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Acad Pediatr. 2022. 
EXAMINING THE UNIFIED THEORY OF BEHAVIOR CHANGE CONSTRUCTS AMONG ADOLESCENTS TAKING ATTENTION-
DEFICIT/HYPERACTIVITY DISORDER MEDICINE: A LONGITUDINAL STUDY. 
Berset AE, Epstein JN, Hommel KA, et al. 
Objective: To quantitatively validate the preintention factors, behavioral intentions, and implementation 
factors and examine the relationships theorized by the Unified Theory of Behavior Change (UTBC) model 
among adolescents with attention-deficit/hyperactivity disorder (ADHD).  
Methods: We conducted longitudinal analyses of data from 40 adolescents with ADHD, aged 11 to 15 years 
old, and their parents, including self-report of UTBC constructs using standardized measures. We collected 
pharmacy dispensing records for adolescents for the 4 months that followed. We used bivariate correlations 
to examine relationships between medication continuity, behavioral intentions, preintention factors, and the 
implementation factors. We conducted paired sample t-tests to compare adolescent and parent responses 
on UTBC items.  
Results: Adolescents (mean [standard deviation {SD}] age = 13.3 [1.2] years, 75% male, 77.5% non-
Hispanic Black, 90% publicly insured) reported a mean total ADHD symptom score = 29.8/54 (SD = 10.94) 
and mean total impairment score = 18.7/52 (SD = 10.90) and had a mean percentage of days covered with 

medicine over 4 months = 0.21 (range = 0Çô0.97). Adolescent intention to take ADHD medicine every 
school day was significantly related to adolescents subsequent medication continuity (r = 0.37, P <.05). 
Adolescent self-concept/image and confidence taking ADHD medicine were the most important factors 
related to the intention to take ADHD medicine every school day. Adolescents reported less belief and 
intention to take ADHD medicine and more barriers to taking ADHD medicine compared to their parents.  
Conclusion: The UTBC model shed light on factors related to subsequent medication use, providing a 
plausible mechanism for additional research to intervene to promote future medication continuity 

 
……………………………………………………………………….. 

 
 
 

…………………………………………………….…………………………………………………………………….. 
Per la ricerca degli articoli pubblicati nella letteratura scientifica nel mese in esame sono state consultate le 
banche dati Medline, Embase, PsycINFO e PsycArticle utilizzando le seguenti parole chiave (o i loro sinonimi): 
'Attention deficit disorder', 'Attention deficit hyperactivity disorder', 'Infant', 'Child', 'Adolescent', 'Human'. Sono 
qui riportate le referenze considerate rilevanti e pertinenti.  
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Acta Med Iran. 2022;60:599-603. 
AN 11-YEAR-OLD GIRL WITH RARE DIAGNOSIS OF MEIER-GORLIN SYNDROME ACCOMPANIED BY NEONATAL 

SEIZURE, MENTAL RETARDATION, AND ATTENTION DEFICIT HYPERACTIVITY DISORDER: A CASE REPORT AND 

REVIEW OF LITERATURE. 
Koomanaee S, Dalili S, Nouri SAH, et al. 
Meier-Gorlin syndrome (MGS) is a rare autosomal recessive disorder with homozygous or heterozygous 
mutations in one of the five following genes (ORC1, ORC4, ORC6, CDT1, and CDC6). This syndrome is 
characterized by the triad of short stature (pre/postnatal), microtia, and patella hypoplasia/aplasia. Special 
features included microcephaly, microstomia, full lips, micrognathia, narrow convex, and high nasal bridge 
nose. Also, it may be accompanied by feeding problems, skeletal disorders, urogenital or respiratory 
anomalies, and intelligence disorders. This case report describes the first Persian MGS accompanied by 
neonatal seizure, mental retardation, and attention deficit hyperactivity disorder 

 
……………………………………………………………………….. 

 
 
 

Adv Mind Body Med. 2022;36:4-11. 
QIGONG IN PERCEPTUAL AUDITORY ATTENTION: TOOL TO IMPROVE SOUND INTEGRATION IN AUTISM SPECTRUM 

DISORDERS. 
Teixeira LL, Matos LC, et al. 
CONTEXT: Qigong, a mind-body practice in traditional Chinese medicine (TCM), can improve cognitive 
functions, emotional balance, attention, multitask management, stress-coping, and well-being. One limitation 
of Qigong research is a lack of adequate controls.  
OBJECTIVE: The current study intended to evaluate whether a single 5-min practice of a White Ball (WB) 
Qigong exercise could improve the perceptual auditory attention, divided and focused, in adults and whether 
obtaining potential effects would require a minimum level of training.  
DESIGN: The research team designed a prospective, randomized, placebo-controlled, and single-blinded 
study.  
SETTING: The study took place at the Institute of Biomedical Sciences (ICBAS) at the University of Porto in 
Porto, Portugal.  
PARTICIPANTS: Participants were 55 students at the University of Porto, 30 of whom were students 
attending the second year of medical school at ICBAS with no experience in Qigong and 25 of whom were 
students in the specialization and Master's programs in TCM with experience in Qigong.  
INTERVENTION: The research team randomly distributed the 30 participants without experience into two 
groups, a negative control group (n = 15), who watched a wildlife video for 5 min in an orthostatic position, 
and a positive control group , the verum Qigong group (n = 15), who participated in 5 min of Qigong practice. 
The Qigong-practitioner group (n = 25), the intervention group, participated in the same 5-min Qigong, doing 
it with expertise.  
OUTCOME MEASURES: The study measured reaction time (RT) under two experimental conditions, one 
an auditory RT task and the second an auditory RT task with visual distraction. The procedure was constant 
for all the studied groups. RESULTS: Postintervention, the reaction time (RT) in the negative control and the 
verum Qigong groups hadn't changed significantly (P > .05), while that of the Qigong-practitioner group had 
decreased significantly, with shorter RTs under the two experimental conditions, with P = .006 for the auditory 
RT and P = .003 for the auditory + visual distraction. Qigong may induce a conditioning effect that comes 
with regular practice.  
CONCLUSIONS: The WB Qigong had a positive effect on the AA mechanism, with a significant reduction in 
RT. The results support the importance of practice to achieve positive effects. People with 
neurodevelopmental disorders, such as autism and ADHD, struggle every day for sensory integration of AA 
mechanisms. Qigong can be taught and easily learned from the age of 2 years until senior ages, and it's a 
safe and very low-cost intervention that deserves to be researched further in clinical trials. These potential 
benefits of Qigong should be confirmed by future studies 

 
……………………………………………………………………….. 
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Am J Psychiatry. 2022 Dec;179:947-58. 
DOUBLE-BLIND, SHAM-CONTROLLED RANDOMIZED TRIAL TESTING THE EFFICACY OF FMRI NEUROFEEDBACK ON 

CLINICAL AND COGNITIVE MEASURES IN CHILDREN WITH ADHD. 
Lam SL, Criaud M, Lukito S, et al. 
OBJECTIVE: Functional MRI neurofeedback (fMRI-NF) could potentially be a novel, safe 
nonpharmacological treatment for attention deficit hyperactivity disorder (ADHD). A proof-of-concept 
randomized controlled trial of fMRI-NF of the right inferior frontal cortex (rIFC), compared to an active control 
condition, showed promising improvement of ADHD symptoms (albeit in both groups) and in brain function. 
However, comparison with a placebo condition in a larger trial is required to test efficacy.  
METHODS: This double-blind, sham-controlled randomized controlled trial tested the effectiveness and 
efficacy of fMRI-NF of the rIFC on symptoms and executive functions in 88 boys with ADHD (44 each in the 
active and sham arms). To investigate treatment-related changes, groups were compared at the 
posttreatment and 6-month follow-up assessments, controlling for baseline scores, age, and medication 
status. The primary outcome measure was posttreatment score on the ADHD Rating Scale (ADHD-RS).  
RESULTS: No significant group differences were found on the ADHD-RS. Both groups showed similar 
decreases in other clinical and cognitive measures, except for a significantly greater decrease in irritability 
and improvement in motor inhibition in sham relative to active fMRI-NF at the posttreatment assessment, 
covarying for baseline. There were no significant side effects or adverse events. The active relative to the 
sham fMRI-NF group showed enhanced activation in rIFC and other frontal and temporo-occipital-cerebellar 
self-regulation areas. However, there was no progressive rIFC upregulation, correlation with ADHD-RS 
scores, or transfer of learning.  
CONCLUSIONS: Contrary to the hypothesis, the study findings do not suggest that fMRI-NF of the rIFC is 
effective in improving clinical symptoms or cognition in boys with ADHD 

 
……………………………………………………………………….. 

 
 
 

Am J Epidemiol. 2021;190:2420-31. 
GESTATIONAL EXPOSURE TO ORGANOPHOSPHATE PESTICIDES AND LONGITUDINALLY ASSESSED BEHAVIORS 

RELATED TO ATTENTION-DEFICIT/HYPERACTIVITY DISORDER AND EXECUTIVE FUNCTION. 
Sagiv SK, Kogut K, Harley K, et al. 
The brain's prefrontal cortex directs higher-order cognitive and behavioral processes that are important for 
attention, working memory, and inhibitory control. We investigated whether gestational exposure to 
organophosphate (OP) pesticides was associated with these abilities in childhood and early adolescence. 
Between 1999 and 2000, we enrolled pregnant women in a birth cohort drawn from an agricultural region of 
California. We measured dialkyl phosphate (DAP) metabolites of OP pesticides in maternal pregnancy urine 
samples (13 and 26 weeks) and estimated associations with behaviors related to attention-
deficit/hyperactivity disorder and executive function, assessed longitudinally; 351 families provided 
neurodevelopmental outcome data at any point when the child was aged 7-12 years. We assessed function 
across multiple dimensions (e.g., working memory, attention), methods (e.g., behavior reports, child 
assessment), and reporters (e.g., mothers, teachers, child self-reports). Higher gestational DAP 
concentrations were consistently associated with behaviors related to attention-deficit/hyperactivity disorder 
and executive function. For example, a 10-fold increase in gestational DAP concentration was associated 
with poorer longitudinally assessed Behavior Rating Inventory of Executive Function scores, as reported by 
mothers (+¦ = 4.0 (95% confidence interval: 2.1, 5.8); a higher score indicates more problems), and Weschler 
Intelligence Scale for Children-Fourth Edition Working Memory scores (a 3.8-point reduction; +ó=.3.8 (95% 
confidence interval:.6.2, .1.3)).Reducing gestational exposure to OP pesticides through public health policy 
is an important goal 

 
……………………………………………………………………….. 
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Asian J Psychiatry. 2022 Oct;76:1-7. 
EFFECTIVENESS OF NEUROFEEDBACK TRAINING, BEHAVIOUR MANAGEMENT INCLUDING ATTENTION ENHANCEMENT 

TRAINING AND MEDICATION IN CHILDREN WITH ATTENTION-DEFICIT/HYPERACTIVITY DISORDER—A COMPARATIVE 

FOLLOW UP STUDY. 
Roy S, Mandal N, Ray A, et al. 
Background: Attention Deficit/Hyperactivity Disorder (ADHD) is one of the most common 
neurodevelopmental psychiatric disorders of childhood. Treatment of ADHD includes medications and 
Behavioural interventions. Neurofeedback, a type of biofeedback, has been found to be useful in ADHD. It 
helps patients to control their brain waves consciously. However, it is not yet conclusive if it is efficacious in 
comparison to behavioural management training and medication. Aim: To compare the efficacy of 
neurofeedback training, behaviour management including attention enhancement training and medication in 
children with ADHD.  
Method: Ninety children between 6 and 12 years with ADHD were taken and randomly divided into 3 
treatment groups equally- neurofeedback, behaviour management and medication (methylphenidate). 
Conners 3-P Short Scale was applied for baseline assessment. The respective interventions were given and 
follow up was done at the end of 3 months by using Conners 3-P Short scale to assess the improvement in 
the symptoms. There were 6 dropouts, the final sample size was 84.  
Results: The medication group showed the greatest reduction of symptoms in inattention, hyperactivity, 
executive functioning domain (core symptoms of ADHD). No statistically significant difference was observed 
between Neurofeedback and Behaviour Management in these domains. Learning problems improved in all 
three groups, neurofeedback being the most effective followed by medication. Both Neurofeedback and 
Medication groups showed similar effect which was higher than the Behavioural Management group in Peer 
Relation.  
Conclusion: Improvement in core ADHD symptoms have been observed with all 3 interventions with 
medication showing the greatest improvement Neurofeedback has been superior for learning problems. 
Thus, Neurofeedback can be an independent or combined intervention tool for children with ADHD in 
outpatient department of Psychiatry 

 
……………………………………………………………………….. 

 
 
 

Australian Prescriber. 2018;41:131-32. 
GUANFACINE HYDROCHLORIDE. 
Anon. 

 
……………………………………………………………………….. 

 
 
 

Autism Res. 2022 Dec;15:2250-64. 
MEASURES OF TONIC AND PHASIC ACTIVITY OF THE LOCUS COERULEUS-NOREPINEPHRINE SYSTEM IN CHILDREN WITH 

AUTISM SPECTRUM DISORDER: AN EVENT-RELATED POTENTIAL AND PUPILLOMETRY STUDY. 
Kim Y, Kadlaskar G, Keehn RM, et al. 
A growing body of research suggests that locus coeruleus-norepinephrine (LC-NE) system may function 
differently in individuals with autism spectrum disorder (ASD). Understanding the dynamics of both tonic 
(resting pupil diameter) and phasic (pupil dilation response [PDR] and event-related potential [ERP]) indices 
may provide meaningful insights about the nature of LC-NE function in ASD. Twenty-four children with ASD 
and 27 age- and nonverbal-IQ matched typically developing (TD) children completed two experiments: (1) a 
resting eye-trackingÂ taskÂ to measure tonic pupil diameter, and (2) a three-stimulus oddball paradigm to 
measure phasic responsivity using PDR and ERP. Consistent with prior reports, our results indicate that 
children with ASD exhibit increased tonic (resting pupil diameter) and reduced phasic (PDR and ERP) activity 
of the LC-NE system compared to their TD peers. For both groups, decreased phasic responsivity was 
associated with increased resting pupil diameter. Lastly, tonic and phasic LC-NE indices were primarily 
related to measures of attention-deficit/hyperactivity disorder (ADHD), and not ASD, symptomatology. These 
findings expand our understanding of neurophysiological differences present in ASD and demonstrate that 
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aberrant LC-NE activation may be associated with atypical arousal and decreased responsivity to 
behaviorally-relevant information in ASD 

 
……………………………………………………………………….. 

 
 
 

Autism Res. 2022 Dec;15:2409-19. 
ASSOCIATIONS BETWEEN PARENTAL PSYCHIATRIC DISORDERS AND AUTISM SPECTRUM DISORDER IN THE OFFSPRING. 
Chien YL, Wu CS, Chang YC, et al. 
Whether parental psychiatric disorders are associated with autism spectrum disorder (ASD) in offspring has 
remained inconclusive. We examined the associations of parental psychiatric disorders with ASD in offspring. 
This population-based case-control study used Taiwan's National Health Insurance Research Database to 
identify a cohort of children born from 2004 to 2017 and their parents. A total of 24,279 children with ASD 
(diagnostic ICD-9-CM code: 299.x or ICD-10 code F84.x) and 97,715 matched controls were included. 
Parental psychiatric disorders, including depressive disorders, bipolar spectrum disorders, anxiety disorders, 
obsessive-compulsive disorder, schizophrenia, substance use disorders, autism spectrum disorder, 
attention-deficit hyperactivity disorder (ADHD), and adjustment disorders were identified. Conditional logistic 
regressions with covariate adjustment were performed. The results suggest that parental diagnosis with any 
of the psychiatric disorders is associated with ASD in offspring (adjusted odds ratio [AOR] = 1.45, 95%CI: 
1.40-1.51 for mothers; and AOR = 1.12, 95%CI: 1.08-1.17 for fathers). ASD in offspring was associated with 
schizophrenia, depressive disorders, obsessive-compulsive disorder, adjustment disorders, ADHD and ASD 
in both parents. The relationship between parental psychiatric disorders and the timing of the child's birth 
and ASD diagnosis varied across the different psychiatric disorders. The present study provides supportive 
evidence that parental psychiatric disorders are associated with autistic children. Furthermore, because the 
associations between parental psychiatric disorders and the timing of child's birth and ASD diagnosis varied 
across psychiatric disorders, the observed relationships may be affected by both genetic and environmental 
factors. Future studies are needed to disentangle the potential influence of genetic and environmental factors 
on the observed associations 

 
……………………………………………………………………….. 

 
 
 

Autism Res. 2022 Dec;15:2265-95. 
EXAMINING THE RELATIONSHIP BETWEEN COGNITIVE INFLEXIBILITY AND INTERNALIZING AND EXTERNALIZING 

SYMPTOMS IN AUTISTIC CHILDREN AND ADOLESCENTS: A SYSTEMATIC REVIEW AND META-ANALYSIS. 
Lei J, Charman T, Leigh E, et al. 
Compared to neurotypical peers, autistic adolescents show greater cognitive inflexibility (CI) which manifests 
at the behavioral and cognitive level and potentially increases vulnerability for the development of 
internalizing (INT) and externalizing (EXT) symptoms. This systematic review and meta-analysis explored 
the association between CI and INT/EXT in autistic adolescents. PubMed, EMBASE, MEDLINE, PsycINFO 
and Web of Science databases were searched to identify relevant studies until April 2022 (PROSPERO 
protocol: CRD42021277294). Systematic review included 21 studies (n = 1608) of CI and INT, and 15 studies 
(n = 1115) of CI and EXT. A pooled effect size using Pearson's correlation between CI and INT/EXT was 
calculated and the moderating effects of age, sex, IQ and study quality were investigated using meta-
regressions. Sensitivity analyses were completed to investigate the impact of measure variance for CI and 
co-occurring ADHD on the overall effects. Greater CI is associated with increased INT (nine studies; n = 833; 
r = 0.39 (moderate effect), 95% confidence interval [0.32, 0.46]) and EXT (six studies; n = 295; r = 0.48 (large 
effect), 95% confidence interval [0.38, 0.58]). Results withheld when only using parental reports of CI and 
excluding autistic adolescents with co-occurring ADHD. Increased CI may be a transdiagnostic vulnerability 
factor that can increase autistic adolescents' rigid or perseverative patterns of unhelpful cognition and 
behaviors and reduce their ability to access psychological interventions. Addressing CI may improve autistic 
children and adolescents' engagement with psychological therapy for co-occurring mental health difficulties 

 
……………………………………………………………………….. 
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Autism Res. 2022. 
CAN THE UK AQ-10 BE APPLICABLE TO CHINESE SAMPLES WITH AUTISM SPECTRUM DISORDER IN HONG KONG? 

CROSS-CULTURAL SIMILARITIES AND DIFFERENCES. 
Leung CNW, Leung CSY, Chan RWS, et al. 
The current study aimed at testing and developing alternative short versions of autism spectrum quotient 
(AQ-10) (adult [self-report], adult [parent-report], adolescent, and child versions) for use in Hong Kong. First, 
the various versions of AQ-10 developed in the United Kingdom (the AQ-10-UK) were applied to Hong Kong 
Chinese samples and demonstrated satisfactory discriminative power (AUCs 0.77-0.94). Second, the Hong 
Kong Chinese versions of AQ-10 (AQ-10-HK) were developed, using the same methodology as in the original 
UK study. There were some changes in the choice of items and cut-offs. The AQ-10-HK demonstrated slightly 

greater discriminative power (AUCs 0.88Çô0.97) to that of the AQ-10-UK, but the differences in AUCs were 
not statistically significant. Compared to the corresponding full-length versions, both the UK and HK short 
forms did not seem to lose any significant discriminative power. Yet, the various versions of AQ, be they the 
full-length or AQ-10, appeared to consistently exhibit slightly smaller AUCs with the Hong Kong Chinese 
samples than with the UK samples. So, this study found both cross-cultural similarities and differences. The 
AQ-10-HK was recommended for local practice to maximize the advantage gained. Yet, for international 
multi-site research collaboration, involving the UK and HK, the original AQ-10-UK can be used for direct 
comparison of data 

 
……………………………………………………………………….. 

 
 
 

Basic Clin Neurosci. 2022;13:551-72. 
BRAIN STRUCTURAL CORRELATES OF INTELLIGENCE IN ATTENTION DEFICIT HYPERACTIVITY DISORDER (ADHD) 
INDIVIDUALS. 
Faridi F, Alvand A, Khosrowabadi R. 
Introduction: Neuroimaging evidence has shown the relationship of intelligence with several structural brain 
properties in normal individuals. However, this relationship with attention deficit hyperactivity disorder 
(ADHD) needs to be investigated.  
Methods: We estimated grey matter (GM) density of the brain using magnetic resonance imaging (MRI) scan 
on 56 ADHD individuals, including 30 combined individuals (Mean-¦SD age: 10.44-¦2.41, intelligence 
quotient: [IQ]=112.13-¦13.15, male, 24 right hands) and 26 inattentive individuals (mean age =11.39-¦2.1, 
IQ=107.44-¦13.98, male, 28 right hands) as well as 30 IQ matched healthy control group (mean age=11.08-
¦2.15, IQ=115-¦13.56, male, 23 right hands).  
Results: In this study, two statistical approaches were used. In the first approach, region-based as well as 
the whole association patterns between full-scale IQ and GM were computed and compared between groups. 
The second approach was to examine the differential pattern of GM density without considering IQ in three 
groups.  
Conclusion: Results showed significant differences between the ADHD group and the control. This finding 
could indicate that intelligence is not purely based on the density of GM in certain brain regions; it is a dynamic 
phenomenon and drastically changes neurodevelopmental disorders 

 
……………………………………………………………………….. 

 
 
 

Biol Psychiatry. 2023 Jan;93:92-101. 
SENSORY OVER-RESPONSIVITY: A FEATURE OF CHILDHOOD PSYCHIATRIC ILLNESS ASSOCIATED WITH ALTERED 

FUNCTIONAL CONNECTIVITY OF SENSORY NETWORKS. 
Schwarzlose RF, Tillman R, Hoyniak CP, et al. 
BACKGROUND: Sensory over-responsivity (SOR) is recognized as a common feature of autism spectrum 
disorder. However, SOR is also common among typically developing children, in whom it is associated with 
elevated levels of psychiatric symptoms. The clinical significance and neurocognitive bases of SOR in these 
children remain poorly understood and actively debated.  
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METHODS: This study used linear mixed-effects models to identify psychiatric symptoms and network-level 
functional connectivity (FC) differences associated with parent-reported SOR in the Adolescent Brain 
Cognitive Development (ABCD) Study, a large community sample (9 to 12 years of age) (N = 11,210).  
RESULTS: Children with SOR constituted 18% of the overall sample but comprised more than half of the 
children with internalizing or externalizing scores in the clinical range. Controlling for autistic traits, both mild 
and severe SOR were associated with greater concurrent symptoms of depression, anxiety, obsessive-
compulsive disorder, and attention-deficit/hyperactivity disorder. Controlling for psychiatric symptoms and 
autistic traits, SOR predicted increased anxiety, attention-deficit/hyperactivity disorder, and prodromal 
psychosis symptoms 1 year later and was associated with FC differences in brain networks supporting 
sensory and salience processing in datasets collected 2 years apart. Differences included reduced FC within 
and between sensorimotor networks, enhanced sensorimotor-salience FC, and altered FC between sensory 
networks and bilateral hippocampi.  
CONCLUSIONS: SOR is a common, clinically relevant feature of childhood psychiatric illness that provides 
unique predictive information about risk. It is associated with differences in brain networks that subserve 
tactile processing, implicating a neural basis for sensory differences in affected children 

 
……………………………………………………………………….. 

 
 
 

Biological Psychiatry: Cognitive Neuroscience and Neuroimaging. 2022;7:1090-102. 
THE EYES HAVE IT: A META-ANALYSIS OF OCULOMOTOR INHIBITION IN ATTENTION-DEFICIT/HYPERACTIVITY 

DISORDER. 
Chamorro Y, Betz LT, Philipsen A, et al. 
Background: Diminished inhibitory control is one of the main characteristics of attention-deficit/hyperactivity 
disorder (ADHD), and impairments in oculomotor inhibition have been proposed as a potential biomarker of 
the disorder. The present meta-analysis summarizes the effects reported in studies comparing oculomotor 
inhibition in ADHD patients and healthy control subjects.  
Methods: Inhibitory outcomes were derived from oculomotor experimental paradigms including the 
antisaccade (AS), memory-guided saccade, and prolonged fixation tasks. Temporal and spatial measures 
were also extracted from these tasks and from visually guided saccade tasks as secondary outcomes. Data 
were available from k = 31 studies (N = 1567 participants). Summary effect sizes were computed using 
random-effects models and a restricted maximum-likelihood estimator.  
Results: Among inhibitory outcomes, direction errors in AS, after correcting for publication bias, showed a 
moderate effect and large between-study heterogeneity (k = 18, n = 739, g = 0.57, 95% confidence interval 
[CI] [0.27, 0.88], I2 = 74%); anticipatory saccades in memory-guided saccade showed a large effect and low 
heterogeneity (k = 11, n = 487; g = 0.86, 95% CI [0.64, 1.08], I2 = 17.7%); and saccades during prolonged 
fixation evidenced large effect size and heterogeneity (k = 6, n = 325 g = 1.11, 95% CI [0.56, 1.65], I2 = 
79.1%) partially related to age. Among secondary outcomes, saccadic reaction time in AS (k = 22, n = 932, 
g = 0.34, 95% CI [0.06, 0.63], I2 = 53.12%) and coefficient of variability in visually guided saccade (k = 5, n 
= 282, g = 0.53, 95% CI [0.28, 0.78], I2 = 0.01%) indicated significant effects with small to moderate effects 
sizes.  
Conclusions: ADHD groups commit more oculomotor inhibition failures than control groups. The substantial 
effects support the conclusion that oculomotor disinhibition is a relevant ADHD-related mechanism. Moderate 
effects observed in saccadic reaction time variability suggest that fluctuant performance in oculomotor tasks 
is another relevant characteristic of ADHD 

 
……………………………………………………………………….. 

 
 
 

BMC Med. 2022 Nov;20:390. 
ASSOCIATION OF MATERNAL LEVOTHYROXINE USE DURING PREGNANCY WITH OFFSPRING BIRTH AND 

NEURODEVELOPMENTAL OUTCOMES: A POPULATION-BASED COHORT STUDY. 
Ge GM, Cheung ECL, Man KKC, et al. 
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BACKGROUND: The influence of maternal levothyroxine treatment during pregnancy remains unclear. This 
study aimed to evaluate the associations of maternal levothyroxine treatment during pregnancy with the birth 
and neurodevelopmental outcomes in offspring.  
METHODS: This population-based cohort study was conducted among pregnant women using the Hong 
Kong Clinical Data Analysis and Reporting System. Mother-child pairs in Hong Kong from 2001 to 2015 were 
included and children were followed up till 2020. We defined the exposure group as mothers who were 
exposed to levothyroxine during pregnancy. Preterm birth and small for gestational age (SGA) were included 
as birth outcomes. Attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) were 
included as neurodevelopmental outcomes. Odds ratios (OR) or hazard ratios (HRs) with a 95% confidence 
interval (CI) were evaluated to assess the association of gestational levothyroxine use with offspring birth 
and neurodevelopmental outcomes respectively, using propensity score fine-stratification weighting and a 
Cox proportional hazards regression model.  
RESULTS: Among 422,156 mother-child pairs, 2125 children were born from mothers exposed to 
levothyroxine during pregnancy. A significantly increased risk of preterm birth was observed in children with 
maternal levothyroxine exposure during pregnancy, when compared to mothers who had no history of 
thyroid-related diagnoses or prescriptions (weighted OR [wOR]: 1.22, 95% CI: 1.07, 1.39). Similarly, an 
increased risk of preterm birth was found among children of gestational levothyroxine users, when compared 
to children of mothers who had used levothyroxine before but stopped during pregnancy (wOR: 2.16, 95% 
CI: 1.09, 4.25). Sensitivity analysis, by excluding mothers exposed to psychotropic or antiepileptic 
medications before or during pregnancy, also indicated a similar increased risk of preterm birth regarding the 
gestational use of levothyroxine (wOR: 1.26, 95% CI: 1.10, 1.45). No significant association was observed 
for the risk of SGA, ADHD, and ASD.  
CONCLUSIONS: There is no evidence that gestational use of levothyroxine is associated with SGA, ADHD, 
or ASD in offspring. Gestational levothyroxine treatment is associated with a higher risk of preterm birth. 
Such risk might be confounded by the underlying maternal thyroid disease itself, however, we cannot 
completely exclude the possible effect of gestational L-T4 treatment on offspring preterm birth. Our findings 
provided support to the current guidelines on the cautious use of levothyroxine treatment during pregnancy 

 
……………………………………………………………………….. 

 
 
 

BMC Psychiatry. 2022 Nov;22:690. 
LOST IN EXPLANATION: INTERNAL CONFLICTS IN THE DISCOURSE OF ADHD PSYCHOEDUCATION . 
van Langen MJM, SzÅ‘ke R, Rijkelijkhuizen DNJ, et al. 
BACKGROUND: Psychiatric classifications are understood in many different ways. For children with ADHD 
and their parents, psychoeducation is an important source of information for shaping their understanding. 
Moreover, psychoeducation is often taken by children and parents to represent how their story is understood 
by the therapist. As a result, the way psychoeducation is formulated may affect the therapeutic alliance, one 
of the most robust mediators of treatment outcome. In addition, psychoeducation may indirectly influence the 
way we understand psychological differences as a society.  
METHODS: To better understand how the classification ADHD is given meaning through psychoeducation, 
we analyzed 41 written psychoeducational materials from four different countries; the USA, UK, Netherlands 
and Hungary.  
RESULTS: We identified five patterns of how the materials construct the discourse on ADHD. Notably, 
tension between biomedical and psychosocial perspectives resulted in conflict within a single thematic stance 
on ADHD as opposed to a conflict between parties with a different vision on ADHD. There were only few 
differences between countries in the way they constructed the discourse in the materials.  
CONCLUSIONS: These conflicts cause confusion, misrepresentation and decontextualization of ADHD. 
Ultimately, for those diagnosed with ADHD and their parents, conflicting information in psychoeducation 
materials may hamper their ability to understand themselves in the context of their difficulties 

 
……………………………………………………………………….. 
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BMC Psychiatry. 2022 Nov;22:679. 
ASSOCIATIONS OF IMPULSIVITY, HYPERACTIVITY, AND INATTENTION WITH NONSUICIDAL SELF-INJURY AND SUICIDAL 

BEHAVIOR: LONGITUDINAL COHORT STUDY FOLLOWING CHILDREN AT RISK FOR NEURODEVELOPMENTAL DISORDERS 

INTO MID-ADOLESCENCE. 
Ojala O, Kuja-Halkola R, Bjureberg J, et al. 
BACKGROUND: The knowledge of how the separate Attention-Deficit/Hyperactivity Disorder (ADHD) 
subdimensions (impulsivity, hyperactivity, and inattention) are associated with nonsuicidal self-injury (NSSI) 
and suicidal behavior (SB) is limited. The objective of this study was to investigate the associations of 
childhood ADHD subdimensions with NSSI and SB in children at risk of neurodevelopmental disorders 
(NDDs; including ADHD).  
METHODS: The sample (N=391) included twin pairs where at least one twin screened positive for at least 
one NDD or common comorbidity at age 9 or 12. Data on ADHD subdimensions was collected through a 
telephone interview with a caregiver/legal guardian at age 9 or 12, and data on NSSI and SB was collected 
through an in-person clinical assessment at age 15. The associations between the ADHD subdimensions 
and NSSI or SB were tested in three different models: (1) univariable, (2) together with the other ADHD 
subdimensions, and (3) in a confounder-adjusted model including other NDD symptoms in addition to ADHD 
subdimensions, for NSSI and SB separately.  
RESULTS: A total of 32 (8.2%) adolescents reported life-time engagement of NSSI, and 18 (4.6%) SB. 
Childhood impulsivity was associated with SB and childhood inattention with NSSI, in all models. 
Hyperactivity was not meaningfully associated with any of the outcomes.  
CONCLUSION: Impulsivity and inattention, but not hyperactivity, may be of particular importance in 
understanding SB and NSSI. Brief screening for impulsivity and inattention in childhood could facilitate 
detection of children vulnerable to NSSI and SB and indicate valuable information for preventive and 
intervention strategies 

 
……………………………………………………………………….. 

 
 
 

BMC Psychol. 2022 Nov;10:273. 
PARENT TRAINING FOR THE TREATMENT OF IRRITABILITY IN CHILDREN AND ADOLESCENTS: A MULTISITE RANDOMIZED 

CONTROLLED, 3-PARALLEL-GROUP, EVALUATOR-BLINDED, SUPERIORITY TRIAL. 
Fongaro E, Picot MC, Stringaris A, et al. 
BACKGROUND: Irritability is common in children and adolescents with Attention Deficit Hyperactivity 
Disorder (ADHD), Oppositional Defiant Disorder (ODD) and with anxiety/depressive disorders. Although 
youth irritability is linked with psychiatric morbidity, little is known regarding its non-pharmacological 
treatments. Developing non-pharmacological treatments for children with severe, chronic irritability is an 
important target for clinical research. To achieve this goal, we will test the benefits of parent-focused 
therapies in reducing irritability. The aim of the study is to compare Parent Management Training (PMT) and 
Non-Violent Resistance Training (NVR) programs with treatment-as-usual (TAU) on the improvement of 
irritability in children and adolescents with a baseline Parent-rated Affective Reactivity Index of 4 or higher, 
in the context of ADHD and other emotional and behavioural disorders. Additionally, we will assess (i) 
improvement of irritability at different times and according to different informants (parents, children, 
clinicians); (ii) improvement of parental strategies; and (iii) acceptability of the interventions, exploring 
possible mechanisms of the therapeutic effect.  
METHODS: Two hundred and seventy participants between 6 and 15 years with ADHD and other emotional 
and behavioural disorders will be recruited and randomly assigned with their parents to the PMT, NVR, and 
TAU groups. PMT and NVR programs have 10 online sessions and two booster sessions at 1 and at 
3 months. The primary outcome measure is the change from baseline at 3 months after completion of the 
program of the Clinician-rated Affective Rating Scale (CL-ARI) assessed by a blind evaluator. Secondary 
outcome measures include the change from baseline from those scales: the CL-ARI, the Clinical Global 
Impression Improvement scale, the Parenting and Familial Adjustment Scales, the Child-rated Cranky 
thermometers and the Parent-rated ARI. We will assess the parent's expressed emotions and reflexivity 
during the online five-minute speech sample, clinical dimensions through the Child Behavior Checklist 6-18 
and the Inventory of Callous Unemotional traits. Evaluations will be done remotely at baseline and at 1- and 
3-months follow-up visits.  
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DISCUSSION: We expect a benefit in controlling irritability in the treatment groups. This will constitute an 
important achievement in promoting parental support programs in the treatment of irritability in the context of 
emotional and behavioural disorders.  
CLINICALTRIALS: gov. Number: NCT05528926. Registered on the 2nd of September, 2022 

 
……………………………………………………………………….. 

 
 
 

BMC Psychol. 2022 Nov;10:267. 
CO-OCCURRENCE, STABILITY AND MANIFESTATION OF CHILD AND ADOLESCENT MENTAL HEALTH PROBLEMS: A 

LATENT TRANSITION ANALYSIS. 
Gàbel K, Ortelbach N, Cohrdes C, et al. 
BACKGROUND: Complex constellations of socio-emotional and behavioural problems (i.e., mental health 
problems) in childhood and adolescence are common and heighten the risk for subsequent personality, 
anxiety and mood disorders in adulthood. Aims of this study included the examination of patterns of mental 
health problems (e.g., externalizing-internalizing co-occurrence) and their transitions to reported mental 
disorders by using a longitudinal person-centered approach (latent class and latent transition analysis).  
METHODS: The sample consisted of 1255 children and adolescents (51.7% female, mean age=12.3 years, 
age range 8-26 years) from three time points of the comprehensive mental health and wellbeing BELLA 
study. Children and their parents completed the German SDQ (Strength and Difficulties Questionnaire, 
Goodman, 1997) and reported on diagnoses of ADHD, depression, and anxiety.  
RESULTS: Latent class analysis identified a normative class, an emotional problem class, and a multiple 
problem class. According to latent transition analysis, the majority of the sample (91.6%) did not change 
latent class membership over time; 14.7% of individuals showed a persistent pattern of mental health 
problems. Diagnoses of mental disorders were more likely to be reported by individuals in the emotional 
problem or multiple problem class.  
CONCLUSIONS: Results highlight the need for early prevention of mental health problems to avoid 
accumulation and manifestation in the transition to adolescence and young adulthood 

 
……………………………………………………………………….. 

 
 
 

BMJ Open. 2022 Nov;12:e064920. 
EXAMINING THE PHARMACOLOGICAL AND PSYCHOLOGICAL TREATMENT OF CHILD AND ADOLESCENT ADHD IN 

AUSTRALIA: PROTOCOL FOR A RETROSPECTIVE COHORT STUDY USING LINKED NATIONAL REGISTRY DATA. 
Sullivan DP, Payne L, Boulton KA, et al. 
INTRODUCTION: Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder which 
affects 5% of children globally. In Australia, it is estimated that 4.1% of children and adolescents have ADHD. 
While research has examined the treatment and outcomes of children with ADHD attending public mental 
health services during their time in the public system in Australia, it is not known what treatment they received 
before and after these treatment episodes, which will provide a more complete understanding of these 
children's treatment journey.  
METHODS AND ANALYSIS: We will link clinical data from cohorts of children and adolescents treated in 
the public child and youth mental health and/or child development services in Brisbane, Melbourne and 
Sydney to the Medicare Benefits Schedule (MBS), Pharmaceutical Benefits Scheme (PBS) and National 
Death Index. MBS data will demonstrate the treatment journey with respect to clinicians seen, and treatment 
episodes from the public health service data sets will be examined to assess if the type and intensity of 
treatment are related to treatment outcomes. PBS data will reveal all psychotropic medications prescribed, 
allowing an examination of not just ADHD medications, but also other psychotropics which may indicate co-
occurring conditions (eg, anxiety and mood disorders). Statistical analyses will include descriptive statistics 
to describe the rates of specific medications and clinician specialties seen. Linear and logistic regression will 
be used to model how treatment and sociodemographic variables relate to routinely collected outcome 
measures in the public health system while controlling for covarying factors.  
ETHICS AND DISSEMINATION: This study has been approved by the following institutional ethics 
committees: (1) Children's Health Queensland Hospital and Health Service (HREC/21/QCHQ/76260), (2) 
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The University of Queensland (2021/HE002143) and (3) The Australian Institute of Health and Welfare 
(EO2021/4/1300). Findings will be disseminated through peer-reviewed journals, conferences, professional 
associations and to public mental health services that treat ADHD 

 
……………………………………………………………………….. 

 
 
 

Br J Sports Med. 2022 Dec;56:1345-52. 
RISK FACTORS FOR PROLONGED RECOVERY FROM CONCUSSION IN YOUNG PATIENTS. 
Cuff S, Maki A, Feiss R, et al. 
OBJECTIVES: For young patients sustaining concussion, assessing recovery is vital in determining safe 
return to play. Identifying risk factors may aid clinicians in recognising patients at risk for prolonged recovery. 
The study objective is to identify risk factors for prolonged (>28 days) and extended (>90 days) recovery 
(defined as symptom duration) and analyse how these risk factors differ between the two groups.  
METHODS: We retrospectively analysed electronic health record data (n=4937) among patients aged 10-18 
years collected at Nationwide Children's Hospital Sports Medicine concussion clinics between 1 July 2012 
and 30 June 2019. Data collected included patient demographics, comorbidities (eg, prior psychiatric 
diagnoses, prior concussions) and injury characteristics (eg, loss of consciousness, injury setting). We 
examined patient risk factors for prolonged (>28days) and/or extended (>90days) recovery using modified 
Poisson regression models.  
RESULTS: Factors associated with increased risk of prolonged recovery from concussion included prior 
concussions (adjusted risk ratio (ARR) 1.19, 95% CI 1.02 to 1.38) for two concussions (ARR 1.36, 95% CI 
1.14 to 1.61), for >3, and higher initial symptom score (ARR 2.57, 95% CI 2.34 to 2.83) for postconcussion 
symptom (PCS) scores 21-60 (ARR 2.89, 95% CI 2.54 to 3.29), for PCS>60. Risk factors for extended 
recovery included history of concussion (ARR 1.50, 95% CI 1.09 to 2.06) for two concussions (ARR 1.75, 
95% CI 1.17 to 2.62), for >3 and older age (15-18 years, ARR 1.11, 95% CI 1.05 to 1.18). Additionally, 
comorbid attention deficit hyperactivity disorder increased risk of prolonged recovery (ARR 1.14, 95% CI 
1.01 to 1.29) while anxiety increased risk for extended recovery (ARR 1.47, 95% CI 1.10 to 1.95).  
CONCLUSION: Overall, risk factors for prolonged recovery differ somewhat from risk factors for extended 
recovery. For patients who present to clinic with concussion, mental health is an important consideration 
which may impact the timeline for symptom recovery 

 
……………………………………………………………………….. 

 
 
 

Brain Dev. 2022;44:706-14. 
FETAL ALCOHOL SYNDROME AND THE RISK OF NEURODEVELOPMENTAL DISORDERS: A LONGITUDINAL COHORT 

STUDY. 
Geier DA, Geier MR. 
Background: This hypothesis-testing study evaluated the relationship between fetal alcohol syndrome (FAS) 
and neurodevelopmental disorder (ND) diagnoses within the Independent Healthcare Research Database 
(IHRD).  

Methods: De-identified eligibility and claim healthcare records prospectively generated from the 19902012 
Florida Medicaid system were analyzed using SAS software. There were 89,766 children continuously 
eligible with 10 outpatient office visits during the 120 month period following birth in the cohort examined. A 
total of 321 children were diagnosed with FAS. Autism spectrum disorder (ASD) (n = 922), tics (n = 551), 
attention deficit disorder/attention deficit-hyperactivity disorder (ADD/ADHD) (n = 20,260), mental retardation 
(MR) (n = 915), and specific delays in development (SDD) (n = 24,630) incidence rates were examined using 
frequency risk ratio (RR) and logistic regression models.  
Results: The incidence rate of tics (RR = 5.68), ADD/ADHD (RR = 2.30), MR (RR = 7.83), SDD (RR = 2.88), 
and ASD (RR = 6.74) were significantly increased among FAS diagnosed children as compared to 
undiagnosed children. Adjusted (for gender, race, residency, and date of birth) odds ratios (ORs) were 
significantly increased for tics (OR = 4.87), ADD/ADHD (OR = 3.40), MR (OR = 7.91), SDD (OR = 9.56), and 
ASD (OR = 6.87) when comparing the FAS diagnosed children to undiagnosed children.  
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Conclusion: Tens of thousands of American children with lifetime costs in the billions of US dollars were 
estimated to be impacted by FAS-associated NDs. These impacts are particularly tragic because FAS is 
dependent upon lifestyle 

 
……………………………………………………………………….. 

