta EEG Marker for ADHD Inherently Flawed? J Attention Disord (2015) 22: 815–26. doi: 10.1177/1087054715578270. (March).


53. Lubar JF. Discourse on the development of EEG diagnostics and biofeedback for attention-deficit/hyperactivity disorders. Biofeedback Self-Regul (1991) 16(3):201–25. doi: 10.1007/BF01000016

54. Bresnahan SM, Anderson JW, Barry RJ. Age-related changes in quantitative EEG in attention- deficit/hyperactivity disorder. Biol Psychiatry (1999) 46(12):1690–7. doi: 10.1016/S0006-3223(99)00042-6

55. Benninger C, Matthis P, Scheffner D. EEG development of healthy boys and girls. Results of a longitudinal study. Electroencephalogr Clin Neurophysiol (1984) 57(1):1–12. doi: 10.1016/0013-4694(84)90002-6

56. John ER, Ahn H, Prichep L, Trepetin M, Brown D, Kaye H. Developmental equations for the electroencephalogram. Science (1980) 210(4475):1255–8. doi: 10.1126/science.7434026

57. van Dongen-Boomsma M, Lansbergen MM, Bekker EM, Sandra Kooij JJ, van der Molen M, Kenemans JL, et al. Relation between resting EEG to cognitive performance and clinical symptoms in adults with attention-deficit/hyperactivity disorder. Neurosci Lett (2010) 469(1):102–6. doi: 10.1016/j.neulet.2009.11.053

58. Snyder SM, Hall R. A meta-analysis of quantitative EEG power associated with attention-deficit hyperactivity disorder. J Clin Neurophysiol (2006) 23(5):440–55. doi: 10.1097/01.wnp.0000221363.12503.78

59. Ahmadlou M, Adeli H. Wavelet-synchronization methodology: A new approach for EEG-based diagnosis of ADHD. Clin EEG Neurosci (2010) 41(1):1–10. doi: 10.1177/15500594100410010



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Adamou, Fullen and Jones. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpsyt.2020.00871_cover.jpg
, frontiers
in Psychiatry

EEG for Diagnosis of Adult ADHD: A
Systematic Review With Narrative
Analysis





OEBPS/Images/table1d.jpg
S, SHTETNENILIRY TR RO R W o TR EPUS UV ORI SN S ST
Swzornd  rccorng wih s handacness, gender,and ctimated 10, The  ADHD = 48 (22 eauency, combinad it a hghar powr i apha
=] % poston. 60 controlsubecs 6ot epor any curent o adte). conol = and bita.
decirodos on scalp.  provious noriogal o sy 63070 Man g suggest fctsof ADHD on EEG ao
Usng 10-20 sytem, - Gognoses 290 cependant
plus.a numborof 10
10 posiions
Poncmarer, Resting EEG, CSD_ Exciuded compx parnatal perod, hoad Patten of dferonces 1 gC and CSD speciral 16
2014, andgiCanaysis (19 nury vithcererlsymploms, oy of pore botwoon conions was approxmatgy  (oxcont
Russa(39)  chamels, inkad sars  nauroogca or pychatic dSeases, ‘Sevr,wheas it was moro vy spatay
oo, oyes comision, nonnoanal mental and pysal itbtod for EEG. S20 ofect of dorences 1 9O
openicosed. ovolopment, blow avorago or boter grades and CSD spectral powerbetweon groups of
Batweengoup i soho curent medicaion o g, ot was consckratly gresteran 1 he caso
comparson AOHD group e 090 36.4 viha g of of EEG. Sgcant ecction f G and OSD
2050 spectal powe depenng on Condtons was
found n ADHD. Recocing power na i
roquency rangoin o onto-contalarcas s a
common phanomennregardess ofwhethe th)
oyes wor opon o cosed. Spocta poirofkcal
EEG actity soated by gCAICSD may provide
scrminatng biomarker
Svah,  Cossisecionsl  Mean 0 05, Exchsion e crgano = 68 At ADHD patonts showed snicanty lower 18
208, sy, Assessed  menial Goordes, curent (modoraelsoverd)  ADHD =33, arcusallevls and sincanly s stabo bxain (exclon
Gommany  tron acusal dopresiv pisocs or subiveshokd Gonvol =35 arousalrequiaion than conils
15 equaion usngthe  Cepression,acuto sucdaiy curent man
VGALL2110  epiods, bposrsorde, schzopivena o
anazo 15:mn  peychos; curent somat dssase, use of

resting EEG data.  poychotropic medcaton, EEGS contaning
‘Gap mounted, using - moro than 15% artfacts or 95% low votage.
31 dectodesand  segments