 
 
 

Brain Dev. 2022 Nov;44:664-71. 
ESTABLISHMENT OF AN OBJECTIVE INDEX FOR THE DIAGNOSIS OF ATTENTION DEFICIT/HYPERACTIVITY DISORDER BY 

THE CONTINUOUS PERFORMANCE TEST "MOGRAZ". 
Kurokami T, Kobayashi H, Nakajima M, et al. 
OBJECTIVE: The diagnosis of attention deficit/hyperactivity disorder (AD/HD) in Japan is mainly based on 
information obtained from caregivers. There is therefore a need to establish an objectivity index that can be 
easily used in clinical practice. The purpose of the study was to create a predictive model for the diagnosis 
of AD/HD using the MOGRAZ, a visual continuous performance test developed in Japan.  
METHODS: We collected data from an AD/HD group and a non-AD/HD group. The AD/HD group included 
75 children with predominantly inattentive type AD/HD and 48 with combined type AD/HD who were aged 6 
to 12 years and diagnosed at our department. The non-AD/HD group included 153 Japanese children aged 
6 to 11 years enrolled in regular classes at a public elementary school. In both groups, multiple logistic 
regression analysis was performed using the results of MOGRAZ, age, and sex as parameters, and 
algorithms for a predictive diagnostic model of AD/HD were created.  
RESULTS: The area under the receiver operating characteristic curve (ROC-AUC) between the 
predominantly inattentive type AD/HD subgroup and non-AD/HD group was 0.884 (95% confidence interval: 
0.837-0.932), and the ROC-AUC between the combined type AD/HD subgroup and non-AD/HD group was 
0.914 (95% CI: 0.869-0.959).  
CONCLUSION: The prediction model using the MOGRAZ score allowed us to create an objectivity index to 
determine the diagnosis of AD/HD that can be easily used in clinical practice. We plan additional verification 
of this prediction model with additional participants 

 
……………………………………………………………………….. 

 
 
 

Brain Sciences. 2022;12. 
CLINICAL UTILITY OF EYE TRACKING IN ASSESSING DISTRACTIBILITY IN CHILDREN WITH NEUROLOGICAL DISORDERS 

OR ADHD: A CROSS-SECTIONAL STUDY. 
Sweere DJJ, Pel JJM, Kooiker MJG, et al. 
This study aims to investigate distractibility quantified by recording and analyzing eye movements during 
task-irrelevant distraction in children with and without ADHD and in children with and without neurological 
disorders. Gaze behavior data and press latencies of 141 participants aged 6-17 that were collected during 
a computerized distraction paradigm with task-irrelevant stimuli (IDistrack) were analyzed. Children using 
attention-regulating medication were excluded from participation. Data were analyzed for subgroups that 
were formed based on the presence of neurological disorders and the presence of ADHD separately. 
Participants with ADHD and participants with neurological disorders spent less time fixating on the target 
stimuli compared to their peers without ADHD (p = 0.025) or their peers without neurological disorders (p < 
0.001). Participants with and without ADHD had equal press latencies (p = 0.79). Participants with 
neurological disorders had a greater press latency compared to their typically developing peers (p < 0.001). 
Target fixation duration shows a significant association with parent-reported attention problems (r = 

êÆ0.39, p < 0.001). We conclude that eye tracking during a distraction task reveals potentially valid clinical 
information that may contribute to the assessment of dysfunctional attentional processes. Further research 
on the validity and reliability of this paradigm is recommended 

 
……………………………………………………………………….. 
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Brain Sciences. 2022;12. 
SEEKING OVERLAPPING NEUROANATOMICAL ALTERATIONS BETWEEN DYSLEXIA AND ATTENTION-
DEFICIT/HYPERACTIVITY DISORDER: A META-ANALYTIC REPLICATION STUDY. 
Liloia D, Crocetta A, Cauda F, et al. 

The present work is a replication article based on the paper Ç£Are there shared neural correlates between 

dyslexia and ADHD? A meta-analysis of voxel-based morphometry studiesÇØ by McGrath and Stoodley 
(2019). In the original research, the authors used activation likelihood estimation (ALE), a technique to 
perform coordinate-based meta-analysis (CBMA), to investigate the existence of brain regions undergoing 
gray matter alteration in association with both attention-deficit/hyper-activity disorder (ADHD) and dyslexia. 
Here, the same voxel-based morphometry dataset was analyzed, while using the permutation-subject 
images version of signed differential mapping (PSI-SDM) in place of ALE. Overall, the replication converged 
with the original paper in showing a limited overlap between the two conditions. In particular, no significant 
effect was found for dyslexia, therefore precluding any form of comparison between the two disorders. The 
possible influences of biological sex, age, and medication status were also ruled out. Our findings are in line 
with literature about gray matter alteration associated with ADHD and dyslexia, often showing conflicting 
results. Therefore, although neuropsychological and clinical evidence suggest some convergence between 
ADHD and dyslexia, more future research is sorely needed to reach a consensus on the neuroimaging 
domain in terms of patterns of gray matter alteration 

 
……………………………………………………………………….. 

 
 
 

Brain Sciences. 2022;12. 
THE LINK BETWEEN ADHD SYMPTOMS AND ANTISOCIAL BEHAVIOR: THE MODERATING ROLE OF THE PROTECTIVE 

FACTOR SENSE OF COHERENCE. 
Dayan H, Khoury-Kassabri M, Pollak Y. 
Numerous studies have established the link between ADHD and antisocial behavior, one of the most serious 
functional impairments caused by the disorder. However, research on protective factors that mitigate this link 
is still lacking. The Salutogenic Model of Health offers the Sense of Coherence (SOC), establishing that 
individuals who see their lives as logical, meaningful, and manageable are more resistant to various risk 
factors and diseases. The present study examines for the first time whether SOC is also a protective factor 
against different ADHD-related types of antisocial behaviors (severe/mild violent behavior, verbal violence, 
property crimes, public disorder, and drug abuse). A total of 3180 participants aged 15-50 completed online 
questionnaires assessing the level of ADHD symptoms, antisocial behaviors, and SOC. Structural equation 
modeling was applied to examine the research hypothesis. An interaction between ADHD symptoms and 
SOC was found in predicting each type of antisocial behavior (beta = 0.06-0.17, p < 0.01). The link between 
ADHD symptoms and antisocial behavior was significantly weaker for high than low SOC participants, 
regardless of age group. The current study found that people with high SOC are protected against the effect 
of ADHD symptoms on one of the most serious functional impairments, antisocial behavior. These findings 
suggest that SOC is a protective factor from the adverse effects of ADHD symptoms, justifying further 
prospective and intervention studies 

 
……………………………………………………………………….. 

 
 
 

Child Adolesc Psychiatr Clin North Am. 2023;32:57-68. 
ADOLESCENT CANNABIS USE, COMORBID ATTENTION-DEFICIT/HYPERACTIVITY DISORDER, AND OTHER 

INTERNALIZING AND EXTERNALIZING DISORDERS. 
Molinero K, Hinckley JD. 

 
……………………………………………………………………….. 
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Child Adolesc Psychiatry Ment Health. 2022;16. 
LONG-TERM METHYLPHENIDATE USE FOR CHILDREN AND ADOLESCENTS WITH ATTENTION DEFICIT HYPERACTIVITY 

DISORDER AND RISK FOR DEPRESSION, CONDUCT DISORDER, AND PSYCHOTIC DISORDER: A NATIONWIDE 

LONGITUDINAL COHORT STUDY IN SOUTH KOREA. 
Park J, Lee DY, Kim C, et al. 
Background: Methylphenidate (MPH) is the most frequently prescribed medication for the treatment of 
attention deficit hyperactivity disorder (ADHD). However, the safety of its long-term use remain unclear. In 
particular, real-world evidence of long-term MPH treatment regarding the risk of depression, conduct 
disorders, and psychotic disorders in children and adolescents is needed. This study aimed to compare the 
risks of depression, conduct disorder, and psychotic disorder between long- and short-term MPH treatments 
in children and adolescents.  
Methods: This population-based cohort study used a nationwide claims database of all patients with ADHD 
in South Korea. Patients aged less than 18-áyears who were prescribed MPH were included in the study. 
Long- and short-term MPH were defined as > 1-áyear, and < 1-áyear, respectively. Overall, the risk of 
developing depressive disorder, conduct disorder and oppositional defiant disorder (ODD), and psychotic 
disorder were investigated. A 1:2 propensity score matching was used to balance the cohorts, and the Cox 
proportional hazards model was used to evaluate the safety of MPH.  
Results: We identified 1309 long-term and 2199 short-term MPH users. Long-term MPH use was associated 
with a significantly lower risk of depressive (hazard ratio [HR], 0.70 [95% confidence interval [CI] 0.55-0.88]) 
and conduct disorders and ODD (HR, 0.52 [95% CI 0.38-0.73]) than short-term MPH use. Psychotic disorder 
was not significantly associated with long-term MPH use (hazard ratio [HR], 0.83 [95% confidence interval 
[CI] 0.52-1.32]).  
Conclusions: Our findings suggest that long-term MPH use may be associated with a decreased risk of 
depression, conduct disorders and ODD. Moreover, the long-term use of MPH does not increase the risk of 
psychotic disorders. Long-term MPH administration may be considered as a favourable treatment strategy 
for children and adolescents with ADHD regarding depressive, conduct, and psychotic disorders 

 
……………………………………………………………………….. 

 
 
 

Child Neuropsychol. 2022. 
DOES TRAINING WORKING MEMORY OR INHIBITORY CONTROL PRODUCE FAR-TRANSFER IMPROVEMENTS IN SET 

SHIFTING FOR CHILDREN WITH ADHD? A RANDOMIZED CONTROLLED TRIAL. 
Irwin Harper LN, Groves NB, Marsh CL, et al. 
Children with ADHD show impairments in set shifting task performance. However, the limited available 
evidence suggests that directly training shifting may not improve shifting performance in this population. We 
hypothesized that this incongruence may be because impairments exhibited by children with ADHD during 
shifting tasks are due to deficits in other executive functions, as shifting tasks also engage children’s working 
memory and/or inhibitory control abilities. This randomized controlled trial examined the extent to which 
neurocognitive training of working memory vs. inhibitory control can produce downstream (far-transfer) 
improvements in set shifting task performance. Children with ADHD ages 8-12 (M = 10.41, SD = 1.46; 12 
girls; 74% White/Non-Hispanic) were randomized to either central executive training (CET; n = 25) or 
inhibitory control training (ICT; n = 29), two next-generation digital therapeutics previously shown to improve 
their intended neurocognitive targets. Two criterion set shifting tests were administered at pre- and post-
treatment. Results indicated that ICT was superior to CET for improving shifting accuracy (treatmentxtime: p 
=.03, BF10 = 3.01, +À2 =.09, d = 0.63). ICT was also superior to CET for improving shifting speed, albeit on 
only one of the two outcome tasks (p =.02, BF10 = 4.53, 2 =.08, d = 0.59). CET did not produce improvements 
in shifting speed or accuracy on either task (p >.52, BF01 > 2.62), but showed evidence for more general 
(non-shifting-specific) improvement in response times on one of the outcome tasks (shift trials, d = 0.70; non-
shift trials, d = 0.68). Taken together, these findings confirm that inhibitory control is important for successful 
performance on shifting tests, and suggest that training inhibitory control may reflect a method for improving 
set shifting difficulties in children with ADHD 

 
……………………………………………………………………….. 
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Child Psychiatry Hum Dev. 2022 Oct;53:980-91. 
A MACHINE LEARNING APPROACH TO ASSESS DIFFERENTIAL ITEM FUNCTIONING OF THE KINDL QUALITY OF LIFE 

QUESTIONNAIRE ACROSS CHILDREN WITH AND WITHOUT ADHD. 
Jafari P, Mehrabani-Zeinabad K, Javadi S, et al. 
This study aimed to investigate differential item functioning (DIF) of the child and parent reports of the KINDL 
measure across children with and without Attention-deficit/hyperactivity disorder (ADHD). The sample 
included 122 children with ADHD and 1086 healthy peers, alongside 127 and 1061 of their parents, 
respectively. The generalized partial credit model with lasso penalization, as a machine learning method, 
was used to assess DIF of the KINDL across the two groups. The findings showed that three out of 24 items 
of the child reports and seven out of 24 items of the parent reports of the KINDL exhibited DIF between 
children with and without ADHD. Accordingly, Iranian children with and without ADHD along with their parents 
perceive almost all items in the KINDL similarly. Hence, the observed difference in quality of life scores 
between children with and without ADHD is a real difference and not a reflection of measurement bias 

 
……………………………………………………………………….. 

 
 
 

Clin Neuropharmacol. 2022 Nov;45:177-78. 
A CASE OF PRIAPISM IN A CHILD WITH AUTISM SPECTRUM DISORDER, POSSIBLY DUE TO RISPERIDONE TREATMENT 

WITH ADDITION OF ATOMOXETINE. 
Bulut ÃF, Tanir Y. 
OBJECTIVES: Risperidone is an effective drug used for the treatment of irritability in children with autism 
spectrum disorder (ASD). Atomoxetine (ATX) is a well-tolerated drug used in first-line therapy in children with 
attention-deficit/hyperactivity disorder (ADHD). However, uncommon adverse effects of risperidone and ATX 
are a concern among mental health professionals. To our knowledge, this is the first case report of priapism 
after addition of ATX upon existing treatment with risperidone.  
METHODS: Written informed consent for publication was obtained from the patient and his parents, and their 
identities were concealed for ethical reasons.  
RESULTS: Here, we report a case of priapism as an adverse effect of ATX and risperidone treatment in a 7-
year-old boy with ASD and comorbid ADHD. In this case, priapism was not observed with risperidone until 
ATX was added.  
CONCLUSIONS: Priapism is a condition viewed as a medical emergency. Although risperidone-induced 
priapism is a rare phenomenon, it is advised for clinicians to consider the drug interactions in treatment of 
ASD and ADHD in terms of early diagnosis and intervention 

 
……………………………………………………………………….. 

 
 
 

Clin Neuropharmacol. 2022 Nov;45:184-86. 
DOSE-DEPENDENT ENURESIS IN METHYLPHENIDATE USE. 
Galeaen O, et al. 
OBJECTIVES: Attention deficit hyperactivity disorder (ADHD) is one of the most common 
neurodevelopmental disorders of childhood. Although enuresis is a very common disorder in child diagnosed 
with ADHD, it may also develop because of methylphenidate.  
METHODS: Authors report here on a child case of ADHD that developed a probable enuresis related to 
methylphenidate.  
RESULTS AND CONCLUSIONS: Clinicians should be aware that methylphenidate used in ADHD causes 
dose-dependent enuresis 

 
……………………………………………………………………….. 
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Clin Psychol Rev. 2022 Dec;98:102214. 
SOME CRITICAL COMMENTS ON THE PAPER TITLED "SOME CRITICAL CONSIDERATIONS IN APPLYING THE CONSTRUCT 

OF PSYCHOPATHY TO RESEARCH AND CLASSIFICATION OF CHILDHOOD DISRUPTIVE BEHAVIOR DISORDERS". 
Salekin RT. 
Frick (2022) presented a narrative review of some literature and made several critical comments regarding 
the extension of the full psychopathy construct to research and classification of childhood disruptive behavior 
disorders (DBDs). His arguments cautioned against the use of the multicomponent concept of psychopathy 
for specification of DBDs for several reasons including definitional issues, symptom sequencing, specifier 
versus risk factor considerations, potential overlap with other disorders and criteria (e.g., ADHD), and 
concerns regarding harm. While I agree with Frick (2022) that we need to be cautious when extending 
personality constructs to the DBDs, the remaining arguments in his paper fall short of calling for the exclusion 
of psychopathy components in the examination of DBDs. Rather, the counterpoints in this paper further 
convince that the multidimensional model of psychopathy, when applied to the DBDs, could better facilitate 
understanding of the etiology and mechanisms for Conduct Disorder (CD), and, it may help us to predict the 
prognosis and treatment outcomes of children with various forms of DBDs such as CD and Oppositional 
Defiant Disorder (ODD). To have the most informative designs, future research should examine the broad 
construct to glean a better understanding of psychopathy and the DBDs. Further, research should continue 
to examine sequencing and external correlates at the component level and to test the incremental value of 
the multicomponent model of psychopathy to help us better comprehend how each component may facilitate 
our understanding of the types and severity of conduct problems exhibited by youth with DBDs (i.e., CD, 
ODD) 

 
……………………………………………………………………….. 

 
 
 

Clinical and Experimental Pediatrics. 2022;65:510-18. 
MOTOR PERFORMANCE OF CHILDREN WITH ATTENTION DEFICIT HYPERACTIVITY DISORDER: FOCUS ON THE 

BRUININKS-OSERETSKY TEST OF MOTOR PROFICIENCY. 
Adhvaryu KP, Karthikbabu S, Rao PT. 
The literature review aimed to analyze studies assessing the motor abilities of children with attention deficit 
hyperactivity disorder (ADHD) using the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP). The 
PubMed, OVID, Cochrane, and PEDro databases were searched for relevant articles published between 
February 2003 and September 2021. Despite the retrieval of limited studies, most included in this review 
were of fair to good quality. The diagnostic criteria for ADHD adhered to Diagnostic and Statistical Manual of 
Mental Disorders standards. The BOTMP has been used diversely in various countries, has been translated 
into various languages, is admini-stered by various qualified medical professionals on children with variants 
of ADHD, with the long form of the tool used more widely than its short form. The motor performance of 
children with ADHD was better than that of children with other developmental disorders, but children with 
ADHD underperformed compared to their age-matched typically developing peers. Although the BOTMP tool 
has been widely used to evaluate the motor performance of children with various disabilities, our 
understanding of the motor repertoire of children with ADHD is inadequate. Future research can aim to use 
the BOTMP to better understand the motor repertoire of children with ADHD to aid their overall rehabilitation 

 
……………………………………………………………………….. 

 
 
 

Clin Case Stud. 2022;21:457-73. 
SCHOOL-BASED COGNITIVE-BEHAVIORAL THERAPY IN AN INCLUSION MODEL FOR AN ADOLESCENT WITH 

COMORBID MAJOR DEPRESSIVE DISORDER, GENERALIZED ANXIETY DISORDER, AND ATTENTION DEFICIT 

HYPERACTIVITY DISORDER: A CASE STUDY. 
Goff TM, Moody ME, Acosta LL, et al. 
The goal of the current case study was to illustrate evidence-based cognitive-behavioral treatment (CBT) for 
an adolescent female with comorbid major depressive disorder, generalized anxiety disorder, attention deficit 
hyperactivity disorder, suicidal ideations, and a history of multiple involuntary hospitalizations. Multimodal 

assessment of the childÇÖs symptoms was conducted, including parent, teacher, and child self-report, 
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academic data, and hospital records to inform case conceptualization. Treatment included a combination of 
psychoeducation, cognitive restructuring, positive self-talk, relaxation skills, and the support of a school-
based personal aide. Significant improvements with inattentive, anxiety, and depressive symptoms were 
reported, with gains being maintained at 1-áyear follow-up. In addition to a reduction of reported psychosocial 
problems, treatment benefits also included a decrease in classroom disruptions, improvement in academic 
performance, and withdrawal of paraprofessional support at school. This study illustrates the use of school-
based CBT strategies coupled with additional focused Tier 4 behavior supports as an efficacious treatment 
for youth with significant comorbidity 

 
……………………………………………………………………….. 

 
 
 

Clinical Nutrition ESPEN. 2022;52:78-85. 
IMPLICATION OF SATURATED FATS IN THE AETIOLOGY OF CHILDHOOD ATTENTION DEFICIT/HYPERACTIVITY DISORDER 

- A NARRATIVE REVIEW. 
Morandini HAE, Watson P, Stewart RM, et al. 
Attention Deficit/Hyperactivity Disorder (ADHD) is the most common mental health disorder in the paediatric 
population. ADHD is highly comorbid with obesity, and has also been associated with poor dietary patterns 
such as increased consumption of refined carbohydrates and saturated fats. Although ADHD in children was 
associated with high consumption of saturated fats, so far there has been no evidence-based attempt to 
integrate dietary strategies controlling for intake of saturated fats into the etiological framework of the 
disorder. Evidence from human studies and animal models has shown that diets high in saturated fats are 
detrimental for the development of dopaminergic neurocircuitries, synthesis of neurofactors (e.g. brain 
derived neurotrophic factor) and may promote brain inflammatory processes. Notably, animal models provide 
evidence that early life consumption of a high saturated fats diet may impair the development of central 
dopamine pathways. In the present paper, we review the impact of high saturated fats diets on 
neurobiological processes in human studies and animal models, and how these associations may be relevant 
to the neuropathophysiology of ADHD in children. The validation of this relationship and its underlying 
mechanisms through future investigative studies could have implications for the prevention or exacerbation 
of ADHD symptoms, improve the understanding of the pathogenesis of the disorder, and help design future 
dietary studies in patients with ADHD 

 
……………………………………………………………………….. 

 
 
 

Cogn Affect Behav Neurosci. 2022 Dec;22:1432-46. 
LONGITUDINAL MATURATION OF RESTING STATE NETWORKS: RELEVANCE TO SUSTAINED ATTENTION AND ATTENTION 

DEFICIT/HYPERACTIVITY DISORDER. 
Thomson P, Malpas CB, Vijayakumar N, et al. 
The transition from childhood to adolescence involves important neural function, cognition, and behavior 
changes. However, the links between maturing brain function and sustained attention over this period could 
be better understood. This study examined typical changes in network functional connectivity over childhood 
to adolescence, developmental differences in attention deficit/hyperactivity disorder (ADHD), and how 
functional connectivity might underpin variability in sustained attention development in a longitudinal sample. 
A total of 398 resting state scans were collected from 173 children and adolescents (88 ADHD, 85 control) 
at up to three timepoints across ages 9-14 years. The effects of age, sex, and diagnostic group on changes 
in network functional connectivity were assessed, followed by relationships between functional connectivity 
and sustained attention development using linear mixed effects modelling. The ADHD group displayed 
greater decreases in functional connectivity between salience and visual networks compared with controls. 
Lower childhood functional connectivity between the frontoparietal and several brain networks was 
associated with more rapid sustained attention development, whereas frontoparietal to dorsal attention 
network connectivity related to attention trajectories in children with ADHD alone. Brain network segregation 
may increase into adolescence as predicted by key developmental theories; however, participants with 
ADHD demonstrated altered developmental trajectories between salience and visual networks. The 
segregation of the frontoparietal network from other brain networks may be a mechanism supporting 
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sustained attention development. Frontoparietal to dorsal attention connectivity can be a focus for further 
work in ADHD 

 
……………………………………………………………………….. 

 
 
 

Cogn Neurodyn. 2022;16:1335-49. 
MACHINE LEARNING MODELS EFFECTIVELY DISTINGUISH ATTENTION-DEFICIT/HYPERACTIVITY DISORDER USING 

EVENT-RELATED POTENTIALS. 
Ghasemi E, Ebrahimi M, Ebrahimie E. 
Accurate diagnosis of Attention-Deficit/Hyperactivity Disorder (ADHD) is a significant challenge. Misdiagnosis 
has significant negative medical side effects. Due to the complex nature of this disorder, there is no 
computational expert system for diagnosis. Recently, automatic diagnosis of ADHD by machine learning 
analysis of brain signals has received an increased attention. This paper aimed to achieve an accurate model 
to discriminate between ADHD patients and healthy controls by pattern discovery. Event-Related Potentials 
(ERP) data were collected from ADHD patients and healthy controls. After pre-processing, ERP signals were 
decomposed and features were calculated for different frequency bands. The classification was carried out 
based on each feature using seven machine learning algorithms. Important features were then selected and 
combined. To find specific patterns for each model, the classification was repeated using the proposed 
patterns. Results indicated that the combination of complementary features can significantly improve the 
performance of the predictive models. The newly developed features, defined based on band power, were 
able to provide the best classification using the Generalized Linear Model, Logistic Regression, and Deep 
Learning with the average accuracy and Receiver operating characteristic curve > %99.85 and > 0.999, 
respectively. High and low frequencies (Beta, Delta) performed better than the mid, frequencies in the 
discrimination of ADHD from control. Altogether, this study developed a machine learning expert system that 
minimises misdiagnosis of ADHD and is beneficial for the evaluation of treatment efficacy. Graphical abstract: 
[Figure not available: see fulltext.] 
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Cortex. 2022;157:129-41. 
WHITE MATTER AND SUSTAINED ATTENTION IN CHILDREN WITH ATTENTION/DEFICIT-HYPERACTIVITY DISORDER: A 

LONGITUDINAL FIXEL-BASED ANALYSIS. 
Thomson P, Vijayakumar N, Fuelscher I, et al. 
Sustained attention is a cognitive function with known links to academic success and mental health disorders 
such as attention/deficit-hyperactivity disorder (ADHD). Several functional networks are critical to sustained 
attention, however the association between white matter maturation in tracts linking functional nodes and 
sustained attention in typical and atypical development is unknown. 309 diffusion-weighted imaging scans 
were acquired from 161 children and adolescents (80 ADHD, 81 control) at up to three timepoints over ages 

9Çô14. A fixel-based analysis approach was used to calculate mean fiber density and fiber-bundle cross 
section in tracts of interest. Sustained attention was measured using omission errors and response time 
variability on the out-of-scanner sustained attention to response task. Linear mixed effects models examined 
associations of age, group and white matter metrics with sustained attention. Greater fiber density in the 
bilateral superior longitudinal fasciculus (SLF) I and right SLF II was associated with fewer attention errors in 
the control group only. In ADHD and control groups, greater fiber density in the left ILF and right thalamo-
premotor pathway, as well as greater fiber cross-section in the left SLF I and II and right SLF III, was 
associated with better sustained attention. Relationships were consistent across the age span. Results 
suggest that greater axon diameter or number in the dorsal and middle SLF may facilitate sustained attention 
in neurotypical children but does not assist those with ADHD potentially due to disorder-related alterations in 
this region. Greater capacity for information transfer across the SLF was associated with attention 
maintenance in 9-14-year-olds regardless of diagnostic status, suggesting white matter macrostructure may 
also be important for attention maintenance. White matter and sustained attention associations were  
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consistent across the longitudinal study, according with the stability of structural organization over this time. 
Future studies can investigate modifiability of white matter properties through ADHD medications 

 
……………………………………………………………………….. 

 
 
 

Crim Behav Ment Health. 2022 Dec;32:404-13. 
OFFENCE TYPE AND NEURODIVERSITY: A COMPARISON OF 12-17-YEAR-OLD BOYS CHARGED WITH A CRIMINAL 

OFFENCE BY DIAGNOSIS OF AUTISM SPECTRUM DISORDER, ATTENTION DEFICIT HYPERACTIVITY DISORDER OR BOTH. 
Rutten AX, Kempes M, Bongers IL, et al. 
BACKGROUND: Autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD) have 
been evidenced as common among adolescents with delinquent behaviour. Less is known, however, about 
the relationship between these disorders and type of alleged offence, when the adolescent is involved with 
the criminal justice system.  
AIM: Our aim was to investigate whether the type of alleged index offences among 12-17-year-olds differ 
between those diagnosed with ASD, ADHD or ASD + ADHD.  
METHOD: The sample was selected for ASD and/or ADHD diagnoses from a database of all pre-trial forensic 
psychiatric and psychological assessments of male adolescents of 12-17 years old in the Netherlands for the 
years 2013 and 2014. For each record, independent researchers scored a 76-item checklist encompassing 
health and offending characteristics. Sixty-nine of the 1799 pre-trial assessments of these male adolescents 
had a diagnosis of ASD, 90 of ADHD and 29 had been diagnosed with both; these 188 cases formed our 
sample.  
RESULTS: The rate of sex offences was significantly higher among those with ASD (N = 20, 29%) than those 
with ADHD (N = 10, 11%) or both (N = 4, 14%; Fisher's exact test = 8.54; p = 0.014). By contrast, the rate of 
property offences without violence was significantly higher among those with ADHD (N = 22, 24%) than those 
with ASD (N = 4, 6%) or both (N = 5, 17%; Fisher's exact test = 10.50, p = 0.004), whereas violent offending 
rates did not differ between the three groups.  
CONCLUSION: Specific offence types were not equally distributed among male adolescents with different 
psychiatric diagnoses. In our sample of male adolescents suspected of an offence nearly one-third of those 
diagnosed with ASD were convicted of a sex offence, suggesting highly specialised needs for further 
assessment and intervention. Among those diagnosed with ADHD, significantly more adolescents were 
charged with non-violent property offences. Such unequal distribution of alleged offence types among 
adolescents with different psychiatric diagnoses justifies tailor-made attention for offending adolescents with 
different psychiatric diagnoses 

 
……………………………………………………………………….. 

 
 
 

Crit Rev Food Sci Nutr. 2022;62:9093-102. 
THE EFFECT OF ZINC SUPPLEMENTATION IN CHILDREN WITH ATTENTION DEFICIT HYPERACTIVITY DISORDER: A 

SYSTEMATIC REVIEW AND DOSE-RESPONSE METAÂ€‘ANALYSIS OF RANDOMIZED CLINICAL TRIALS. 
Talebi S, Miraghajani M, Ghavami A, et al. 
OBJECTIVE: The present systematic review and dose-response meta-analysis was conducted to quantify 
the efficacy of zinc supplementation on clinical symptoms of attention-deficit/hyperactivity disorder (ADHD) 
in children.  
METHODS: Electronic databases including PubMed, Scopus, ISI web of science, and Google Scholar were 
searched until January 2021. Results were reported as standardized mean difference (SMD) with a 95% 
confidence interval (CI) using Hedges's adjusted g method.  
RESULTS: six randomized clinical trials with 489 school-aged children were identified for the meta-analysis. 
Our findings showed a significant effect of zinc supplementation on ADHD total scores (SMD: -0.62 Hedges' 
g; 95% CI: -1.24 to -0.002, p=0.04) but not in hyperactivity scores (SMD: -0.93 Hedges' g; 95% CI: -3.31 to 
1.45, p=0.44) and inattention scores (SMD: 0.21 Hedges' g; 95% CI: -0.09 to 0.51, p=0.17) compared to the 
control group. Besides, the dose-response analysis did not find any significant non-linear association 
between zinc supplementation dosage or duration on ADHD total scores. The certainty of the evidence was 
rated moderate to very low for all outcomes.  



             Newsletter – ADHD    novembre 2022  

  

21  

  

CONCLUSION: Zinc supplementation may have beneficial effects in improving ADHD symptoms in children 
with ADHD. Future well-designed, large-scale randomized controlled trials are needed to establish the benefit 
of zinc supplementation for ADHD 

 
……………………………………………………………………….. 

 
 
 

Critical Reviews in Toxicology. 2022. 
A NARRATIVE REVIEW OF CONVERGING EVIDENCE ADDRESSING DEVELOPMENTAL TOXICITY OF PYRETHROID 

INSECTICIDES. 
Elser BA, Hing B, Stevens HE. 
Pyrethroid insecticides are broadly used in agriculture and household products throughout the world. 
Exposure to this class of insecticides is widespread, and while generally believed to be safe for use, there is 
increasing concern regarding their effects on neurodevelopment. Due to the critical roles that molecular 
targets of pyrethroids play in the regulation of neurodevelopment, particular focus has been placed on 
evaluating the effects of in utero and childhood pyrethroid exposure on child cognition and behavior. As such, 
this narrative review synthesizes an assessment of converging study types; we review reports of neonatal 
pyrethroid levels together with current epidemiological literature that convergently address the risk for 
developmental toxicity linked to exposure to pyrethroid insecticides. We first address studies that assess the 
degree of direct fetal exposure to pyrethroids in utero through measurements in cord blood, meconium, and 
amniotic fluid. We then focus on the links between prenatal exposure to these insecticides and child 
neurodevelopment, fetal growth, and other adverse birth outcomes. Furthermore, we assess the effects of 
postnatal exposure on child neurodevelopment through a review of the data on pediatric exposures and child 
cognitive and behavioral outcomes. Study quality was evaluated individually, and the weight of evidence was 
assessed broadly to characterize these effects. Overall, while definitive conclusions cannot be reached from 
the currently available literature, the available data suggest that the potential links between pyrethroid 
exposure and child neurodevelopmental effects deserve further investigation 
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Current Pediatric Research. 2021;25:1111-15. 
COGNITIVE AND ADHD DISORDERS IN BENIGN EPILEPSY WITH CENTROTEMPORAL SPIKES: AN EGYPTIAN STUDY. 
Sayed KA, Abdelal GA, Refat NH, et al. 
Background: Benign epilepsy with centrotemporal spikes is the most common type of focal epilepsy in 
children as it accounts for 15% to 25% of epilepsy in children. It is associated with neuropsychological 
problems which are suspected to be related to spike-wave index, the site of epileptic form discharge, age at 
onset, and seizures frequency. Therefore, we aimed to study the incidence of the problems associated with 
BECTS as ADHD, and cognitive disorders and to detect their relation to seizure criteria.  
Methods: At Assiut University Children Hospital from August 2018 to December 2020, 80 children, ages 3-
14 years, were identified to have BECTS. Full history was taken. A complete examination, prolonged sleep 
EEG, ADHD-SC4 test, IQ assessment was done for all patients.  
Results: Mentally retarded was detected in 28.6% of BECTS patients. Cognitive disorders are more common 
in BECTS patients with more frequent seizures, mixed diurnal, and nocturnal seizures, and higher SWI (P-
value<0.001). We did not find a relationship between cognitive disorder and the age at onset of seizures, 
sex, or laterality of epileptic focus in EEG. ADHD was detected in 72.5% of BECTS patients. The inattentive 
type was present in 16.25% of patients, the hyperactivity impulsive type in 11.25%, combined ADHD in 45%.  
Conclusions: Mentally retarded was detected in 28.6% of BECTS patients, ADHD was detected in 72.5% 
of BECTS patients. The inattentive type was present in 16.25% of patients, the hyperactivity impulsive type 
in 11.25%, combined ADHD in 45% 
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Current Pediatric Research. 2022;26:1381-85. 
SENSORY GARDEN: PILOTING AN AFFORDABLE NATURE-BASED INTERVENTION FOR FUNCTIONAL BEHAVIOR OF 

CHILDREN WITH ATTENTION DEFICIT HYPERACTIVITY DISORDER (ADHD). 
Voola SI, Kumari MV. 
Background: Nature disconnectedness had been suggested to have a link with childhood disorders such as 
Attention Deficit Hyperactivity Disorder (ADHD). The core symptoms interfere with the functional behaviors 
at different contexts. Sensory Integration is the most common treatment approach to these children but 
confined to established units. Multisensory experiences of nature are recognized as beneficial for multiple 
medical conditions. Therefore, this study develops nature based Sensory Garden and examines its influence 
on functional behavior of children with ADHD and replicability of Sensory Garden (SG) in home settings.  
Methods: Ten participants, aged 6-12 years were recruited by screening with ADHD rating scale and Short 
Sensory Profile. Randomly, equal number of participants was allotted to either of the two groups by 
convenience sampling. Baseline scores of functional behavior were collected by using Weiss Functional 
Impairment Rating Scale (WFIRS). The subjects of Experimental group were exposed to combined outdoor 
Sensory Garden (SG) and indoor Sensory Integration (SI) whereas Control group only SI intervention. The 
duration of intervention extended for a period of 3 months (46 sessions). At the end of last session, post test 
scores were collected.  
Results: The statistically significant result suggested nature based Sensory Garden with indoor SI 
intervention as a better therapeutic approach in enhancing functional behavior in children with ADHD. Three 
parents replicated SG either wholly with all the senses or partially based on child’s preference and space 
availability at home.  
Conclusion: Sensory Gardens enable children to have rich sensory stimulation experience during daily play 
at outdoors and serve as a potential therapeutic adjunctive tool and also can be created easily and quite 
economically at home settings to have an enduring influence 

 
……………………………………………………………………….. 

 
 
 

Depress Anxiety. 2022 Dec;39:870-80. 
REAL-TIME ASSESSMENT OF POSITIVE AND NEGATIVE AFFECTIVE FLUCTUATIONS AND MOOD LABILITY IN A 

TRANSDIAGNOSTIC SAMPLE OF YOUTH. 
Naim R, Shaughnessy S, Smith A, et al. 
BACKGROUND: Emotional lability, defined as rapid and/or intense affect fluctuations, is associated with 
pediatric psychopathology. Although numerous studies have examined labile mood in clinical groups, few 
studies have used real-time assessments in a well-characterized transdiagnostic sample, and no prior study 
has included participants with disruptive mood dysregulation disorder (DMDD). The present study leverages 
ecological momentary assessment (EMA) to assess emotional lability in a transdiagnostic pediatric sample.  
METHODS: One hundred thirty participants ages 8-18 with primary diagnoses of DMDD, attention-
deficit/hyperactivity disorder (ADHD), an anxiety disorder (ANX), or healthy volunteersÂ completed a 
previously validated 1-week EMA protocol. Clinicians determined diagnoses based on semi-structured 
interviews and assessed levels of functional impairment. Participants reported momentary affective states 
and mood change. Composite scores of fluctuations in positive and negative affect were generated. Affect 
fluctuations were compared between diagnostic groups and tested for their association with functional 
impairment.  
RESULTS: Diagnostic groups differed in levels of negative and positive emotional lability. DMDD patients 
demonstrated the highest level of labile mood compared with other groups. Emotional lability was associated 
with global impairment in the whole sample.  
CONCLUSIONS: Both positive and negative emotional lability is salient in pediatric psychopathology and is 
associated with functional impairment, particularly in DMDD youth 
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Dtsch Apoth Ztg. 2022;162. 
Paracetamol during pregnancy with consequences?: Affected children are supposed to increasingly 
suffer from sleep problems and attention deficit disorders. 
Anon. 
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Diabetes Metab J. 2022 Nov;46:912-22. 
INFLUENCE OF MATERNAL DIABETES ON THE RISK OF NEURODEVELOPMENTAL DISORDERS IN OFFSPRING IN THE 

PRENATAL AND POSTNATAL PERIODS. 
Perea V, Urquizu X, Valverde M, et al. 
BACKGROUND: This study aimed to evaluate the influence of maternal diabetes in the risk of 
neurodevelopmental disorders in offspring in the prenatal and postnatal periods.  
METHODS: This cohort study included singleton gestational diabetes mellitus (GDM) pregnancies >22 
weeks' gestation with live newborns between 1991 and 2008. The control group was randomly selected and 
matched (1:2) for maternal age, weeks of gestation and birth year. Cox regression models estimated the 
effect of GDM on the risk of attention-deficit/hyperactivity disorder (ADHD), autism spectrum disorder (ASD), 
and maternal type 2 diabetes mellitus (T2DM). Moreover, interaction between maternal T2DM and GDM-
ADHD relationship was evaluated.  
RESULTS: Children (n=3,123) were included (1,073 GDM; 2,050 control group). The median follow-up was 
18.2 years (interquartile range, 14.2 to 22.3) (n=323 with ADHD, n=36 with ASD, and n=275 from women 
who developed T2DM). GDM exposure was associated with ADHD (hazard ratio [HR]crude, 1.67; 95% 
confidence interval [CI], 1.33 to 2.07) (HRadjusted, 1.64; 95% CI, 1.31 to 2.05). This association remained 
significant regardless of the treatment (diet or insulin) and diagnosis after 26 weeks of gestation. Children of 
mothers who developed T2DM presented higher rates of ADHD (14.2 vs. 10%, P=0.029). However, no 
interaction was found when T2DM was included in the GDM and ADHD models (P>0.05). GDM was not 
associated with an increased risk of ASD (HRadjusted, 1.46; 95% CI, 0.74 to 2.84).  
CONCLUSION: Prenatal exposure to GDM increases the risk of ADHD in offspring, regardless of GDM 
treatment complexity. However, postnatal exposure to maternal T2DM was not related to the development 
of ADHD 
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Elife. 2022 Nov;11. 
ATTENTION-DEFICIT HYPERACTIVITY DISORDER SYMPTOMS AND BRAIN MORPHOLOGY: EXAMINING CONFOUNDING 

BIAS. 
Dall'Aglio L, Kim HH, Lamballais S, et al. 
BACKGROUND: Associations between attention-deficit/hyperactivity disorder (ADHD) and brain 
morphology have been reported, although with several inconsistencies. These may partly stem from 
confounding bias, which could distort associations and limit generalizability. We examined how associations 
between brain morphology and ADHD symptoms change with adjustments for potential confounders typically 
overlooked in the literature (aim 1), and for the intelligence quotient (IQ) and head motion, which are generally 
corrected for but play ambiguous roles (aim 2).  
METHODS: Participants were 10-year-old children from the Adolescent Brain Cognitive Development (N = 
7722) and Generation R (N = 2531) Studies. Cortical area, volume, and thickness were measured with MRI 
and ADHD symptoms with the Child Behavior Checklist. Surface-based cross-sectional analyses were run.  
RESULTS: ADHD symptoms related to widespread cortical regions when solely adjusting for demographic 
factors. Additional adjustments for socioeconomic and maternal behavioral confounders (aim 1) generally 
attenuated associations, as cluster sizes halved and effect sizes substantially reduced. Cluster sizes further 
changed when including IQ and head motion (aim 2), however, we argue that adjustments might have 
introduced bias.  
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CONCLUSIONS: Careful confounder selection and control can help identify more robust and specific regions 
of associations for ADHD symptoms, across two cohorts. We provided guidance to minimizing confounding 
bias in psychiatric neuroimaging.  
FUNDING: Authors are supported by an NWO-VICI grant (NWO-ZonMW: 016.VICI.170.200 to HT) for HT, 
LDA, SL, and the Sophia Foundation S18-20, and Erasmus University and Erasmus MC Fellowship for RLM 
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Environ Pollut. 2022 Dec;315:120351. 
ENVIRONMENTAL POLLUTION AND ATTENTION DEFICIT HYPERACTIVITY DISORDER: A META-ANALYSIS OF COHORT 

STUDIES. 
Bernardina Dalla MD, Ayala CO, Cristina de Abreu Quintela Castro, et al. 
There is already knowledge of the extensive risk factors for attention deficit hyperactivity disorder (ADHD) 
and recent studies suggest that environmental pollution may contribute to an increase in the incidence of the 
disorder. The aim of our study was to perform a systematic review and meta-analysis of the risk of ADHD in 
people younger than 18 years old after exposure to environmental pollution. We searched the MEDLINE, 
Embase, SciELO, CINAHL, LILACS, Cochrane Central, and Web of Science databases and investigated the 
grey literature from inception until May 31, 2021. All cohort studies that provided data on exposure to 
environmental pollutants and ADHD in children and adolescents aged from zero to 18 years old were 
included. Two reviewers independently selected the studies and applied the quality criteria. If there was a 
divergence, a third reviewer contributed to the final decision. For the meta-analysis, risk ratios and their 
confidence intervals were calculated with the MetaXL 5.3 program, using the random effects model. In total, 
21 articles were included in this systematic review, and 18 studies met the criteria for the meta-analysis, 
involving 134,619 participants. The meta-analysis suggested that children exposed to higher levels of heavy 
metal (RR: 2.41, 95% CI: 1.49-3.90), with low heterogeneity (I(2)Â =Â 39%), and lead (RR: 2.37, 95% CI: 
1.28-4.40), with moderate heterogeneity (I(2)Â =Â 54%), are at greater risk of developing ADHD than those 
exposed to lower levels. This meta-analysis suggests that children exposed to higher levels of lead and 
heavy metal pollution are at greater risk of developing ADHD than those exposed to lower levels 
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Environ Res. 2023;216. 
ASSOCIATION BETWEEN LONG-TERM AMBIENT OZONE EXPOSURE AND ATTENTION-DEFICIT/HYPERACTIVITY 

DISORDER SYMPTOMS AMONG CHINESE CHILDREN. 
Zhou P, Zhang W, Xu YJ, et al. 
Background: Although ozone exposure has neurological toxicity, it remains unclear whether it was 
associated with an increased risk of attention-deficit/hyperactivity disorders (ADHD) among childhood.  
Methods: We matched the four-year average ozone concentration with questionnaire data for 35,103 
children aged 3-12 years from seven cities in Liaoning, China, 2012-2013. Using mixed-effect logistic 
regression models, we assessed the association of ozone concentration with multiple ADHD indicators using 
the Conners Abbreviated Symptom Questionnaire (C-ASQ), including explicit attention-deficit/hyperactivity 
symptoms (ADHD; score 15), attention-deficit/hyperactivity disorder tendencies (ADHD-T; 11 score 14), and 
attention-deficit/hyperactivity problems (ADHP; score 11). Results were also stratified by 
sociodemongraphics.  
Results: After adjusting for covariates, we found that each interquartile range (IQR) increase in ozone 
concentration was associated with an increased risk of ADHD, ADHD-T, and ADHP (P < 0.001) with an odds 
ratio of 1.12 (95% confidence interval, 1.04-1.21), 1.08 (1.03-1.13), and 1.09 (1.05-1.14), respectively. 
Additionally, we found greater effect estimates in children who reported longer exercise time (vs those with 
limited exercise time) with odds ratio of 1.18 (1.07-1.31) vs 1.06 (0.96-1.17) for ADHD, 1.13 (1.06-1.21) vs 
1.03 (0.96-1.10) for ADHD-T, and 1.15 (1.08-1.21) vs 1.04 (0.98-1.10) for ADHP. Non-breastfed children 
were also shown to be more vulnerable to ADHD with an odds ratio of 1.22 (1.09-1.36) compared with 1.06 
(0.96-1.16) among the rest.  
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Conclusions: Long-term ozone exposure may be associated with increased ADHD among children. 
Additional studies are needed to validate our findings and support policies and interventions to address this 
growing public health concern 

 
……………………………………………………………………….. 

 
 
 

Eur Arch Psychiatry Clin Neurosci. 2022 Dec;272:1469-79. 
THE PREDICTIVE AND INCREMENTAL VALIDITY OF ADHD BEYOND THE VRAG-R IN A HIGH-RISK SAMPLE OF YOUNG 

OFFENDERS. 
Gregario HP, et al. 
The VRAG-R is a well-established actuarial risk-assessment instrument, which was originally developed for 
assessing violent recidivism risk in adult male offenders. Whether or not the VRAG-R can also predict violent 
recidivism in young offenders is unclear so far. In the emergence of juvenile offending, attention-
deficit/hyperactivity disorder (ADHD) seems to be of major importance suggesting that it could be relevant 
for risk assessment as well. Thus, we examined the predictive accuracy of the VRAG-R in a high-risk sample 
of N=106 (M=18.3 years, SD=1.8) young offenders and assessed the incremental predictive validity of ADHD 
symptomatology beyond the VRAG-R. Within a mean follow-up time of M=13 years (SD=1.2), n=65 (62.5%) 
young offenders recidivated with a violent offense. We found large effect sizes for the prediction of violent 
and general recidivism and re-incarcerations using the VRAG-R sum scores. Current ADHD symptomatology 
added incremental predictive validity beyond the VRAG-R sum scores concerning the prediction of general 
recidivism but not of violent recidivism. The results supported the use of the VRAG-R for predicting violent 
recidivism in young offenders. Because ADHD symptomatology improves the predictive performance of the 
VRAG-R regarding general recidivism, we argue that addressing ADHD symptoms more intensively in the 
juvenile justice system is of particular importance concerning a successful long-term risk management in 
adolescents and young adults 
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Eur Child Adolesc Psychiatry. 2022 Dec;31:1895-907. 
AMYGDALA REACTIVITY AND VENTROMEDIAL PREFRONTAL CORTEX COUPLING IN THE PROCESSING OF EMOTIONAL 

FACE STIMULI IN ATTENTION-DEFICIT/HYPERACTIVITY DISORDER. 
Viering T, Naaijen J, Van RD, et al. 
Impaired emotion recognition is common in individuals with attention-deficit/hyperactivity disorder (ADHD) 
and may, via deficient emotion self-regulation, relate to the frequently co-occurring affective and social 
problems. The present study used an emotional face-matching task and functional magnetic resonance 
imaging (fMRI) to investigate neural responses during the processing of angry and fearful faces and visuo-
spatial control stimuli. Additionally, measures for emotion dysregulation, ADHD type, and age were 
investigated in relation to the behavioral and neural fMRI data. We utilized a sample of 61 adolescents/young 
adults with ADHD and 51 age-matched healthy controls (age range: 12-28Â years). Participants with ADHD 
had higher emotion dysregulation scores than controls. They also reacted slower and less accurate in 
response to emotional but not visuo-spatial control stimuli. Neural response differences between emotional 
and visuo-spatial trials were significantly smaller in cases, particularly in the left amygdala. While coupling 
between the right amygdala and bilateral ventromedial prefrontal cortex was stronger for emotional than 
visuo-spatial stimuli in control subjects, levels of positive coupling between the trial types did not significantly 
differ in participants with ADHD. Neither emotion dysregulation scores, nor ADHD type or age were related 
to the behavioral and neural processing alterations during the emotional face-matching task. Results indicate 
that emotion recognition deficits in ADHD are particularly associated with lower amygdala activation to 
emotional stimuli and alterations in the functional connections of the amygdala to medial prefrontal areas. 
Emotion recognition deficits and associated neural alterations were unrelated to emotion dysregulation, 
ADHD type, or age 
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Eur J Sport Sci. 2022 Dec;22:1889-97. 
ASSOCIATION OF IMPULSIVITY, PHYSICAL DEVELOPMENT, AND MENTAL HEALTH TO PERCEPTUAL-MOTOR CONTROL 

AFTER CONCUSSION IN ADOLESCENTS. 
Eagle SR, Kontos AP, Connaboy C. 
Sport-related concussion (SRC) can affect multiple domains including impairment in perceptual-motor control 
(PMC) in adolescents, potentially increasing subsequent injury risk. Research suggests that impulsivity, 
physical development, and mental health may be associated with PMC after SRC, but researchers have yet 
to examine this association. Adolescents (12-18y; n=48) within 21 days of SRC were compared to 20 healthy 
adolescents with no concussion history using the Perception-Action Coupling Task (PACT), Barratt 
Impulsivity Scale (BIS), Pubertal Development Scale (PDS), Generalized Anxiety Disorder-7 (GAD-7) and 
Personal Health Questionnaire-9 (PHQ-9). All outcomes were entered as predictors in linear regression (LR) 
models to predict PACT outcomes (accuracy; initiation, movement, and reaction times). Concussed 
adolescents had lower PACT accuracy (p=0.016), higher PHQ-9 (p=0.029), total BIS (p=0.004), attention 
impulsivity (p=0.005), and cognitive instability impulsivity (p=0.004). All four LRs were statistically significant 
(R(2)=0.18-0.38; p<0.05), and included 1+impulsivity domains as significant predictors (p<0.05). Cognitive 
instability impulsivity appeared in 3/4 models of PACT outcomes. ADD/ADHD history, anxiety, and physical 
development ratings were also significant predictors of PACT outcomes. This study revealed associations 
between PMC and medical history, impulsivity, physical development and mental health in adolescents 
following SRC. Future studies should investigate the temporal relationship among these variables in this at-
risk population.Highlights After SRC, adolescents had deficits in action boundary perception accuracy, while 
reporting higher depression symptoms and impulsivity, including attention and cognitive instability 
components.Certain domains of impulsivity were predictive of action boundary perception accuracy and each 
perception actualization measure in the concussed group.ADD/ADHD history, anxiety scores, and physical 
development ratings were also significant predictors of perceptual-motor accuracy and actualization time 

 
……………………………………………………………………….. 

 
 
 

Eur Neuropsychopharmacol. 2022 Dec;65:68-78. 
RATES OF PSYCHOTROPIC MEDICINE PRESCRIBING IN PAEDIATRIC POPULATIONS IN AUSTRALIAN GENERAL PRACTICE 

FROM 2000-2016. 
Tanana L, Harrison C, Nishtala PS, et al. 
General practitioner (GP) prescribing of psychotropic medicines to paediatric patients is increasing across 
countries, sparking the need for additional research into this field. We examined prescribing rates, GP and 
patient characteristics and indications associated with prescribing psychotropic medicines to paediatric 
patients in Australian general practice, using data from the Bettering the Evaluation and Care of Health 
(BEACH) program. We extracted all encounters with children aged 3 to 17 from 2000 to 2016. Psychotropic 
medicines were defined as those in the ATC codes N05 (Psycholeptics) and N06 (Psychoanaleptics). Of the 
144,397 encounters, GPs prescribed 1829 psychotropic medicines to paediatric patients at an average rate 
of 1.16 prescriptions per 100 encounters (95% confidence interval 1.09-1.23). We found that the rate of 
psychotropic medicines prescribed to paediatric patients in Australian general practice increased. Patients 
who were adolescent, female, socio-economically disadvantaged or from an English-speaking background 
were significantly more likely to be prescribed a psychotropic medicine. GP practices in remote or regional 
areas and Australian graduate GPs were more likely to prescribe psychotropic medicines to paediatric 
patients. Depression, attention deficit hyperactivity disorder, anxiety and autism were the most common 
psychiatric indications managed with psychotropic medicines. Antidepressants, psychostimulants, 
benzodiazepines, antipsychotics and other psychotropic medicines were prescribed, signifying a high rate of 
off-label use. Sertraline was the most common psychotropic medicine prescribed, followed by fluoxetine and 
methylphenidate. Future studies involving data from other prescribers, e.g. paediatricians and psychiatrists, 
and studies linking prescribed medicines to their indications may widen our understanding of psychotropic 
medicine prescribing in Australian paediatric patients 
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Eur Arch Psychiatry Clin Neurosci. 2022;272:1413-20. 
ADHD PREVALENCE IN PATIENTS WITH HYPERSEXUALITY AND PARAPHILIC DISORDERS: A SYSTEMATIC REVIEW AND 

META-ANALYSIS. 
Korchia T, Boyer L, Deneuville M, et al. 
Hypersexuality and paraphilic disorders have been associated with increased ADHD in several studies. To 
determine the prevalence of ADHD in hypersexuality and paraphilic disorders. Three databases (Medline, 
Web of Science and Google Scholar) were explored. Using random effects models, we calculated the pooled 
estimate of ADHD prevalence. The leave-1-out method and subgroup analyses were carried out to identify 
sources of heterogeneity. Seven studies from three countries (N = 730 patients with hypersexuality) were 
included (including five US studies). The overall estimate of the prevalence of ADHD in patients with 
hypersexuality or paraphilic disorders was 22.6% (95% interval: 17-29.4) with high heterogeneity (I2 = 63%). 
No publication bias was observed according to Egger's test. We found no significant difference in ADHD 
prevalence between the following subgroups: hypersexuality vs. paraphilic disorders, studies exploring the 
history of childhood ADHD vs. adult ADHD, US studies vs. others. The French study was a source of 
heterogeneity with a much lower rate than others (4.5%) but did not significantly change the prevalence 
estimate. Removing this study increases the prevalence to 25%. We found no association between the year 
of publication and ADHD prevalence. ADHD is much more frequent in populations with hypersexuality or 
paraphilic disorders compared to the general population. It should be systematically screened. The subgroup 
analyses were not sufficient to identify all sources of heterogeneity, other sources should be explored in 
further studies 
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Eur Child Adolesc Psychiatry. 2022. 
ADDRESSING CO-OCCURRING CONDITIONS IN BEHAVIOURAL THERAPY FOR TIC DISORDERS: A REVIEW AND 

GUIDELINE. 
Sanderson C, Verdellen C, Debes N, et al. 
Co-occurring psychiatric conditions are very common in tic disorders and Tourette syndrome. These 
additional symptoms are often detrimental to quality of life and may impact upon the implementation and 
efficacy of evidence-based behavioural therapies (BT) for tics. Combining a review of the available literature, 
relevant theory, and expert clinical practice, we present a guideline for implementing behavioural and 
psychosocial interventions when common comorbidities are present. These include attention-deficit 

hyperactivity disorder (ADHD), obsessiveÇôcompulsive disorder (OCD), anxiety, disruptive behaviour, 
autism spectrum disorder (ASD) and depression. Practical recommendations are provided for assessment, 
formulation and management of specific and multiple comorbidities in BT for both children and adults. Despite 
comorbidities being common in tic disorders, few studies have comprehensively addressed how they may 
influence the efficacy or implementation of existing therapies or how such treatments may need to be 
modified or sequenced. We outline recommendations for future research, including randomised control trials 
of BT for those with specific or multiple comorbidities, as well as adequately powered sub-group analyses 
within larger scale trials or naturalistic study designs. Transdiagnostic models of psychiatric disorders and 
treatment, including modular cross-diagnostic therapies, which recognise the dimensionality of psychiatric 
disorders are also highlighted as an important focus in treatment development in tic disorders 

 
……………………………………………………………………….. 

 
 
 

Eur Child Adolesc Psychiatry. 2022. 
VARIATION IN ATTITUDES TOWARD DIAGNOSIS AND MEDICATION OF ADHD: A SURVEY AMONG CLINICIANS IN THE 

NORWEGIAN CHILD AND ADOLESCENT MENTAL HEALTH SERVICES. 
Lyhmann I, Widding-Havneraas T, Zachrisson HD, et al. 
Prevalence and medication rates of ADHD vary geographically, both between and within countries. No 
absolute cutoff exists between ADHD and normal behavior, making clinician attitudes (leading to local 
practice cultures) a potential explanation for the observed variation in diagnosis and medication rates. The-
áobjective of this study was to describe variation in attitudes toward diagnosis and medication of ADHD 
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among clinicians working in child and adolescent mental health services (CAMHS). We hypothesized that 

attitudes would vary along a spectrum from Ç£restrictiveÇØ to Ç£liberalÇØ. We also explored whether 
differences in attitudes between clinicians were related to professional background and workplace (clinic). A 
survey in the form of a web-based questionnaire was developed. All CAMHS outpatient clinics in Norway 
were invited. Potential respondents were all clinicians involved in diagnosing and treating children and 
adolescents with ADHD. To investigate the existence of attitudes toward diagnosis and medication as latent 
constructs, we applied confirmatory factor analysis (CFA). We further examined how much of variance in 
attitudes could be ascribed to profession and clinics by estimating intraclass correlation coefficients. In total, 
674 respondents representing 77 (88%) of the clinics participated. We confirmed variation in attitudes with 

average responses leaning toward the restrictive end of the spectrum. CFA supported attitude toward 
diagnosis and attitude toward medication as separate, and moderately correlated (r = 0.4) latent variables, 
representing a scale from restrictive to liberal. Professional background and workplace explained only a small 
part of variance in these attitudes 

 
……………………………………………………………………….. 

 
 
 

Eur J Neurosci. 2022. 
STRUCTURAL AND DIFFUSION-WEIGHTED BRAIN IMAGING PREDICTORS OF ATTENTION-DEFICIT/HYPERACTIVITY 

DISORDER AND ITS SYMPTOMOLOGY IN VERY YOUNG (4- TO 7-YEAR-OLD) CHILDREN. 
Tztekin I, Garic D, Bayat M, et al. 
The current study aimed to identify the key neurobiology of attention-deficit/hyperactivity disorder (ADHD), 
as it relates to ADHD diagnostic category and symptoms of hyperactive/impulsive behaviour and inattention. 
To do so, we adapted a predictive modelling approach to identify the key structural and diffusion-weighted 
brain imaging measures and their relative standing with respect to teacher ratings of executive function (EF) 
(measured by the Metacognition Index of the Behavior Rating Inventory of Executive Function [BRIEF]) and 
negativity and emotion regulation (ER) (measured by the Emotion Regulation Checklist [ERC]), in a critical 
young age range (ages 4 to 7, mean age 5.52 years, 82.2% Hispanic/Latino), where initial contact with 
educators and clinicians typically take place. Teacher ratings of EF and ER were predictive of both ADHD 
diagnostic category and symptoms of hyperactive/impulsive behaviour and inattention. Among the neural 
measures evaluated, the current study identified the critical importance of the largely understudied diffusion-
weighted imaging measures for the underlying neurobiology of ADHD and its associated symptomology. 
Specifically, our analyses implicated the inferior frontal gyrus as a critical predictor of ADHD diagnostic 
category and its associated symptomology, above and beyond teacher ratings of EF and ER. Collectively, 
the current set of findings have implications for theories of ADHD, the relative utility of neurobiological 
measures with respect to teacher ratings of EF and ER, and the developmental trajectory of its underlying 
neurobiology 
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Eur J Psychiatry. 2022;36:294-95. 
A LETTER TO THE EDITOR: "THE ASSOCIATION BETWEEN CONGENITAL HEART DISEASE AND THE RISK OF AUTISM 

SPECTRUM DISORDERS OR ATTENTION-DEFICIT/HYPERACTIVITY DISORDER AMONG CHILDREN: A META-ANALYSIS". 
Ramu A, Srinivas S, Honest A, et al. 
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Europ J Spec Needs Educ. 2022. 
SCHOOL FUNCTIONING AND EXPERIENCE OF THE SCHOOL ENVIRONMENT BY STUDENTS WITH ADHD. 
Krtkova R, Krtek A, Pesoutova M, et al. 
An increasing number of recent studies in the field of special needs education have recognised the 
importance of factors supporting school preparation and inclusion of students with attention-
deficit/hyperactivity disorder (ADHD). Recent studies have also highlighted the need for further detailed 
investigation of the lived school experience in clinical samples of ADHD students. Therefore, the goal of this 
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qualitative study was to explore the factors that ADHD students perceived as supportive for their school 
functioning. The sample consisted of 20 students with ADHD from the Czech Republic, aged 12 to 14-áyears. 
Thematic analysis of the interviews with ADHD students revealed the following supportive factors for effective 
functioning and inclusion of ADHD students at school: parenting style respecting the special needs of ADHD 
students, close friendship of ADHD students with their peers, openness and warmth of the teachers, practical 

teachers and parents interventions tailored to the strengths of ADHD students and ADHD studentsÇÖ own 
effort to manage ADHD manifestations at school. Based on these findings, several practical 
recommendations and implications are formulated 
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Eur Psychiatry. 2019;56:S341. 
TREATMENT OF ADHD IN CHILDREN WITH CONGENITAL HEART DISEASES: A LITERATURE REVIEW. 
Manocha P, Bhullar D, Raai H, et al. 
Background and aims.- With recent advances in medicine, mortality rates in children and adolescents with 
complex congenital heart disease (CHD) have gone down, which has lead to increased incidence of complex 
neurodevelopmental (ND) and behavior pattern such as learning disabilities, impairments in core 
communication skills, as well as inattention, impulsive behavior, and impaired executive functions. Since 
treatment of ADHD requires medications such as amphetamine based stimulants, alpha 2 adrenergic 
agonist, as well as noradrenergic agents all known to cause cardiac effects, the safety of these medications 
use in children with underlying cardiovascular abnormalities has been concerning.  
Methods.- Literature was searched using key terms 'Treatment of ADHD' and 'Congenital Heart Disease' for 
articles indexed in PubMed and Google Scholar in last 10 years.  
Results.- Literature suggests that early identification of these ND impairments and intervention by treating 
these symptoms is the better approach in minimizing future disabilities. ADHD medications increase the 
dopamine level and thus improving neurological functioning. They also affect cardiac functioning by affecting 
heart rate and blood pressure. There has been consensus that all patients treated with ADHD medications 
require continued surveillance of heart rate and blood pressure, but there are no practice parameters for risk 
assessment before initiation of pharmacologic therapy for ADHD.  
Conclusions.- None of the studies have shown any evidence of increased risk of sudden death in-patient 
receiving stimulants or any other ADHD drugs. Coordination of care between the primary care physician, the 
ADHD medication-prescribing physician, and the pediatric cardiologist may be an important component of 
treatment 
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Eur Psychiatry. 2019;56:S229. 
MINDFULNESS AND ADHD: DOES IT REALLY WORK? 
Horta P, Pereira AT, Rodrigues JD, et al. 
Background and aims.- Attention Deficit Hyperactivity Disorder (ADHD) is a neurobiological disorder 
characterized by inattention, hyperactivity and/or impulsivity. Almost 8% of children aged between 4 and 17 
years, and 4,4% of adults aged between 18 and 44 years match the criteria for this diagnosis. Mindfulness 
is defined as paying nonjudgmentally attention to the present moment. Mindfulness training can improve 
attention regulation and evidence of mindfulness training for children, adolescents and adults with ADHD is 
growing. The aim of this study is to evaluate the effects of mindfulness training as a nonpharmacological 
treatment for children, adolescents and adults with ADHD.  
Methods.- A non-systematic Pubmed/MEDLINE search was conducted using the terms: Attention Deficit 
Hyperactive Disorder, ADHD, mindfulness, meditation and attention. The research was limited to articles 
published in the last 8 years.  
Results.- Mindfulness -based intervention is more commonly used in adults than in children and adolescents. 
Studies show significant improvement in attention in adult ADHD patients. One study shows preliminary 
evidence for the effectiveness of mindfulness for children with ADHD and for their parents, as rated by 
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parents. Three studies supported that mindfulness-based training is of clinical value for adolescents with 
ADHD.  
Conclusions.- Mindfulness-based intervention is an effective treatment approach to improve attention 
deficits in adult ADHD patients. It is still arguable whether mindfulness-based intervention is effective for 
children and adolescents with ADHD due to limited data. More studies are needed to confirm the efficiency 
of this approach in children and adolescents with ADHD 

 
……………………………………………………………………….. 

 
 
 

Eur Psychiatry. 2019;56:S237. 
ATTENTION DEFICITS IN ADOLESCENTS AFTER TRAUMATIC BRAIN INJURY OF MILD SEVERITY. 
Kovtoniuk S. 
Background and aims.- The effect of the traumatic brain injury of mild severity (mTBI) on the attention 
deficits affects the educational activities of adolescents in school. To study of attention deficits in adolescents 
after mTBI in acute period (3-5 days after trauma).  
Methods.- The study is based on the original set of techniques designed by A.R. Luria. We used the 
technique of Schulte table for the evaluation of 3 parameters: average execution time, average number of 
digits found in 10 seconds and execution profile.; 3 1 patients with mTBI (mean age was 11,5 + 1,3) and 20 
healthy subjects (mean age was 12 + 1,5) took part in the study.  
Results.- Analysis of the results showed that significant differences were obtained for all three parameters 
(p < 0.05). By the parameter average time of completion, 71.3% of patients exceeded the standard time of 
completion (p = 0.001). The average number of digits found in 10 seconds by adolescents with BTWT was 
4.6, while healthy adolescents were 5.3 (p = 0.011). In 77.4% of subjects with TBI, the performance profile 
was with explicit fluctuations in attention. The representatives of the control group have mostly uniform profile 
(p = 0.000).  
Conclusions.- Further study of the features of attention and its disorders after traumatic brain injury of mild 
severity in adolescents contributes to the creation of rehabilitation programs in order to improve the quality 
of life 
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Eur Psychiatry. 2019;56:S537-S538. 
ATTENTION DEFICIT HYPERACTIVITY DISORDER AND SUBSTANCE USE DISORDERS: A CASE REPORT. 
Sahli L, Hela S, Rahma J, et al. 
Background and aims.- Adolescents with substance use disorders (SUD) and attention deficit/hyperactivity 
disorder (ADHD) are increasingly presenting in clinical practice. The overlap and role of treatment for these 
comorbid disorders remains unclear. Many clinicians are reluctant to prescribe stimulants to ADHD patients 
with SUD. Our objectives are to illustrate the complexity of the comorbidity of ADHD with SUD and to discuss 
treatment approaches for patients with comorbid ADHD and SUD.  
Methods.- A clinical case of a 17-year-old male patient who was carried out in child psychiatry department 
for depression and cannabis addiction. Further interviews and the CONNERS scales revealed the diagnosis 
of ADHD. CBT was associated to the antidepressant treatment. Although he was recovering from the 
depressive symptomatology and his cannabis consumption decreased, the inattention symptoms were 
compromising his school education. The use of psychostimulant treatment was controversial for fear that he 
would use it as an addicitive substance. The decision was to put him on progressive doses of 
Methylphenidate. At followup visits, his inattentive symptoms reduced and had better school results under a 
single Methylphenidate medication. Cannabis consumption decreased significantly until stopping.  
Results.- This case demonstrates the efficacy of single psychostimulant treatment Methylphenidate in 
treating comorbid ADHD and cannabis addiction. Methylphenidate improved both ADHD symptom and the 
SUD.  
Conclusions.- With an increased awareness of the phenomenon of comorbid ADHD and SUD, there is an 
increased awareness of the potential benefit of ADHD treatment on substance abuse treatment outcome. 
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Consideration of an individual's developmental relationship between attention deficit/hyperactivity symptoms 
and substance use can inform treatment planning among these patients 
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Eur Psychiatry. 2019;56:S48. 
SLEEP QUALITY IN CHILDREN WITH ATTENTION DEFICIT HYPERACTIVITY DISORDER (ADHD) AND SENSORY 

MODULATION DIFFICULTIES. 
Mimouni-Bloch A, Offek H, Tauman R, et al. 
Background and aims.- Sleep disorders have been reported in up to 85% of children with ADHD. 40%-60% 
of children with ADHD exhibit sensory modulation difficulties (SMD) in addition to the core symptoms of 
ADHD. Children with ADHD who exhibit sensory symptoms have been reported to experience more 
significant functional difficulties. We aimed to evaluate whether SMD affect sleep characteristics of children 
with ADHD.  
Methods.- 41 children with ADHD and 39 controls (ages 8-11) were recruited and assessed, using the 
Conner's Parent Rating Scale-Revised: Short Form, the Short Sensory Profile (SSP) and The Children's 
Sleep Habits Questionnaire (CSHQ).  
Results.- In the ADHD group, 78.1% of children lower quality of sleep, compared to 21.9% of children in the 
control group (-2 = 16.84, p < 0.001). A multivariable model revealed that children with ADHD and SMD had 
sleep scores that were lower than controls, whereas children with ADHD and no SMD were indistinguishable 
from controls. Use of stimulants, gender, mother's education and age had no significant contribution.  
Conclusions.- In this pilot study, we found that difficulties in modulation of sensory input may correlate with 
lower quality of sleep in children diagnosed with ADHD 
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Eur Psychiatry. 2019;56:S45. 
THERE IS A CORRELATION BETWEEN PLASMA ERYTHROPOIETIN LEVELS AND ATTENTION DEFICIT HYPERACTIVITY 

DISORDER SYMPTOMS. 
Shim S, Jung H, Hahn SW, et al. 
Background and aims.- The aim of the present study was to examine the Erythropoietin (EPO) plasma 
levels and determine whether there was any correlation between plasma EPO levels and clinical 
characteristics of attention deficit hyperactivity disorder (ADHD).  
Methods.- Plasma EPO levels were measured in 78 drug-naive children with ADHD and 81 healthy children. 
The severity of ADHD symptoms was determined by scores on the Korean ADHD Rating Scale (K-ARS) in 
children and healthy controls.  
Results.- The difference of median plasma EPO levels between 2 groups was not statistically significant. 
Participants in the highest tertiles of plasma EPO had a 1.49 times higher risk of ADHD than those in the 
lowest tertile, and those in the second highest tertile had a 2.39 times higher risk of ADHD than those in the 
lowest tertile. Plasma EPO levels significantly correlated positively with K-ARS scores including hyperactivity 
- impulsivity and total scores in 2 groups. A linear regression analysis showed that inattention score was 
significantly higher (3.04, [CI: 0.64, 5.44]) in the second highest tertile of plasma EPO comparing those in 
the lowest tertile. Hyperactivity-impulsivity score was significantly higher (2.19, [CI: 0.10, 4.38]) in the highest 
tertile of plasma EPO comparing those in the lowest tertile. And, total K-ARS scores was significantly higher 
(5.06, [CI: 0.74, 9.38]) in the second highest tertile of plasma EPO comparing those in the lowest tertile.  
Conclusions.- These findings suggest plasma EPO levels in untreated ADHD children did not differ with 
healthy controls 
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Eur Psychiatry. 2019;56:S615. 
MOOD CHANGES RELATED TO REPRODUCTIVE EVENTS IN WOMEN WITH ADHD. 
Kooij S, Bijlenga D, Dorani F. 
ADHD in women and hormonal mood changes during the lifespan,  
Introduction.- Many aspects of the female presentation of ADHD are still understudied, and the typical 
symptoms of ADHD in women deserve more attention in clinical practice. This is especially true for the 
hormonal mood changes during the menstrual cycle, and their effects on the severity of ADHD and sleep 
problems. In clinical practice, women with ADHD often complain about severe mood changes in the last week 
of the menstrual cycle: they are down, irritable, agressive, and sometimes even suicidal. The severity of 
these symptoms diminishes after menstruation, only to return the next month.  
Method.- We used a selfreport version of the MINI-5 plus questionnaire to assess Premenstrual Dysphoric 
Disorder symptoms, the Edinburgh Postnatal Depression Scale (EPDS) to assess life-time PPD symptoms, 
and the Greene Climacteric Scale (GCS) for mood symptoms during menopause, to compare 200 women 
with ADHD with 200 controls.  
Results.- Our study showed that women with ADHD indeed suffered more often from premenstrual 
depressive symptoms, and that these symptoms were more severe than in controls. Women with ADHD also 
met more often criteria for PMDD, premenstrual dysphoric disorder (Dorani et al, submitted). A similar pattern 
was found for postnatal depression in women with children, and for depressive symptoms in the climacteric 
period.  
Conclusion.- The pathophysiology of these results may be understood using the literature on the interaction 
of dopamine and estradiol in women in general, and the few studies that have been performed in this field. 
Plans for future research, as well as current treatment options for women with ADHD and severe hormonal 
mood changes during the lifespan will be discussed 
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Eur Psychiatry. 2021;64:S231. 
QUALITY OF LIFE IN A SAMPLE OF SCHOOLCHILDREN WITH ATTENTION DEFICIT AND HYPERACTIVITY DISORDER. 
Perez Sinchez S, et al. 
Introduction: Schoolchildren with ADHD have difficulties in different areas of their lives and sometimes need 
drug treatment. To comprehensively assess the response to treatment, it is interesting to use quality of life 
questionnaires where the child's perspective is assessed.  
Objectives: To evaluate the quality of life in children with ADHD. Methods: Sample of 14 schoolchildren from 
11 to 14 years of age who attended a primary care check-up and were diagnosed with ADHD under treatment 
with long-acting methylphenidate. Parent informed consent. AUQUEI questionnaire Spanish versi+¦n  
Results: Participants answered the questionnaire before starting treatment, at 3 months and 6 months. Four 
factors were differentiated with different scores: In the baseline results (before treatment), great difficulties 
were observed in academic performance in 90% (F4, mean 5), family life in 70% (F1, mean 5) and 30% % 
in leisure (F2, mean 10). After months of treatment, an improvement was observed in the scores regarding 
academic performance (F4, mean 13) and family life (F1, mean 9). The female sex presented better total 
scores in quality of life at six months evaluation.  
Conclusions: The AUQUEI is an easy-to-apply questionnaire specific to the child population that provides 
us with a profile from the child's point of view and can be very useful in the primary care consultation in the 
comprehensive assessment of the quality of life of the schoolchild with ADHD and pharmacological approach 
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Eur Psychiatry. 2021;64:S72. 
NEUROIMAGING IN ADHD: HOW FAR ARE SCANNERS FROM CLINICAL PSYCHIATRY? 
Pereira-Sanchez V. 
Decades of neuroimaging research in attention/ deficit-hyperactivity disorder (ADHD) have yielded a few 
apparently firm findings and many open questions. The long-term objective of these efforts is to uncover the 
underlying brain pathophysiology of the disorder, to reveal reliable biomarkers of prognosis and treatment 
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response, striving for personalized medicine. Unfortunately, neuroimaging research in ADHD and other 
psychiatric disorders is still unable to inform clinical practice. This presentation will provide an up-to-date 
overview of neuroimaging in ADHD, highlighting the most promising results and current challenges of 
structural and functional research with magnetic resonance imaging (MRI). Evidence from large, multicentric 
studies and from highly-sophisticated resting-state functional MRI techniques will be presented; 
methodological and reproducibility limitations in current literature will be introduced, and the way forward to 
bring this area of research closer to clinical practice with patients with ADHD will be discused. Dr. Pereira-
Sanchez is conducting original research using resting-state functional MRI to study potential correlates of 
treatment response to stimulants in children and adolescents with ADHD; he has also recently published two 
literature reviews of MRI studies in ADHD 
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Eur Psychiatry. 2021;64:S88. 
THE RISK OF ATTENTION DEFICIT HYPERACTIVITY DISORDER SYMPTOMS IN THE ADOLESCENT OFFSPRING OF MOTHERS 

WITH ANXIETY AND DEPRESSIVE SYMPTOMS. FINDINGS FROM THE RAINE STUDY. 
Ayano G, Betts K, Tait R, et al. 
Introduction: While there exist some studies that explored the association between maternal anxiety and 
depressive symptoms and the risk of attention-deficit/hyperactivity disorder (ADHD) in early and late 
childhood, studies exploring the risk in late adolescence are however lacking.  
Objectives: This is the first study that aimed to investigate the association between maternal anxiety, 
depressive, as well as comorbid anxiety and depressive symptoms, and the risk of ADHD symptoms in late 
adolescence.  
Methods: We used data from the Raine Study, a birth cohort in Western Australia. The Depression, Anxiety, 
and Stress Scale (DASS) was used to assess maternal depressive and anxiety symptoms when the child 
was aged 10. Whereas, the DSM-oriented scales of the child behavior checklist (CBCL) was used to assess 
ADHD symptoms offspring in adolescents aged 17. Log-binomial regression model was used to explore the 
associations.  
Results: After adjusting for relevant covariates, we found an increased risk of ADHD symptoms in the 
adolescent children of mothers with anxiety [RR 2.84 (95%CI 1.18-6.83)] as well as comorbid anxiety and 
depressive symptoms [RR 5.60 (95%CI 3.02-10.37)]. No association was seen with maternal depressive 
symptoms.  
Conclusions: This study suggested that adolescent offspring of mothers with anxiety as well as comorbid 
anxiety and depressive symptoms had an increased risk of ADHD symptoms. Early detection and 
management for ADHDsymptoms in children of mothers with anxiety and comorbid anxiety and depressive 
symptoms are needed 
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Eur Psychiatry. 2021;64:S790. 
ENHANCING A NUTRITION AND SELF-MANAGEMENT: AN INTERVENTION PROGRAM VIA TELETHERAPY FOR TEENAGER 

WITH ADHD. A PILOT CASE STUDY. 
Ahmed T, Salem E. 
Introduction: Several ADHD teenagers had difficult behavioral problems during countries closing down due 
to Covid-19 pandemic. One of these negative outcomes that parents cannot control children's behavior 
toward desired unhealthy food and the impulsive consequences. It was a great opportunity to convention a 
teletherapy program as a tool of intervention seeking for help to reduce uncontrolled self- management and 
nutrition, which may affect all sorts of childhood growth, development, health and behavior. Furthermore, it 
can affects daily life and academic success.  
Objectives: We tried through our study to enhance the teletherapy as a therapeutic tool, during the first and 
second phase of Covid-19 pandemic, trying to help parents and patient to overcome the impulsive behavior 
by using a specific therapy technique based on nutrition and behavioral therapy  
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Methods: Our case study is a young girl aged 12:4 Yrs. In middle bilingual Arabic/ American School. The 
therapeutic program designed via teletherapy program using multi-media and thru multi phases sessions, to 
increase focus attention, emotional control and reduce impulsivity.  
Results: The outcomes of the enhancing nutrition and behavior teletherapy program, showed significant 
improvement for the specific goal. Sensible change in the girl's impulsive behavior, more focusing, emotional 
control and more accepting about health nutrition habits.  
Conclusions: The important finding that intensive, focused nutation and self-management techniques 
provided via teletherapy as solitary program brought benefits to individual's, family and reduced impulsivity 
outcomes. In addition, family education to become an expert at learning simple techniques in daily life can 
brining a sense of pleasure for long life wellbeing 
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Eur Psychiatry. 2021;64:S83. 
CHILDHOOD BEHAVIOURS AND ADVERSE ECONOMIC AND SOCIAL OUTCOMES - CAN WE IMPROVE DETECTION AND 

PREVENTION? 
Vergunst F, Tremblay R, Nagin D, et al. 
Introduction: Disruptive behaviours underpin the most prevalent and costly psychiatric disorders in youth 
including ADHD and conduct disorder. Yet the association between childhood behavioural problems and 
economic and social outcomes in adulthood are rarely examined in a population-based samples where early 
detection and prevention may be possible.  
Objectives: To examine the association childhood behavioural problems and economic and social outcomes 
from age 18-35 years across three studies. Methods: This study daws on 30-year Canadian birth cohort 
(n=3017) linked to government tax return records. Behavioural assessments - for inattention, hyperactivity, 
opposition, aggression, anxiety and prosociality - were prospectively obtained from teachers when children 
were aged 6-12 years. Regression models were used to link behavioural assessments in kindergarten (age 
5/6 years) to earnings at age 33-35 years (Study 1) and to trajectories of welfare receipt (Study 2), while 
behaviour at age 10-12 years was linked to trajectories of partnering. Children's IQ and family background 
were adjusted for.  
Results: Inattention, aggression-opposition (males only) and low low-prosociality in kindergarten were 
associated with lower earnings at age 33-35 years (Study 1), inattention, aggression-opposition and low 
prosociality in kindergarten predicted following a chronic welfare receipt trajectory from age 18-35 (Study 2), 
and inattention, aggression-opposition, anxiety and low-prosociality at age 10-12 years were associated with 
increased likelihood of being unpartnered and with partnership dissolution from age 18-35 years (Study3).  
Conclusions: Behavioural assessments made by schoolteachers can identify children at risk of adverse 
economic and social outcomes in adulthood. The implications of for early screening and prevention will be 
discussed 
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Eur Psychiatry. 2021;64:S755. 
INVENTORY CONSTRUCTION TO TRACK COGNITIVE PROFILES COMPATIBLE WITH INTELLECTUAL DISABILITY, ADHD, 
AND DYSLEXIA IN CHILDREN BETWEEN 6 TO 11 YEARS OLD. 
Carreiro LR, Marino RL, Souza A. 
Introduction: The most frequent complaints from children referred to psychiatry and psychologist are related 
to academic and attentional impairments, or developmental delay, which are shared by many conditions. 
Objectives: To develop an inventory that evaluates cognitive functions of children between 6 to 11 years old 
to track cognitive profiles compatible with Intellectual Disability, ADHD, and dyslexia to assist in differential 
diagnosis.  
Methods: In study 1 (identification of the relevant constructs, operational definition, and items development), 
data were collected from parents of children and professionals who serve this population; articles, verification 
of screening instruments and identification of cognitive impairments by the DSM-5. In study 2, an analysis of 
judges with professionals was carried out, as well as a verification of the items' clarity by the target population; 
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In study 3, we looked for evidence of validity and precision indicators with a sample of 272 parents and 178 
teachers of 72 children diagnosed with one of the three disorders and 207 that had no suspect of 
neurodevelopmental disorders.  
Results: For the parent version, the four-factor solution was the most appropriate, with the following Scales: 
Attention, Executive Functions, Intelligence and Oral Language. The final version for parents was composed 
of 60 items, with excellent internal consistency indices (coefficients> 0.90).  
Conclusions: ROC curves expressed good sensitivity and specificity of the scales for each disorder. Future 
studies have to expand the sample size of children diagnosed with one of the three disorders so that new 
analyzes can be performed and the results can be generalizable to the population 
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Eur Psychiatry. 2021;64:S651. 
PSYCHIATRIC COMORBIDITY IN A PATIENT WITH OPSOCLONUSMYOCLONUS SYNDROME. DIFFERENCES IN THE 

TRANSITION FROM CHILDHOOD TO ADULTHOOD: A CASE REPORT. 
Casanovas F, et al. 
Introduction: Opsoclonus-Myoclonus syndrome (OMS), also known as Kinsbourne syndrome, is a 
paraneoplasic pediatric condition characterized by erratic eye movements and generalized myoclonus. 
Previous studies have described a wide range of psychiatric comorbidities in children with this syndrome. 
Cognitive impairment (especially intellectual capacity and language), affective symptoms (irritability, poor 
mood regulation) and behavioral problems are the most frequent presentations (1). However, there is a lack 
of literature describing the progression of this symptoms when the patient reaches the adulthood.  
Objectives: To illustrate the psychiatric comorbidity of an adult patient with Opsoclonus-Myoclonus 
syndrome.  
Methods: We present one case-report and literature research of the topic.  
Results: We present a 18 year old girl diagnosed with OMS and Graves-Basedow hyperthyroidism. During 
her childhood she started presenting attention and comprehension difficulties. She was diagnosed with an 
Attention Deficit Hyperactivity Disorder (ADHD) and started treatment with methylphenidate. She completed 
elementary and secondary education. During the adulthood, the main psychiatric comorbidity was related to 
affective symptoms. We observed an impaired mood regulation, hypothymia, anhedonia, and frequent 
episodes of irritability, which persisted after the thyroid regulation. This caused incremented anxious 
symptoms and insomnia that were treated with mirtazapine and lormetazepam. After some weeks, she 
fulfilled criteria of a depressive episode and we started antidepressant treatment with vortioxetine.  
Conclusions: - Adult patients diagnosed with OMS during childhood can persist presenting ADHD as a 
comorbidity. - Affective symptoms, and even a major depressive episode, should be considered during the 
follow-up of this population. Insight of the cognitive limitations could be a risk factor for a depression 
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Eur Psychiatry. 2021;64:S210. 
ATTENTION DEFICIT AND HIPERACTIVITY DISORDER: AGE, SEX AND SOCIAL ENVIRONMENT AS EVALUABLE FACTORS 

IN CHILDREN AND TEENAGERS. 
Sanchez Rus SS. 
Introduction: Attention Deficit and Hiperactivity Disorder (ADHD) is a neurobiological disorder, affecting 
executive functions and defined by hyperactivity, attention deficit and/or impulsivity symptoms. This 
neurodevelopmental disorder affect up to 7% of children. It is observed as a chronic pathology appearing on 
childhood with other comorbid diseases. Often, remarkable symptoms use to change with the age, however 
a real improvement is also related with other -external- factors, as social environment.  
Objectives: -To highlight variability of ADHD symptoms and complexity of available treatments in childhood. 
-To analize influence of personal and familiar factors, which affect to evolution of ADHD and the response to 
treatment.  
Methods: Comparative-study. Retrospective selection of 8 patients with treatment for ADHD and currently 
stable. A 12-months ADHD confirmed diagnosis in Child and Adolescent Mental Health Unit and follow-up 
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after diagnosis. They are compared by aged-pairs (females and males) at the different development school-
stages (preschool 3-6 years, primary school 7-12 years and adolescence 13-16 years). Pairs of study: male-
5 years/female-6 years; male-7 years/female-8 years; female-10 years/male-11 years; female-13 
years/male-15 years  
Results: -Evolution of ADHD highlights the influence of age-factor about remarkable symptoms mainly (from 
hiperactivity to inattentiveness). -Comorbid disorders seems related with sex-factor (impulsivity-eating 
disorders on females and irritability-mood disorders on males). -Children social environment, specially family 
support, is an important external factor for all these patients (low self-steem or somatization disorders).  
Conclusions: 1. ADHD as a chronic disorder whose evolution depends on the age, sex and social factors 
2. Genetic component or familiar support are also considered as influencers factors 3. Multidisciplinary 
approach to objectives: motivation, organization and maturity 4. Treatment is consider according to side 
effects and comorbidity 
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Eur Psychiatry. 2021;64:S634-S635. 
INCREASE IN BRAIN CONNECTIVITY WITH METHYLPHENIDATE TREATMENT IN BOYS DIAGNOSED WITH ATTENTION 