e 10-20 system.
Eyes closed postion
Tombor,  Spontancous EEG  Subjcts were indvidualy matched by age. ADHD showed lower ask oo gammaband 18
2018, was recorded gender acivity compared to contos, Marest i ho fight (oxcslent
Hungary  with eyes open. 4~ and levelofecucaton. The indluson Grerion hamispharc and midino centropartal ares.
(40) minrestng state. for the patient group was the dagnosis of Lower ight central and centropastal actly
Focussad onlow  ADHD. Exclusion criera for al partcpants (30.25-39H2., was assocated with ADHD soverty.
‘gamma fequency  included ahistory Inverso associton found between ight
band, anging of soverd neurologcal or somatc disorder o contioparita 39.26-482) acivty and ADHD
betwoen 30 @0 48 severe head trauma. sy,
He. Batwoen Findogs irespectie ofmedcaton
subjects design
Wotorng,  Restng sato EEG  Excludd those wih uncorrected sensory. ADHD group showed decreased powerfor fast 15 (990
2012, witheyesopenand  impainent, mar neurdogcal dyshncton  ADHD = 18, requencies, especialy apha. Ao increased
Caradi (1) oyes-cosed and psychoss, and curent uso o secating  Coniol = 17 powor i tho sow fequency bands, however,
ondiions, were  or mood aterng medicaton ot than theso afcts wero sionges! usng 9o pawer
‘compared fo cotega  timulants prescrbed for ADHO. Mean g0 of ‘computatons. Furthamore, tho TBR moasuro was:
Studonts wih ADHD  25.8 years rakaby higher for tho ADHD roup. Al efcts wero
and noncinical more pronounced for the yes:cosed compared
contol. 129 chamel 101h0 eyes-open condion. Measures of -
EEG rot. Betwoen ncividuel variaity suggested that rains of the
group anayss ADHD group were s varabl than 1hose of

contios
Stckaad ot et o el ¢ ol 8.





OEBPS/Images/table1b.jpg
2010,
Gomany

Kisune,
2015, Uk

Koshir,

@

Leroy, 2018,
Bagum (:2)

control {confict
resolion)
Comparison betveen
eyes open and ayes
losed coneions,
and between goups
of stjects. 19 siver-
chiondo dctrods
were appled
according o the
Itemationa 10-20
system

Erion flnker task
whis recordng the
neural actiy with 26
scalp EEG eletrodes

Resing sat EEG
ponweror GFS
betweon rocordngs
mad a e
beganing and sad of
testng session.
Wit and betwoen
9r0up comparison.
62 charnel OG-
coupld recerdng
system. 1.50
cognvetest battery.
2.mn eyes open
recording pertormed
before and afer
T EEG readings
over Sm enals
g eyes-cosed
testing priod. 21
eectiodes paced
accordng o the
intomatoral 10-20
systom. Witia and
betweongroup.
comparsons.

ERP study. Ockal
paradin using
gt ravigatoral
imoges and anszec
EEG dynamics win
SHLORETA verse:
modeing of o
evoked potental
generators 0 sty
oortical procsssg.
Unipoor EEG
recordings were.

Mean age of 33 years. Patients iscontnued
almedicaton 3 days prior. Age was ncuded
5 a contol variable. ADHO patints viere
xciudod fthoy had a curont A | mood,
‘substance-related, psychot, of ety
disorder andlor a concurrent s Il sorder
accordng to DSMEV. Or had a sty of
dependence on legal drugs or doohal, as
el as ny curent psychotopic medcation

ADHD maan age, 16.70 yeas. Exchuded
10.< 70, repored autism, eplepsy, eaming

aficulies, bran disorders and any genetc o
mecscalcsorder assocated wih exlomalang
onaviors that might mimic ADHD.

34 patients betwsen 18 and 55 years of e,
mean age 33.26 years. 1:1 rato male-fmale

Mean age was 38 years.
Bt outof tho 14 ADHD patints wero
meccaton-naive and 6 patents were on
medaton (ot not actualy recehing
reatment at the i of the rcordin).
Excluson creria or both groups wero
soiare disorder head ingary afecting the
cental nenvous system, mantal etardatn,
anc sensory e, Comortid disorders
wore not excckd: 4 ot o he 14 ADHD.
particpants had one comorbid disorder

Reduced Po ampiiudes, bul o feduced BN 19
Vales, in ADHD patienis. Importary, these (excsen)
iferonces as il as he dofols i behavora
perionmance were many deteciabe n the

younge subsampe, but no i the edery

swsampe

o ADHD group had igher deta and theta
power at tme-1, bu ot at me-2, whereas beta
porver was eeveted only at ime-2, Sgnfcant O
ofacts

15 (good)

Tho ADHD patints showed a signficant increase 18
of absolte power densiy napha and theta  (excallen)
bands. No iferences viero found for beta acthiy

Visua attntion task prodoed ccrease i neural 16/(g900)
networks. Diferentaion of dota-hetain executve

uncion, speciialy nvisua tasks. Overal,

findings suggesteary Gortical sages of vsual

processing are compromsed fo adlt ADHD.