DEFICIT HYPERACTIVITY DISORDER: A COHERENCE-BASED QEEG ANALYSIS . 
Cetin FH, et al . 
Introduction: Attention deficit hyperactivity (ADHD) disorder is a common childhood neurodevelopmental 
disorder, and Methylphenidate (MPH) is a first-line therapeutic option for treating ADHD. However, how brain 
connectivity changes with methylphenidate treatment have yet to be studied.  
Objectives: This study investigates how the MPH treatment affects the connectivity in the brain of children 
with ADHD by coherencebased qEEG analysis during rest.  
Methods: During eyes-open resting, EEG signals were recorded from 25 boys with ADHD-combined type 
before MPH administration and at the end of the 1st month of the treatment. Mutual Information (MI), 
Coherence Function (COH) and Phase Locking Value (PLV) were used to analyse the changes in brain 
connectivity.  
Results: A statistically significant increase in connectivity level was found with MPH treatment between the 
F3-F4 channels, P3-P4 channels, F7-F8 channels and T5-T6 channels according to PLV, COH and MI 
analysis (p<0.001).  
Conclusions: This is the first study to investigate how MPH treatment affects the connectivity of the brain of 
children with ADHD. Coherence-based qEEG analysis may be a new method that can be used in diagnostic, 
clinical and prognostic predictions in ADHD. (Figure Presented) 
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Eur Psychiatry. 2021;64:S232. 
BEHAVIOUR IN CHILDHOOD IS ASSOCIATED WITH DISTINCT PATTERNS OF PARTNERING IN ADULTHOOD. 
Vergunst F, Zheng Y, Domond P, et al. 
Introduction: Childhood behavioral problems are highly prevalent in school-aged children and are 
associated with poor long-term outcomes. Yet little is known about their association with patterns of 
partnering in adulthood.  
Objectives: To (1) describe patterns of partnering from age 18-35 years in a large population-based sample, 
and (2) examine the association between childhood behavioural problems and adult partnering patterns. 
Methods: Behavioural ratings were prospectively obtained from teachers when children (n=2960) were aged 
10-12 years - for inattention, hyperactivity, aggression-opposition, anxiety and prosociality - and linked to 
their tax return records from age 18-35 years. We used group-based trajectory modelling to identify distinct 
trajectories of partnering (married or cohabitating) and multinomial regression models to examine the 
association between childhood behaviour and trajectory group membership.  
Results: Five distinct trajectories of partnering were identified: early-partnered (n=420, 14.4%), mid-
partnered (n=620, 21.3%), late-partnered (n=570, 19.2%), early-separated (n=460, 15.5%), and delayed-or-
unpartnered (n=890, 30.0%). After adjustment for sex and family background, children rated as being anxious 
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or inattentive were more likely to remain unpartnered from age 18 to 35 years, while those rated as 
aggressive-oppositional or inattentive were more likely to separate and return to unpartnered status. 
Prosocial behaviours were consistently associated with earlier and more sustained partnership. Participants 
in the early-separated and delayed-or-unpartnered trajectories were also more likely to have left high school 
without a diploma and to have lower earnings.  
Conclusions: Childhood behavioural problems were associated with increased likelihood of being 
unpartnered and of partnership dissolution, which has implications for the psychological health and wellbeing 
of individuals and their families 
 
Eur Psychiatry. 2021;64:S212. 
SCREENING FOR ADULT ATTENTION DEFICIT AND HYPERACTIVITY DISORDER AMONG MILITARY PARENTS: A PILOT 

STUDY. 
Ben Othman A, Slama H, Soualmia I, et al. 
Introduction: The prevalence of adult Attention Deficit and Hyperactivity Disorder (ADHD) has been 
investigated in the general population by multiple studies. However, few studies have focused on identifying 
its prevalence in the military population, particularly among military parents of children with ADHD.  
Objectives: The aim of our study was to screen for adult ADHD among military parents of ADHD children 
followed-up at the child and adolescent psychiatry department in the Military Hospital of Instruction of Tunis, 
Tunisia.  
Methods: This prospective study was carried among military parents (one or both parents belonging to the 
national army) ofADHD children. Children were diagnosed with ADHD based on the 5th Diagnostic and 
Statistical Manual ADHD criteria and the Conners Comprehensive Behavior Rating Scale. Whereas adult 
ADHD was screened for using the Adult ADHD Self-Report Scale-V1.1.  
Results: Fifteen children and twenty-nine parents were included in the study: sixteen of the parents were 
military members and thirteen were civilian spouses. Eight (50%) of the sixteen military parents, and four 
(30,7%) of the civilian spouses were screened positive for ADHD. Whereas 73% of these children had at 
least one parent screened positive for ADHD, and 53% had at least one military parent screened positive for 
ADHD. These results suggest a high prevalence of adult ADHD among this population.  
Conclusions: ADHD occurs in childhood and may persist into adulthood. The findings of this study indicate 
that ADHD symptoms are not limited to the youth and are common in military population. Implications on 
screening, management, preventive measures and research should be discussed 
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Eur Psychiatry. 2021;64:S638. 
THE RELATIONSHIP BETWEEN COMORBID OVERWEIGHT-OBESITY AND COLD EXECUTIVE FUNCTIONS, VERBAL SHORT-
TERM MEMORY, AND LEARNING IN ATTENTION DEFICIT HYPERACTIVITY DISORDER. 
Guler HA, Turkoglu S. 
Introduction: Attention deficit hyperactivity disorder (ADHD) is the most common neurodevelopmental 
disorder in childhood. ADHD is a risk factor for the development of overweight and obesity. One 
neuropsychological factor that may play a prominent role in the relationship between ADHD and obesity is 
executive functioning.  
Objectives: The aim of this study is to investigate the relationship between comorbid obesity/overweight and 
cold executive functions, verbal short-term memory, and learning in children with ADHD. This is the first study 
to examine relationship between verbal short-term memory-learning and obesity in patients with ADHD.  
Methods: This study was conducted with 70 patients with ADHD and 30 healthy controls. In this study, 
patients diagnosed with ADHD were divided into two groups according to body mass index (BMI) as <85 
percentile and 85 percentile. Cold executive functions were evaluated by Stroop Test (ST) and Cancellation 
Test (CT). Serial Digit Learning Test (SDLT) was administered to measure verbal short-term memory and 
learning capasity. In order to evaluate the severity of ADHD objectively, parents completed the Conners' 
Parents Rating Scale-Revised Short Version (CPRS-RS).  
Results: The ST, SDLT and CT scores were significantly lower in both groups with ADHD than the control 
group. The CPRS-RS subscale scores were significantly higher in both groups with ADHD than the control 
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group. There was no statistically significant difference in ST, SDLT, CT scores and CPRS-RS subscale 
scores between the two groups with ADHD.  
Conclusions: This study show that overweight/obesity comorbid with ADHD was not associated with cold 
executive functions, verbal short-term memory, learning, or ADHD symptom severity 
 
Eur Psychiatry. 2021;64:S72-S73. 
DIAGNOSING ADHD IN ADULTS: DIAGNOSTIC TOOLS AND DIFFERENTIAL DIAGNOSIS. 
Gondek T. 
Attention-Deficit/Hyperactivity Disorder (ADHD) is a common neurodevelopmental disorder, with an 
estimated prevalence of 2.8% in adults. It is frequently comorbid with other mental disorders and may 
significantly affect global functioning, leading to stigma and social discrimination. Despite its widespread 
occurrence in adults, many general psychiatrists do not feel well prepared to diagnose and manage this 
disorder. Psychiatry training curricula rarely include rotations in specialized ADHD clinics for adults or 
specialized courses during residency, and in many European countries such specialized clinics for adults or 
the most recommended medications, are not even available. It makes the recognition and treatment of ADHD 
often overlooked, unless it has been diagnosed in childhood. Dr. Gondek will demonstrate the diagnostic 
process of ADHD in adults andmain directions for differential diagnosis in cases of a complex clinical picture 
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Eur Psychiatry. 2021;64:S553. 
SLEEP QUALITY, SENSORY PROCESSING ABILITIES AND WORK PERFORMANCE FOR ADULTS WITH ATTENTION DEFICIT 

HYPERACTIVE DISORDER. 
Grinblat N, Rosenblum S. 
Introduction: Poor sleep quality has been reported among adults with attention-deficit hyperactive disorder 
(ADHD) and has been associated with reduced sensory-processing abilities and low work performance. 
However, the relationships among sleep quality, sensory processing and the insufficient work performance 
of adults with ADHD is still unclear.  
Objectives: Following the World Health Organization's international classification of functioning, disability 
and health concepts, this study compares sleep quality and sensory processing (body functions) and work 
performance (participation) of adults with ADHD to those of controls, and examines the relationships among 
those components in adults with ADHD.  
Methods: Participants were 69 adults with ADHD and 52 age-and gender-matched controls. All completed 
a sociodemographic questionnaire, the Mini Sleep Questionnaire, the Adult/Adolescent Sensory Profile and 
the Occupational Questionnaire.  
Results: Compared to controls, the adults with ADHD showed significantly poorer body functions (sleep 
quality and sensory processing patterns) and lower work performance. Significant correlations were found 
between sleep quality and sensory-processing abilities and between sleep quality and work performance 
among adults with ADHD. Regression analysis revealed that for adults with ADHD, sleep quality accounted 
for 22.0%, and sensory sensitivity accounted for 10.9%, of the variance of their work performance.  
Conclusions: Sleep quality, together with sensory processing patterns, has a significant influence on work 
performance of adults with ADHD. Because work is a vital occupation for adults, these body functions need 
to be considered in clinical settings, and further research on this topic is required for better understanding of 
the phenomena 
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Eur Psychiatry. 2021;64:S479-S480. 
THE HEALTH ECONOMIC POTENTIAL OF HARNESSING PLACEBOS IN TREATMENT OF ADHD. 
Hamberger J, Meissner K, Hinterberger T, et al. 
Introduction: Placebo research investigated the underlying mechanisms of placebo effects, but they are 
rarely used to optimize treatments. Ethical and legal concerns have been raised, but research demonstrated 
that placebo mechanisms can be used without patients' deception: Experimental studies showed that half of 
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drugs in treatment of attention-deficit/hyperactivity disorder (ADHD) combined with open-label placebos 
could be as effective as standard medication to reduce ADHD symptoms.  
Objectives: To estimate the health economic advantages of harnessing the combination of open-label 
placebos with standard medication in ADHD. Methods: For preliminary estimation of the mean treatment 
costs, the 12-months prevalence of ADHD in children and adolescents aged 5 to 14 years as well as the 
percentage of medication treatments were extracted from the literature. Mean treatment costs per patient 
and year were calculated for four treatment plans (different drugs and dosages) with both treatment with 
standard medication and half of drugs in combination with placebos.  
Results: A 12-months prevalence of 4.3% equals around 260,000 children and adolescents with a 
compulsory health insurance in Germany. Of those, around 40-50% are equally treated with two standard 
drugs and two different dosages. Full standard drug treatments cost around 119 million EUR, and treatment 
with half of drugs in combination with placebos cost around 66 million EUR.  
Conclusions: The combination of open-label placebos with half of standard medication could considerably 
reduce health costs. Reduction of side effects still must be considered. However, current studies are of 
experimental nature and lasted for no longer than two weeks 
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Eur Psychiatry. 2021;64:S225. 
QB TECHNOLOGY - EVALUATING ITS USE IN ADHD DIAGNOSIS WITHIN A CHILD AND ADOLESCENT MENTAL HEALTH 

SERVICE. 
Manning D, Olety S. 
Introduction: Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopment disorder 
characteristically compromising of three persistent symptoms; Inattention, hyperactivity and impulsivity. 
Within the Tameside and Glossop CCG continuous performance tests from the company QbTech are used 
to aid diagnosis.  
Objectives: The aim of this research is to evaluate the effectiveness of using both the QbCheck (triage tool) 
and QbTest (diagnostic tool) concordantly in the diagnostic pathway of ADHD in young people.  
Methods: 20 Patients who had undergone both performance tests were identified and then five components 
evaluated in the QbCheck were then compared to the QbTest results.  
Results: In the five areas identified by both the QbTest and QbCheck up to 80% had the same outcomes in 
the two tests. However, in one area (hyperactivity) only 60% of QbChecks outcomes were replicated by the 
QbTest. The symptom of inattention most commonly correlated between the two tests. The average wait 
between tests was 9.8 months. 100% of those who scored on QB Check, received diagnosis of ADHD, 
suggesting high referrer specificity.  
Conclusions: QbCheck diagnostic outcomes are comparable to patients who have undergone both the 
QbCheck and QbTest, only having one of these continuous performance tests making up the ADHD 
diagnostic pathway could be cost and time saving in the pathway to diagnosis. As QbCheck can be completed 
within the child's school this reduces the number of clinic appointments that need to be attended by patients 
and their families 
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Eur Psychiatry. 2021;64:S214. 
YOGA EXERCISES CAN IMPROVE SUSTAINED ATTENTION IN CHILDREN WITH ADD. 
Kiselev S. 
Introduction: It is known that children with attention deficit disorder (ADD) have deficit in sustained attention. 
It is important to develop trainings for improving sustained attention in ADD children. It was shown that yoga 
exercises have positive effect on sustained attention in adults.  
Objectives: The gaol of this study was to reveal effect of yoga exercises on sustained attention in 7-8 years 
of age children with ADD. We compared the efficacy of two methods of treatment (yoga exercises vs. 
conventional motor exercises) in a randomized controlled pilot study.  
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Methods: 18 children with ADD at the age of 7-8 years were included and randomly assigned to treatment 
conditions according to a 2+ù2 crossover design. Children from intervention group participated in 8 weeks of 
yoga exercises. To assess the sustained attention we used subtest from Luria's child neuropsychological 
battery. This subtest is designed to assess visual sustained attention. Effects of treatment were analyzed by 
means of an ANOVA for repeated measurements.  
Results: The ANOVA has revealed (p<.05) that for sustained attention subtest the yoga exercises were 
superior to the conventional motor training, with effect sizes in the medium-to-high range (0.39-0.77).  
Conclusions: The findings from this pilot study suggest that yoga exercises have positive effect on sustained 
attention in 7-8 years of age children with ADD. However, it is necessary to do further research to reveal the 
impact of yoga exercises on the prevention and treatment of attention deficit disorder in children 
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Eur Psychiatry. 2021;64:S638-S639. 
BEHAVIOR PROBLEMS ASSOCIATED WITH BRAIN HETEROTOPIA. 
Budisteanu M, Papuc S, Erbescu A, et al. 
Introduction: Brain heterotopia represent a group of rare malformations with a heterogeneous phenotype, 
ranging from asymptomatic to severe clinical picture (resistant epilepsy, severe developmental delay). The 
etiology is multifactorial, including both genetic and environmental factors.  
Objectives: In this paper we present our experience regarding behavior problems in patients with 
heterotopia.  
Methods: A cohort of 16 pediatric patients with brain heterotopia, six females and ten males, with age at last 
follow-up ranging from 2 months to 24 years were investigated by clinical examination, 
electroencephalographic studies, brain imaging, and genomic tests. Specific psychological tests and 
psychiatric evaluation were performed in all children for behavior problems assessment.  
Results: Six individuals presented behavioral problems: autism (three patients) and hyperkinesia with 
attention deficit (three patients). All of them had intellectual disability or learning problems; five patients had 
epilepsy, with drug-resistant seizures in four cases. In two cases the behavioral problems occurred before 
the onset of epileptic seizures.  
Conclusions: Behavior problems are important features in patients with brain heterotopia, making the 
management of these patients more difficult, especially when they occur in association with drugresistant 
epilepsy 

 
……………………………………………………………………….. 

 
 
 

Eur Psychiatry. 2021;64:S72. 
PRESENTATION AND OUTCOMES OF ATTENTION DEFICIT AND HYPERACTIVITY DISORDER IN FEMALES AND MALES. 
Kilic O, Young S. 
Attention deficit and hyperactivity disorder (ADHD) is a common neurodevelopmental disorder in children. Its 
primary clinical features include symptoms of inattention and hyperactivity/impulsivity, although young people 
often present with emotional dysregulation, excessive mind-wandering and executive dysfunction. Symptoms 
of ADHD often persist into adulthood together with high rates of comorbidity and significant psychosocial 
impairment across the lifespan. Berry, Shaywitz and Shaywitz proposed over 30 years ago that girls with 
ADHD form a 'silent minority' with greater internalized behavior which leads them to be under-identified. Even 
when referred for clinical assessment, theirADHDsymptoms are missed or misdiagnosed for other conditions 
such as anxiety, depression and personality disorder. This means they will not receive the treatment they 
need. Compared with controls, they may be especially vulnerable to childhood adversities and health 
problems and they may cope with these difficulties with dysfunctional strategies (eg. with substance misuse 
and/or deliberate self-harming behaviours). If we are to enhance long-term outcomes in girls and women 
with ADHD, healthcare practitioners need to better understand the presentation of ADHD in females, improve 
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detection and assessment of ADHD in order that they may access appropriate treatment. This workshop will 
focus on the differences in presentation and outcomes between males and females with ADHD 

 
……………………………………………………………………….. 

 
 
 

Eur Psychiatry. 2021;64:S754-S755. 
APPLICATION OF THE DECISION TREE MODEL IN ADHD SCREENING. 
Carreiro LR, Silva M, Teixeira MC. 
Introduction: Attention Deficit Hyperactivity Disorder (ADHD) is a Neurodevelopmental Disorder 
characterized by persistent pattern of inattention and hyperactivity / impulsivity. There is considerable 
difficulty in diagnosing ADHD, mainly to discriminate what could be symptoms arising from ADHD or typical 
age behaviors. The decision tree model is a statistical algorithm, a predictive model built with comparisons 
of values for a given objective that can be compared with other constant values, placing these variables in a 
database at hierarchical levels.  
Objectives: This study aims to apply the decision tree model in directing the screening of ADHD complaints 
to analyze which cognitive and behavioral parameters would be better associations with ADHD accurate 
diagnosis Methods: We used a database of research protocol with 202 children assessed with complaints of 
ADHD and a control group with 185 participants. Decision tree analyzed parameters selected from the 
cognitive instruments, such voluntary attention, Continuous Performance Test indexes, WCST indexes, 
Wechsler Intelligence indexes and behavioral scales from CBCL/6-1 and TRF/6-18.  
Results: The highlighted results points to WCST index like: Perseverative answers and Perseverative errors 
and learning to learn joint to CPT omissions and behavioral scales as CBCL ADHD, and CBCL Problems of 
Attention produces accuracy of diagnosis discrimination from 84.7% to 60% in the precision of the decision 
tree.  
Conclusions: The decision tree and machine learning approaches can be effective in directing the screening 
of typical ADHD complaints 

 
……………………………………………………………………….. 

 
 
 

Eur Psychiatry. 2021;64:S221-S222. 
COMORBIDITY OF AUTISM WITH HYPERKINETIC DISORDER. 
Koval-Zaytsev A, Simashkova N, Ivanov M. 
Introduction: Autism spectrum disorders encompass a heterogeneous group of neurodevelopmental 
disorders. Autism may be accompanied by other mental and neurological disorders. Comorbidity in autism 
is the rule rather than the exception (as reflected in DSM-5). Objectives: To study comorbidity in patients with 
childhood autism and hyperkinetic disorder.  
Methods: Surveyed 102 patients aged 6-7 years who had infantile psychosis before the age of 3 years 
(F84.02), comorbid with hyperkinetic disorder (F90.0). Methods: clinical, psychological and psychometric 
(CARS, PEP, bfcrs, CGI, CPRS-R: S (parents' form)).  
Results: In the surveyed patients, the autism level was 46 points according to CARS. Manifestations of 
hyperkinetic disorder in patients with F84.02 are found in 72%, which is associated with the severity of 
catatonic arousal (BFCRS 36 points). The cognitive development of the examined children is characterized 
by a combination of advancing, normative and delayed levels of development, depending on the type of 
cognitive dysontogenesis. Low indicators are revealed in involuntary attention, fine motor skills and hand-
eye coordination. In patients with F84.02, a secondary hyperkinetic disorder forms upon exit from severe 
catatonia.  
Conclusions: Excessive motor activity is combined with impulsiveness and impaired attention in the period 
of remission. The use of a complex of clinical and psychodiagnostic techniques aimed at assessing voluntary 
and involuntary attention provides additional data for the diagnosis of ASD and hyperkinetic disorders 
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Eur Psychiatry. 2021;64:S660. 
ATTENTION DEFICIT HYPERACTIVITY DISORDER (ADHD) & COVID-19: ATTENTION DEFICIT HYPERACTIVITY 

DISORDER: CONSEQUENCES OF THE 1ST WAVE. 
Insa I, Alda JA. 
Introduction: In times of pandemic as Covid-19, as in disaster situations, there is an increased risk of Post-
Traumatic Stress Disorder, Depression, and Anxiety (Kaufman et al., 1997; Douglas, Douglas, Harrigan, & 
Douglas, 2009; Guessoum et al., 2020). The measures taken have affected individual freedoms for the 
benefit of community health by seeking to reduce the spread of the virus, although the side effects can cause 
profound damage to society, especially in those most vulnerable populations such as children and 
adolescents with ADHD.  
Objectives: This study aims to assess the psychopathological state and possible consequences of the first 
wave of the Covid-19 pandemic.  
Methods: This study is part of the Kids Corona, an institutional research project of the Hospital de Sant Joan 
de Dou and the Fundacil de Sant Joan de Dou to provide a social and research response to the Covid-19 
Pandemic. To assess the impact of Covid on children and adolescents with ADHD a cross-sectional study 
was conducted between 20 and 30 July 2020 with a battery of questionnaires. The Child Behavior Checklist 
(CBCL), the Sleep Disturbance Scale for Children (SDSC), the Screen for Child Anxiety Related Disorders 
(SCARED), the Children's Depression Inventory (CDI) were used.  
Results: 70% of children and adolescents aged 7 to 12 years with ADHD had sleep disorders, the 54% had 
anxiety symptoms and 9% had a depressive disorder. Conclusions: Children and adolescents with ADHD 
are a vulnerable population to the effects of Covid, with anxiety, depression, and sleep disorders 

 
……………………………………………………………………….. 

 
 
 

Eur Psychiatry. 2021;64:S576. 
CHILDHOOD RISK FACTORS FOR SUBSTANCE ABUSE IN A CLINICAL SAMPLE OF ADULTS WITH ATTENTION-DEFICIT / 
HYPERACTIVITY DISORDER (ADHD) SYMPTOMS IN AN ADDICTION OUTPATIENT CLINIC. 
Laizane M, Ennitis M, Bezborodovs N, et al. 
Introduction: Substance use disorder (SUD) in patients with ADHD symptoms is associated with a poorer 
treatment prognosis. The study is aimed to investigate psychosocial risks factors for developing SUD in 
patients with ADHD.  
Objectives: To examine the associations between self-reported weak academic performance, repetition of 
a grade, single - parent family, self-reported quality of parent - child relationship, conduct problems in 
childhood and SUD in adulthood in a sample of outpatients with ADHD symptoms of an addiction medicine 
clinic in Riga, Latvia.  
Methods: Self-report surveys, containing Adult ADHD Self-Report Scale (ASRS-v I.I), were completed by 
outpatients of addiction clinic, including healthy control subjects (adults without addiction, formally assessed 
for fitness to drive, firearms licensing etc.). Patients then were examined in relation to childhood risk factors.  
Results: Survey was compleated by 341 outpatients - 98 (28,7%) healthy controls and 243 (71,3%) patients 
with SUD (mean age, 36,8 and 37,7, respectively; 76,4% males). 62 (18,1%) patients were tested positive 
for ADHD, of whom 12 (19,4%) were healthy subjects and 50 (80,6%) were with SUD. Data shows connection 
between conduct problems in childhood (p=0,010), single - parent family (p=0,010), repetition of a grade 
(p=0,026) and SUD in adults with ADHD symptoms. Comparing patients with and without ADHD symptoms, 
there was found no significant association between these factors, except for conduct problems (p=0,015).  
Conclusions: The study found preliminary evidence that adults with ADHD symptoms who experienced 
single - parenthood in childhood, had conduct problems or repeated a grade are more likely to develop SUD. 
Futher investigation is required 
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Eur Psychiatry. 2021;64:S633-S634. 
DECREASE IN BRAIN COMPLEXITY WITH METHYLPHENIDATE TREATMENT IN BOYS DIAGNOSED WITH ATTENTION 

DEFICIT HYPERACTIVITY DISORDER: AN ENTROPY-BASED QEEG ANALYSIS. 
Cetin FH, Usta MB, Aydin S, et al. 
Introduction: Attention deficit hyperactivity (ADHD) disorder is a common childhood neurodevelopmental 
disorder, and Methylphenidate (MPH) is a first-line therapeutic option for treating ADHD. However, how brain 
complexity and entropy changes with methylphenidate treatment the clinical implications of possible changes 
in entropy and the clinical implications of possible changes in entropy have yet to be studied.  
Objectives: This study aimed to reveal how the MPH treatment affects the complexity in the brain of children 
with ADHD by entropy-based qEEG analysis. In addition, the presence of the relationship between possible 
neurophysiological changes to be detected with clinical variables and how they are two other important 
questions of this study to be answered.  
Methods: During eyes-open resting, EEG signals were recorded from 25 boys with ADHD-combined type 
before MPH administration and at the end of the 1st month of the treatment. Approximate entropy (ApEn), 
sample entropy (SampEn), permutation entropy (PermEn) were used to analyse.  
Results: A statistically significant decrease in entropy level was found with MPH treatment in the F4 channel 
according to approximate entropy (ApEn) and sample entropy (SampEn) analysis (p<0.05). In addition, 
according to permutation entropy (PermEn) analysis, the decrease in entropy with MPH treatment in the 
regions indicated by F3, F4, P4, T3, T6, and O2 channels was found to be statistically significant (p <0.05).  
Conclusions: This is the first study to investigate how MPH treatment affects the complexity in the brain of 
children with ADHD. Entropy-based qEEG analysis may be a new method that can be used in diagnostic, 
clinical and prognostic predictions in ADHD. (Figure Presented) 

 
……………………………………………………………………….. 

 
 
 

Eur Psychiatry. 2021;64:S616. 
ATTENTION DEFICIT HYPERACTIVITY DISORDER IN ADULTHOOD AND THE HERITABILITY OF THIS CONDITION. 
Borges J, Almeida Leite R, Almeida M, et al. 
Introduction: Attention Deficit Hyperactivity Disorder (ADHD) is a common neurodevelopmental disorder 
characterized by inattention and/or hyperactivity-impulsivity resulting from the interaction of genetic and 
environmental risk factors. Family studies shows that persistent ADHD is very familial. Objectives: We aim 
to review the literature on this condition and its heritability and describe the implications that a possible 
misdiagnosis can have during life.  
Methods: Bibliography review was performed using the databases PubMed and Cochrane, using the 
following keywords: ADHD; Adults; Heretability; Family and Rater effect.  
Results: Childhood ADHD persists into adolescence and adulthood substantially, identified in some studies, 
as going up to 78%. The prevalence of ADHD in children and adults is between 2.5% and 5% worldwide. 
Family studies have shown that children of adults with ADHD are at higher risk of having ADHD. Some large-
scale twin studies of adult ADHD, used self-report assessments of ADHD symptoms and estimated the 
heritability of this condition to be between 30 to 40%, which differs from other studies that analyse parents 
and teachers responses and estimates heritability to be between 60 and 90%.  
Conclusions: Since there is a direct influence of the evaluators in estimating the extent of ADHD heritability, 
future studies need to clarify and describe in detail all the related characteristics of the raters. Although ADHD 
is widely studied, there is still a lot to learn about its etiology. The diagnosis of ADHD is clinical and complex 
and must be considered both in childhood and adolescence and in adulthood, with special emphasis on the 
family antecedents 
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Eur Psychiatry. 2021;64:S232. 
CHILDHOOD MENTAL HEALTH AND JUVENILE DELINQUENCY: A WITHIN-FAMILY COMPARISON. 
Kim S, Kim DH. 
Introduction: Child metal health is associated with prospective delinquent outcomes. However, this 
association might be confounded by genetic and other shared factors  
Objectives: We aimed to examine the association between the behavioral symptoms of Attention-
Deficit/Hyperactivity Disorder, conduct disorder, depression, and oppositional defiant disorder in childhood 
(age 4-12) and the prospective delinquent outcomes as measured by lifetime illicit drug use, criminal 
activities, and victimization prior to age 18, using the nationally representative U.S. survey that allowed us to 
compare siblings in the same mother.  
Methods: Aged-adjusted subscales or ADHD, conduct disorder, depression, and ODD were obtained from 
the mother-reported survey responses. Within-family analyses were performed to control for family-specific 
unobserved factors as well as child-specific observed factors.  
Results: Antisocial scores in childhood were strongly associated with lifetime arrest, probation, and 
incarceration as well as lifetime illicit drug use in adolescence. ADHD scores are associated with lifetime 
victimization in physical attack and rape, but not with criminal activities or illicit drug use.  
Conclusions: Conduct disorder consistently increases lifetime illicit drug use and criminal activities 
independently of genetic factors and gender. ADHD is not associated with lifetime illicit drug use or criminal 
activities, but is associated with lifetime victimization. No significant gender differences are found although 
anxiety/depression symptoms are often positively associated with delinquent outcomes only among females 

 
……………………………………………………………………….. 

 
 
 

Eur Psychiatry. 2021;64:S172. 
POSSIBLE RELATIONSHIPS OF ADDICTIVE DISORDERS AND ATTENTION DEFICIT HYPERACTIVITY DISORDER (ADHD). 
Krupa M. 
Introduction: One of the most recent topics in addictive disorders is videogame-use disorder which is 
continuously under research, especially in adolescents. The specific structure of digital games (immortality, 
infinity, etc.) can sensitize adolescents to the development of problematic use. The number of researches 
about problematic video game use has increased significantly during the last decade. In 2013, this problem 
was included among Disorders requiring further research in DSM-5, and it was also included in ICD-11 as a 
separate diagnostic category in 2019.  
Objectives: We review studies investigating the association between the co-occurrence of ADHD and video 
game use in adolescents. We attempt to summarize new theoretical approaches to video game use disorder 
and the areas of present research.  
Methods: We conducted a literature search in 4 databases (PubMed, Medline, Google Scholar, Web of 
Science) using keywords (ADHD, adolescents, video game use disorder, internet addiction, game addiction) 
over the past 5 years. Exclusion criteria were the following: publication date before 2014, adult population, 
or comorbidity beside ADHD.  
Results: The comorbidity of video game use disorder and ADHD was frequent. Primarily cross-sectional 
studies examined the presence of hyperactivity, attention deficit, and impulsivity symptoms separately. The 
presence of attention deficit clearly showed an association with the development of video game use disorder.  
Conclusions: Adolescents diagnosed with ADHD have a greater possibility of developing video game use 
disorder and/or problematic psychoactive substance users. More attention should be paid to this comorbidity 
in not only the diagnostic process, but also in the development of prevention programs 
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Exp Brain Res. 2022 Dec;240:3271-88. 
REDUCED BASAL GANGLIA TISSUE-IRON CONCENTRATION IN SCHOOL-AGE CHILDREN WITH ATTENTION-
DEFICIT/HYPERACTIVITY DISORDER IS LOCALIZED TO LIMBIC CIRCUITRY. 
Shvarzman R, Crocetti D, Rosch KS, et al. 
Dopamine-related abnormalities in the basal ganglia have been implicated in attention-deficit/hyperactivity 
disorder (ADHD). Iron plays a critical role in supporting dopaminergic function, and reduced brain iron and 
serum ferritin levels have been linked to ADHD symptom severity in children. Furthermore, the basal ganglia 
is a central brain region implicated in ADHD psychopathology and involved in motor and reward functions as 
well as emotional responding. The present study repurposed diffusion tensor imaging (DTI) to examine 
effects of an ADHD diagnosis and sex on iron deposition within the basal ganglia in children ages 8-
12Â years. We further explored associations between brain iron levels and ADHD symptom severity and 
affective symptoms. We observed reduced iron levels in children with ADHD in the bilateral limbic region of 
the striatum, as well as reduced levels of iron-deposition in males in the sensorimotor striatal subregion, 
regardless of diagnosis. Across the whole sample, iron-deposition increased with age in all regions. Brain-
behavior analyses revealed that, across diagnostic groups, lower tissue-iron levels in bilateral limbic striatum 
correlated with greater ADHD symptom severity, whereas lower tissue-iron levels in the left limbic striatum 
only correlated with anxious, depressive and affective symptom severity. This study sheds light on the 
neurobiological underpinnings of ADHD, specifically highlighting the localization of tissue-iron deficiency in 
limbic regions, and providing support for repurposing DTI for brain iron analyses. Our findings highlight the 
need for further investigation of iron as a biomarker in the diagnosis and treatment of ADHD and sex 
differences 

 
……………………………………………………………………….. 

 
 
 

Exp Clin Psychopharmacol. 2022;30:209-19. 
AN EVALUATION OF THE EFFECT OF METHYLPHENIDATE ON WORKING MEMORY, TIME PERCEPTION, AND CHOICE 

IMPULSIVITY IN CHILDREN WITH ADHD. 
Campez M, Raiker JS, Little K, et al. 
Individuals with Attention-Deficit Hyperactivity Disorder (ADHD) consistently exhibit a stronger preference for 
immediate rewards than for larger rewards available following a delay on tasks measuring choice impulsivity 
(CI). Despite this, however, there remains a dearth of studies examining the impact of stimulant treatment 
on CI as well as associated higher order (e.g., working memory [WM]) and perceptual (e.g., time perception) 
cognitive processes. The present study examines the effect of osmotic release oral system methylphenidate 
(OROS-MPH) on CI, WM and time perception processes as well as the relation among these processes 

before and after taking a regimen of OROS-MPH. Thirty-five children (aged 7Çô12 years) with a diagnosis 
of ADHD participating in a concurrent stimulant medication study were recruited to complete computerized 
assessments of CI, WM, and time perception. Children completed the assessments after administration of a 
placebo as well as their lowest effective dose of OROS-MPH following a 2-week titration period. The results 
from one-sample t-tests indicated that OROS-MPH improves both CI and WM in youth with ADHD but does 
not impact time perception. Further, results revealed no significant association among the various indices of 
cognitive performance while taking placebo or OROS-MPH. Overall, the findings suggest that while OROS-
MPH improves both CI and WM in youth with ADHD, improvements in CI as a result of OROS-MPH are 
unlikely to be associated with the improvements in WM given the lack of association among the two. Future 
studies should consider alternate cognitive, emotional, and motivational mechanisms that may account for 
the impact of OROS-MPH on CI 
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Eye (Basingstoke). 2022. 
OCULOMOTOR DEFICITS IN ATTENTION-ÁDEFICIT HYPERACTIVITY DISORDER: A SYSTEMATIC REVIEW AND META-
ANALYSIS. 
Sherigar SS, Gamsa AH, Srinivasan K. 
There is equivocal evidence on the presence of oculomotor deficits among children with attention deficit 
hyperactivity disorder (ADHD), which can be an additional challenge in this population, especially with 
reading-related tasks. This study aimed to review the deficits in the oculomotor parameters among children 
with ADHD compared with age-matched controls. The review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines. A search of original 
research articles on various databases was done using key terms, such as oculomotor deficit, attention deficit 
hyperactivity disorder, or related terms. We included case-control studies and excluded studies in which 
children received medications during the test. Twelve original research studies were considered for this 
review. Ten studies reported data on various types of saccades, two studies reported data on fixation, and 
one study reported data on pursuit. Among various oculomotor deficits, the forest-plot analysis of an 
antisaccade task showed that children with ADHD made more direction errors compared to controls. 
Although independent studies report that ADHD children have poorer performance compared to control 
populations during oculomotor tasks, there is a lack of evidence to draw a strong conclusion. Children with 
ADHD are less precise in performing eye movements and need more time to complete the oculomotor tasks 
than those without ADHD. The overall results provide minimal evidence regarding the presence of various 
oculomotor deficits in ADHD 
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FP Essent. 2022 Dec;523:20-26. 
CHILDHOOD NEUROLOGIC CONDITIONS: MOVEMENT DISORDERS. 
Youssef P. 
Most movement disorders in children are hyperkinetic. The most common type is tic disorders, which can 
involve motor and phonic tics and are classified as simple or complex. Motor or phonic tics that persist for 
more than 1 year are defined as persistent (chronic) tic disorder. Tourette syndrome can be diagnosed if a 
child has multiple motor tics and at least one phonic tic for more than 1 year with onset before age 18 years. 
Children with Tourette syndrome may have symptoms of attention-deficit/hyperactivity disorder, obsessive-
compulsive disorder, depression, or behavioral disorders. Chorea can be seen as a symptom of rheumatic 
fever (Sydenham chorea), in children with a history of kernicterus, and in dyskinetic cerebral palsy. Chorea 
also may be part of an underlying metabolic or genetic condition. Dystonia is characterized by repetitive 
contortions and posturing of the limbs and body. It can be isolated or part of an underlying neurologic 
condition. Tremor can occur as a manifestation of essential tremor or can be an enhanced physiologic tremor 
exacerbated by drugs, illness, or stimulants. Ataxia most often is seen as a postinfectious or postvaccination 
acute cerebellar ataxia. Progressive ataxias are consistent with an underlying metabolic or genetic condition. 
Transient and developmental movement disorders include benign neonatal sleep myoclonus, jitteriness in 
neonates, shuddering, and stereotypies 
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FP Essent. 2022 Dec;523:15-19. 
CHILDHOOD NEUROLOGIC CONDITIONS: EPILEPSY MANAGEMENT. 
Nickels K. 
Epilepsy is the most common neurologic condition in children and is characterized by recurrent unprovoked 
seizures. Epilepsy can be diagnosed after a first unprovoked seizure if characteristic clinical and 
electroencephalographic features suggest a high risk of future seizures. Epilepsy is classified based on 
seizure type, underlying causes, and potential electroclinical syndromes. This classification guides 
management and predicts its effectiveness. Some epilepsy syndromes resolve spontaneously (ie, are self-
limited) or improve with management (ie, are pharmacoresponsive). Syndromes that contribute to intellectual 
disability, referred to as developmental and epileptic encephalopathies, are not self-limited, are unlikely to 
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improve with management (ie, are pharmacoresistant), and are associated with poor long-term outcomes. 
Antiseizure drugs are the mainstay of epilepsy management. Some broad-spectrum drugs are used to 
manage multiple seizure types, and others have indications for specific seizure types or epilepsy syndromes. 
Dietary therapy, surgical resection, and neuromodulation may be options if drugs do not control seizures. 
Neurodevelopmental and mental conditions are common in children with epilepsy. These include intellectual 
disability, learning disabilities, autism spectrum disorder, attention-deficit/hyperactivity disorder, depression, 
and anxiety. Patients with epilepsy should undergo screening for these associated conditions as part of 
routine care. Physicians should instruct caregivers and family members on how to manage seizures, 
including use of rescue drugs 

 
……………………………………………………………………….. 

 
 
 

Front Endocrinol (Lausanne). 2022;13:1000758. 
THERAPEUTIC APPLICATIONS OF TRANSCUTANEOUS AURICULAR VAGUS NERVE STIMULATION WITH POTENTIAL FOR 

APPLICATION IN NEURODEVELOPMENTAL OR OTHER PEDIATRIC DISORDERS. 
Zhu S, Zhang X, Zhou M, et al. 
Non-invasive transcutaneous auricular vagus nerve stimulation (taVNS) as a newly developed technique 
involves stimulating the cutaneous receptive field formed by the auricular branch of the vagus nerve in the 
outer ear, with resulting activation of vagal connections to central and peripheral nervous systems. Increasing 
evidence indicates that maladaptive neural plasticity may underlie the pathology of several pediatric 
neurodevelopmental and psychiatric disorders, such as autism spectrum disorder, attention deficit 
hyperactivity disorder, disruptive behavioral disorder and stress-related disorder. Vagal stimulation may 
therefore provide a useful intervention for treating maladaptive neural plasticity. In the current review we 
summarize the current literature primarily on therapeutic use in adults and discuss the prospects of applying 
taVNS as a therapeutic intervention in specific pediatric neurodevelopmental and other psychiatric disorders. 
Furthermore, we also briefly discuss factors that would help optimize taVNS protocols in future clinical 
applications. We conclude from these initial findings that taVNS may be a promising alternative treatment for 
pediatric disorders which do not respond to other interventions 

 
……………………………………………………………………….. 

 
 
 

Front Public Health. 2022;10:966900. 
IS ADHD A WAY OF CONCEPTUALIZING LONG-TERM EMOTIONAL STRESS AND SOCIAL DISADVANTAGE? 
Erlandsson SI, Hornborg C, Sorbring E, et al. 
BACKGROUND: The prevalent, neuropsychiatric, deficit perspective on children and youth diagnosed with 
ADHD prohibits a multidimensional approach where socio-economic status, family stress and relationships 
within the families are relevant factors to examine. Assessments of ADHD through the use of rating scales 
and short-term interventions may lead not only to overdiagnosis but also to a reductionistic approach in the 
psychiatric field. This literature review aims to address research outside the prevailing discourse on ADHD 
as an organic brain dysfunction and broaden the perspectives on children's behavioral difficulties.  
METHODS: The articles included in this applied, mixed-method, systematic review includes 26 peer-
reviewed articles, both English and French, with a search focus on ADHD in children and youth related to 
Attachment styles and relationships.  
RESULTS: In the studies reported, researchers approached correlations between ADHD and attachment in 
different ways, and in most cases, there was a caution to address causality. The role of parents was found 
to be both buffering and aggravating for the appearance of ADHD. In the French case studies, the diagnosis 
was conceptualized as a relational phenomenon where the child's behavior was inseparable from family 
member's suffering.  
DISCUSSION: This review article illustrates how children's difficulties in terms of ADHD symptoms can be 
addressed through a paradigm where emotional and cognitive dysregulation is understood through 
psychosocial factors rather than as a neurological condition. In our view, to avoid an overly reductionistic and 
medicalized approach to children's behavioral difficulties, it is time to reiterate the value of the 
biopsychosocial perspective.  
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CONCLUSION: Professionals and researchers need to acknowledge that becoming diagnosed with ADHD 
has a strong connection to economic disadvantage, social status, and familial care. The academic discourse 
of addressing brain dysfunctions might serve the unintended purpose of masking emotional stress and social 
disadvantage that manifests across generations. A biopsychosocial approach to ADHD including family, 
emotional history, and socio-economic issues could imply a lesser focus on medical treatment as a first 
choice 
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Front Behav Neurosci. 2022;16. 
EDITORIAL: EACH CHILD WITH ADHD IS UNIQUE: TREAT THE WHOLE PATIENT, NOT JUST THEIR SYMPTOMS. 
Sonuga-Barke EJS, Zubedat S, Daod E, et al. 
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Frontiers in Cardiovascular Medicine. 2022;9. 
INATTENTION AND HYPERACTIVITY IN CHILDREN AND ADOLESCENTS WITH REPAIRED D-TRANSPOSITION OF THE 

GREAT ARTERIES: PREVALENCE, PERIOPERATIVE RISK FACTORS, AND CLINICAL OUTCOMES. 
Chen H, Yan Y, Li C, et al. 
Objective: The present study objectives were to determine the prevalence of attention-deficit/hyperactivity 
disorder symptoms (ADHD-like symptoms) in children and adolescent with d-transposition of great artery (D-
TGA) after arterial switch operation (ASO) and examine associated risk factors and adverse personal, family 
dysfunctions.  
Methods: This cohort study included 103 patients with D-TGA who underwent ASO in early infancy at 

Shanghai Childrens Medical Center between 2011 and 2016 and then follow-up. Data analysis was 
conducted from September 2020 to April 2022. A standardized Swanson, Nolan, and Pelham IV (SNAP-IV) 
questionnaire is used to evaluate inattention and hyperactivity symptoms. Demographic, preoperative, 
intraoperative, and postoperative factor were collected. Univariate and multivariable regression analyses 
were performed with odds ratios (OR) and 95% confidence intervals (CIs).  
Results: Prevalence of ADHD-like symptoms was 27.18% (28/103). Attention-deficit (18/28, 64.29%) 
symptom was the predominant subphenotype. After underwent TGA surgery, 39% of patients with ADHD-
like symptoms receive remedial special academic services. There is none had repeated grade. Univariate 
analysis showed that, positive inotropic drug score (P = 0.03) and delayed sternal closure (P = 0.02) were 
risk factors of ADHD-like symptoms; increased preoperative oxygen saturation (SpO2) (P = 0.01) and 
surgical height (P = 0.01) and TGA subtype (VSD) (P = 0.02) were protective factor of ADHD-like symptoms. 

Multivariable analysis showed that delayed sternal closure (DSC) (OR, 1.50; 95% CI, 1.02Çô2.18) is a risk 
factor for the occurrence of ADHD-like symptom while increased preoperative oxygen saturation [odds ratio 

(OR), 0.95; 95% confidence interval (CI), 0.92Çô0.99] is a protective factor of ADHD-like symptom.  
Conclusion: The children and adolescents with D-TGA after ASO were at high risk of ADHD-like symptoms. 
Preoperative hypoxic status and postoperative DSC became predominant risk factors. Modification of the 
risk factors may be helpful to relieve ADHD-like symptoms for these patients 

 
……………………………………………………………………….. 

 
 
 

Front Human Neurosci. 2022;16. 
MATH DIFFICULTIES IN ATTENTION DEFICIT HYPERACTIVITY DISORDER DO NOT ORIGINATE FROM THE VISUAL NUMBER 

SENSE. 
Anobile G, Bartoli M, Masi G, et al. 
There is ample evidence from literature and clinical practice indicating mathematical difficulties in individuals 
with ADHD, even when there is no concomitant diagnosis of developmental dyscalculia. What factors 
underlie these difficulties is still an open question. Research on dyscalculia and neurotypical development 
suggests visual perception of numerosity (the number sense) as a building block for math learning. 
Participants with lower numerosity estimation thresholds (higher precision) are often those with higher math 
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capabilities. Strangely, the role of numerosity perception in math skills in ADHD has been neglected, leaving 
open the question whether math difficulties in ADHD also originate from a deficitary visual number sense. In 
the current study we psychophysically measured numerosity thresholds and accuracy in a sample of 

children/adolescents with ADHD, but not concomitant dyscalculia (N = 20, 8 Çô16 years). Math abilities 
were also measured by tasks indexing different mathematical competences. Numerosity performance and 
math scores were then compared to those obtained from an age-matched control group (N = 20). Bayesian 
statistics indicated no difference between ADHD and controls on numerosity perception, despite many of the 
symbolic math tasks being impaired in participants with ADHD. Moreover, the math deficits showed by the 
group with ADHD remained substantial even when numerosity thresholds were statistically regressed out. 
Overall, these results indicate that math difficulties in ADHD are unlikely to originate from an impaired visual 
number sense 
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Front Human Neurosci. 2022;16. 
ASSOCIATION OF PRENATAL MODIFIABLE RISK FACTORS WITH ATTENTION-DEFICIT HYPERACTIVITY DISORDER 

OUTCOMES AT AGE 10 AND 15 IN AN EXTREMELY LOW GESTATIONAL AGE COHORT . 
Cochran DM, Jensen ET, Frazier JA, et al. 
Background: The increased risk of developing attention-deficit hyperactivity disorder (ADHD) in extremely 
preterm infants is well-documented. Better understanding of perinatal risk factors, particularly those that are 
modifiable, can inform prevention efforts.  
Methods: We examined data from the Extremely Low Gestational Age Newborns (ELGAN) Study. 
Participants were screened for ADHD at age 10 with the Child Symptom Inventory-4 (N = 734) and assessed 
at age 15 with a structured diagnostic interview (MINI-KID) to evaluate for the diagnosis of ADHD (N = 575). 
We studied associations of pre-pregnancy maternal body mass index (BMI), pregestational and/or 
gestational diabetes, maternal smoking during pregnancy (MSDP), and hypertensive disorders of pregnancy 
(HDP) with 10-year and 15-year ADHD outcomes. Relative risks were calculated using Poisson regression 
models with robust error variance, adjusted for maternal age, maternal educational status, use of food 
stamps, public insurance status, marital status at birth, and family history of ADHD. We defined ADHD as a 
positive screen on the CSI-4 at age 10 and/or meeting DSM-5 criteria at age 15 on the MINI-KID. We 
evaluated the robustness of the associations to broadening or restricting the definition of ADHD. We limited 
the analysis to individuals with IQ 70 to decrease confounding by cognitive functioning. We evaluated 
interactions between maternal BMI and diabetes status. We assessed for mediation of risk increase by 
alterations in inflammatory or neurotrophic protein levels in the first week of life.  
Results: Elevated maternal BMI and maternal diabetes were each associated with a 55-65% increase in risk 
of ADHD, with evidence of both additive and multiplicative interactions between the two exposures. MSDP 
and HDP were not associated with the risk of ADHD outcomes. There was some evidence for association of 
ADHD outcomes with high levels of inflammatory proteins or moderate levels of neurotrophic proteins, but 
there was no evidence that these mediated the risk associated with maternal BMI or diabetes.  
Conclusion: Contrary to previous population-based studies, MSDP and HDP did not predict ADHD 
outcomes in this extremely preterm cohort, but elevated maternal pre-pregnancy BMI, maternal diabetes, 
and perinatal inflammatory markers were associated with increased risk of ADHD at age 10 and/or 15, with 
positive interaction between pre-pregnancy BMI and maternal diabetes 
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Front Human Neurosci. 2022;16. 
DIAGNOSTIC MODEL OPTIMIZATION METHOD FOR ADHD BASED ON BRAIN NETWORK ANALYSIS OF RESTING-STATE 

FMRI IMAGES AND TRANSFER LEARNING NEURAL NETWORK. 
Meng X, Zhuo W, Ge P, et al. 
Introduction: Attention deficit and hyperactivity disorder (ADHD) is a common inherited disease of the 
nervous system whose cause(s) and pathogenesis remain unclear. Currently, the diagnosis of ADHD is 
mainly based on clinical experience and guidelines that have laid out some diagnostic standards. Our study 
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aimed to apply a learning-based classification method to assist the ADHD diagnosis based on high-
dimensional resting-state fMRI.  
Methods: Our study selected the ADHD-200 Peking dataset of resting-state fMRI, which has an ADHD 
patient (n = 142) group and a typically developing control (TDC) healthy control (n = 102) group. We first 
used Pearson and partial correlation coefficients to perform functional connectivity (FC) analysis between 
ROIs. Then, the Pearson and partial correlation coefficient matrices were concatenated into a dual-channel 
feature to build a dual data channel as input to the transfer learning neural network (TLNN) architecture. 
Finally, we transferred the pretrained model from the auxiliary domain to our target domain and fine-tuned it.  
Results: Based on the Pearson correlation coefficient, FC between ROIs was detected in 22 brain regions, 
including the fusiform gyrus, superior frontal gyrus, posterior superior temporal sulcus, inferior parietal lobule, 
anterior cingulate cortex, and parahippocampal gyrus. Based on the partial correlation coefficient, we found 
FC in the salient network, default network, sensory-motor network, dorsal attention network, and cerebellum 
network. With the TLNN architecture, we solved the problem of insufficient training data and improved the 
sensitivity of the classification method. When the VGG model (fine-tuned transfer strategy, 1,024 fully 
connected layers) was applied, the accuracy of TLNN classification ultimately reached 82%.  
Conclusion: Our study suggests that completing the training of the target domain by transferring the prior 
knowledge of the auxiliary domain is effective in solving the classification problem of small sample datasets. 
Based on prior knowledge of FC analysis, TLNN classification may assist ADHD diagnosis in a new way 
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Frontiers in Pediatrics. 2022;10. 
CHLORPYRIFOS RESIDUE LEVEL AND ADHD AMONG CHILDREN AGED 1-6 YEARS IN RURAL CHINA: A CROSS-
SECTIONAL STUDY. 
Zhou W, Deng Y, Zhang C, et al. 
Background: Attention-deficit/hyperactivity disorder (ADHD) is one of the most common 
neurodevelopmental disorders in childhood and is caused by both genetic and environmental factors. As 
genetic factors are nonmodifiable, environmental factors have attracted increasing attention. Objective: To 
investigate the relationships between urinary chlorpyrifos (CPF) levels, blood micronutrient levels, and ADHD 
prevalence in children living in rural areas of China.  
Methods: This cross-sectional study collected data on CPF exposure (according to urinary levels), blood 

micronutrient levels, and ADHD prevalence in children aged 1Çô6 years in rural China. The CPF levels 
were determined by mass spectrometry. Blood levels of micronutrients, including zinc, iron, calcium, copper, 
magnesium, and vitamin D, were measured by professional detection kits. ADHD was diagnosed according 
to the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition. Descriptive statistics and univariate 
analysis were conducted using SPSS 21.0, and path analysis was conducted using Mplus 8.0.  
Results: Of the 738 children who met the eligibility criteria, 673 children (673/738, 91.2%) were included in 
the final analysis. Baseline questionnaires and urine samples were collected from all 673 subjects. A total of 
672 children provided blood samples for micronutrient testing, and 651 completed the ADHD assessment. 
Approximately one-fifth of children (144/673, 21.4%) had detectable levels of CPF in their urine, and 6.9% 
(45/651) were diagnosed with ADHD. Path analysis showed that the total effect of CPF exposure on ADHD 
risk was 0.166 (P < 0.05), with a direct effect of 0.197 (P < 0.05) and an indirect effect of 0.031 (P < 0.05) via 
vitamin D. The mediating effect of urinary CPF levels on ADHD risk via vitamin D was 18.67%.  
Conclusion: Higher levels of CPF exposure are associated with higher risk of ADHD. Additionally, increasing 
vitamin D levels may have a beneficial effect on the relationship between CPF exposure and ADHD risk. Our 
findings highlight the importance of modifying environmental factors to reduce ADHD risk and provide insight 
into future ADHD interventions 
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Front Psychiatry. 2022;13. 
WISHES OF CHILDREN WITH ADHD. 
Furukawa E, Uchida R, Tatsuki MO, et al. 
Understanding the desires and motivations of children with ADHD is important in helping them thrive. Their 
inner worlds, however, have not been well captured. The Three Wishes task provides minimal cues and 
structure to elicit their desires and hopes in an unbiased manner. The wishes of 299 school-aged children 
with ADHD (193 boys, aged 6-12) were elicited during a research diagnostic assessment. We developed a 
coding scheme to characterize different aspects of their wishes, including beneficiary, valence, and 
immediacy. Maslow’s hierarchy of needs, adapted to take account of the participants ages, was used to 
identify the motivations underlying the children’s wishes. As expected, many of the wishes reported were for 
immediate fulfillment, with many reflecting material desires. Affiliative wishes, highlighting the children’s 
desire for positive interpersonal relationships, were also common. There was some evidence for self-
actualization/self-betterment goals and a small number of altruistic wishes. A word cloud presents the content 
of the children’s wishes grouped according to this hierarchy. This study highlights the diversity and typicality 
of the self-reported needs, desires and hopes of children with ADHD. It also serves as a timely reminder of 
the value of seeking such information directly from children themselves 
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Front Psychiatry. 2022;13. 
ADHD DIAGNOSIS AND METHYLPHENIDATE CONSUMPTION IN CHILDREN AND ADOLESCENTS: A SYSTEMATIC 

ANALYSIS OF HEALTH DATABASES IN FRANCE OVER THE PERIOD 2010 ÇÔ2019. 
Ponnou S, Thoms B. 
Context: ADHD is the most common mental disorder in school-aged children. In France, methylphenidate is 
the only drug authorized for ADHD. Here, we describe the pattern of ADHD diagnosis and methylphenidate 
prescription to children and adolescents from 2010 to 2019.  
Methods: We conducted a retrospective cohort study of all beneficiaries of the French general health 
insurance scheme (87% of the population, 58 million people). We extracted information for all children and 
adolescents aged 0-17 years who received: (1) A diagnosis of ADHD (34,153 patients). (2) At least one 
methylphenidate prescription (144,509 patients). We analyzed the clinical, demographic, institutional, and 
social parameters associated with ADHD diagnosis and methylphenidate consumption in France.  
Results: The ADHD diagnosis among children and adolescents increased by 96% between 2010 and 2019. 
ADHD diagnosis affects more boys than girls. About 50.6% of children hospitalized with a diagnosis of ADHD 
in 2017 also had another psychiatric diagnosis. The rate of children hospitalized with an ADHD diagnosis 
and treated with MPH varied between 56.4 and 60.1%. The median duration of MPH treatment for a 6-year-
old ADHD child initiated in 2011 is 7.1 years. In 2018, 62% of ADHD children were receiving at least one 
psychotropic medication. Between 2010 and 2019, methylphenidate prescription increased by +56% for 
incidence and +116% for prevalence. The prevalence of methylphenidate prescription reached between 0.61 
and 0.75% in 2019. Boys are predominantly medicated. The median duration of treatment among 6-year-
olds in 2011 was 5.5 years. The youngest children received the longest treatment duration. Diagnoses 
associated with methylphenidate prescription did not always correspond to the marketing authorization. 
Among children receiving the first prescription of methylphenidate, 22.8% also received one or more other 
psychotropic drugs during the same year. A quarter of initiations and half of renewals were made outside 
governmental recommendations. Educational and psychotherapeutic follow-up decreased from 4.1% in 2010 
to 0.8% in 2019. French children and adolescents, who were the youngest in their class were more likely to 
be diagnosed (55%) and prescribed methylphenidate (54%). Children from disadvantaged families had an 
increased risk of ADHD diagnosis (41.4% in 2019) and methylphenidate medication (25.7% in 2019) 
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Front Psychiatry. 2022;13. 
NETWORK ANALYSIS OF 18 ATTENTION-DEFICIT/HYPERACTIVITY DISORDER SYMPTOMS SUGGESTS THE IMPORTANCE 

OF “DISTRACTED” AND “FIDGET” AS CENTRAL SYMPTOMS: INVARIANCE ACROSS AGE, GENDER, AND SUBTYPE 

PRESENTATIONS. 
Liu L, Wang Y, Chen W, et al. 
The network theory of mental disorders conceptualizes psychiatric symptoms as networks of symptoms that 
causally interact with each other. Our present study aimed to explore the symptomatic structure in children 
with attention-deficit/hyperactivity disorder (ADHD) using network analyses. Symptom network based on 18 
items of ADHD Rating Scale-IV was evaluated in 4,033 children and adolescents with ADHD. The importance 
of nodes was evaluated quantitatively by examining centrality indices, including Strength, Betweenness and 
Closeness, as well as Predictability and Expected Influence (EI). In addition, we compared the network 
structure across different subgroups, as characterized by ADHD subtypes, gender and age groups to 
evaluate its invariance. A three-factor-community structure was identified including inattentive, hyperactive 
and impulsive clusters. For the centrality indices, the nodes of Distracted and Fidget showed high closeness 
and betweenness, and represented a bridge linking the inattentive and hyperactive/impulsive domains. 
Details and Fidget were the most common endorsed symptoms in inattentive and hyperactive/impulsive 
domains respectively. On the contrary, the Listen item formed a peripheral node showing weak links with all 
other items within the inattentive cluster, and the Loss item as the least central node by all measures of 
centrality and with low predictability value. The network structure was relatively invariant across gender, age 
and ADHD subtypes/presentations. The 18 items of ADHD core symptoms appear not equivalent and 
interchangeable. Distracted and Fidget should be considered as central, or core, symptoms for further 
evaluation and intervention. The network-informed differentiation of these symptoms has the potentials to 
refine the phenotype and reduce heterogeneity 
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Gene. 2023;850. 
LACK OF ASSOCIATION BETWEEN THE Y CHROMOSOME HAPLOGROUPS AND ATTENTION DEFICIT HYPERACTIVITY 

DISORDER (ADHD) IN KOREAN BOYS. 
Kim HJ, Jin HJ. 
Attention deficit hyperactivity disorder (ADHD) is a major neurodevelopmental disorder including multiple 
environmental and biological causes. It is generally reported that the prevalence of ADHD is 4-fold higher in 
boys than in girls. Previous studies have reported that the Y-linked genes have been significantly associated 
with neuropsychiatric disorders. Furthermore, several Y chromosome haplogroups have been reported to be 
related to the development of ADHD symptoms. Therefore, we analyzed the genetic correlation between the 
Y chromosome haplogroups and ADHD in the Korean boys. Our results showed that the Y chromosome 
haplogroup O2b (xO2b1) (p = 0.053) and O3a3c1 (p = 0.050) has a trend of borderline statistical significance. 
In subtype analysis, a significant association was observed between haplogroup O3a3c1 and the ADHD/C 

[odds ratio (OR), 3.43; 95 % confidence interval (CI), 1.336 Çô 8.782; p = 0.007]. However, this association 
could not pass the Bonferroni correction for multiple testing. In conclusion, our results showed a lack of 
association between Y chromosome haplogroups and the occurrence of ADHD in Korean boys 
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Genes. 2022;13. 
DYSLEXIA AND ATTENTION DEFICIT HYPERACTIVITY DISORDER ASSOCIATED TO A DE NOVO 1P34.3 

MICRODELETION. 
Galesi O, Di Blasi FD, Grillo L, et al. 
The authors report on a boy with dyslexia and attention deficit hyperactivity disorder. A protocol of 
standardized tests assessed the neuroadaptive profile, allowing deep neuropsychiatric phenotyping. In 
addition to the diagnosis of dyslexia and attention deficit hyperactivity disorder, such methodology led to 
endeavor cognitive, adaptive, and academic skills. Chromosomal microarray analysis detected a 452.4 Kb 
de novo heterozygous microdeletion in chromosomal region 1p34.3, including seven OMIM genes. The 
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authors took a thorough evaluation of the association to the phenotype of the deleted genes. Further reports 
could strengthen such association 
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Health Psychol. 2022 Nov. 
TWIN STUDY OF CAFFEINE USE, ADHD, AND DISRUPTED SLEEP IN ABCD YOUTH. 
Dash GF, Carter E, Karalunas SL, et al. 
Objective: Evidence suggests that caffeine use disproportionately impacts sleep functioning among youth 
with attention-deficit/hyperactivity disorder (ADHD). The present study aimed to examine the association of 
caffeine use with disrupted sleep, and to test moderating effects of ADHD, by leveraging differences within 
twin pairs to explore potential quasi-causal (i.e., within-pair) effects.  
Method: N = 765 complete same-sex twin pairs (mean age at baseline = 10.14 [SD = .5]; 49% girls; 73% 
white) from the ABCD study reported caffeine use and frequency of disrupted sleep; parents reported youth 
ADHD symptoms. Cotwin control analyses predicted disrupted sleep from caffeine use, ADHD, and their 
interaction at ages 10 and 12.  
Results: Neither quasi-causal within-pair effects of caffeine use on disrupted sleep, nor a moderating role of 
ADHD were identified. Posthoc biometric models indicated that genetic and environmental influences on 
these phenotypes may change over time, such that genetic influences on disrupted sleep began to emerge 
more robustly around early adolescence. Additionally, caffeine use and disrupted sleep, but not ADHD, 
displayed overlapping genetic influences (12–13% of total phenotypic variance) at age 10.  
Conclusions: In a sample of preadolescent twin pairs from the ABCD Study, we did not observe evidence 
that caffeine use was quasi-causally associated with disrupted sleep at this early developmental stage. 
However, caffeine use and disrupted sleep emerged with shared etiologic influences. In sum, this study sets 
the stage for examining these dynamic patterns in future examinations of this critical and timely ABCD study 
sample, as genetic and environmental influences on behavior are known to change throughout development 
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Human Molecular Genetics. 2022;31:2582-94. 
CHAMP1 DISORDER IS ASSOCIATED WITH A COMPLEX NEUROBEHAVIORAL PHENOTYPE INCLUDING AUTISM, ADHD, 
REPETITIVE BEHAVIORS AND SENSORY SYMPTOMS. 
Levy T, Lerman B, Halpern D, et al. 
CHAMP1-related neurodevelopmental disorder, or CHAMP1 disorder, is a recently described genetic 
syndrome associated with developmental delay, intellectual disability, behavioral symptoms, medical 
comorbidities, and dysmorphic features. To date, literature has focused on medical review and 
dysmorphology but has yet to prospectively assess neurobehavioral core domains such as autism, or 
behavioral, language, cognitive, and sensory features. Here, we present deep phenotyping results for 11 
individuals with CHAMP1 disorder, based on approximately 12 hours of remote clinician-administered 
assessments and standardized caregiver questionnaires. Diagnoses of autism spectrum disorder were given 
to 33% of participants; repetitive behaviors and sensory-seeking symptoms were prominent in this cohort. In 
addition, 60% of participants met the criteria for attention-deficit/hyperactivity disorder (ADHD). High rates of 
ADHD and relatively low rates of treatment suggest potential areas for intervention. This study represents 
the first prospective phenotyping analysis of individuals with CHAMP1 disorder. The utility of specific 
measures as clinical endpoints, as well as benefits and limitations of remote phenotyping, are described 
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Int J Dev Neurosci. 2022 Nov;82:569-75. 
RISK FACTORS FOR ATTENTION DEFICIT HYPERACTIVITY DISORDER IN CHILDREN: A SYSTEMATIC REVIEW. 
Kavanagh R, Rafiq M, Iqbal MN. 
BACKGROUND: Attention Deficit Hyperactivity Disorder (ADHD) is among the most prevalent childhood 
disorders. This condition is characterized by impulsive behaviour, restlessness and lack of concentration. 
Various researchers have come up with diverse conclusions concerning the risk factors of ADHD.  
OBJECTIVE: However, there is a need for a comprehensive review to understand the risk factors associated 
with the development of ADHD.  
METHODS: For this, Preferred Reporting Items for Systematic Reviews (PRISMA), the methodology was 
used to extract the findings. RESULTS: The finding suggests that there are a variety of risk factors associated 
with women that may be responsible for the development of ADHD among children. The main four risk factors 
are antibiotics use in early life, insufficient omega 3 and 6 in the body, disruption of gut microbiota and 
irregular circadian rhythm. These factors, which are discussed in-depth in the review, include factors that 
affect the development of the brain in children.  
CONCLUSION: This review concludes that a variety of risk factors may contribute to the development of 
ADHD. Further, this review highlights not only the importance of metabolic physiological but also the 
importance of biopsychological aspects that leads to the development of ADHD among children. Studies 
should be conducted to check the impact of such factors holistically to minimize the risk of ADHD 
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Int J Environ Res Public Health. 2022 Nov;19. 
PARENTS' EXPERIENCES OF DIRECT AND INDIRECT IMPLICATIONS OF SLEEP QUALITY ON THE HEALTH OF CHILDREN 

WITH ADHD: A QUALITATIVE STUDY. 
Harris U, Svedberg P, Aili K, et al. 
Sleep problems represent a significant challenge for children with ADHD. However, lack of knowledge about 
how sleep affects children with ADHD in terms of their health and everyday life prevents the development 
and implementation of interventions to promote sleep. The aim of this study was to explore parents' 
experiences of direct and indirect implications of sleep quality on the health of children with ADHD. The study 
used an abductive qualitative design, with Tengland's two-dimensional theory of health as a deductive 
analysis framework. Semi-structured interviews were conducted with 21 parents of children aged 6-13 with 
ADHD and sleep problems. The parents experienced that sleep influenced their children's abilities to control 
emotional behaviour related to ADHD and to manage everyday life. Sleep also had an impact on the 
children's well-being, in relation to both vitality and self-esteem. In conclusion, the results show important 
direct and indirect implications of sleep quality on the health of children with ADHD. This implies a need for 
greater focus on sleep, to target both abilities and well-being in promoting health among children with ADHD 
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Int J Environ Res Public Health. 2022 Oct;19. 
EXPOSURE TO PARTICULATE MATTER AS A POTENTIAL RISK FACTOR FOR ATTENTION-DEFICIT/HYPERACTIVITY 

DISORDER IN KOREAN CHILDREN AND ADOLESCENTS (KNHANES 2008-2018). 
Shim JI, Byun G, Lee JT. 

Many epidemiological studies have suggested that air pollution adversely affects neurodevelopment in 
children; however, evidence is still lacking. This study aimed to determine the association between particulate 
matter (PM) exposure and attention-deficit/hyperactivity disorder (ADHD) in children and adolescents. Data 
were obtained from the Korean National Health and Nutrition Examination Survey 2008-2018. Outcomes 
were defined from parental reports of ever doctor-diagnosed ADHD, and ADHD cases were matched to non-
cases with 1:10 age-sex matching. Individual exposure levels were assigned according to each study 
participant's administrative address during the year of diagnosis. Multivariate logistic regression models were 
used to estimate odds ratios (ORs) and 95% confidence intervals (CIs). After age-sex matching at a 1:10 
ratio, the final study participants comprised 1,120 children aged 6-19 years old. A unit increase in the PM(10) 
concentration was significantly associated with ADHD (OR, 1.44; 95% CI, 1.02-2.02 per 10 µg/m(3)). The 
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association with ADHD was stronger at higher quartiles than in the lower quartiles of PM(10) exposure; 
however, it was not statistically significant. Our results suggested that long-term PM(10) exposure was 
associated with increased ADHD in children and adolescents. Children diagnosed with ADHD suffer from a 
variety of social activity and have a significant economic burden. Therefore, it is considered an important role 
to find out the effects of environmental risk factors, including air pollution, on children and adolescents. This 
may also help to increase the body of knowledge in this field and to stimulate further research 
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Int J Environ Res Public Health. 2022 Oct;19. 
DIFFICULTIES IN MANAGING CHILDREN'S LEARNING AMONG CAREGIVERS OF CHILDREN WITH ATTENTION-
DEFICIT/HYPERACTIVITY DISORDER DURING THE COVID-19 PANDEMIC IN TAIWAN: ASSOCIATION WITH WORSENED 

BEHAVIORAL AND EMOTIONAL SYMPTOMS. 
Chen CY, Chen JS, Lin CY, et al. 
School closures during the COVID-19 pandemic have interfered with children's learning. The aim of this study 
was to investigate the difficulties in managing children's learning at home and attending afterschool learning 
programs and their related factors among caregivers of children with attention-deficit/hyperactivity disorder 
(ADHD) during the COVID-19 pandemic. In total, 252 caregivers of children with ADHD completed a 
questionnaire collecting difficulties in managing children's learning, parenting styles, children's worsened 
symptoms of ADHD, oppositional defiant disorder (ODD) and emotion, and increased Internet use. 
Multivariate logistic regression models were used to examine the factors related to caregiver difficulties in 
managing children's learning and children's worsened ADHD, ODD, and emotional symptoms. In total, 85.3% 
of the caregivers had difficulty in asking their children to learn at home; 28.2% had difficulty in taking children 
to afterschool learning programs. Children's worsened anger was significantly associated with higher 
caregiver difficulty in asking children to learn at home, whereas parental overprotection was significantly 
associated with lower caregiver difficulty in asking children to learn at home. Worsened hyperactivity and 
opposition were significantly associated with higher caregiver difficulty in taking children to attend afterschool 
learning programs. Interventions for enhancing caregivers' skills to manage children's learning and children's 
behavioral and emotional symptoms should take the related factors found in this study into consideration 
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Int J Environ Res Public Health. 2022 Nov;19. 
MOTHERING A CHILD WITH ADHD IN THE ULTRA-ORTHODOX COMMUNITY. 
Budman J, Maeir A. 
Mothers of children with ADHD are at risk for negative health outcomes. The socio-cultural environment and 
everyday experiences in life roles may influence psychological health and quality of life. The ultra-orthodox 
Jewish (UOJ) community is an insular community who is underrepresented in the research, and as such 
there are no studies exploring the experience of mothering a child in this community. Thus, this study aims 
to explore the lived experience of mothering a child with ADHD in the UOJ community. The study used a 
descriptive qualitative phenomenological approach. Ten UOJ mothers of children with ADHD underwent 
semi-structured in-depth interviews to explore their lived experiences of mothering a child with ADHD. 
Thematic analysis was carried out on the transcripts. Four main themes, along with several subthemes, 
emerged from the qualitative analysis: child ADHD manifestations, maternal role, social factors, and self-
care. Unique characteristics of the UOJ culture were apparent throughout the themes. UOJ children with 
ADHD display similar manifestations of symptoms in daily life to those in the general population and maternal 
burden is similarly present. However, unique perceptions of their maternal role, social factors, and legitimacy 
for self-care shed light into the impact of this culture on their lived experience. Findings may help promote 
culturally sensitive health care and interventions for this understudied population 
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Int J Environ Res Public Health. 2022 Nov;19. 
THE EFFECTS OF WHITE NOISE ON ATTENTIONAL PERFORMANCE AND ON-TASK BEHAVIORS IN PRESCHOOLERS 

WITH ADHD. 
Lin HY. 
Several models have tentatively associated improving attention-deficit/hyperactivity disorder (ADHD) 
symptoms with arousal and external environmental stimulation. In order to further clarify the relationships 
between ADHD symptoms, arousal, and external stimulation, this study focused on exploring the 
"simultaneous" effects of white noise on intrinsic attentional performance and extrinsic on-task behaviors in 
preschoolers with and without ADHD. By using the computerized task (K-CPT 2), 104 preschoolers, including 
52 ADHD children and 52 typically developing (TD) children, were tested and analyzed for their intrinsic 
attention (such as detectability, omission errors, commission errors, and reaction time). Simultaneously, 
these preschoolers' external on-task behaviors were recorded for analysis through systematic observation. 
This study showed that white noise could effectively improve attention performance, including enhancing the 
ability to differentiate non-targets from targets and decreasing omission errors. It could also reduce the 
extrinsic hyperactive behaviors of preschoolers with ADHD. The findings of this study highlighted that white 
noise stimulation is a beneficial non-pharmacological treatment for preschoolers with ADHD. In contrast, for 
TD preschoolers, the results of this study showed that the external white noise stimuli were not only unhelpful 
but also a burden 
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Int J Methods Psychiatr Res. 2022 Dec;31:e1930. 
CARDIOVASCULAR RISK FACTORS IN ATTENTION-DEFICIT/HYPERACTIVITY DISORDER: A FAMILY DESIGN STUDY OF 

SWEDISH CONSCRIPTS. 
Garcia-Argibay M, Du RE, Hartman CA, et al. 
OBJECTIVE: (1) investigate the associations of attention-deficit/hyperactivity disorder (ADHD) with systolic 
and diastolic blood pressure, resting heart rate, pulse pressure (PP), physical fitness, and BMI; (2) explore 
whether cardiovascular risk factors and ADHD share genetic and environmental influences; (3) assess if 
pharmacological treatment for ADHD influences these associations.  
METHODS: We identified 395,978 individuals born between 1973 and 1991 who had military conscription 
examinations at a mean age of 18.3Â years (SD = 0.57) and their full-siblings within the same cohort 
(N = 208,060) by linking population-based registers in Sweden.  
RESULTS: Significantly increased risk of ADHD was observed in individuals with low systolic blood pressure 
(SBP) and PP, low physical fitness, and in those who had overweight or obesity after adjustments (adjusted 
Odds Ratio [OR] ranging from 1.10 to 1.45). Full siblings of individuals with low SBP, low physical fitness, 
and obesity were more likely to receive an ADHD diagnosis compared to full siblings without those risk factors 
(OR ranging from 1.17 to 1.31). Additionally, analyses showed robust associations between ADHD and low 
SBP, low physical fitness, and obesity, even in ADHD medication-naïve individuals.  
CONCLUSIONS: Individuals with several cardiovascular risk factors are more often diagnosed with ADHD, 
regardless of psychiatric comorbidity. These association are not explained by ADHD pharmacotherapy, 
rather, they are in part due to shared familial risk factors 
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Int J Mol Sci. 2022 Oct;23. 
POTENTIAL INFLAMMATORY BIOMARKER IN PATIENTS WITH ATTENTION DEFICIT HYPERACTIVITY DISORDER. 
Park JH. 
Attention deficit hyperactivity disorder (ADHD) is a prevalent neurodevelopmental disorder that can diminish 
the quality of life of both children and adults in academic, occupational, and social contexts. The kynurenine 
pathway (KP) contains a set of enzymatic reactions involved in tryptophan (TRP) degradation. It is known to 
be associated with the risk of developing ADHD. This review will address the KP and underlying mechanism 
of inflammation in ADHD. Potential inflammatory biomarkers reported in the most recent studies are 
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summarized. Although a strong neuroimmunological basis has been established due to the advances of 
recent neurobiological research, the pathophysiology of ADHD remains unclear 
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Int J Psychophysiol. 2022 Dec;182:190-99. 
EVALUATION OF FRONTO-CEREBELLAR NEUROMETABOLITES IN YOUTH WITH ADHD COMPARED TO THE HEALTHY 

GROUP AND THEIR ASSOCIATIONS WITH COGNITIVE AND BEHAVIORAL CHARACTERISTICS: A PROTON MAGNETIC 

SPECTROSCOPY STUDY. 
Bakhshi S, Tehrani-Doost M, Batouli SAH. 
Attention deficit hyperactivity disorder (ADHD) is one of the most prevalent neurodevelopmental disorders, 
characterized by specific cognitive and behavioral symptoms. A fronto-cerebellar circuit is implicated in 
ADHD, and despite its role in cognitive/behavioral aspects, the neurochemical alterations in this circuit are 
not well understood. The present study aimed to compare neurometabolite ratios of the fronto-cerebellar 
circuit between ADHD and control participants, using proton magnetic resonance spectroscopy ((1)H MRS), 
and investigate whether neurometabolites related to cognitive/behavioral characteristics. Fifteen children and 
adolescents with ADHD and 19 healthy control participants were enrolled in this study. Two single voxel 
spectra localized in the right dorsolateral prefrontal cortex (DLPFC) and left Crus 1 were taken using PRESS 
sequence. Also, neuropsychological performance and behavioral characteristics were evaluated. Results 
revealed that ADHD group had different choline/creatine and glutamate/creatine ratios in the fronto-
cerebellar circuit, compared to healthy controls. The current study also found significant correlations between 
neurometabolite ratios in the both region of interests (ROIs) and cognitive/behavioral characteristics. These 
results suggest that alterations in fronto-cerebellar metabolites may be related to cognitive and behavioral 
deficits in ADHD, and also, our findings highlight that the cerebellum may be involved in the pathophysiology 
of ADHD 
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Int J Environ Res Public Health. 2022;19. 
EFFECTS OF MINDFULNESS-BASED INTERVENTIONS IN CHILDREN AND ADOLESCENTS WITH ADHD: A SYSTEMATIC 

REVIEW AND META-ANALYSIS OF RANDOMIZED CONTROLLED TRIALS . 
Lee YC, Chen CR, Lin KC. 
(1) Objectives: Mindfulness-based interventions have been receiving more attention in research for children 
with attention deficit hyperactivity disorder (ADHD). This systematic review and meta-analysis was conducted 
to synthesize the findings of randomized controlled trials of mindfulness-based interventions for children with 
ADHD.  
(2) Methods: A systematic review and meta-analysis of studies published in PsycINFO, PubMed, and Google 
Scholar was completed from the earliest available date until August 2022.  
(3) Results: The systematic review included 12 studies that met the inclusion criteria, and the meta-analysis 
included 11 studies. The overall effect sizes were g = 0.77 for ADHD symptoms, g = 0.03 for externalizing 
behavior problem, g = 0.13 for internalizing behavior problem, g = 0.43 for mindfulness, and g = 0.40 for 
parental stress for children with ADHD.  
(4) Conclusion: The results of this systematic review highlight the possible benefits of mindfulness-based 
interventions for children with ADHD 
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Int J Environ Res Public Health. 2022;19. 
PARENTS EXPERIENCES OF DIRECT AND INDIRECT IMPLICATIONS OF SLEEP QUALITY ON THE HEALTH OF CHILDREN 

WITH ADHD: A QUALITATIVE STUDY. 
Harris U, Svedberg P, Aili K, et al. 
Sleep problems represent a significant challenge for children with ADHD. However, lack of knowledge about 
how sleep affects children with ADHD in terms of their health and everyday life prevents the development 
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and implementation of interventions to promote sleep. The aim of this study was to explore parents 
experiences of direct and indirect implications of sleep quality on the health of children with ADHD. The study 
used an abductive qualitative design, with Tengland’s two-dimensional theory of health as a deductive 
analysis framework. Semi-structured interviews were conducted with 21 parents of children aged 6-13 with 
ADHD and sleep problems. The parents experienced that sleep influenced their children’s abilities to control 
emotional behaviour related to ADHD and to manage everyday life. Sleep also had an impact on the 
children’s well-being, in relation to both vitality and self-esteem. In conclusion, the results show important 
direct and indirect implications of sleep quality on the health of children with ADHD. This implies a need for 
greater focus on sleep, to target both abilities and well-being in promoting health among children with ADHD 

 
……………………………………………………………………….. 

 
 
 

Int J Environ Res Public Health. 2022;19. 
ADJUVANT THERAPY FOR ATTENTION IN CHILDREN WITH ADHD USING GAME-TYPE DIGITAL THERAPY. 
Kim SC, Lee H, Lee HS, et al. 
Children diagnosed with attention deficit hyperactivity disorder (ADHD) require early intervention and 
sustained treatment. This study used a game-based digital treatment planning NeuroWorld DTx to analyze 
the impact on attention and cognitive function in children with ADHD. Thirty children diagnosed with ADHD 
were recruited and subjected to a four-week NeuroWorld DTx digital treatment. To assess the impact of the 
digital therapeutic therapy on children’s attention, we used the comprehension attention test (CAT) and 
Korean ADHD Rating Scale (K-ARS). Clinical global impression (CGI) and the Korean-child behavior 

checklist (K-CBCL 6Çô18) were used to examine the degree of improvement in ADHD. After four weeks, 
significant differences in the sensitivity and response style indices were noted, as compared with the baseline 
in the CAT test; in the case of K-ARS and CGI, a moderate decrease in ADHD was confirmed. The study 

achieved better results for the total behavior problems belonging to the K-CBCL assessment. Game-based 
digital therapy intervention can be a treatment method that elicits interest and satisfaction in children with 
ADHD and can be used as an adjunct to drug therapy to improve the quality of life and strengthen attention 
in children with symptoms of ADHD 
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Int J Epidemiol. 2021;50:475-84. 
EARLY-LIFE ANTIBIOTIC USE AND RISK OF ATTENTION-DEFICIT HYPERACTIVITY DISORDER AND AUTISM SPECTRUM 

DISORDER: RESULTS OF A DISCORDANT TWIN STUDY. 
Slob EMA, Brew BK, Vijverberg SJH, et al. 
Background: Development of the gut-brain axis in early life may be disturbed by antibiotic use. It has been 
hypothesized that this disturbance may contribute to development of neurodevelopmental disorders, 
including autism spectrum disorder and attention-deficit hyperactivity disorder. We aimed to assess the 
association between antibiotic use in early life and the risk of developing attention-deficit hyperactivity 
disorder or autism spectrum disorder, while controlling for shared genetic and environmental factors in a 
discordant twin design.  
Methods: We conducted a cohort study in twins (7-12 years; 25 781 twins) from the Netherlands Twin 
Register (NTR) and a replication study in the Childhood and Adolescent Twin Study in Sweden (CATSS; 
7946 9-year-old twins). Antibiotic use was recorded before age 2 years. Attention-deficit hyperactivity 
disorder and autism spectrum disorder were parent-reported in the Netherlands Twin Register and register-
based in the Childhood and Adolescent Twin Study in Sweden.  
Results: Early-life antibiotic use was associated with increased risk of attention-deficit hyperactivity disorder 
development [pooled odds ratio (OR) 1.10, 95% confidence interval (CI) 1.02-1.17] and autism spectrum 
disorder (pooled OR 1.15, 95% CI 1.06-1.25) in a case-control design. When restricting to monozygotic twin 
pairs discordant for the outcome, associations disappeared for both disorders in both cohorts (attention-
deficit hyperactivity disorder OR 0.90, 95% CI 0.48-1.69 and OR 0.80, 95% CI 0.37-1.76, and autism 
spectrum disorder OR 0.66, 95% CI 0.38-1.16 and OR 0.29, 95% CI 0.02-4.50, respectively).  
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Conclusions: Our findings suggest that the association between early-life antibiotic use and risk of attention-
deficit hyperactivity and autism spectrum disorder may be confounded by shared familial environment and 
genetics 
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Int J Epidemiol. 2021;50:i172. 
MATERNAL AUTOIMMUNE DISEASE AND INCREASED ATTENTION DEFICIT/HYPERACTIVITY DISORDER AMONG 

OFFSPRING: A COHORT STUDY AND META-ANALYSIS. 
Nielsen T, Nassar N, Shand A, et al. 
Background: Maternal autoimmune disease (AD) has been associated with increased neurodevelopmental 
disorders in the offspring, but few studies have assessed Attention Deficit/Hyperactivity Disorder (ADHD).  
Methods: Population-based record linkage study of 831,718 singleton term births in New South Wales, 
Australia, 2000-2010. Any maternal AD and specific autoimmune conditions were identified from hospital 
admission data, and ADHD in children was ascertained from stimulant prescription data (up to 2014). The 
association between maternal AD and ADHD was examined using Cox regression analysis after propensity 
score matching (1:4) to control for maternal confounders. A systematic review and meta-analyses were 
conducted, and pooled hazard ratios (HR) were calculated using random-effects meta-analysis with inverse 
variance weights.  
Results: Of 831,718 births, 12,767 (1.5%) women had AD. In a propensity score-matched cohort (n-63,050) 
maternal AD was associated with ADHD in offspring: 'any AD' (HR 1.30, 95%CI 1.15-1.46), type-1 diabetes 
(T1D) (HR 2.23, 95%CI 1.66-3.00), psoriasis (HR 1.66, 95%CI 1.02-2.70) and rheumatic fever/carditis (HR 
1.75, 95%CI 1.06-2.89). Five studies including ours were identified and included in the meta-analysis. Any 
AD (2 studies: HR 1.20, 95%CI 1.03-1.38), T1D (4 studies: HR 1.53, 95%CI 1.27- 1.85), hyperthyroidism (3 
studies: HR 1.15, 95%CI 1.06-1.26), and psoriasis (2 studies: HR 1.31, 95%CI 1.10-1.56) were associated 
with ADHD.  
Conclusions: Maternal ADs were associated with increased ADHD among offspring, suggesting shared 
underlying genetic vulnerability or a role for maternal immune activation in fetal neurodevelopment. Future 
studies are required to understand causal mechanisms and identify interventions. Key messages: Maternal 
ADs are associated with increased ADHD among offspring 
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Int J Epidemiol. 2021;50:496-509. 
ARE THERE CAUSAL RELATIONSHIPS BETWEEN ATTENTION-DEFICIT/HYPERACTIVITY DISORDER AND BODY MASS 

INDEX? EVIDENCE FROM MULTIPLE GENETICALLY INFORMED DESIGNS. 
Liu CY, Schoeler T, Davies NM, et al. 
Background: Attention-deficit/hyperactivity disorder (ADHD) and body mass index (BMI) are associated. 
However, it remains unclear whether this association reflects causal relationships in either direction or 
confounding. Here, we implemented genetically informed methods to examine bidirectional causality and 
potential confounding.  
Methods: Three genetically informed methods were employed: (i) cross-lagged twin-differences analyses to 
assess bidirectional effects of ADHD symptoms and BMI at ages 8, 12, 14 and 16 years in 2386 pairs of 
monozygotic twins from the Twins Early Development Study (TEDS); (ii) within- and between-family ADHD 
and BMI polygenic score (PS) analyses in 3320 pairs of dizygotic TEDS twins; and (iii) two-sample 
bidirectional Mendelian randomization (MR) using summary statistics from genome-wide association studies 
(GWAS) on ADHD (N -+ 55,374) and BMI (N -+ 806,834).  
Results: Mixed results were obtained across the three methods. Twin-difference analyses provided little 
support for cross-lagged associations between ADHD symptoms and BMI over time. PS analyses were 
consistent with bidirectional relationships between ADHD and BMI, with plausible time-varying effects from 
childhood to adolescence. MR findings also suggested bidirectional causal effects between ADHD and BMI. 
Multivariable MR indicated the presence of substantial confounding in bidirectional relationships.  
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Conclusions: The three methods converged to highlight multiple sources of confounding in the association 
between ADHD and BMI. PS and MR analyses suggested plausible causal relationships in both directions. 
Possible explanations for mixed causal findings across methods are discussed 
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Iran J Psychiatr Behav Sci. 2022;16. 
MOLECULAR STUDY OF STIN2 (INTRON 2) VARIANT OF THE SLC6A4 GENE IN CHILDREN AND ADOLESCENTS WITH 