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        EEG for Diagnosis of Adult ADHD: A Systematic Review With Narrative Analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Background

        

          		

            EEG and ADHD

          



        



        



        		

          Methods

        

          		

            Inclusion Criteria

          



          		

            Data Extraction

          



          		

            Study Quality Assessment

          



          		

            Search Strategies

          



        



        



        		

          Results

        



        		

          Discussion

        

          		

            Theta/Beta Ratio

          



          		

            EEG and Brain Maturation

          



          		

            EEG Analysis

          



          		

            Future Research

          



        



        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1c.jpg
2013,
Swizetand

Lo, 2013,
us @)

2017,

)

2018,
Noway (36)

2013,

=)

pertormed from 128
ectrodss on acap
Resing EEG duing
Separate 3mn epes
open andeyes
closed condions,
folowed by cognte.
ERP tastsincuing
ued contiwous
performance tests.
10-20 system 46-
chamel EEG. Wiin
and Betwoen group
comparisons
Resing EEG, S-mn
eyes cosed and
eyes open
condiions. ADHD
versis contol and
between age group
anlysis. 40 AYAGC!
surtaco dctrodes in
anxtended
interatonal 1020
Tocation syste.
EEG was recorded
durng an eyes-open
conditon. Spectal
anass of absoute
and et powe.
Beciode cap vitn
19 gectrodes usng
the 10-20 system

Aduit ADHD roup age range 32-55. 50,
ADHD (Chicren
(816 years)

2, (ot =22,

contios =
(Ohiden) = 30
(pauns) =21

Excludod f cunent comorbid psychatic

disordars, 0<80. At agorange 32-64  ADHD = 309,
years. contol = 562
(cobectiel)

o neurcogia poblems (nckding seizros)
o recent (<6 months) head rauma. No one
rom the examined ndviduas was taking
poychostimuants

ADHD roup mean ago 35.4 yoas. AL ADHD
particpans had a fomaldagnoss according
1o natonal standarc, Groups id ot difer
ogarding 0, sex. age,or handecbess.
‘Comorbidies o not excudd i ather he
ADHD or coniol group: anviety degresson
0= 18), autsm spectnum dsordrs 2= 3,
bipoar dsoxder 0 = 2), lcohotelted
prodlems 0 = 2, drgrreiate probems 1 =
2, uatment fr other menta hoath
prodlems (0 = 8], and eatng disorders 1 =
). Particpants taking stmulants wero asked
1o afan from medicationfor 48 h prcrto
imestgaion

Excluded neurcogc condions. ADHD mean
200343 years, age range 26-40

A0HD =31,

contro =32

No consistent thta or theta/botaincreases were 18
found in ADHD. Even muthariate anayses (excalent)
indicated only marginal EEG power increases n
hicvon with ADHD. Intead, consistent
Goveopmental theta decreases were obsonved,

ncicatng that matusational ags o ower than

3 years woud have been detected inchidren.

“Theta Betaratio cid ot cifer signfcanty by
ADHD status for youth but was sigicanty ower
1 acls with ADHD compared with contks.
ADHD subtype and psychiatic comorbidtes such
25 isuptive behavior dsorders and depression
have opposing and sgnfcant medating efects 0n
thoTER.

17 (gooa)

ADHD chidren showed increasad absoite poer
of siow waves (thea and deta), whereas adits
‘xibitod no iferences compared with pormal
‘Subjects. Rolatve power specta showed o
ifrences betwoen tha ADHD and control groups,
(Only ADHD chiren showed greater TBR
‘compared 0 he nomma group, Classiicaton
analyss showed that ADHD chicken cod bo
iterentated from the contol group by e
absote theta vakes and theabeta ato at Cz
bt 153 was no the casa with ADHD aduts
Benavioral measures ot e between 19
roups. Howeue resuls fom P3, ERN, andPo (xcallnt)
Suggest pesistent aterations of atentional and
rtor-monitorng processas for ADHD adkts.

Further, ERP component ampitudes and

behavioal ACC conglated with ASRS scores, thus

further suggesting  cortespondence betvsen
cirophysogical measures and ADHD.

sympioms.