ATTENTION-DEFICIT HYPERACTIVITY DISORDER. 
Amiri S, Asadian M, Khaniani MS, et al. 
Background: Attention-deficit hyperactivity disorder (ADHD) is one of the most familiar childhood psychiatric 
disorders. Various molecular genetic reviews indicate that genes are crucial in susceptibility to ADHD. The 
serotonin transporter gene (SLC6A4) has polymorphisms that correlate with ADHD. The association between 
ADHD and SLC6A4 gene variants in the Iranian population has not been investigated yet.  
Objectives: This study analyzed the STin2 (intron 2) variant of the SLC6A4 gene in Iranian children and 
adolescents with ADHD. Methods: In this retrospective case-control study, 86 ADHD patients and 99 healthy 
volunteers aged five to 14 were enrolled as the case and control groups, respectively. The STin2 (intron2) 
fragment of the SLC6A4 gene was amplified using specific primers by conventional PCR, and three STin2 
alleles of the SLC6A4 gene (STin2.9, STin2.10, and STin2.12) were examined using the acrylamide gel 
method.  
Results: We found no significant difference between the ADHD and control groups in STin2.9 (34.9% vs. 
39.4%, P-value = 0.824), STin2.10 (29.1% vs. 23.2%, P-value = 1.354), and STin2.12 (36% vs. 36.4%, P-
value = 0.986) variants.  
Conclusions: There was no association between the frequency of STin2 variant alleles of the SLC6A4 gene 
and ADHD, but in the study of risk estimation, allele 10 of this variant was a risk allele in ADHD patients 
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J Affect Disord. 2023 Jan;320:428-35. 
HAIR BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) AS PREDICTOR OF DEVELOPING PSYCHOPATHOLOGICAL 

SYMPTOMS IN CHILDHOOD. 
Pauli-Pott U, Cosan AS, SchloÃŸ S, et al. 
BACKGROUND: Dysregulation in the expression of neurotrophins is implicated in the pathophysiology of 
several mental disorders. Peripheral brain-derived neurotrophic factor (BDNF) can be measured in hair and 
might represent a marker of adequate neuroplasticity regulation. In early developmental periods, 
neuroplasticity regulation might be particularly important, but BDNF markers have not yet been analyzed in 
this regard. We used the hair-BDNF concentration (HBC) to investigate the prediction of emerging symptoms 
of anxiety/depressive and attention-deficit hyperactivity disorder (ADHD) in the developmentally crucial 
period from preschool to school age.  
METHODS: 117 children (58 girls, 59 boys) participated in a longitudinal study at the ages of 4-5 (T1) and 8 
(T2) years. At T1, HBC was measured in a 3Â cm hair segment. At T1 and T2, symptom domains were 
assessed using a multi-method (clinical interview, questionnaire) and multi-informant approach.  
RESULTS: T1 HBC was significantly negatively associated with T1 anxiety/depressive symptoms (r = -0.27) 
and predicted T2 anxiety disorder symptoms (r = -0.34) after controlling for the T1 symptoms. T1 HBC also 
predicted T2 depressive disorder symptoms (r = -0.18) but was not associated with ADHD symptom 
development.  
LIMITATIONS: BDNF hair analysis is a new method with a not yet large number of studies on methodological 
issues. Our study adds evidence to the validity of the method.  
CONCLUSIONS: Prediction of anxiety/depressive symptom development by HBC was shown. As this study 
was the first to use HBC in this context, cross-validation is necessary and worthwhile. HBC might prove to 
constitute a useful, non-invasive early marker of risk for anxiety/depressive disorders in childhood 
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J Affect Disord. 2023 Jan;321:265-71. 
ADHD AND EATING DISORDERS IN CHILDHOOD AND ADOLESCENCE: AN UPDATED MINIREVIEW. 
Villa FM, Crippa A, Rosi E, et al. 
INTRODUCTION: Attention-deficit/hyperactivity disorder (ADHD) is one of the most common 
neurodevelopmental disorders with overactivity, inattention, and impulsivity as core characteristics. Recent 
studies suggest that 20Â % of children with ADHD also develop eating disorders (EDs), including anorexia 
nervosa, bulimia nervosa and binge eating disorder. However, little is still known about the association 
between ADHD and EDs through childhood and adolescence. Therefore, in the present work, we aimed at 
summarizing the studies investigating ADHD and EDs in childhood and adolescence over the last 10 years.  
METHODS: A bibliographic search on PubMed was performed and only studies that considered participants 
with a clinical diagnosis of ADHD, patients with an additional diagnosis of EDs and patients under 18 years 
old were included. A total of 7 studies were retrieved and included in the review.  
RESULTS: The majority of the reviewed studies (N = 5) found an association between ADHD and EDs, while 
the remaining, which focused on EDs symptomatology, reported either lower ED symptoms in ADHD sample 
or no association between ADHD and EDs.  
LIMITATIONS: the majority of studies were cross-sectional and therefore did not allow to explore the 
longitudinal casual relation between ADHD and EDs in the developmental age range considered.  
CONCLUSIONS: This review suggests that children and adolescents with ADHD should be monitored for 
EDs. However, more work is still needed to better understand the clinical implications of the comorbidity 
between ADHD and EDs and its prospective impact on the life of children and adolescents with ADHD 
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J Am Acad Child Adolesc Psychiatry. 2022 Dec;61:1445-54. 
HOMOTYPIC AND HETEROTYPIC CONTINUITY IN PSYCHIATRIC SYMPTOMS FROM CHILDHOOD TO ADOLESCENCE IN 

AUTISTIC YOUTH. 
Carter L, V, Hollocks MJ, Chandler S, et al. 
OBJECTIVE: Despite the high prevalence of mental health difficulties in autistic youth, little is known about 
the patterns of developmental continuity and change in psychiatric symptoms between childhood and 
adolescence. Using a stratified community-derived sample of autistic youth (n = 101; 57 males, 44 females), 
within (homotypic) and between (heterotypic) domain associations between psychiatric symptoms in 
childhood to adolescence were tested as well as whether any continuities were moderated by sex, IQ, autism 
symptom severity, social economic status, or parental mental health.  
METHOD: Autistic youth were assessed for emotional, behavioral, and attention-deficit/hyperactivity disorder 
(ADHD) symptoms in childhood (age 4-9 years) and adolescence (age 13-17 years) using parental diagnostic 
interview. Unadjusted and adjusted (accounting for the co-occurrence of psychiatric symptoms in childhood) 
weighted models tested homotypic and heterotypic associations between symptoms in childhood and 
adolescence. Moderation of significant pathways was tested using multigroup analysis.  
RESULTS: Adolescent psychiatric symptoms all were predicted by symptoms of their childhood counterparts 
(emotional symptoms incidence rate ratio [IRR] = 1.06, 95% CI = 1.02-1.10, p < .01; behavioral symptoms 
IRR = 1.38, 95% CI = 1.21-1.59, p < .01; ADHD symptoms IRR = 1.11, 95% CI = 1.05-1.19, p < .01); the only 
heterotypic pathway that remained significant in adjusted analyses was from childhood emotional symptoms 
to adolescent ADHD symptoms (IRR = 1.04, 95% CI = 1.01-1.07, p = .02). Sex moderated the homotypic 
ADHD symptoms pathway; associations were significant in female participants only. Child IQ moderated the 
homotypic behavioral symptoms pathway; the association was stronger in youth with IQ <70.  
CONCLUSION: Results from this community-based sample suggest that psychiatric symptoms in autistic 
youth exhibit substantial developmental continuity and thus highlight the importance of early screening and 
intervention. Sex and IQ may be important factors to consider when predicting likelihood of stability of ADHD 
and behavioral symptoms 
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J Am Psychiatr Nurses Assoc. 2022 Nov;28:464-73. 
ALGORITHMIC PREDICTION OF RESTRAINT AND SECLUSION IN AN INPATIENT CHILD AND ADOLESCENT PSYCHIATRIC 

POPULATION. 
Magnowski SR, Kick D, Cook J, et al. 
BACKGROUND: Restraint and seclusion in an inpatient child and adolescent psychiatric population 
adversely affects the overall value and safety of care. Due to adverse events, negative outcomes, and 
associated costs, inpatient psychiatric hospitals must strive to reduce and ultimately eliminate restraint and 
seclusion with innovative, data-driven approaches.  
AIM: To identify patterns of client characteristics that are associated with restraint and seclusion in an 
inpatient child and adolescent psychiatric population.  
METHOD: A machine learning application of fast-and-frugal tree modeling was used to analyze the sample.  
RESULTS: The need for restraint and seclusion were correctly predicted for 73% of clients at risk (sensitivity), 
and 76% of clients were correctly predicted as negative or low risk (specificity), for needing restraint and 
seclusion based on the following characteristics: having a disruptive mood dysregulation disorder and/or 
attention-deficit hyperactivity disorder diagnosis, being 12 years old or younger, and not having a depressive 
and/or bipolar disorder diagnosis.  
CONCLUSIONS: The client characteristics identified in the predictive algorithm should be reviewed on 
admission to recognize clients at risk for restraint and seclusion. For those at risk, interventions should be 
developed into an individualized client treatment plan to facilitate a proactive approach in preventing 
behavioral emergencies requiring restraint and seclusion 
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J Atten Disord. 2023 Jan;27:3-13. 
EPIDEMIOLOGICAL STUDY OF PARENTAL OBSTRUCTIVE SLEEP APNEA AND SUBSEQUENT RISK OF ADHD IN THEIR 

CHILDREN: A NATIONWIDE POPULATION-BASED STUDY. 
Chen I, et al. 
OBJECTIVE: Obstructive sleep apnea (OSA), with daytime drowsiness, nocturnal hypoxia, could result in 
systemic inflammation and oxidative damage. We hypothesize that parental OSA, with chronic systemic 
inflammation and oxidative stress, might contribute to children's neurodevelopmental disorders, such as 
ADHD.  
METHOD: By linking National Birth Registry with the National Health Insurance Research Database, Taiwan, 
we identified 2006-2015 birth cohort, which comprised 1,723,873 singleton live births, and conducted a 
nested case-control study. We included children with ADHD and compared them with non-ADHD controls 
matched with ADHD case on index date. Conditional logistic regression was utilized to calculate adjusted 
odds ratio (aOR) when investigating the association between parental diseases with risk of ADHD in their 
offspring.  
RESULTS: The aOR (95% CI) of offspring's ADHD was 1.758 (1.458-2.119) with paternal OSA and 2.159 
(1.442-3.233) with maternal OSA. The subgroup analysis revealed different effects of parental diseases 
among children's gender.  
CONCLUSION: Our study demonstrates an association in parental OSA and offspring ADHD, which could 
inspire further research to clarify the mechanisms 
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J Atten Disord. 2023 Jan;27:201-13. 
EVALUATION OF THE REGULATORY ROLE OF CIRCADIAN RHYTHM RELATED LONG NON-CODING RNAS IN ADHD 

ETIOGENESIS. 
Akkaya C, Karadag M, Hangul Z, et al. 
OBJECTIVE: ADHD is associated with increased sleep problems and circadian rhythm disturbances. This 
study aimed to examine ADHD patients and healthy controls in terms of chronotypic features and expression 
levels of CLOCK, PER1, lncRNA HULC, lncRNA UCA1.  
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METHOD: Eighty-three children were included (43 ADHD). Conner's Parent Rating Scale-Revised Short 
Form, Childhood Chronotype Questionnaire, Children's Sleep Disorders Scale were administered. Gene 
expression levels were studied from peripheral blood.  
RESULTS: Evening chronotype, sleep initiation/maintenance disorder, sleep-wake transition disorder, 
excessive sleepiness disorder were higher in the ADHD group compared to the controls in the scales 
reported by the parents. Expression levels of all examined genes were statistically significantly higher in the 
ADHD group. There was no significant relationship between genes and sleep parameters in the ADHD group.  
CONCLUSION: Our study provides the first evidence that lncRNA HULC and lncRNA UCA1 might have a 
role in the etiology of ADHD 
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J Atten Disord. 2023 Jan;27:159-68. 
CAN WE EXPAND THE POOL OF YOUTH WHO RECEIVE TELEHEALTH ASSESSMENTS FOR ADHD? COVARIATES OF 

SERVICE UTILIZATION. 
Pritchard AE, Northrup RA, Peterson R, et al. 
BACKGROUND: During the COVID-19 pandemic, telehealth became widely utilized for healthcare, including 
psychological evaluations. However, whether telehealth has reduced or exacerbated healthcare disparities 
for children with Attention-Deficit/Hyperactivity Disorder (ADHD) remains unclear.  
METHODS: Data (race, ethnicity, age, insurance type, ADHD presentation, comorbidities, and distance to 
clinic) for youth with ADHD (M(age)=10.97, SD(age)=3.42; 63.71% male; 51.62% White) were extracted from 
the medical record at an urban academic medical center. Three naturally occurring groups were compared: 
those evaluated in person prior to COVID-19 (n=780), in person during COVID-19 (n=839), and via telehealth 
during COVID-19 (n=638).  
RESULTS: Children seen via telehealth were significantly more likely to be older, White, have fewer comorbid 
conditions, and live farther from the clinic than those seen in person.  
CONCLUSIONS: The current study suggests that telehealth has not eliminated barriers to care for 
disadvantaged populations. Providers and institutions must take action to encourage telehealth use among 
these groups 
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J Atten Disord. 2023 Jan;27:214-19. 
THE EFFECT OF ADDING SOUR CHERRY CONCENTRATE TO THE USUAL TREATMENT OF ATTENTION DEFICIT 

HYPERACTIVITY DISORDER IN 6 TO 12 YEARS OLD CHILDREN. 
Soltanifar A, Moharreri F, Bakhtiari E, et al. 
INTRODUCTION: This study aimed to evaluate the efficacy of sour cherry concentrate in symptoms of 
Attention Deficit Hyperactivity Disorder (ADHD).  
METHODS: In a randomized clinical trial, 70 children with ADHD referred to the psychiatric clinic of Ibn-e-
Sina Hospital, Mashhad, Iran, in 2021 were selected. Patients were randomly divided into two groups. The 
intervention group received 75ml of sour cherry concentrate twice daily in addition to the routine treatment 
for 2weeks. The patients were evaluated using The Conner's Parent Rating Scale (CPRS) before and after 
the study by a psychiatry resident.  
RESULTS: Based on the findings, no significant differences were observed between the groups in change 
percent of Cognitive impairments (p=.317), Hyperactivity/impulsivity (p=.525), Oppositional (p=.986), and 
ADHD index (p=.451). Moreover, 28.6% and 31.4% of children with ADHD consuming the concentrate 
presented abdominal pain, and asthenia, respectively.  
CONCLUSION: The present study did not indicate a beneficial effect of sour cherry concentrate on symptoms 
of ADHD 
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J Atten Disord. 2023 Jan;27:98-107. 
PARENT TRAINING FOR ADHD: NO GENERALIZATION OF EFFECTS FROM CLINICAL TO NEUROPSYCHOLOGICAL 

OUTCOMES IN A RANDOMIZED CONTROLLED TRIAL. 
Lambek R, Sonuga-Barke EJS, Lange AM, et al. 
OBJECTIVE: We examined whether neuropsychological function in ADHD can be improved by the New 
Forest Parenting Programme (NFPP), that combines standard parenting strategies with self-regulatory skills 
training, or predict ADHD and quality of life (QoL) treatment effects.  
METHOD: Participants were 93 medication-naive preschool children with ADHD (3-7 years) randomized to 
either NFPP (n = 49) or treatment as usual (TAU; n = 44) in a recent randomized trial. Laboratory measures 
of executive function, reaction time variability, and delay of gratification were collected along with parent 
ratings of ADHD and QoL at baseline and post treatment. Ratings were collected again at 3-month follow-
up.  
RESULTS: NFPP did not improve neuropsychological function (compared to TAU), and baseline 
neuropsychological function did not predict treatment-related ADHD or QoL effects.  
CONCLUSION: Although NFPP includes a neuropsychological training element and has been shown to 
improve several clinical outcomes, it did not improve the neuropsychological functions it targets 
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J Atten Disord. 2023 Jan;27:89-97. 
THE ASSESSMENT OF THE IMPACT OF TRAINING WITH VARIOUS METACOGNITIVE INTERVENTIONS ON THE 

ENHANCEMENT OF VERBAL FLUENCY IN SCHOOL-AGE CHILDREN WITH ADHD. 
Kajka N, Kulik A. 
Objective: The aim of this study was to examine whether a 3-month training with the use of the metacognitive 
strategies would strengthen the executive function related to verbal fluency in children with ADHD. 
Method: A total of 45 children with ADHD (M = 10.41; SD = 1.42) participated in a randomized experimental 
study. They completed the Verbal Fluency Test before and after training. 
Result: The results of the Wilcoxon test show that the mean number of words spoken by the child increased 
significantly in the second measurement compared to the first in the Mind Map group (M = 11.40; SD = 4.03; 
M = 14.46; SD = 3.99; p = .001). Unfortunately, this data did not apply to the Sketchnoting Group. Verbal 
regression was noted in the Control Group. 
Conclusion: The results provide an interesting premise for further research. Perhaps Mind Mapping training 
can be an effective form of complementary therapy. 
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J Atten Disord. 2023 Jan;27:111-23. 
SURVEILLANCE OF ADHD AMONG CHILDREN IN THE UNITED STATES: VALIDITY AND RELIABILITY OF PARENT 

REPORT OF PROVIDER DIAGNOSIS. 
Cree RA, Bitsko RH, Danielson ML, et al. 
OBJECTIVE: To evaluate the appropriateness of parent-reported diagnosis of ADHD as a surveillance tool.  
METHOD: We assessed agreement over time and concordance of parent-reported diagnosis against 
Diagnostic and Statistical Manual (DSM)-based criteria. We compared concordance of diagnosis and DSM-
based criteria by child characteristics, including treatment.  
RESULTS: Among parents who reported their child had ADHD, 95.7% reported it again 2 years later. 
Comparing diagnosis with DSM-based criteria, specificity and negative predictive value were high, sensitivity 
was moderate, and positive predictive value was low. Most children with an ADHD diagnosis who did not 
meet DSM-based criteria met sub-threshold criteria or took medication for ADHD. Concordance differed by 
child characteristics and treatment.  
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CONCLUSION: Parent-reported diagnosed ADHD is reliable over time. Although differences in parent-
reported diagnosis and DSM-based criteria were noted, these may reflect children with milder symptoms or 
treated ADHD. Parent-report of child ADHD ever diagnosis may be a good single-item indicator for 
prevalence 
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J Atten Disord. 2023 Jan;27:145-51. 
SENSORY PROCESSING IN CHILDREN AND ADOLESCENTS WITH ATTENTION DEFICIT HYPERACTIVITY DISORDER. 
Rani I, Agarwal V, Arya A, et al . 
OBJECTIVE: The aim is to assess the sensory processing difficulties in children and adolescents with ADHD.  
METHODS: In all, 38 ADHD children of the age group 6-14 years and 34 age- and gender-matched typically 
developing controls were included in the study. Sensory processing was assessed on Child Sensory Profile-
2. The child behavior checklist and Weiss functional impairment rating scale were applied to assess 
behavioral problems and functional impairments, respectively.  
RESULTS: A significantly higher sensory processing difficulties were seen in children with ADHD than 
typically developing controls. There were positive correlations between the scores of Child sensory profile 2 
with internalizing (with Sensitivity p=.036, Avoiding p=.001, and Auditory p=.029) and externalizing T scores 
(with Seeking p=.031, Movement p=.025, and Visual p=.018) of CBCL and also with scores of Weiss 
functional impairment rating scale (with Seeking p=.001, Sensitivity p=.019, and Registration p=.045).  
CONCLUSIONS: Sensory problems were common in children with ADHD and add to the functional 
impairments 
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J Atten Disord. 2023 Jan;27:124-44. 
FAMILIAL FACTORS ASSOCIATED WITH SYMPTOM SEVERITY IN CHILDREN AND ADOLESCENTS WITH ADHD: A 

META-ANALYSIS AND SUPPLEMENTAL REVIEW. 
Jendreizik LT, von WE, DÃ¶pfner M. 
OBJECTIVE: Both genetic and environmental factors contribute to the development of ADHD, but 
associations between risk factors and ADHD symptom severity in affected children remain unclear. This 
systematic review and meta-analysis synthesizes evidence on the association between familial factors and 
symptom severity in children with ADHD (PROSPERO CRD42020076440).  
METHOD: PubMed and PsycINFO were searched for eligible studies.  
RESULTS: Forty-three studies (N=11,123 participants) were meta-analyzed. Five additional studies 
(N=2,643 participants) were considered in the supplemental review. Parenting stress (r=.25), negative 
parenting practices (r=.19), broken parental partnership (r=.19), critical life events (r=.17), parental 
psychopathologies (r=.14-.16), socioeconomic status (r=-.10), and single-parent family (r=.10) were 
significantly associated with ADHD symptom severity.  
CONCLUSION: These results suggest that psychosocial familial factors show small but significant 
associations with symptom severity in children with ADHD. Implications are discussed 
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J Atten Disord. 2023 Jan;27:38-45. 
COGNITIVE DISENGAGEMENT SYNDROME (SLUGGISH COGNITIVE TEMPO) AND SOCIAL WITHDRAWAL: ADVANCING 

A CONCEPTUAL MODEL TO GUIDE FUTURE RESEARCH. 
Fredrick JW, Becker SP. 
OBJECTIVE: Cognitive disengagement syndrome (CDS, previously referred to as "sluggish cognitive 
tempo") is a set of symptoms defined by excessive mind-wandering, mental confusion, and slowed behaviors 
separable from ADHD inattention.  
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METHOD: Of the studies examining CDS in relation to psychosocial outcomes, one of the most established 
correlates of CDS is social withdrawal. However, studies have yet to test mechanisms or moderators of the 
link between CDS and social withdrawal.  
RESULTS: As a parallel body of literature exists in developmental psychopathology on predictors and 
outcomes of social withdrawal, this review merges these literatures to identify themes and advance a 
conceptual model on mechanisms (e.g., task-unrelated thought, poorer social skills, social anxiety) and 
moderators (e.g., behavioral inhibition, sex, parenting) of the CDS and social withdrawal link.  
CONCLUSION: This model provides researchers and clinicians with testable hypotheses to better 
understand the link between CDS and social withdrawal and to identify treatment targets to improve the 
social engagement of youth with CDS 
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J Atten Disord. 2023 Jan;27:46-56. 
SECURE ATTACHMENT RELATIONSHIPS WITH MOTHERS, BUT NOT FATHERS, MODERATE THE RELATION BETWEEN 

ATTENTION-DEFICIT HYPERACTIVITY SYMPTOMS AND DELINQUENCY IN ADOLESCENTS. 
Widmer A, Havewala M, Bowker JC, et al. 
OBJECTIVE: The primary aim of this study was to investigate whether secure parent-adolescent attachment 
relationships moderate the longitudinal relation between 9th grade (G9) ADHD symptoms and 12th grade 
(G12) delinquency within a community sample of adolescents.  
METHOD: Participants included 335 9th graders, of whom 203 students completed measures again in 12th 
grade. Mothers reported on their adolescents' ADHD symptoms and aggressive behaviors, and adolescents 
completed measures of their own delinquency and their perceptions of their parent-child attachment 
relationships.  
RESULTS: G9 ADHD symptoms predicted increases in G12 delinquent behaviors. Moderation effects were 
also found such that G9 ADHD symptoms predicted G12 delinquency for only those youth who had moderate 
or low levels of secure maternal attachment. Paternal secure attachment did not moderate the effects of G9 
ADHD symptoms on G12 delinquency.  
CONCLUSION: Findings underscore the importance of secure maternal attachment relationships in the 
development of delinquency among adolescents with ADHD symptoms 
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J Atten Disord. 2023 Jan;27:26-37. 
THE IMPACT OF INTERNALIZING SYMPTOMS ON IMPAIRMENT FOR CHILDREN WITH ADHD: A STRENGTH-BASED 

PERSPECTIVE. 
Bethune SC, Rogers MA, Smith D, et al. 
BACKGROUND/PURPOSE: This study aims to investigate the influence of internalizing symptoms on 
functional impairment for children with ADHD, and whether child strengths and parenting strengths have 
moderating effects on this relationship.  
METHODS: Participants included 209 children with ADHD and their caregivers seeking mental health 
services between the ages of 5 and 11 years. To examine the moderating effects of parenting and child 
strengths, ordinary least squares regression models were tested using the PROCESS macro for SPSS 
(v3.5).  
RESULTS: Results suggest that levels of internalizing symptoms influence functional impairment in children 
with ADHD. Child strengths moderate the relationship between internalizing symptoms and functional 
impairment when internalizing symptoms are medium to high.  
CONCLUSION: Findings from this study demonstrate that facilitating child strengths can help moderate 
functional impairment for children who experience ADHD and internalizing symptoms 
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J Atten Disord. 2023 Jan;27:67-79. 
INTRA-SUBJECT VARIABILITY, INTELLIGENCE, AND ADHD TRAITS IN A COMMUNITY-BASED SAMPLE. 
Schulz-Zhecheva Y, Voelkle MC, Beauducel A, et al. 
OBJECTIVE: The present study investigates the predictive validity of intra-subject variability (ISV) for ADHD 
traits in a community-based sample and the stability of the relationship between ISV and fluid intelligence 
(gf) across the continuum of ADHD traits.  
METHOD: Age-residualized data from 426 participants (8-18â€‰years, 6% ADHD) was used to investigate 
whether ex-Gaussian and DDM parameters derived from simple choice-reaction-time tasks can predict 
continuously assessed ADHD traits. Multiple-Group-Analyses and Latent-Moderated-Structural-Equations 
were used to test whether ADHD traits moderate the relationship between ISV and gf.  
RESULTS: Ïƒ and Î¼ of the ex-Gaussian model as well as DDM parameters drift rate (v) and boundary 
separation (a) significantly predicted general ADHD traits, while Ï„ predicted attention difficulties specifically. 
Across the ADHD continuum, Ïƒ and v were significant predictors of gf.  
CONCLUSION: The results confirm the link between ISV and ADHD. The relationship between ISV and gf 
appears stable across the ADHD continuum 
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J Atten Disord. 2023 Jan;27:182-200. 
ARE READING INTERVENTIONS EFFECTIVE FOR AT-RISK READERS WITH ADHD? A META-ANALYSIS. 
Chan ESM, Shero JA, Hand ED, et al. 
OBJECTIVE: Utilizing a multi-level meta-analytic approach, this review is the first to systematically quantify 
the efficacy of reading interventions for school-aged children with ADHD and identify potential factors that 
may increase the success of reading-related interventions for these children.  
METHOD: 18 studies (15 peer-reviewed articles, 3 dissertations) published from 1986 to 2020 (N=564) were 
meta-analyzed.  
RESULTS: Findings revealed reading interventions are highly effective for improving reading skills based on 
both study-developed/curriculum-based measures (g=1.91) and standardized/norm-referenced achievement 
tests (g=1.11) in high-quality studies of children with rigorously-diagnosed ADHD. Reading interventions that 
include at least 30 hours of intervention targeting decoding/phonemic awareness meet all benchmarks to be 
considered a Level 1 (Well-Established) Evidence-Based Practice with Strong Research Support for children 
with ADHD based on clinical and special education criteria.  
CONCLUSIONS: Our findings collectively indicate that reading interventions should be the first-line treatment 
for reading difficulties among at-risk readers with ADHD 
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J Atten Disord. 2023 Jan;27:152-58. 
DOES ASSESSMENT FORMAT MATTER? A COMPARISON OF IN-PERSON VERSUS TELETESTING SCORES FOR YOUTH 

WITH ADHD. 
McDermott SM, Sweeney K, Jacobson LA, et al. 
OBJECTIVE: This study examined test score equivalency between traditional in-person assessment and 
teletesting among youth diagnosed with Attention-Deficit/Hyperactivity Disorder (ADHD).  
METHOD: In all, 896 youth with ADHD, ages 5-21years, were administered cognitive, academic 
achievement, and verbal fluency measures via either teletesting (n=448) or traditional in-person assessment 
(n=448). The teletesting and in-person groups were matched on age, sex, and insurance type (as a proxy 
for income).  
RESULTS: Results indicated no significant differences in test scores obtained via in-person and teletesting 
evaluations across all examined measures.  
CONCLUSION: Clinically referred youth with ADHD perform similarly on measures of cognitive functioning, 
academic achievement, and verbal fluency, regardless of whether these measures are administered in-
person or via teletesting. While additional evidence for equivalent psychometric properties of 
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neuropsychological instruments administered remotely is needed, this study offers support for the validity of 
remote administration among youth with ADHD 

 
……………………………………………………………………….. 

 
 
 

J Child Adolesc Psychiatr Nurs. 2022 Nov;35:356-61. 
DOES ATTENTION-DEFICIT/HYPERACTIVITY DISORDER INCREASE THE RISK OF MINOR BLUNT HEAD TRAUMA IN 

CHILDREN? 
Pakyurek M, Badawy M, Ugalde IT, et al. 
PROBLEM: It is unclear if attention-deficit hyperactivity disorder (ADHD) increases the risk of head trauma 
in children.  
METHODS: We conducted a multicenter prospective observational study of children with minor blunt head 
trauma. Guardians were queried, and medical records were reviewed as to whether the patient had 
previously been diagnosed with ADHD. Enrolled patients were categorized based on their mechanism of 
injury, with a comparison of those with motor vehicle collision (MVC) versus non-MVC mechanisms.  
FINDINGS: A total of 3410 (84%) enrolled children had ADHD status available, and 274 (8.0%; 95% 
confidence interval, CI: 7.1, 9.0%) had been diagnosed with ADHD. The mean age was 9.2±3.5 years and 
64% were males. Rates of ADHD for specific mechanisms of injury were: assaults: 23/131 (17.6%; 95% CI 
11.5, 25.2%), automobile versus pedestrian 23/173 (13.3%; 95% CI: 8.6, 19.3%), bicycle crashes 26/148 
(17.6%; 95% CI: 11.8, 24.7%), falls 107/1651 (6.5%; 95% 5.3, 7.8%), object struck head 31/421 (7.4%; 5.1, 
10.3%), motorized vehicle crashes (e.g., motorcycle, motor scooter) 11/148 (7.4%; 3.8, 12.9%), and MVCs 
46/704 (6.5%; 95% CI: 4.8, 8.6%).  
CONCLUSION: Children with ADHD appear to be at increased risk of head trauma from certain mechanisms 
of injury including assaults, auto versus pedestrian, and bicycle crashes but are not at an increased risk for 
falls 

 
……………………………………………………………………….. 

 
 
 

J Child Adolesc Psychopharmacol. 2022 Nov;32:500-04. 
DIFFICULT-TO-TREAT AGGRESSION IN A CHILD WITH AUTISM SPECTRUM DISORDER: DID WE MISS SOMETHING? 

BIPOLAR DISORDER AS A COMORBID PSYCHIATRIC CONDITION IN AUTISM SPECTRUM DISORDER. 
Zaydlin M, Cara VM, Bez Y, et al. 
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J Child Adolesc Psychopharmacol. 2022 Nov;32:467-75. 
A COUNTING STROOP FUNCTIONAL MAGNETIC RESONANCE IMAGING STUDY ON THE EFFECTS OF ORADUR-
METHYLPHENIDATE IN DRUG-NAIVE CHILDREN WITH ATTENTION-DEFICIT/HYPERACTIVITY DISORDER. 
Shang CY, Chou TL, Hsieh CY, et al. 
Objective  Methylphenidate is effective in reducing the clinical symptoms of patients with attention-
deficit/hyperactivity disorder (ADHD). ORADUR ®-methylphenidate is a new extended-release preparation 
of methylphenidate. This study aimed at identifying brain regions with activation changes and their 
correlations with neuropsychological functions after treatment with ORADUR-methylphenidate in children 
with ADHD.  
Methods We recruited drug-naive children with ADHD and age- and sex-matched typically developing (TD) 
children. They were all scanned with the functional magnetic resonance imaging (fMRI) during the counting 
Stroop task at baseline, and those with ADHD had the second fMRI assessment after 8-week treatment with 
ORADUR-methylphenidate. The Rapid Visual Information Processing (RVP) and Conners' Continuous 
Performance Test (CCPT) were used to assess the attention performance of the ADHD (before and after 
treatment) and TD groups.  
Results ORADUR-methylphenidate significantly decreased inattention (Cohen 2.17) and hyperactivity-
impulsivity (Cohen = 0.98) symptoms. We found less activation in the right inferior frontal gyrus (rIFG) in the 
pre-treatment ADHD children than TD children and greater treatment-induced activation in the dorsal anterior 



             Newsletter – ADHD    novembre 2022  

  

69  

  

cingulate cortex (dACC) and the right dorsolateral prefrontal cortex (rDLPFC). There was no significant 
difference between the post-treatment ADHD and TD groups. However, the treatment-related activations in 
the dACC, rDLPFC, and rIFG were significantly correlated with CCPT and RVP measures.  
Conclusions Our findings indicated that ORADUR-methylphenidate increased brain activations in the dACC, 
rDLPFC, and rIFG in children with ADHD, associated with improved focused attention, reduced impulsivity, 
and enhanced inhibition control. Activities of these brain regions might be biomarkers for the treatment 
effectiveness of methylphenidate for ADHD.  
Clinical Trials RegistrationClinicalTrials.gov number, NCT02450890 
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J Child Adolesc Psychopharmacol. 2022 Nov;32:488-95. 
CLINICIANS' ADHERENCE TO GUIDELINES WHEN INITIATING METHYLPHENIDATE TREATMENT. 
Matthijssen AM, Dietrich A, Kleine DR, et al. 
Aims Between 2008 and 2012, the number of children and adolescents in the Netherlands who received 
methylphenidate prescriptions increased by 35.6%. We determined guideline adherence regarding the 
assessment of attention-deficit/hyperactivity disorder (ADHD) and rates of off-label use in those 2 years. We 
also compared adherence to guidelines between mental health and pediatrics settings.  
Methods: We conducted a medical file audit of 506 children or adolescents who had received a first 
methylphenidate prescription in 2008 n=208) or 2012 n= 298) across mental health n= 333) and pediatrics 
outpatient clinics (n=173) in the Netherlands and assessed adherence to seven guideline recommendations.   
Results: We did not find significant differences between 2008 and 2012 regarding the mean adherence to 
the seven recommendations (43% vs. 45%) or the percentage of off-label use (35% vs. 30%). Best 
adherence rates (over the years 2008 and 2012 combined) concerned the assessment of comorbidities 
(89%) and the involvement of teachers in the diagnostic process (75%). Least frequently adhered to were 
assessing ADHD severity (1%), the use of a (semi-)structured parent interview (16%), and providing psycho-
education to parents (42%) or teachers (1%). Mental health settings showed better adherence than pediatrics 
settings (over the years 2008 and 2012 combined) concerning the use of (semi-)structured parent interviews 
(22% vs. 3.1%), having a separate diagnostic session directed at the child (81% vs. 63%), assessment of 
comorbidities (95% vs. 76%), and providing psycho-education to parents (51% vs. 24%).  
Conclusions: There was neither a decrease in adherence to guidelines nor an increase in off-label use 
between 2008 and 2012. However, there is ample room for improvement regarding guideline adherence 
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J Child Psychol Psychiatry. 2022 Dec;63:1574-82. 
LONGITUDINAL RELATIONS BETWEEN IMPAIRED EXECUTIVE FUNCTION AND SYMPTOMS OF PSYCHIATRIC DISORDERS 

IN CHILDHOOD. 
Halse M, Steinsbekk S, Hammar Ã, et al. 
BACKGROUND: Malfunctioning of executive functions correlates with psychopathology in children. 
However, the directionality, the extent to which the relation varies for various disorders, and whether 
prospective relations afford causal interpretations are not known.  
METHODS: A community sample of Norwegian children (n=874) was studied biennially from the age of 6 to 
14years. Executive functions were assessed using the Behavior Rating Inventory of Executive Function 
Teacher-report and symptoms of psychopathology were assessed using the Preschool Age Psychiatric 
Assessment (age 6; parents) and Child and Adolescent Psychiatric Assessment (ages 8-14; children and 
parents). Prospective reciprocal relations were examined using a random intercept cross-lagged panel model 
that adjusts for all unobserved time-invariant confounders.  
RESULTS: Even when time-invariant confounders were accounted for, reduced executive functions 
predicted increased symptoms of depressive disorders, anxiety disorders, attention-deficit hyperactivity 
disorder (ADHD), oppositional defiant disorder (ODD), and conduct disorder (CD) 2years later, even when 
previous changes in these symptoms were adjusted for. The level of prediction (B=.83, 95% CI [.37, 1.3]) 
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was not different for different disorders or ages. Conversely, reduced executive functions were predicted by 
increased symptoms of all disorders (B=.01, 95% CI [.01, .02]).  
CONCLUSIONS: Reduced executive functioning may be involved in the etiology of depression, anxiety, 
ADHD, and ODD/CD to an equal extent. Moreover, increased depression, anxiety, ADHD, and ODD/CD may 
negatively impact executive functioning 
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J Child Psychol Psychiatry. 2022 Dec;63:1668-70. 
SLEEP PATTERNS, SLUGGISH COGNITIVE TEMPO, AND DAYTIME SLEEPINESS - A COMMENTARY ON FREDRICK ET AL. 
(2022). 
Sadeghi-Bahmani D, Brand S. 
Fredrick et al. (Journal of Child Psychology and Psychiatry, 2022) showed in their cross-sectional and 
observational study that higher Sluggish Cognitive Tempo (SCT) traits were associated with more impaired 
subjective and objective sleep parameters. Importantly, data were gathered from adolescents and their 
parents, thus, enhancing the validity of the findings. In addition, the observed pattern of associations was 
unrelated to ADHD traits, age, sex, medication, or pubertal development. In the present commentary, we 
acknowledge the scientific value and practical and clinical implications of these findings. For future studies, 
we propose seven research avenues, which might help to further clarify the neurophysiological, 
psychological, and behavioral associations between SCT traits and sleep patterns 
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J Child Psychol Psychiatry. 2022 Dec;63:1631-43. 
UNIQUE PREDICTION OF DEVELOPMENTAL PSYCHOPATHOLOGY FROM GENETIC AND FAMILIAL RISK. 
Loughnan RJ, Palmer CE, Makowski C, et al. 
BACKGROUND: Early detection is critical for easing the rising burden of psychiatric disorders. However, the 
specificity of psychopathological measurements and genetic predictors is unclear among youth.  
METHODS: We measured associations between genetic risk for psychopathology (polygenic risk scores 
(PRS) and family history (FH) measures) and a wide range of behavioral measures in a large sample 
(n=5,204) of early adolescent participants (9-11years) from the Adolescent Brain and Cognitive Development 
Study(SM). Associations were measured both with and without accounting for shared variance across 
measures of genetic risk.  
RESULTS: When controlling for genetic risk for other psychiatric disorders, polygenic risk for problematic 
opioid use (POU) is uniquely associated with lower behavioral inhibition. Attention deficit hyperactivity 
disorder (ADHD), depression (DEP), and attempted suicide (SUIC) PRS shared many significant 
associations with externalizing, internalizing, and psychosis-related behaviors. However, when accounting 
for all measures of genetic and familial risk, these PRS also showed clear, unique patterns of association. 
Polygenic risk for ASD, BIP, and SCZ, and attempted suicide uniquely predicted variability in cognitive 
performance. FH accounted for unique variability in behavior above and beyond PRS and vice versa, with 
FH measures explaining a greater proportion of unique variability compared to the PRS.  
CONCLUSION: Our results indicate that, among youth, many behaviors show shared genetic influences; 
however, there is also specificity in the profile of emerging psychopathologies for individuals with high genetic 
risk for particular disorders. This may be useful for quantifying early, differential risk for psychopathology in 
development 
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J Child Psychol Psychiatry. 2022 Dec;63:1477-85. 
PEER CONTAGION DYNAMICS IN THE FRIENDSHIPS OF CHILDREN WITH ADHD. 
Normand S, Lambert M, Guiet J, et al. 
BACKGROUND: Friendships in middle childhood carry high developmental significance. The majority of 
children with attention-deficit/hyperactivity disorder (ADHD) have few friendships, unstable friendships, or 
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poor relationship quality in any friendships they have. The current study used time-window sequential 
analysis to map the dynamics within the friendships of children with ADHD, specifically the peer contagion 
processes of dyadic mutuality and coercive joining.  
METHODS: Participants were 164 dyads consisting of a target child with ADHD and peer problems (age 6-
11 years; 68% male; and 73% white) and a reciprocated friend. Dyads were observed in the lab during a 
cooperative task eliciting verbal negotiation processes to decide how to share a limited resource and during 
a fast-paced, engrossing, and competitive task. Both tasks were designed to mirror the real-world interactions 
of friends. Sequences of dyadic mutuality (i.e., reciprocity of positive affect and positive behaviors) and 
coercive joining (i.e., reciprocity of aggressive, controlling, and rule-breaking behaviors) between target 
children and friends were coded.  
RESULTS: Regarding dyadic mutuality, target children reciprocated their friends' positive affect in both tasks. 
They also reciprocated their friends' positive behaviors but only in the cooperative task. In contrast, they only 
reciprocated their friends' coercive joining behaviors in the competitive task. Medium to large reciprocity 
effects was found for 36%-53% (dyadic mutuality) and 38%-55% (coercive joining) of target children.  
CONCLUSIONS: These results extend findings of peer contagion processes to the friendships of children 
with ADHD and suggest that contagion may vary according to interaction context (i.e., competition vs. 
cooperation). Understanding the spread of peer contagion may illuminate how children with ADHD and their 
friends influence each other's adjustment over time and may guide friendship-focused psychosocial 
interventions for this population 
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J Child Psychol Psychiatry. 2022 Dec;63:1658-67. 
A MULTI-METHOD EXAMINATION OF SLUGGISH COGNITIVE TEMPO IN RELATION TO ADOLESCENT SLEEP, DAYTIME 

SLEEPINESS, AND CIRCADIAN PREFERENCE. 
Fredrick JW, Yeaman KM, Yu X, et al. 
BACKGROUND: The field's understanding of the association between sluggish cognitive tempo (SCT) and 
sleep is severely limited by the lack of multi-method and multi-informant research designs that move beyond 
global ratings, often focused on a limited number of sleep-related domains, such as daytime sleepiness. The 
current study begins to address these limitations by using actigraphy, daily sleep diary, and self- and parent-
report global ratings of sleep in adolescents, a developmental period marked by changes in SCT, sleep, and 
circadian function. As SCT and sleep are also associated with ADHD symptoms, we tested these 
associations in a sample of adolescents with and without ADHD.  
METHODS: Adolescents (N=302; M age=13.17years, 44.7% female) with (n=162) and without ADHD 
(n=140) and parents completed global ratings of sleep and daytime sleepiness, and adolescents completed 
a measure of circadian preference. Adolescents also wore actigraphs for approximately two weeks, during 
which daily diaries were completed.  
RESULTS: Above and beyond demographic characteristics (i.e., sex, race, and family income), pubertal 
development, medication use, and ADHD group status, adolescents' self-reported SCT symptoms were 
uniquely associated with shorter sleep duration and later sleep onset per both actigraphy and daily diary. 
SCT symptoms were also uniquely associated with longer sleep onset latency and poorer overall sleep (per 
daily diary), more sleep/wake problems and daytime sleepiness (per adolescent rating), more difficulties 
initiating and maintaining sleep (per parent rating), and later eveningness preference (per adolescent rating). 
Nearly all significant effects remained in sensitivity analyses controlling for adolescent- or parent-reported 
ADHD symptom dimensions.  
CONCLUSIONS: Findings provide the strongest evidence to date for SCT being uniquely linked to poorer 
sleep, greater daytime sleepiness, and a later evening circadian preference across subjective and objective 
measures. Longitudinal studies are needed to evaluate predictive and bidirectional associations 
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J Child Psychol Psychiatry. 2022 Dec;63:1513-22. 
ASSOCIATIONS BETWEEN PSYCHIATRIC POLYGENIC RISK SCORES AND GENERAL AND SPECIFIC PSYCHOPATHOLOGY 

SYMPTOMS IN CHILDHOOD AND ADOLESCENCE BETWEEN AND WITHIN DIZYGOTIC TWIN PAIRS. 
Chen C, Lu Y, et al. 
BACKGROUND: Although polygenic risk scores (PRS) predict psychiatric problems, these associations 
might be attributable to indirect pathways including population stratification, assortative mating, or dynastic 
effects (mediation via parental environments). The goal of this study was to examine whether PRS-
psychiatric symptom associations were attributable to indirect versus direct pathways.  
METHODS: The sample consisted of 3,907 dizygotic (DZ) twin pairs. In childhood, their parents rated them 
on 98 symptoms. In adolescence (n=2,393 DZ pairs), both the parents and the twins rated themselves on 20 
symptoms. We extracted one general and seven specific factors from the childhood data, and one general 
and three specific factors from the adolescent data. We then regressed each general factor model onto ten 
psychiatric PRS simultaneously. We first conducted the regressions between individuals (Î²) and then within 
DZ twin pairs (Î²(w) ), which controls for indirect pathways.  
RESULTS: In childhood, the PRS for ADHD predicted general psychopathology (Î²=0.09, 95% CI: [0.06, 
0.12]; Î²(w) =0.07 [0.01, 0.12]). Furthermore, the PRS for ADHD predicted specific inattention (Î²=0.04 [0.00, 
0.08]; Î²(w) =0.09 [0.01, 0.17]) and specific hyperactivity (Î²=0.07 [0.04, 0.11]; Î²(w) =0.09 [0.01, 0.16]); the 
PRS for schizophrenia predicted specific learning (Î²=0.08 [0.03, 0.13]; Î²(w) =0.19 [0.08, 0.30]) and specific 
inattention problems (Î²=0.05 [0.01, 0.09]; Î²(w) =0.10 [0.02, 0.19]); and the PRS for neuroticism predicted 
specific anxiety (Î²=0.06 [0.02, 0.10]; Î²(w) = 0.06 [0.00, 0.12]). Overall, the PRS-general factor associations 
were similar between individuals and within twin pairs, whereas the PRS-specific factors associations 
amplified by 84% within pairs.  
CONCLUSIONS: This implies that PRS-psychiatric symptom associations did not appear attributable to 
indirect pathways such as population stratification, assortative mating, or mediation via parental 
environments. Rather, genetics appeared to directly influence symptomatology 
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J Child Psychol Psychiatry. 2022 Dec;63:1583-90. 
DOES EMOTION DYSREGULATION MEDIATE THE ASSOCIATION BETWEEN ADHD SYMPTOMS AND INTERNALIZING 

PROBLEMS? A LONGITUDINAL WITHIN-PERSON ANALYSIS IN A LARGE POPULATION-REPRESENTATIVE STUDY. 
Antony EM, PihlajamÃ¤ki M, Speyer LG, et al. 
BACKGROUND: Previous research has suggested that children with attention-deficit/hyperactivity disorder 
(ADHD) symptoms commonly show emotion dysregulation difficulties. These difficulties may partly explain 
the strong tendency for internalizing problems such as anxiety and depression to co-occur with ADHD 
symptoms. However, no study has yet provided a longitudinal analysis of the within-person links between 
ADHD symptoms, emotion dysregulation, and internalizing problems necessary to examine this hypothesis 
from a developmental perspective.  
METHODS: We used data from the age 3, 5, and 7 waves of the large UK population-representative 
Millennium Cohort Study (n=9,619, 4,885 males) and fit gender-stratified autoregressive latent trajectory 
models with structured residuals (ALT-SR) to disaggregate within- and between-person relations between 
ADHD symptom, emotion dysregulation, and internalizing problem symptoms.  
RESULTS: We found that emotion dysregulation significantly mediated the longitudinal within-person 
association between ADHD symptoms and internalizing problems.  
CONCLUSIONS: Results underline the promise of targeting emotion dysregulation as a means of preventing 
internalizing problems co-occurring with ADHD symptoms 
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J Child Psychol Psychiatry. 2022 Dec;63:1615-21. 
ABSENCE OF DYNAMIC NEURAL OSCILLATORY RESPONSE TO ENVIRONMENTAL CONDITIONS MARKS CHILDHOOD 

ATTENTION DEFICIT HYPERACTIVITY DISORDER. 
Arnett AB, Fearey M, Peisch V, et al. 
BACKGROUND: Prior research suggests that symptoms of attention deficit hyperactivity disorder (ADHD) 
and related neurodevelopmental disorders may derive from alterations in the brain's ability to flexibly tune 
the balance between information integration and segregation and global versus local processing. This 
balance allows the brain to optimally filter salient stimuli in the environment and can be measured with 
electroencephalography (EEG) via calculation of the aperiodic spectral slope. A steeper aperiodic slope 
increases the capacity of global neural networks to process low-salience stimuli, while a flatter aperiodic 
slope reflects an emphasis on local neural networks that respond preferentially to high-salience input. 
Although aperiodic slope differences have been reported in ADHD, prior studies have not accounted for 
differing levels of stimulus input in experimental paradigms. There is evidence to suggest that dynamic shifts 
in neural oscillation patterns in response to changing environmental conditions could be critical for attention 
regulation.  
METHODS: Using high-density resting EEG, we measured aperiodic spectral slope during low contrast 
(lights off) and high contrast (lights on) environmental conditions in a sample of 88 7-11-year-old children 
diagnosed with ADHD and 29 controls (30% female).  
RESULTS: While controls showed a flatter aperiodic slope during the high contrast (lights on) as compared 
to low contrast (lights off) environmental condition, children with ADHD did not show any change in aperiodic 
slope across conditions.  
CONCLUSIONS: This study presents a novel etiological model of biological mechanisms associated with 
ADHD. Children with ADHD show suboptimal modulation of intrinsic neural activity in response to changing 
environmental input. The dynamic spectral slope is a promising candidate biomarker for ADHD. The 
possibility that dynamic spectral slope is associated with cognitive-behavioral regulation more broadly merits 
further investigation 
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J Clin Child Adolesc Psychol. 2022 Nov;51:1039-52. 
PROMOTING CLASSROOM SOCIAL AND ACADEMIC FUNCTIONING AMONG CHILDREN AT RISK FOR ADHD: THE 

MOSAIC PROGRAM. 
Mikami AY, Owens JS, Evans SW, et al. 
OBJECTIVE: Social and academic functioning are linked in elementary school, and both are frequently 
impaired in children with elevated symptoms of attention-deficit/hyperactivity disorder (ADHD). This study 
evaluated the Making Socially Accepting Inclusive Classrooms (MOSAIC) program, a classroom intervention 
to support children's social and academic functioning, especially for children at risk for ADHD. Teachers 
delivered MOSAIC practices to the whole class and applied some strategies more frequently to target 
children selected for elevated ADHD symptoms and peer impairment.  
METHOD: Participants were 34 general education teachers (grades K-5) and 558 children in their 
classrooms, randomized to MOSAIC or to a typical practice control group for one academic year. In the fall 
and spring, we assessed (a) peers' sociometric judgments of children, (b) children's self-report of supportive 
relationships with teachers and peers, and (c) teachers' report of children's social and academic 
competencies and impairments.  
RESULTS: Regarding whole class effects, relative to control group children, children in MOSAIC classrooms 
(target and non-target children) were rated by teachers in spring as having better competencies and lower 
impairment, after controlling for fall functioning. There were no main effects of MOSAIC on peer sociometrics 
or child perceptions of supportive relationships. Target status moderated some effects such that, in spring, 
target children in MOSAIC perceived greater support from their teachers but received poorer sociometrics 
than did target children in control classrooms.  
CONCLUSIONS: We discuss the difficulty in changing peers' perceptions of children with ADHD symptoms, 
even in the presence of improvements in other aspects of social and academic functioning 
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J Clin Child Adolesc Psychol. 2022 Nov;51:1024-38. 
LOW SCHOOL SUPPORT EXACERBATES THE ASSOCIATION BETWEEN PEER DIFFICULTIES AND SLUGGISH COGNITIVE 

TEMPO IN ADOLESCENTS. 
Fredrick JW, Becker SP, Langberg JM. 
OBJECTIVE: Although peer difficulties and sluggish cognitive tempo (SCT) are related, studies have yet to 
examine environmental factors that may advance further understanding of this association. The current study 
tested whether peer difficulties, specifically social competence and peer victimization, interacted with school 
support, a component of school climate, in relation to adolescents' SCT symptoms. Further, we explored 
whether these relations would be differentially associated with SCT in adolescents with and without attention-
deficit/hyperactivity disorder (ADHD).  
METHOD: Adolescents (N = 288; M(age) = 14.08, 45% female, 82.6% White; 52% with ADHD) completed 
measures of social competence, peer victimization, school climate support, and SCT and ADHD inattentive 
(IN) symptoms. Parents also reported on adolescents' social competence, SCT, and ADHD-IN symptoms.  
RESULTS: Results indicated that adolescent and parent ratings of lower social competence were both 
associated with higher adolescent-reported SCT symptoms in the context of low, but not high, school support. 
Relational and nonphysical victimization were associated with higher self-reported SCT symptoms in the 
context of low school support. Lower adolescent- and parent-reported social competence were also related 
to higher parent-reported SCT symptoms, with these associations not moderated by school support. These 
results remained after controlling for demographics and ADHD-IN symptoms and were similar across 
adolescents with and without ADHD.  
CONCLUSIONS: Findings from the current study are the first to provide evidence that peer difficulties and 
school climate are jointly related to adolescents' self-reported SCT and underscore the importance of 
continued research investigating social adversity and environmental factors in relation to SCT 
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J Clin Psychiatry. 2022 Oct;83. 
CORRELATING PSYCHOTROPIC USE TO MAJOR DEPRESSIVE DISORDER AND ADHD RESEARCH DIAGNOSES: 
TRENDS IN A PROSPECTIVE PEDIATRIC COHORT FROM AGES 3 TO 21. 
Liang MU, Charatcharungkiat N, Tillman R, et al. 
Objective: To examine the associations of psychotropic usage to clinical characteristics in a pediatric 
research cohort with research diagnoses and severity scores.  
Methods:> The cohort (N=348) was enriched for children with mood and externalizing symptoms. 
Prospective longitudinal data were collected from ages 3 to 21 (September 2003-December 2019). At up to 
10 time points, data on psychotropic medication use were collected by caregiver- and self-report from the 
MacArthur Health and Behavior Questionnaire, Parent Version and as part of the diagnostic interview, and 
research diagnoses (DSM-IV and DSM-5) and disease severity scores were acquired using an age-
appropriate standardized research interview (Preschool Age Psychiatric Assessment, Child and Adolescent 
Psychiatric Assessment, Kiddie-Schedule for Affective Disorders and Schizophrenia).  
Results: The percentage of children with attention-deficit/hyperactivity disorder (ADHD) taking ADHD 
medications was preschool, 20.7%; school-age, 65.4%; and adolescence/early adulthood, 84.0%. The 
percentage with major depressive disorder (MDD) who were taking antidepressants was preschool, 0%; 
school-age, 21.6%; and adolescence/early adulthood, 42.6%. Antipsychotic use in children with research 
diagnoses of ADHD or MDD peaked in school-age: ADHD, 30.8%, and MDD, 21.6%. Children who were 
taking an antipsychotic concurrently with an ADHD medication or antidepressant had more comorbid 
conditions and higher disease severity than those taking ADHD medications or antidepressants without 
concurrent antipsychotics. Black children with MDD used antidepressants significantly less than White 
children with MDD (Black=12.1%, White=31.9%, FDR P=.0495).  
Conclusions: Concordance between research diagnosis and psychotropic use increased with age. 
Antipsychotic use was quite high, though more frequent in children with higher disease severity. Both findings 
suggest that psychotropic use is less tied to discrete diagnoses at earlier ages and that antipsychotic 
medication use may be motivated by severity/impairment rather than diagnosis 
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J Clin Psychiatry. 2022 Nov;84. 
TOWARD OPERATIONALIZING EXECUTIVE FUNCTION DEFICITS IN ADULTS WITH ADHD USING THE BEHAVIOR 

RATING INVENTORY OF EXECUTIVE FUNCTION-ADULT VERSION (BRIEF-A). 
Biederman J, DiSalvo ML, Hutt Vater CR, et al. 
Objective: Although group findings document that executive function deficits (EFDs) contribute to the 
morbidity associated with adult attention-deficit/hyperactivity disorder (ADHD), it is unclear whether easy-to-
use assessment methods can aid in the identification of EFDs at the individual level. The aim of the present 
study was to assess whether the Behavior Rating Inventory of Executive Function-Adult Version (BRIEF-A), 
a well-standardized, self-report instrument that assesses behavioral concomitants of EFDs, can serve that 
purpose. 
Methods: 1,090 consecutively referred 18- to 55-year-old adults of both sexes who were clinically referred 
for the evaluation and treatment of ADHD between June 2016 and December 2021 completed a battery of 
scales assessing several non-overlapping domains of functioning. Because the BRIEF Global Executive 
Composite (GEC) offers a single point summary of all other BRIEF-A scales, we used receiver operator 
characteristic (ROC) curves to identify the optimal cutoff on the BRIEF-A GEC to categorize patients as 
having executive dysfunction. 
Results: We averaged the optimal BRIEF-A GEC cut-points from the ROC curve analyses to categorize 
patients with (N = 480; 44%) and without (N = 610; 56%) EFDs (BRIEF-A GEC score ≥ 70 or < 70, 
respectively). Adults with ADHD with EFDs had significantly more severe ADHD symptoms (ADHD Self-
Report Scale scores ≥ 24: 94% vs 41%, P < .001); higher levels of psychopathology (Adult Self Report Total 
Problems T-scores ≥ 64: 75% vs 19%, P < .001), emotional dysregulation (69% vs 23%, P < .001), mind 
wandering (84% vs 48%, P < .001), and symptoms of autism (Social Responsiveness Scale T-scores ≥ 66: 
24% vs 3%, P < .001); and worse quality of life (Quality of Life Enjoyment and Satisfaction Questionnaire 
mean scores: 44.4 ± 8.2 vs 51.9 ± 8.5, P = .001) compared to those without EFDs. There were no major 
differences in outcomes by age, sex, or race. 
Conclusions: The BRIEF-A helped identify a sizeable minority of adults with ADHD with behavioral 
concomitants of EFDs that added substantial morbidity and disability beyond that expected by having ADHD 
alone. 
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J Dev Behav Pediatr. 2022 Dec;43:521-28. 
COVID-19 VACCINES FOR CHILDREN WITH DEVELOPMENTAL DISABILITIES: SURVEY OF NEW YORK STATE 

PARENTS' WILLINGNESS AND CONCERNS. 
Bonuck K, Iadarola S, Gao Q, et al. 
OBJECTIVE: While 1 in 6 US children have a developmental disability (DD), and such children are 
disproportionately affected by COVID-19, little is known about their vaccination status. We surveyed New 
York State parents of children with DDs to ascertain willingness and concerns regarding COVID-19 vaccines.  
METHODS: An online survey was distributed to statewide DD networks from June to September 2021 
(vaccines were authorized for adolescents in May 2021). We report associations between vaccine willingness 
and concerns and race/ethnicity, child age, in-person schooling, routine/flu vaccinations, and DD diagnoses. 
Willingness was categorized as "got/will get ASAP" (high), "wait and see/only if required," or "definitely not."  
RESULTS: A total of 352 parents (49.1% White) responded. Willingness differed by age ( p < 0.001). High 
willingness was reported for 73.9%, 50.0%, and 36.0% of children aged 12 to 17, 6 to 11, and 0 to 5 years, 
respectively. Willingness differed by autism diagnosis ( p < 0.01) and routine and flu vaccination status ( p < 
0.001). Predominant concerns included side effects (89%) and children with disabilities not being in trials 
(80%). Less common concerns were COVID not serious enough in children to warrant vaccine (23%) and 
misinformation (e.g., microchips, 5G, DNA changes) (24%). Concerns about vaccine safety differed by age 
( p < 0.01) and were highest for older and then the youngest children. In age-stratified adjusted models, 
attention-deficit/hyperactivity disorder was negatively associated with high willingness for age 5 or younger 
(OR = 0.02, 95% confidence interval, <0.001-0.622).  
CONCLUSION: Parents of children with DD in New York seemed highly willing for them to receive COVID-
19 vaccines. Although few factors predicted willingness to vaccinate, addressing safety and developmental 
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concerns regarding young children is warranted. Given their increased vulnerability, improved COVID-19 
surveillance for children with DD is warranted 
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J Dev Behav Pediatr. 2022 Dec;43:540-44. 
A ROAD MAP FOR ACADEMIC DEVELOPMENTAL-BEHAVIORAL PEDIATRIC PRACTICES TO INCREASE ACCESS. 
Godwin DL, Cervantes J, Torres JY, et al. 
There are currently at least 19 million children and adolescents in the United States with disorders of 
development (learning disorders, attention-deficit/hyperactivity disorder, intellectual disabilities, autism, 
motor incoordination/cerebral palsy, etc.) and only approximately 800 board-certified developmental-
behavioral pediatricians (DBPs) practicing nationally. Given the astronomical mismatch between the number 
of children and adolescents with developmental disorders and the number of board-certified DBPs, 
developmental-behavioral pediatric consultations are likely the most inaccessible in all of medicine. With the 
goal of increasing access to these consultations, an academic developmental-behavioral practice in a large 
urban hospital system developed a longitudinal "Road Map," led by our team of social workers, which is 
designed to provide such services while continuing to focus DBP efforts on initial consultative evaluation and 
diagnosis of as many children as possible. The programs that this new Road Map has provided have allowed 
the DBP practice not only to increase access to developmental evaluations but also to provide more holistic 
and targeted care from the point of being added to the waiting list and then throughout the life span at vital 
transition periods. Especially given the extreme mismatch between the scarce number of practicing DBPs 
and the prodigious number of pediatric patients with disorders of development, our hope is that other centers 
will consider replicating this innovative care model to address the ever-growing need for specialized DBP 
consultation and longitudinal wraparound care for our patients and families 
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J Neuroophthalmol. 2022 Dec;42:524-29. 
SHARP EDGE EYE SYNDROME: A CASE REPORT AND SURVEY OF SELF-IDENTIFIED INDIVIDUALS. 
Reynolds MS, Katz BJ, Digre KB, et al. 
BACKGROUND: Sharp edge eye syndrome (SEES), sometimes known as visual looming syndrome, is a 
condition in which the patient experiences ocular pain or discomfort when viewing or mentally picturing sharp 
objects and edges. Patients may present for medical care because they perceive the condition to represent 
an ophthalmic problem or a sign of a more serious underlying condition. An individual case report of SEES 
is included to aid in illustrating syndrome characteristics. Our aim is to describe the syndrome, vision-related 
quality of life (VRQOL), and psychosocial characteristics in patients with self-identified SEES.  
METHODS: A cross-sectional web-based survey was made available on social media webpages dedicated 
to SEES. The study included 22 questions developed by the research team, demographic questions, and 4 
standardized questionnaires [ID Migraine, the National Eye Institute's Visual Function Questionnaire (NEI-
VFQ-25), General Anxiety Disorder-2 (GAD-2), and Patient Health Questionnaire (depression) Scale-2].  
RESULTS: Seventy-seven respondents had an average age of 29 and were 57% male. 92% reported 
symptoms before age 18. The main site of pain or discomfort was the eyes, with onset resulting from viewing 
or thinking of sharp objects and edges. Symptoms lasted from seconds to hours and could be prolonged 
even after closing eyes or avoiding viewing the trigger. The composite and subscale scores on the NEI-VFQ-
25 were low, with a mean composite score of 78 and selected subscores of general health (61), general 
vision (73), ocular pain (68), driving (79), mental health (61), and role difficulties (72). Anxiety was reported 
in 58% of participants, and depression in 57%. Migraine or headache was reported in 46% of participants. 
Participants reported Alice in Wonderland syndrome, visual snow, obsessive-compulsive disorder, attention 
deficit hyperactivity disorder, stripe-induced visual discomfort, and synesthesia.  
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CONCLUSION: From this survey, we have the beginnings of an understanding of the characteristics of 
SEES, as well as VRQOL impacts. These survey responses lead us to postulate that SEES may be a distinct 
visual phenomenon and to propose SEES criteria. Systematic studies of this condition's clinical features and 
treatment responses will be additional steps toward improving patient care 
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J Neurophysiol. 2022 Dec;128:1546-54. 
THE ROLE OF APERIODIC SPECTRAL SLOPE IN EVENT-RELATED POTENTIALS AND COGNITION AMONG CHILDREN WITH 

AND WITHOUT ATTENTION DEFICIT HYPERACTIVITY DISORDER. 
Arnett AB, Peisch V, Levin AR. 
Aperiodic spectral slope is a measure of spontaneous neural oscillatory activity that is believed to support 
regulation of brain responses to environmental stimuli. Compared to typically developing (TD) control 
participants, children with attention deficit hyperactivity disorder (ADHD) have been shown to have flatter 
aperiodic spectral slope at rest as well as attenuated event-related potential (ERP) amplitudes in response 
to environmental stimuli. A small body of research suggests that aperiodic slope may also explain differences 
in behavioral responses. In this study, we examine associations between prestimulus aperiodic slope, 
stimulus characteristics, environmental demands, and neural as well as behavioral responses to these 
stimuli. Furthermore, we evaluate whether ADHD diagnostic status moderates these associations. Seventy-
nine children with ADHD and 27 TD school-age children completed two visual ERP experiments with 
predictable alternating presentations of task-relevant and task-irrelevant stimuli. Aperiodic slope was 
extracted from prestimulus time windows. Prestimulus aperiodic slope was steeper for the TD relative to 
ADHD group, driven by task-relevant rather than task-irrelevant stimuli. For both groups, the aperiodic slope 
was steeper during a task with lower cognitive demand and before trials in which they responded correctly. 
Aperiodic slope did not mediate the association between ADHD diagnosis and attenuated P300 amplitude. 
The aperiodic spectral slope is dynamic and changes in anticipation of varying stimulus categories to support 
performance. The aperiodic slope and P300 amplitude reflect distinct cognitive processes. Background 
neural oscillations, captured via aperiodic slope, support cognitive behavioral control and should be included 
in etiological models of ADHD.NEW & NOTEWORTHY This study constitutes the first investigation of 
associations between aperiodic spectral slope and three aspects of neurocognition: event-related potential 
(ERP) amplitudes, cognitive load, and task performance. We find that background oscillatory activity is 
dynamic, shifting in anticipation of varying levels of task relevance and in response to increasing cognitive 
load. Moreover, we report that aperiodic activity and ERPs constitute distinct neurophysiological processes. 
Children with attention deficit hyperactivity disorder (ADHD) show reduced aperiodic dynamics in addition to 
attenuated ERP amplitudes 
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J Pediatr Endocrinol Metab. 2022 Nov;35:1337-44. 
EFFECT OF STIMULANTS ON FINAL ADULT HEIGHT. 
Wojnowski NM, Zhou E, Jee YH. 
BACKGROUND: The use of stimulant medications for treatment of ADHD has raised concern as to whether 
they adversely impact linear growth. Previous studies have indicated that stimulant medications may 
suppress growth for a short period after treatment initiation; however, more information is needed to evaluate 
the long-term effects on final adult stature. This mini review aims to evaluate the effect of stimulant 
medications on final adult height in children with ADHD.  
CONTENTS: We performed a literature review across PubMed/MEDLINE database. Only articles that 
included data on final adult height or near final adult height (age16 or 17 years) were included.  
SUMMARY: Early studies investigating the long-term impacts of stimulant medications observed growth 
suppression during the active treatment period, but when comparing final adult height, there was no 
difference between the control and ADHD groups. A recent larger comprehensive study (Multimodal 
Treatment of ADHD study) has suggested that the long-term use of significant doses of stimulants during 
childhood may compromise final adult height to a clinically significant degree when comparing adult height 
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across three long-term patterns of stimulant treatment (Consistent, Intermittent, Negligible). The consistent 
use subgroup was significantly shorter than other subgroups.  
OUTLOOK: For children with ADHD, a significant long-term dose of stimulant treatment should be used with 
caution toÂ avoid diminishing adult height potential. Pediatric endocrinologists should consider chronic use 
of stimulants as a factor contributing to reduced adult height 
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J Sch Psychol. 2022 Dec;95:105-20. 
ACADEMIC FUNCTIONING IN CHILDREN WITH AND WITHOUT SLUGGISH COGNITIVE TEMPO. 
Becker SP, Epstein JN, Burns GL, et al. 
Sluggish cognitive tempo (SCT) is increasingly conceptualized as a transdiagnostic set of symptoms 
associated with poorer functional outcomes, although the extent to which SCT is associated with academic 
functioning remains unclear. This study recruited children based on the presence or absence of clinically 
elevated SCT symptoms, using a multi-informant and multi-method design to provide a comprehensive 
examination of academic functioning in children with and without clinically elevated SCT symptoms. 
Participants were 207 children in Grades 2-5 (ages 7-11 years; 63.3% male), including 103 with clinically 
elevated teacher-reported SCT symptoms and 104 without elevated SCT, closely matched on grade and 
sex. A multi-informant, multi-method design that included standardized achievement testing, curriculum-
based measurement (CBM), grades, classroom and laboratory observations, and parent and teacher rating 
scales was used. Children with elevated SCT symptoms had poorer academic functioning than their peers 
across most domains examined. Specifically, compared to children without SCT, children with elevated SCT 
had significantly lower grade point average (d=0.42) and standardized achievement scores (ds=0.40-0.77), 
poorer CBM performance including lower productivity (ds=0.39-0.51), poorer homework performance and 
organizational skills (ds=0.58-0.85), and lower teacher-reported academic skills (ds=0.63-0.74) and 
academic enablers (ds=0.66-0.74). The groups did not significantly differ on percentage of time on task 
during classroom observations or academic enabler interpersonal skills. Most effects were robust to control 
of family income, medication use, and attention-deficit/hyperactivity disorder inattentive symptoms, although 
effects for motivation and study skills academic enablers were reduced. This study demonstrates that 
children with clinically elevated SCT symptoms have wide-ranging academic difficulties compared to their 
peers without SCT. Findings point to the potential importance of assessing and treating SCT to improve 
academic outcomes 
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JAMA Netw Open. 2022 Nov;5:e2243597. 
RISK OF CARDIOVASCULAR DISEASES ASSOCIATED WITH MEDICATIONS USED IN ATTENTION-
DEFICIT/HYPERACTIVITY DISORDER: A SYSTEMATIC REVIEW AND META-ANALYSIS. 
Zhang L, Yao H, Li L, et al. 
IMPORTANCE: Use of attention-deficit/hyperactivity disorder (ADHD) medications has increased 
substantially over the past decades, but there are concerns regarding their cardiovascular safety.  
OBJECTIVE: To provide an updated synthesis of evidence on whether ADHD medications are associated 
with the risk of a broad range of cardiovascular diseases (CVDs).  
DATA SOURCES: PubMed, Embase, PsycINFO, and Web of Science up to May 1, 2022.  
STUDY SELECTION: Observational studies investigating the association between ADHD medications 
(including stimulants and nonstimulants) and risk of CVD.  
DATA EXTRACTION AND SYNTHESIS: Independent reviewers extracted data and assessed study quality 
using the Good Research for Comparative Effectiveness (GRACE) checklist. Data were pooled using 
random-effects models. This study is reported according to the Meta-analyses of Observational Studies in 
Epidemiology guideline.  
MAIN OUTCOMES AND MEASURES: The outcome was any type of cardiovascular event, including 
hypertension, ischemic heart disease, cerebrovascular disease, heart failure, venous thromboembolism, 
tachyarrhythmias, and cardiac arrest.  
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RESULTS: Nineteen studies (with 3 931 532 participants including children, adolescents, and adults; 60.9% 
male), of which 14 were cohort studies, from 6 countries or regions were included in the meta-analysis. 
Median follow-up time ranged from 0.25 to 9.5 years (median, 1.5 years). Pooled adjusted relative risk (RR) 
did not show a statistically significant association between ADHD medication use and any CVD among 
children and adolescents (RR, 1.18; 95% CI, 0.91-1.53), young or middle-aged adults (RR, 1.04; 95% CI, 
0.43-2.48), or older adults (RR, 1.59; 95% CI, 0.62-4.05). No significant associations for stimulants (RR, 
1.24; 95% CI, 0.84-1.83) or nonstimulants (RR, 1.22; 95% CI, 0.25-5.97) were observed. For specific 
cardiovascular outcomes, no statistically significant association was found in relation to cardiac arrest or 
arrhythmias (RR, 1.60; 95% CI, 0.94-2.72), cerebrovascular diseases (RR, 0.91; 95% CI, 0.72-1.15), or 
myocardial infarction (RR, 1.06; 95% CI, 0.68-1.65). There was no associations with any CVD in female 
patients (RR, 1.88; 95% CI, 0.43-8.24) and in those with preexisting CVD (RR, 1.31; 95% CI, 0.80-2.16). 
Heterogeneity between studies was high and significant except for the analysis on cerebrovascular diseases.  
CONCLUSIONS AND RELEVANCE: This meta-analysis suggests no statistically significant association 
between ADHD medications and the risk of CVD across age groups, although a modest risk increase could 
not be ruled out, especially for the risk of cardiac arrest or tachyarrhythmias. Further investigation is 
warranted for the cardiovascular risk in female patients and patients with preexisting CVD as well as long-
term risks associated with ADHD medication use 
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JAMA Netw Open. 2022 Nov;5:e2243282. 
ASSOCIATION OF PRENATAL EXPOSURE TO BENZODIAZEPINES WITH DEVELOPMENT OF AUTISM SPECTRUM AND 

ATTENTION-DEFICIT/HYPERACTIVITY DISORDERS. 
Chen VC, Wu SI, Lin CF, et al. 
IMPORTANCE: Prenatal exposure to benzodiazepines is reported to be associated with neurodevelopmental 
disorders among children, but associations of maternal genetic confounding with neurodevelopmental 
disorders among children have not been taken into consideration.  
OBJECTIVE: To ascertain whether prenatal benzodiazepine exposure was associated with development of 
autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD).  
DESIGN, SETTING, AND PARTICIPANTS: This cohort study used linked data from birth certificate 
registration and the Taiwan National Health Insurance Research Database from January 1, 2004, to 
December 31, 2017, on 1 138 732 mothers with 1 516 846 live births between January 1, 2004, and 
December 31, 2017. Data were analyzed between February 20, 2021, and September 19, 2022. 
EXPOSURE: Benzodiazepine exposure during pregnancy (first trimester to third trimester) was defined as 
having at least one benzodiazepine prescription dispensed.  
MAIN OUTCOMES AND MEASURES: The main outcomes were ADHD and ASD.  
RESULTS: There were 1 516 846 children (mean [SD] gestational age, 38.5 [1.8] years; 789 455 boys 
[52.0%]) born full term who were younger than 14 years of age and followed up to 2017; 5.0% of the children 
(n=6 411) were exposed to a benzodiazepine during pregnancy. Benzodiazepine exposure during pregnancy 
was associated with increased risks of ADHD (first trimester exposure: hazard ratio [HR], 1.24 [95% CI, 1.20-
1.28]; second trimester exposure: HR, 1.27 [95% CI, 1.21-1.34]; third trimester exposure: HR, 1.25 [95% CI, 
1.14-1.37]) and ASD (first trimester exposure: HR, 1.13 [95% CI, 1.05-1.21]; second trimester exposure: HR, 
1.10 [95% CI, 0.98-1.22]; third trimester exposure: HR, 1.21 [95% CI, 1.00-1.47]). However, no differences 
were found with unexposed sibling controls during the same time frame for ADHD (first trimester exposure: 
HR, 0.91 [95% CI, 0.83-1.00]; second trimester exposure: HR, 0.89 [95% CI, 0.78-1.01]; third trimester 
exposure: HR, 1.08 [95% CI, 0.83-1.41]) or ASD (first trimester exposure: HR, 0.92 [95% CI, 0.75-1.14]; 
second trimester exposure: HR, 0.97 [95% CI, 0.71-1.33]; third trimester exposure: HR, 1.07 [95% CI, 0.53-
2.16]). Similar findings were also noted in the stratification analysis of short-acting and long-acting 
benzodiazepines.  
CONCLUSIONS AND RELEVANCE: This cohort study suggests that previously described adverse 
neurodevelopmental outcomes associated with benzodiazepine exposure during pregnancy were likely to be 
accounted for by maternal genetic confounding 
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JAMA Netw Open. 2022 Nov;5:e2241943. 
ANALYSIS OF NEURODEVELOPMENT IN CHILDREN BORN EXTREMELY PRETERM TREATED WITH ACID 

SUPPRESSANTS BEFORE AGE 2 YEARS. 
Jensen ET, Yi J, Jackson W, et al. 
IMPORTANCE: Children born preterm are at increased risk of adverse neurodevelopmental outcomes and 
may be particularly vulnerable to the effects of gastric acid suppression during infancy.  
OBJECTIVE: To assess whether early acid suppressant use in infants born extremely preterm is associated 
with poorer neurodevelopmental outcomes.  
DESIGN, SETTING, AND PARTICIPANTS: The Extremely Low Gestational Age Newborn study was a 
multicenter, longitudinal cohort study of infants born before 28 weeks' gestational age between March 22, 
2002, and August 31, 2004. The current analyses were performed from September 12, 2020, through 
September 22, 2022. Of the 1506 infants enrolled, 284 died before discharge and 22 died before 24 months 
of age. An additional 2 died before age 10 years, leaving 1198 (79.5%) eligible for a visit. Of these, 889 (74%) 
participated in the visit at age 10. At age 10 years, the association of early-life acid suppressant use with 
neurocognitive, neurodevelopmental, and psychiatric symptomatology was assessed.  
EXPOSURES: Acid suppressant use before 24 months of age was determined from medical records and 
from questionnaires administered to mothers.  
MAIN OUTCOMES AND MEASURES: Neurodevelopmental assessments at age 10 years included the 
School-Age Differential Ability Scales-II, the Developmental Neuropsychological Assessment-II, the Autism 
Diagnostic Observation Schedule-2, the Social Responsiveness Scale-2, and the Child Symptom Inventory-
4 for attention-deficit/hyperactivity disorder (ADHD), depression, and anxiety.  
RESULTS: Of the 889 participants assessed at age 10 years (mean [SD] age, 9.97 [0.67] years; mean [SD] 
gestational age at birth, 26.1 [1.3] weeks; 455 [51.2%] male), 368 (41.4%) had received acid suppressants 
by 24 months of age. Associations were observed between acid suppressant use and decreased full-scale 
IQ z score (adjusted Î², -0.29; 95% CI, -0.45 to -0.12), verbal IQ z score (adjusted Î², -0.34; 95% CI, -0.52 to 
-0.15), nonverbal IQ z score (adjusted Î², -0.22; 95% CI to -0.39 to -0.05), working memory z score (adjusted 
Î², -0.26; 95% CI to -0.45, -0.08), autism spectrum disorder (adjusted relative risk, 1.84; 95% CI, 1.15-2.95), 
and epilepsy (adjusted relative risk, 2.07; 95% CI, 1.31 to 3.35). Results were robust to multiple sensitivity 
analyses. Use of acid suppressants was not associated with inhibitory control, ADHD, anxiety, or depression.  
CONCLUSIONS AND RELEVANCE: The results of this cohort study suggest that early-life use of acid 
suppressants in extremely preterm infants may be associated with poorer neurodevelopmental outcomes 
and add to evidence indicating caution in use of these agents 
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J Autism Dev Disord. 2022. 
HEIGHTENED ANXIETY AND DEPRESSION AMONG AUTISTIC ADOLESCENTS WITH ADHD: FINDINGS FROM THE 

NATIONAL SURVEY OF CHILDRENÇÖS HEALTH 2016ÇÔ2019. 
Accardo AL, Pontes NMH, Pontes MCF. 

Data from the National Survey of Children’s Health 2016Çô2019 was used to examine the co-occurrence 

of autism and ADHD and the impact on anxiety and depression among adolescents age 12Çô17. Rates of 
anxiety and depression were up to ten-fold the prevalence of adolescents not diagnosed with autism or 
ADHD. Over half of autistic females (57%) and nearly half of autistic males (49%) are also diagnosed with 
ADHD. Autistic females with ADHD had the highest co-occurrence of anxiety at 72% followed by autistic 
males with ADHD at 69%. The prevalence of depression was highest among autistic adolescents with ADHD 
yet was consistent across genders (male/female) at 38-39%. Adolescents diagnosed with autism and/or 
ADHD are at heightened risk for anxiety and depression 
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J Behav Ther Exp Psychiatry. 2023;78. 
EFFICACY OF NARRATIVE THERAPY FOR ORPHAN AND ABANDONED CHILDREN WITH ANXIETY AND ATTENTION DEFICIT 

AND HYPERACTIVITY DISORDERS IN RWANDA: A RANDOMIZED CONTROLLED TRIAL. 
Karibwende F, Niyonsenga J, Biracyaza E, et al. 
Background and objective: Although narrative therapy (NT) is globally practiced for alleviating 
psychological disorders, studies of its efficacy for vulnerable children are still scarce, especially in African 
post-conflict settings. Thus, this study was aimed at assessing the efficacy of NT for Rwandan Orphans and 
abandoned children (OAC) with ADHD and anxiety disorders.  
Method: This study was a parallel randomized controlled trial in which participants (n = 72) were recruited 
from SOS Children's Villages. A half of participants (n = 36) were randomly allocated to either the NT group 
or the waitlist control group (WCG). Outcomes were collected at baseline before randomization and 10 weeks 
post-randomization.  
Results: ANOVA results indicated a significant main effect of time for anxiety disorders (p <.001, +p2 = 
0.176), and the main effects of group were significant for anxiety disorders (p <.001, +p2 = 0.254) and ADHD 
disorders (p <.001, +p2 = 0.260). There was a significant time by group interaction effect for anxiety disorders 
(p <.001, +p2 = 0.328) and for ADHD (p <.001, +p2 = 0.193). Between group analyses showed that the 
difference in symptoms was significant for anxiety disorders (p <.001, Cohen's d = 1.28) and for ADHD (p 
<.001, Cohen's d = 1.6) during the posttest, and the effect sizes were large. Limitation: The long-term effects 
of the intervention for the current sample were not assessed in this study.  
Conclusion: Despite its limitations, this study provides initial support for the safety, efficacy, and usefulness 
of NT among Rwandan OAC with ADHD and anxiety disorders. Health professionals must implement the 
new intervention as an everyday tool 
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J Child Psychol Psychiatry. 2022 Nov;63:1381-91. 
CAUSAL EFFECTS OF PSYCHOSTIMULANTS ON NEURAL CONNECTIVITY: A MECHANISTIC, RANDOMIZED CLINICAL 

TRIAL. 
Wang Y, Kessel E, Lee S, et al. 
Background: Psychostimulants are frequently used to treat attention-deficit/hyperactivity disorder (ADHD), 
but side effects are common leading to many patients discontinuing treatment. Identifying neural mechanisms 
by which psychostimulants attenuate symptoms may guide the development of more refined and tolerable 
therapeutics.  
Methods: We conducted a 12-week, randomized, placebo-controlled trial (RCT) of a long-acting 
amphetamine, lisdexamfetamine (LDEX), in patients with ADHD, ages 6–25 years old. Of the 58 participants 
who participated in the RCT, 49 completed pre- and post-RCT magnetic resonance imaging scanning with 
adequate data quality. Healthy controls (HCs; n = 46) were included for comparison. Treatment effects on 
striatal and thalamic functional connectivity (FC) were identified using static (time-averaged) and dynamic 
(time-varying) measures and then correlated with symptom improvement. Analyses were repeated in 
independent samples from the Adolescent Brain Cognitive Development study (n = 103) and the ADHD-200 
Consortium (n = 213).  
Results In 49 participants (25 LDEX; 24 Placebo), LDEX increased static and decreased dynamic FC (DFC). 
However, only DFC was associated with the therapeutic effects of LDEX. Additionally, at baseline, DFC was 
elevated in unmedicated-ADHD participants relative to HCs. Independent samples yielded similar findings – 
ADHD was associated with increased DFC, and psychostimulants with reduced DFC. Static FC findings were 
inconsistent across samples.  
Conclusions: Changes in dynamic, but not static, FC were associated with the therapeutic effects of 
psychostimulants. While prior research has focused on static FC, DFC may offer a more reliable target for 
new ADHD interventions aimed at stabilizing network dynamics, though this needs confirmation with 
subsequent investigations 
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J Child Psychol Psychiatry. 2022 Oct;63:1174-85. 
HOW INTERACTIONS BETWEEN ADHD AND SCHOOLS AFFECT EDUCATIONAL ACHIEVEMENT: A FAMILY-BASED 

GENETICALLY SENSITIVE STUDY. 
Cheesman R, Eilertsen EM, Ayorech Z, et al. 
Background: Children with ADHD tend to achieve less than their peers in school. It is unknown whether 
schools moderate this association. Nonrandom selection of children into schools related to variations in their 
ADHD risk poses a methodological problem.  
Methods: We linked data on ADHD symptoms of inattention and hyperactivity and parent–child ADHD 
polygenic scores (PGS) from the Norwegian Mother, Father, and Child Cohort Study (MoBa) to achievement 
in standardised tests and school identifiers. We estimated interactions of schools with individual differences 
between students in inattention, hyperactivity, and ADHD-PGS using multilevel models with random slopes 
for ADHD effects on achievement over schools. In our PGS analyses, we adjust for parental selection of 
schools by adjusting for parental ADHD-PGS (a within-family PGS design). We then tested whether five 
school sociodemographic measures explained any interactions.  
Results: Analysis of up to 23,598 students attending 2,579 schools revealed interactions between school 
and ADHD effects on achievement. The variability between schools in the effects of inattention, hyperactivity 
and within-family ADHD-PGS on achievement was 0.08, 0.07 and 0.05 SDs, respectively. For example, the 
average effect of inattention on achievement was ß = 0.23 (SE = 0.009), but in 2.5% of schools with the 
weakest effects, the value was 0.07 or less. ADHD has a weaker effect on achievement in higher-performing 
schools. Schools make more of a difference to the achievements of students with higher levels of ADHD, 
explaining over four times as much variance in achievement for those with high versus average inattention 
symptoms. School sociodemographic measures could not explain the ADHD-by-school interactions.  
Conclusions: Although ADHD symptoms and genetic risk tend to hinder achievement, schools where their 
effects are weaker do exist. Differences between schools in support for children with ADHD should be evened 
out 
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J Child Psychol Psychiatry. 2022 Nov;63:1434-44. 
DOES RAPID REBOUND HEIGHT GROWTH COME AT A NEUROCOGNITIVE COST FOR PREVIOUSLY INSTITUTIONALIZED 

YOUTH? 
Reid BM, Zhong D, Donzella B, et al. 
Background: Height growth faltering is associated with less optimal behavioral outcomes and educational 
achievement. Although catch-up growth after growth delay may result in developmental gains, it may also 
present as a double-edged sword, with consequences for neurocognitive functioning such as symptoms of 
inattention and hyperactivity. As previously institutionalized (PI) children experience height delays at adoption 
and catch-up growth after adoption, they provide a cohort to test associations between catch-up growth and 
attention deficit hyperactivity disorder (ADHD) symptoms.  
Methods: This study used latent growth curve modeling to examine how catch-up in height-for-age growth 
is related to attention problems in a population of PI youth followed from adoption in infancy through 
kindergarten. Participants were assessed within three months of arrival into their families (age at entry: 18– 
36 months). Anthropometrics were measured four times, approximately 7 months apart. Two visits measured 
behavioral outcomes with parent and teacher reports of ADHD, internalizing, and externalizing symptoms at 
age 5 and kindergarten.  
Results: The slope of growth in height z-scores, but not the intercept, was positively associated with parent- 
and teacher-reported ADHD symptoms in children. A one standard deviation increase in the slope of height 
z-scores across four assessments was associated with a 0.252 standard deviation increase in ADHD 
symptoms after controlling for internalizing and externalizing problems, iron status, duration of institutional 
care, sex, and age. The slope of growth was also associated with internalizing but not externalizing 
symptoms.  
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Conclusions: This study demonstrates that PI children exhibit individual trajectories of height growth 
postadoption. Higher rates of change in height-for-age growth were associated with increased ADHD 
symptoms. These results suggest that catch-up growth comes ‘at the cost’ of poor attention regulation and 
hyperactive behavior 
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Journal of Clinical Medicine. 2022;11. 
PREVALENCE OF LOWER URINARY TRACT SYMPTOMS IN CHILDREN WITH ATTENTION-DEFICIT/HYPERACTIVITY 

DISORDER: COMPARISON OF HOSPITAL AND POPULATION-BASED COHORTS OF 13,000 PATIENTS. 
Yang TK, Huang WY, Guo YJ, et al. 
Background: This study investigates the prevalence of lower urinary tract symptoms (LUTS) in school-age 
children with Attention-Deficit/Hyperactivity Disorder (ADHD) based on hospital-based and population-based 
cohorts.  