16 (good)

ADHD patints Gispiayed lowe dpha event rlted 19
dersynctvonizaion compared 0 contros (st





OEBPS/Images/logo.jpg
, frontiers
in Psychiatry





OEBPS/Images/fpsyt-11-00871-g001.jpg
Records identied through ‘Additionalrecords dentiied
database searching hough oher sources
n=179) a=5)

I I

Records after duplicates removed

i
H

(n=165)
Records screened Records excluded
®=20) | =2
e Fulltext atticies Fulltextaticies
£ assessedorelgbity [——| excuded, i reasons
2 0=26) 0=5)
s
x et
Stugies incuded ntne
= ‘systemaicroviow
H =21
£
13






OEBPS/Images/table1.jpg
Study First
author,
year,
country.

2017,US.
@2

pusita
2

2011, UK
2

Vaeov,
2016, e
e)

Halo, 2010,
US (26)

Halo, 2014,
s @1

2016,
Switzerand

Methodology

Colected EEG whio
the subjects were
performing GoNoGo
tasic Applod spatio-
tomporal BNA
anaysss

Resting sate eyes
open 2.min
conditon. 21
‘channel gl sgnal-
processng ai 17
stes. Betwoon
groups comparison

6 chamel dctrode
measurig at rest
and task condton
‘Watin and between
group anayss

Tty tia EEG
response variabity o
visual and audtory
st whio sbects'
atenton vas
avorted toan
unvelated tasat the
fuaton cross

40 dcirodes using
o Intematonal 10/
20 lcations system.
EEG recodng a2
baseinos astng 5
min each eyes open
and oyes cosed and
a cognitve actvation
conditon, Witin and
between group.
anayss.

Functonst
mechansms of
attenton defcts
expored using
activies assocated
with bottom-up.
atentonal cueing
(temporal and spatia
orkntig of atenton)
and top-down

Demographics. Sample Size

Nonmeccated ight handed 18 10,66 yoar
id duts of both sexos with and wihout &
DM iagnoss of ADHD

Excuded comorid psychitic dsorder,
noologica mpaiment, and substance
sordes. Mean age 31.5 years

Excuded dagnosed neuroogioal disordes,
consumed cafno withn the 2 h pro 1o
testing, had used any psychotopic:
substance (ol or othonwse) i he 24 h prior 25
to/testig, anc/or moro than once amonth i

e previous sx months. Mean age 22.25

yoars

Mean ago 25 years. ADHD indicals taking 1
stimulants wero nstrctod fo abstan fom  ADHD = 17,
mecscaton for atleast 24 h bofore contol = 17
particpaton. Confimod dagnosis of ADH.

Tvoo ADHO participants iso showed
omortidty. Groups were maiched on

general ntobgence

Excudedf taking poychoactive medication,
eported neurclogicaldsorder, o dagnosis
of schizoptvenia o autism, or 10 < §0.

A0HD =35,
104 = convl

ADHD group ean age 40.05 yeas.
Excludad nomomal visual aculy, histoy of
mojor merscal dsorders, head iy,
neceological disorders, and alohol or drug.
abuse. Other curret peychiaric dsorders
were exciusion crtedafor ADHD patients

Main findings. Quaity

rating

ENA methodlogy demonsirated ahigh 18
discrmnatve capaoty betwoen ADHD patients  (excslent
and controls based on funclional bran

comeciy

ADHD group diferad fom both the non-ADHD
anx the conrol groups o the basis of sevated
theta actity. ADHD and control groups i ot
i inbota acity, bt et theta was.
reduoed and et beta power was skvated
e n0n-ADHD group compared with both the
ADHD and corirol groups.

17 good

‘Deactivaton of VLF EEG power betvieen the rest
and task condion o the who samp,
denctvtion sources were Gdorent for high and
ow ADHD groups: i 1 low ADHD group.
attonton-nhuoad VLF EEG deacivaion vas most
‘sigificant in medial pofrontal rogons whie ortho
high ADHO group this deactvation was:
procominanty locaized to the tempora obos.
Lasger response variabiy in the ADHD group or
visual and audiory st compared 10 contols

13 )

15 (good)

Aduls with ADHD showed pronounced rightvard
et asymmetry in ferio partal gions (P8-P7)
during GPT

17 (goog

ool figivard e parietal beta
asymmety i aduls with ADHD dueing the CPT,
‘Rgntward beta and theta asymmetry across
infrior, supercr, and tomporal parotal bran
fagions, and showed that righiward parila
‘asymmety n ADHD was atypialy associaed vith
mtple cognitho tests

ADHD rectced P ampituds, preparatory
aciuaton n ot aipha and beta bands, 3 wel a5
fattned targetreated posteror apha and beta
responses.

17 (good)

17 (g0