Methods: The hospital-based sample comprised 42 children with ADHD and 65 without ADHD aged 6Çô12 
years. Voiding dysfunction was assessed by the Dysfunctional Voiding Scoring System (DVSS) 
questionnaire. We compared the baseline data, DVSS score, and uroflowmetry between the two groups. For 

the population-based cohort in the national insurance database, we included 6526 children aged 6Çô12 
years, whose claims record included the diagnosis of ADHD, and another 6526 control subjects matched by 
gender and age. We compared the presence of LUTS diagnosis codes between the two groups.  
Results: Our results showed that, for the hospital-based cohort, the mean total DVSS score and the 
proportion of significant LUTS in children in the ADHD group were significantly higher than in subjects in the 
non-ADHD group. The DVSS subscales showed that the item I cannot wait when I have to pee item was 
significantly higher in the ADHD group (1.62 -¦ 1.17 vs. 0.90 -¦ 1.09, p = 0.002). For the population-based 
cohort, children with ADHD had a significantly higher likelihood of storage symptoms (5.53% vs. 2.91%, p < 
0.001) and enuresis (3.28% vs. 1.95%, p < 0.001) compared with those of the no ADHD group.  
Conclusions: Children with ADHD have a higher prevalence of significant LUTS, especially storage 
symptoms and enuresis, than children without ADHD. The observed correlations between ADHD and LUTS 
provided the supporting evidence to evaluate the concomitant voiding dysfunction in children with ADHD 
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Journal of Clinical Medicine. 2022;11. 
SLUGGISH COGNITIVE TEMPO AMONG IRANIAN CHILDREN AND ADOLESCENTS: A VALIDATION STUDY OF THE FARSI 

CHILD AND ADOLESCENT BEHAVIOR INVENTORY (CABI)ÇÔPARENT VERSION. 
Sadeghi-Bahmani D, Mohammadian Y, Ghasemi M, et al. 
Background: Sluggish cognitive tempo (SCT), recently renamed cognitive disengagement syndrome (CDS), 
is a set of behavioral symptoms that includes excessive daydreaming, mental confusion and fogginess, being 
lost in one’s thoughts, and slowed behavior and thinking. Symptoms of SCT show overlap with a broad range 
of other symptoms such as attention-deficit/hyperactivity disorder inattention, anxiety, and depression, or 
oppositional defiant disorder (ODD). To measure SCT, one of the optimal measures is the Child and 
Adolescent Behavior Inventory (CABI). Here, we report the psychometric properties of the Farsi version of 
the CABI Parent Version, including the CABI SCT scale and its subscales.  

Methods: The participants were the parents of 209 children and adolescents (53.9% girls; ages 8Çô19 
years; Mage = 14.23, SDage = 2.72). Parents completed the SCT, ADHD inattention (ADHD-IN), ADHD-
hyperactivity/impulsivity (ADHD-HI), oppositional defiant disorder (ODD), limited prosocial emotions (callous-
unemotional (CU) traits), anxiety, depression, social impairment, and academic impairment scales of the 
Child and Adolescent Behavior Inventory (CABI). Parents also completed four dimensions of the Strengths 
and Difficulties Questionnaire (SDQ: emotional problems; conduct problems; peer problems; prosocial 
behavior), and five dimensions of the Kidscreen questionnaire (physical health; psychological well-being; 
autonomy and parental well-being; peers and social support; school environment).  
Results: SCT symptoms demonstrated strong discriminant validity from the ADHD-IN symptoms. SCT 
showed stronger first-order and unique associations than ADHD-IN with anxiety, depression, and ODD, 
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whereas ADHD-IN showed stronger first-order and unique associations than SCT with ADHD-HI, CU, and 
social and academic impairment. Further, SCT showed stronger first-order and unique associations than 
ADHD-IN with more emotional problems, peer problems, and with lower prosocial behavior, as assessed 
with the SDQ. Higher scores for SCT were associated with lower psychological well-being, autonomy and 
parental relations, and lower peer and social support, as assessed with the Kidscreen. Higher ADHD-IN 
scores were associated with lower peer and social support, and a lower school environment.  

Conclusions: The Farsi version of the CABIÇôParent Version has very good psychometric properties for 
assessing SCT and other dimensions of psychopathology/impairment and replicates the findings from similar 
studies with children and adolescents from South Korea, Spain, Turkey, and the United States. Accordingly, 
the present study provides further support of the transcultural validity of the sluggish cognitive tempo 
construct 
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J Dev Behav Pediatr. 2022 Oct;43:489-91. 
INTEROCEPTION IN PRACTICE: THE GUT-BRAIN CONNECTION. 
Genovese A, Moore T, Haynes P', et al. 
Tony is a five and a half-year-old boy who has been a patient in your primary care practice since he was 
adopted at birth. He has been treated by a child and adolescent psychiatrist for behavioral concerns starting 
at age 3 years and has been diagnosed with autism spectrum disorder, attention-deficit/hyperactivity disorder 
(ADHD) combined type, anxiety disorder, and insomnia. He presents today with complaints of repeated 
emesis and refusal to eat or drink over the past 2 weeks and is now dehydrated. Tony was born at 30 weeks' 
gestational age by vaginal delivery with a birth weight of 4lbs 15oz and was described as minimally 
responsive at birth. There was known prenatal exposure to tobacco and methamphetamine and inadequate 
prenatal care. The maternal history is notable for a reported diagnosis of bipolar affective disorder, 
prostitution, and being unhoused at the time of delivery. Tony received antibiotics after delivery for presumed 
newborn infections. As an infant, he had kidney reflux, low serum ferritin, insomnia, and failure to thrive. 
Regarding developmental milestones, Tony was sitting up at 7 months, walking at 14 months, talking at 18 
months, and speaking in full sentences by 24 months. When he presented to the psychiatric service at age 
3 years, behavioral problems included irritability with destructive rages, excessive fears, separation anxiety, 
hyperactivity, and impulsivity with a lack of awareness of danger to the extent that he required a safety 
harness when in public and security locks in the home because of repeated elopements. Tony also had at 
the time of his initial presentation significant defiance, extreme tantrums, violent aggressive outbursts, 
cognitive rigidity, repetitive behaviors, resistance to change, frequent nondirected vocalizations, and self-
injurious behaviors including slapping himself on the head and biting of his hands and feet. Review of systems 
includes complaints of frequent abdominal and neck pain, persistent insomnia, night terrors, restrictive eating 
habits with poor weight gain, and reduced sensitivity to pain. Treatment history included gabapentin and 
subsequently divalproex for seizure-like episodes (despite negative EEG) described as frequent staring 
spells with repetitive biting of his lips. Psychotropic medications were risperidone for irritability associated 
with autism and clonidine extended release for ADHD. He also took melatonin for sleep. During his well-child 
check at the age of 5 years, Tony is making good progress from a developmental standpoint, has age-
appropriate expressive and receptive language skills, is fluent in both English and Spanish, is able to recite 
the alphabet, counts to 20, has learned to swim, and is demonstrating interest in planets and astrology. He 
is reported to have a secure attachment to his adoptive parents and is described as emotionally sensitive, 
caring, kind, considerate, and empathetic. He has good eye contact and can read facial expressions. He is 
affectionate and protective of his infant sibling, his biological sister, who is also adopted by his parents and 
now living in the home. Tony made an excellent adjustment to the start of kindergarten and up until this point 
was responding positively to his psychotropic medication regimen. But then at age five and a half, Tony 
experienced sudden and unexplained behavioral worsening, which was followed by the onset of recurrent 
vomiting and refusal to eat or drink. Comprehensive medical workup including upper endoscopy and biopsy 
resulted in a diagnosis of eosinophilic esophagitis (EoE). What would be your next step? (PsycInfo Database 
Record (c) 2022 APA, all rights reserved) 
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J Exp Clin Med. 2022;39:803-08. 
HOW DOES VISUAL PRAXIS BASED OCCUPATIONAL THERAPY PROGRAM EFFECT MOTOR SKILLS IN CHILDREN WITH 

HYPERACTIVITY AND ATTENTION DISORDER? SINGLE BLIND RANDOMIZED STUDY DESIGN. 
Kase B, et al. 
Attention Deficit and Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder characterized with 
problems such as; atypical attention skills increased impulsive behaviors at least two of the child’s areas of 
daily living. In studies investigating developmental aspect of the said problems of children with ADHD, it was 
stated that the children usually do not demonstrate normal development regarding the motor proficiency and 
may fall behind their peers in exhibiting normal motor performance. These problems in motor skills are said 
to cause a hindered development in complex skills which may result in; distorted body image, increased 

anxiety and poor social communication skills. This studyÇÖs aim was to investigate effects of a Visual-
Praxis-based Occupational Therapy program (VPOT) on motor proficiency of children with ADHD. The 58 
children who were included to the study were assigned numbers from 1 to 58 and randomized into two groups 
(the intervention group and the control group). Both groups were subjected to the Bruninks-Oserestry Test 
of Motor Proficiency 2-Brief Form (BOT2-BF). After the initial assessment, the participants in the intervention 
group were admitted into the VPOT program for a duration of 8 weeks with twice-weekly sessions of 45 
minutes. End of the program, BOT2-BF was applied once more. The participants mean age was 8.44-¦1.39 
years. There were no differences between the intervention and the control group in terms of age. When the 
BOT2-BF results for the intervention group were analyzed, it was found that there were significant differences 
between pre- and post-intervention scores of all sub-scores and the total score. Due to approaching the 
motor development aspect of ADHD within the context of motor proficiency and visual perception, this study 
can be considered to be one of the innovative and pioneer studies in the field and is positively unique 
regarding the usage of the intervention approach that was used 
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J Pediatr. 2022. 
ANTENATAL CORTICOSTEROID EXPOSURE IS ASSOCIATED WITH CHILDHOOD MENTAL DISORDERS IN LATE PRETERM 

AND TERM INFANTS. 
Lin YH, Lin CH, Lin MC, et al. 
Objectives: To study the association between antenatal corticosteroids treatment and childhood mental 
disorders in infants born at different gestational ages, and to investigate the effect of different administration 
timing.  
Study design: This population-based cohort study used data from the Taiwan National Health Insurance 
Research Database. All singleton live births born between 2004 and 2010 were enrolled and followed up for 
at least 6 years. The primary outcome was any childhood mental disorder. Secondary outcomes included 7 
specific subgroups of mental disorders.  
Results: A total of 1 163 443 singleton infants were included in the analysis, and 16 847 (1.45%) infants 
were exposed to antenatal corticosteroid treatment. Children exposed to antenatal corticosteroids were found 
to have a higher risk of developing childhood mental disorders in the entire cohort (hazard ratio [HR], 1.13; 
95% CI, 1.08-1.18), the term group (HR, 1.11; 95% CI, 1.05-1.16), and the late-preterm group (HR, 1.15; 
95% CI, 1.06-1.25). The administration of corticosteroids in the early stage of pregnancy (<28 weeks of 
gestation) significantly increased the risk of childhood mental disorders (HR, 1.22; 95% CI, 1.14-1.31).  
Conclusions: Exposure to antenatal corticosteroid treatment increases the cumulative risk of childhood 
mental disorders and attention deficit hyperactivity disorders, both in term and late preterm infants. The 
administration of corticosteroids in the early stage of pregnancy tends to increase the risk of mental disorders 
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Journal of Postgraduate Medicine. 2022;68:213-20. 
PARENTAL-PERCEIVED HEALTH-RELATED QUALITY OF LIFE OF SCHOOL STUDENTS WITH BORDERLINE INTELLECTUAL 

FUNCTIONING: A CROSS-SECTIONAL QUESTIONNAIRE-BASED STUDY IN MUMBAI, MAHARASHTRA, INDIA. 
Karande S, Gogtay NJ, More T, et al. 
Background and Objectives: Students with borderline intellectual functioning ('slow learners') underperform 
in all school subjects. The primary objective of this study was to evaluate the parental-perceived health-
related quality of life (HRQoL) of these students. Its secondary objective was to analyze the impact of 
sociodemographic variables on their HRQoL.  
Settings and Design: Cross-sectional single-arm questionnaire-based study was conducted in the learning 
disability clinic in a public medical college in Mumbai. Subjects and Methods: One hundred parents of slow 
learners aged 8 to 16 years were recruited by non-probability sampling. Their HRQoL scores were measured 
using the English DISABKIDS chronic generic module parent (proxy) long-version ('DCGM-37-P') instrument.  
Statistical Analysis: Multiple regression analysis was carried out for determining the 'independent' impact 
that sociodemographic variables had on a poor facet and total score outcomes.  
Results: Clinically significant deficits were detected in 4 facets, namely: small deficit in 'social inclusion'; 
medium deficits in 'independence', 'emotion', and 'social exclusion'; and large deficit in 'total score'. 
Multivariate analysis revealed that: (i) being an only child predicted a poor 'emotion' and 'social exclusion' 
facet score outcomes (P = 0.039 and P = 0.024, respectively); (ii) being a female predicted a poor 'social 
inclusion' facet score outcome (P = 0.022); and, (iii) studying in a single-gender school predicted a poor 
'limitation' facet score outcome (P = 0.020).  
Conclusions: Parents of slow learners perceive their psychosocial and total HRQoL to be significantly 
compromised. There is a need to evaluate the HRQoL of slow learners so that optimum rehabilitation can be 
facilitated 

 
……………………………………………………………………….. 

 
 
 

J Psychiatr Res. 2022;156:679-89. 
MAXIMUM DOWNWARD SLOPE OF SLEEP SLOW WAVES AS A POTENTIAL MARKER OF ATTENTION-
DEFICIT/HYPERACTIVITY DISORDER CLINICAL PHENOTYPES. 
Fasano A, Biancardi C, Masi G, et al. 
Background: Attention-Deficit/Hyperactivity Disorder (ADHD) is a highly heterogeneous diagnostic 
category, encompassing several endophenotypes and comorbidities, including sleep problems. However, no 
predictor of clinical long-term trajectories or comorbidity has yet been established. Sleep EEG has been 
proposed as a potential tool for evaluating the synaptic strength during development, as well as the cortical 
thickness, which is presumed to be altered in ADHD. We investigated whether the slope of the Slow Waves 
(SWs), a microstructural parameter of the sleep EEG, was a potential predictive parameter for psychiatric 
comorbidities and neuropsychological dimensions in ADHD.  
Methods: 70 children (58 m; 8.76 -¦ 2.77 y) with ADHD who underwent psychiatric and neurologic evaluations 
and a standard EEG recording during naps were investigated. After sleep EEG analysis, we grouped the 
extracted SWs in bins of equal amplitude and then measured the associations, through generalized linear 
regression, between their maximum downward slopes (MDS) and the individual scores obtained from clinical 
rating scales.  
Results: The presence of Multiple Anxiety Disorders was positively associated with MDS of medium 
amplitude SWs in temporo-posterior left areas. The Child Behavior Checklist scores showed negative 
associations in the same areas for small SWs. The presence of autistic traits was positively associated with 
MDS of high amplitude SWs in bilateral anterior and temporal left areas. The WISC-IV Processing Speed 
Index showed negative associations with MDS of small-to-medium SWs in anterior and temporal right areas, 
while positive associations in posterior and temporal left areas.  
Conclusions: Consistency of association clusters' localization on the scalp suggests that variations in the 
local MDS, revealing alterations of local synaptic strength and/or in daytime use of certain cortical circuits, 
could underlie specific neurodevelopmental trajectories resulting in different ADHD clinical phenotypes 
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J Psychiatr Res. 2022;156:437-43. 
INCREASED UNCOUPLING PROTEIN 1 LEVELS ARE ASSOCIATED WITH ATTENTION DEFICIT AND HYPERACTIVITY 

DISORDER IN MEDICATION-FREE CHILDREN. 
Esad Tezcan M, et al. 
Objective: This study aimed to investigate serum visfatin, irisin, and uncoupling protein 1 (UCP1) levels 
between children with attention deficit and hyperactivity disorder (ADHD) and healthy controls and to discuss 
how performance on the Stroop Color Test and Serial Digit Learning Test changes with these adipokines.  
Methods: A total of 45 medication-free children with ADHD and 43 controls aged 8-12 years were enrolled 
in this study. The serum levels of visfatin, UCP1, and irisin were measured using enzyme-linked 
immunosorbent assay kits.  
Results: As a result, in our study, a statistically significant difference was found in UCP1 in the ADHD group 
compared with the control group, but no significant difference was found in visfatin and irisin levels. An 
analysis of covariance was also performed for the whole sample, and when controlling for potential 
confounders, including body mass index, age, and gender, the results did not change. In addition, it was 
determined that adipokines did not correlate with neuropsychological tests.  
Conclusion: These findings suggest that UCP1 might be associated with childhood ADHD 

 
……………………………………………………………………….. 

 
 
 

J Sleep Res. 2022;31. 
CO-MODULATION OF AWAKE THETA POWER AND HABITUAL SLEEP ACROSS THE FIRST 3 YEARS OF LIFE IN INFANTS 

AT ELEVATED LIKELIHOOD FOR ASD/ADHD. 
Gosso LK, Braithwaite E, Begum Ali J, et al. 
Introduction/Objectives: Disordered sleep is a symptom of Autism-Spectrum-Disorder(ASD) and Attention-
Deficit-Hyperactivity-Disorder( ADHD). Research has yet to clarify if and how early sleep patterns contribute 
to the development of ASD/ADHD symptomatology. Theta band oscillations (3-6Hz) are a marker for brain 
development and predict non-verbal cognitive abilities in infants at elevated likelihood for ASD (Jones et al., 
2020). Using a prospective sibling design in our study aim to understand how parent-reported sleep relates 
to ASD/ADHD outcome scores and an EEG indicator of brain development (theta power) across the first 
three years of life in infants at elevated likelihood of ASD/ADHD.  
Methods: N = 166 Infants participated in this study. Infants at low (N = 29) and elevated likelihood for 
ADHD(N = 32)/ASD(N = 80)/ ASD+ADHD(N = 20) were tested at ages 5, 10, 14 months for parent-reported 
sleep (Sleep and Settle Questionnaire; Matthey, 2001) and 5, 10, 14 and 24 months for EEG while watching 
60-s videos of toys and nursery rhymes (124-channel, EGI). ASD/ADHD symptoms were measured at 36 
months with SRS2/ADOS2/ADI-R. Analyses were pre-registered under https://osf.io/pq32t and theta band 
frequencies and change parameters were extracted (see: Braithwaite et al., 2020). We used GEEs to analyse 
sleep data in association with outcome data, and pending pre-registration approval random-intercept cross-
lagged panel models to investigate longitudinal associations between theta and sleep.  
Results: Infants with elevated likelihood of ASD showed less night sleep compared to the other groups 
[F(1,133) = 10.08, p = 0.002, np2 = 0.07]. Infants with an elevated likelihood of ADHD [F (1,133) = 0.17, p = 
0.68, np2 = 0.001] did not show this. There was no association of 36m ASD/ADHD traits with day sleep in 
either group (ASD: [F(1,132) = 0.29, p = 0.59, np2 = 0.002], ADHD:[F (1,132) = 2, p = 0.16, np2 = 0.01]). 
ASD outcome analyses show same pattern. Additional results on theta and sleep will be presented.  
Conclusion: Our preliminary results show lower parent-reported night sleep could be specific to ASD but not 
ADHD, tentatively highlighting sleep duration as a potential early intervention target. Cross-lagged panel 
models will clarify how this finding associates with our EEG marker of brain development (theta power) in 
this cohort. Our longitudinal study enables us to disentangle the potential cascading and concurrent effect of 
different aspects of sleep on brain development markers and on symptomatology of neurodevelopmental 
disorders 
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J Sleep Res. 2022;31. 
AUDITORY STIMULATION DURING SLEEP BOOSTS SLOW-WAVESPINDLES COUPLING IN CHILDREN WITH ATTENTION-
DEFICIT HYPERACTIVITY DISORDER (ADHD). 
Krugliakova E, Volk C, Ferster ML, et al. 
Objectives/Introduction: Cross-frequency coupling between the neocortical slow waves (SW, 0.5-2 Hz) and 
spindles (9-12 Hz) is thought to facilitate sleep-dependent memory formation. Previous studies have shown 
that SW-activity in children with ADHD can be decreased as compared to their healthy peers (Furrer et al., 
2019). In this study, we tested (1) whether the SW-spindles coupling is impaired in children with ADHD and 
(2) whether phase-targeted auditory stimulation (PTAS) might boost coupling in children with ADHD.  
Methods: We collected sleep hd-EEG data of 18 children (9 children diagnosed with ADHD and 9 control 
children, both groups 11 -¦ 1.5 years). Two conditions separated by 1 week were carried out: (1) non-
stimulation (SHAM) and (2) up-PTAS (STIM) of the slow waves detected over the right prefrontal area. During 
the stimulation, pink (1/f) noise pulses were delivered in 6-s blocks (ON-windows), followed by a 6-s pause 
(OFFwindows). Coupling strength between the SW and spindles was assessed with the normalized 
modulation index (Tort et al., 2010), for STIM-ON, STIM-OFF, SHAM-ON and SHAM-OFF.  
Results: Contrasting coupling strength of the two experimental groups during SHAM nights revealed 
decreased coupling in fronto-temporal regions in children with ADHD compared to controls (p(clust) = 0.01). 
PTAS resulted in a boost of coupling in fronto-central regions during ON windows, but not during OFF 
windows for both groups of children (STIM-ON vs. SHAM-ON, p(clust) < 0.02). Notably, the difference in 
coupling strength between the two groups was alleviated during STIM-ON but was still present in STIM-OFF 
windows.  
Conclusions: Here we provide initial evidence, that in addition to the decrease in SW-activity, children 
diagnosed with ADHD also show impaired coupling between SW and spindles. Supporting previous findings 
in adults (Krugliakova et al., 2020), our results suggest that PTAS is an efficient tool to boost SW-spindle 
coupling also in children. Furthermore, PTAS can compensate for the coupling deficit in children with ADHD 
up to the level of their healthy peers. In the next step, it will be important to test whether PTAS-evoked 
coupling changes can improve sleep-dependent memory consolidation in children with ADHD 

 
……………………………………………………………………….. 

 
 
 

J Am Acad Child Adolesc Psychiatry. 2022. 
ATTENTION-DEFICIT/HYPERACTIVITY DISORDER IS ASSOCIATED WITH INCREASED RATES OF CHILDHOOD 

INFECTIOUS DISEASES: A POPULATION-BASED CASE-CONTROL STUDY. 
Merzon E, Israel A, Ashkenazi S, et al. 
Objective: Infectious diseases (IDs) pose a heavy burden on children. An association between pediatric 
attention-deficit/hyperactivity disorder (ADHD) and specific IDs has been documented. Our objective was to 
test the possibility that ADHD is associated with increased likelihood for pediatric IDs at large.  
Method: A population-based case-control study was conducted using Electronic Medical Records (EMRs) 
of a national Health Maintenance Organization, Leumit Health Services (LHS). ICD-9/10 criteria were used 
for all diagnoses. The study population consisted of all children and adolescents (aged 5-18 years), members 
of LHS between January 1, 2006, to June 30, 2021. Case patients met International Classification of 
Diseases (ICD-9/10) criteria for ADHD. Controls included randomly selected persons without ADHD (2:1 
ratio), matched individually by demographic indices. The EMRs retrieved 3 exposure categories: pediatric 
ID, anti-infective medications use, and number of physician visits. The study was approved by the review 
board of Shamir Medical Center and the Research Committee of LHS.  
Results: Cases patients comprised 18,756 participants, with a mean age of 8.3 -¦ 2.6 years and a 
male/female ratio of 63%:37%. Matched controls comprised 37,512 participants, with a mean age of 8.3 -¦ 
2.6 years and a male/female ratio of 63%:37%. Demographic variables were similar between the groups. 
The rates of all IDs were significantly higher in participants with ADHD than in controls and were not restricted 
to a single body system, including acute respiratory infection (OR = 1.4, 95% CI = 1.3-1.4, p <.001), acute 
gastroenteritis (OR = 1.3,95% CI 1.3-1.4, p <.001), salmonellosis (OR = 2.8, 95% CI = 2.3-3.5, p <.001), and 
urinary tract infection (OR = 1.3, 95% CI = 1.2-1.4, p <.001). All anti-infective agents were prescribed 
significantly more often to children with ADHD. There were significantly higher rates of physician visits for 
participants with ADHD.  
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Conclusion: Study findings suggest an association between ID and pediatric ADHD Health care providers 
should be aware of this potential association. Clinical trial registration information: The Health and Economic 
Impact of Treated and Untreated ADHD; https://www.shamir.org/; 005-18-LEU 
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Lancet Child Adolesc Health. 2022 Dec;6:845-56. 
EFFICACY AND SAFETY OF METHYLPHENIDATE AND BEHAVIOURAL PARENT TRAINING FOR CHILDREN AGED 3-5 YEARS 

WITH ATTENTION-DEFICIT HYPERACTIVITY DISORDER: A RANDOMISED, DOUBLE-BLIND, PLACEBO-CONTROLLED, AND 

SHAM BEHAVIOURAL PARENT TRAINING-CONTROLLED TRIAL. 
Sugaya LS, Salum GA, de Sousa GW, et al. 
BACKGROUND: There is insufficient evidence to support treatment recommendations for preschool children 
aged 3-5 years with attention-deficit hyperactivity disorder (ADHD). We aimed to investigate the efficacy and 
safety of methylphenidate and behavioural parent training in reducing the frequency and severity of 
symptoms and improving global functioning in preschool children with ADHD.  
METHODS: We did an 8-week, randomised, double-blind, placebo-controlled and sham behavioural parent 
training-controlled clinical trial (the MAPPA Study) in children aged 3-5 years with moderate-to-severe ADHD. 
The trial was conducted at the Institute of Psychiatry, Hospital das Clinicas, University of SAN Paulo Medical 
School, SAN Paulo, Brazil. Participants were randomly assigned (1:1:1) to receive immediate-release 
methylphenidate plus educational intervention (sham behavioural parent training), placebo medication plus 
behavioural parent training, or placebo medication plus educational intervention. Randomisation was done 
by an independent research manager by use of a permuted block randomisation procedure. Parents, 
teachers, study staff, and evaluators remained masked to group allocation. Methylphenidate and placebo 
were titrated to a maximum dose of 1·25mg/kg per day administered orally twice daily, and behavioural 
parent training and the educational intervention were delivered weekly through 90 min sessions with both the 
child and parent, conducted by two psychologists or learning therapists. The primary outcomes were parents' 
and teachers' composite scores of the Swanson, Nolan, and Pelham-IV scale (SNAP-IV-P/T), the Clinical 
Global Impressions Severity (CGI-S) scale, and the Children's Global Assessment Scale (CGAS). This trial 
is registered with ClinicalTrials.gov, NCT02807870, and is now complete. All participants were invited to 
participate in an open observational follow-up, which is ongoing.  
FINDINGS: Between Aug 21, 2016, and Oct 21, 2019, 153 children were randomly assigned to receive 
methylphenidate plus the educational intervention (n=51), placebo plus behavioural parent training (n=51), 
or placebo plus the educational intervention (n=51). Nine (6%) children discontinued treatment. All 
participants were included in the intention-to-treat analysis. Children in the methylphenidate plus educational 
intervention group showed greater reductions in the SNAP-IV-P/T (endpoint mean difference -3·93 [95% CI 
-7·14 to -0·73], p=0·049; effect size -0·55 [95% CI -0·99 to -0·10]) and CGI-S scores (endpoint mean 
difference -0·49 [-0·82 to -0·17], p=0·0088; effect size -0 70 [-1·16 to -0·24]) and a greater increase in CGAS 
scores (endpoint mean difference 5·25 [95% CI 2·09 to 8·40], p=0·0036; effect size 0·80 [95% CI 0·32 to 
1·28]) than children in the placebo plus educational intervention group. Children in the placebo plus 
behavioural parent training group did not have significantly different SNAP-IV-P/T scores (endpoint mean 
difference -3·18 [95% CI -6·38 to 0·02], p=0·077; effect size -0·44 [95% CI -0·89 to 0·003]) or CGI-S scores 
(endpoint mean difference -0·35 [-0·68 to -0·03], p=0·052; effect size -0·50 [-0·96 to -0·04]) compared to 
children in the placebo plus educational intervention group, but they had a greater increase in CGAS scores 
compared to the placebo plus educational intervention group (endpoint mean difference 3·69 [0·53 to 6·85], 
p=0·033; effect size 0·56 [0·08 to 1·04]). Children in the methylphenidate plus educational intervention versus 
placebo plus behavioural parent training group did not have statistically or clinically significant differences in 
primary outcomes. Children in the methylphenidate plus educational intervention group had more mild 
adverse events than the other two groups, and there were no between-group differences for moderate or 
severe adverse events.  
INTERPRETATION: Methylphenidate was effective in reducing ADHD symptoms and improving 
functionality, and behavioural parent training was effective in improving functionality for preschool children 
with ADHD after 8 weeks of treatment.  
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FUNDING: SAN Paulo Research Foundation and Brazilian National Council for Scientific and Technological 
Development 
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Lancet Child Adolesc Health. 2022 Dec;6:830-31. 
TREATMENT OF ADHD IN PRESCHOOL CHILDREN. 
Cortese S. 
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Lancet Psychiatry. 2022 Dec;9:969-77. 
ASSOCIATIONS BETWEEN CHILDHOOD TRAUMA AND CHILDHOOD PSYCHIATRIC DISORDERS IN BRAZIL: A POPULATION-
BASED, PROSPECTIVE BIRTH COHORT STUDY. 
Bauer A, Fairchild G, Hammerton G, et al. 
BACKGROUND: Childhood trauma is a proposed transdiagnostic risk factor for psychopathology, but 
epidemiological evidence from low-income and middle-income countries (LMICs) is scarce. We investigated 
associations between trauma and child psychiatric disorders in a birth cohort in Brazil.  
METHODS: The 2004 Pelotas Birth Cohort is an ongoing, population-based, prospective birth cohort, 
including all hospital births occurring between Jan 1 and Dec 31, 2004, in the city of Pelotas, Brazil. When 
the children were aged 6 and 11 years, trained psychologists administered the Development and Well-Being 
Assessment clinical interview to caregivers to assess current child psychiatric disorders (anxiety disorders, 
mood disorders, ADHD and hyperactivity disorders, and conduct and oppositional disorders), and lifetime 
trauma exposure (ie, experiencing or witnessing life-threatening events) including interpersonal and non-
interpersonal events. Analyses used multiple imputation and logistic regression models.  
OUTCOMES: Of 4263 live births, 4231 children were included in the study sample, and 4229 (2195 [51·9%] 
boys and 2034 [48·1%] girls; 2581 [61·7%] with White mothers and 1600 [38·3%] with Black or mixed race 
mothers) were included in the imputed analyses. 1154 (34·3%) of 3367 children with complete data at age 
11 years had been exposed to trauma by that age. After adjusting for confounders, at age 6 years, trauma 
was associated with increased odds of anxiety disorders (adjusted odds ratio 1·79 [95% CI 1·33-2·42]) and 
any psychiatric disorder (1Â·59 [1Â·22-2Â·06]), and at age 11 years, with any psychiatric disorder (1·45 
[1·17-1·79]) and all four specific diagnostic classes of anxiety disorders (1·47 [1·04-2·09]), mood disorders 
(1·66 [1·08-2·55]), ADHD and hyperactivity disorders (1·47 [1·01-2·13]), and conduct and oppositional 
disorders (1·76 [1·19-2·61]). Interpersonal trauma and non-interpersonal trauma were each associated with 
increased odds of multiple psychiatric disorders, even when adjusting for their co-occurrence.  
INTERPRETATION: A considerable mental health burden associated with childhood trauma is already 
evident by middle childhood in this sample from Brazil. Evidence-based efforts to reduce the incidence of 
childhood trauma in Brazil and address its consequences are urgently needed.  
FUNDING: Children's Pastorate, WHO, National Support Program for Centres of Excellence, Brazilian 
National Research Council, Brazilian Ministry of Health, SAN Paulo Research Foundation, University of Bath, 
Wellcome Trust.  
TRANSLATION: For the Portuguese translation of the abstract see Supplementary Materials section 

 
……………………………………………………………………….. 

 
 
 

Mol Psychiatry. 2022 Aug;27:3510-19. 
GLOBAL POPULATION ATTRIBUTABLE FRACTION OF POTENTIALLY MODIFIABLE RISK FACTORS FOR MENTAL 

DISORDERS: A META-UMBRELLA SYSTEMATIC REVIEW. 
Dragioti E, Radua J, Solmi M, et al. 
Numerous risk factors for mental disorders have been identified. However, we do not know how many 
disorders we could prevent and to what extent by modifying these risk factors. This study quantifies the 
Population Attributable Fraction (PAF) of potentially modifiable risk factors for mental disorders. We 
conducted a PRISMA 2020-compliant (Protocol: https://osf.io/hk2ag ) meta-umbrella systematic review (Web 
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of Science/PubMed/Cochrane Central Register of Reviews/Ovid/PsycINFO, until 05/12/2021) of umbrella 
reviews reporting associations between potentially modifiable risk factors and ICD/DSM mental disorders, 
restricted to highly convincing (class I) and convincing (class II) evidence from prospective cohorts. The 
primary outcome was the global meta-analytical PAF, complemented by sensitivity analyses across different 
settings, the meta-analytical Generalised Impact Fraction (GIF), and study quality assessment (AMSTAR). 
Seven umbrella reviews (including 295 meta-analyses and 547 associations) identified 28 class I-II risk 
associations (23 risk factors; AMSTAR: 45.0% high-, 35.0% medium-, 20.0% low quality). The largest global 
PAFs not confounded by indication were 37.84% (95% CI = 26.77-48.40%) for childhood adversities and 
schizophrenia spectrum disorders, 24.76% (95% CI = 13.98-36.49%) for tobacco smoking and opioid use 
disorders, 17.88% (95% CI = not available) for job strain and depression, 14.60% (95% CI = 9.46-20.52%) 
for insufficient physical activity and Alzheimer's disease, 13.40% (95% CI = 7.75-20.15%) for childhood 
sexual abuse and depressive disorders, 12.37% (95% CI = 5.37-25.34%) for clinical high-risk state for 
psychosis and any non-organic psychotic disorders, 10.00% (95% CI = 5.62-15.95%) for three metabolic 
factors and depression, 9.73% (95% CI = 4.50-17.30%) for cannabis use and schizophrenia spectrum 
disorders, and 9.30% (95% CI = 7.36-11.38%) for maternal pre-pregnancy obesity and ADHD. The GIFs 
confirmed the preventive capacity for these factors. Addressing several potentially modifiable risk factors, 
particularly childhood adversities, can reduce the global population-level incidence of mental disorders 
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Mol Psychiatry. 2022. 
GENETIC NURTURE VERSUS GENETIC TRANSMISSION OF RISK FOR ADHD TRAITS IN THE NORWEGIAN MOTHER, 
FATHER AND CHILD COHORT STUDY. 
Pingault JB, Barkhuizen W, Wang B, et al. 
Identifying mechanisms underlying the intergenerational transmission of risk for attention-deficit/hyperactivity 
disorder (ADHD) traits can inform interventions and provide insights into the role of parents in shaping their 
children’s outcomes. We investigated whether genetic transmission and genetic nurture (environmentally 
mediated effects) underlie associations between polygenic scores indexing parental risk and protective 
factors and their offspring’s ADHD traits. This birth cohort study included 19,506 genotyped mother-father-
offspring trios from the Norwegian Mother, Father and Child Cohort Study. Polygenic scores were calculated 
for parental factors previously associated with ADHD, including psychopathology, substance use, 
neuroticism, educational attainment, and cognitive performance. Mothers reported on their 8-year-old 

childrenÇÖs ADHD traits (n = 9,454 children) using the Parent/Teacher Rating Scale for Disruptive 
Behaviour Disorders. We found that associations between ADHD maternal and paternal polygenic scores 
and child ADHD traits decreased significantly when adjusting for the child polygenic score (p+ö+¦ = 9.95 +ù 

10êÆ17 for maternal and p+ö+¦ = 1.48 +ù 10êÆ14 for paternal estimates), suggesting genetic 
transmission of ADHD risk. Similar patterns suggesting genetic transmission of risk were observed for 
smoking, educational attainment, and cognition. The maternal polygenic score for neuroticism remained 

associated with childrenÇÖs ADHD ratings even after adjusting for the child polygenic score, indicating 
genetic nurture. There was no robust evidence of genetic nurture for other parental factors. Our findings 
indicate that the intergenerational transmission of risk for ADHD traits is largely explained by the transmission 
of genetic variants from parents to offspring rather than by genetic nurture. Observational associations 
between parental factors and childhood ADHD outcomes should not be interpreted as evidence for 
predominantly environmentally mediated effects 
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N Engl J Med. 2022 Dec;387:2056-66. 
TRIAL OF TRAINING TO REDUCE DRIVER INATTENTION IN TEENS WITH ADHD. 
Epstein JN, Garner AA, Kiefer AW, et al. 
BACKGROUND: Teens with attention deficit-hyperactivity disorder (ADHD) are at increased risk for motor 
vehicle collisions. A computerized skills-training program to reduce long glances away from the roadway, a 
contributor to collision risk, may ameliorate driving risks among teens with ADHD.  
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METHODS: We evaluated a computerized skills-training program designed to reduce long glances (lasting 
2 seconds) away from the roadway in drivers 16 to 19 years of age with ADHD. Participants were randomly 
assigned in a 1:1 ratio to undergo either enhanced Focused Concentration and Attention Learning, a program 
that targets reduction in the number of long glances (intervention) or enhanced conventional driver's 
education (control). The primary outcomes were the number of long glances away from the roadway and the 
standard deviation of lane position, a measure of lateral movements away from the center of the lane, during 
two 15-minute simulated drives at baseline and at 1 month and 6 months after training. Secondary outcomes 
were the rates of long glances and collisions or near-collisions involving abrupt changes in vehicle 
momentum (g-force event), as assessed with in-vehicle recordings over the 1-year period after training.  
RESULTS: During simulated driving after training, participants in the intervention group had a mean of 16.5 
long glances per drive at 1 month and 15.7 long glances per drive at 6 months, as compared with 28.0 and 
27.0 long glances, respectively, in the control group (incidence rate ratio at 1 month, 0.64; 95% confidence 
interval [CI], 0.52 to 0.76; P<0.001; incidence rate ratio at 6 months, 0.64; 95% CI, 0.52 to 0.76; P<0.001). 
The standard deviation of lane position (in feet) was 0.98 SD at 1 month and 0.98 SD at 6 months in the 
intervention group, as compared with 1.20 SD and 1.20 SD, respectively, in the control group (difference at 
1 month, -0.21 SD; 95% CI, -0.29 to -0.13; difference at 6 months, -0.22 SD; 95% CI, -0.31 to -0.13; P<0.001 
for interaction for both comparisons). During real-world driving over the year after training, the rate of long 
glances per g-force event was 18.3% in the intervention group and 23.9% in the control group (relative risk, 
0.76; 95% CI, 0.61 to 0.92); the rate of collision or near-collision per g-force event was 3.4% and 5.6%, 
respectively (relative risk, 0.60, 95% CI, 0.41 to 0.89).  
CONCLUSIONS: In teens with ADHD, a specially designed computerized simulated-driving program with 
feedback to reduce long glances away from the roadway reduced the frequency of long glances and lessened 
variation in lane position as compared with a control program. During real-world driving in the year after 
training, the rate of collisions and near-collisions was lower in the intervention group. (Funded by the National 
Institutes of Health; ClinicalTrials.gov number, NCT02848092.) 
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N Z Med J. 2022 Nov;135:95-103. 
MEDICATION DISPENSING AMONG MĀORI AND NON-MĀORI SCREENED FOR PRESCHOOL ADHD 
Cargo T, et al. 
Aims: To investigate whether tamariki Māori screened for attention-deficit/hyperactivity disorder (ADHD) 
concerns in the B4 School Check (B4SC) between 2011 to 2018 are as likely to receive ADHD medication 
as non-Māori children. 
Methods: Using population-level data from the Integrated Data Infrastructure, we investigated whether 
ADHD medication dispensing differed for tamariki Māori screened for ADHD concerns relative to non-Māori 
children. Analyses were also stratified by area-level deprivation and urban/rural profile of residence. 
Results: In our cohort of 414,171 children, 2.8% of Māori and 1.6% of non-Māori were screened as showing 
ADHD concerns. Among those with ADHD concerns, tamariki Māori had a lower likelihood of ADHD 
medication dispensing following the B4SC (10.8%) relative to non-Māori children (14.9%), but this effect was 
only significant among those living in the most deprived quintile and outside of major urban areas. 
Conclusion: Our study indicates that inequities to accessing ADHD treatment may exist for tamariki Māori 
living in highly deprived neighbourhoods or outside of major urban areas. Further research is needed to 
understand what the specific barriers may be to accessing ADHD medication treatment for Māori in these 
areas 
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Neuropsychiatr Dis Treat. 2022;18:2725-36. 
CHARACTERISTICS OF ATTENTION-DEFICIT/HYPERACTIVITY DISORDER SUBTYPES IN CHILDREN CLASSIFIED USING 

QUANTITATIVE ELECTROENCEPHALOGRAPHY. 
Ji Y, Choi TY, Lee J, et al. 
Purpose: This study used quantitative electroencephalography (QEEG) to investigate the characteristics of 
attention-deficit/hyper-activity disorder (ADHD) subtypes in children.  
Patients and Methods: There were 69 subjects (42 with ADHD and 27 neurotypical (NT)) in this study. A 
semi-structured interview was conducted with each participant for psychiatric diagnostic evaluation. We 
measured the absolute and relative power in 19 channels and analyzed QEEG using the following frequency 
ranges: delta (1-4 Hz), theta (4-8 Hz), alpha 1 (8-10 Hz), alpha 2 (10-12 Hz), beta 1 (12-15 Hz), beta 2 (15-
20 Hz), beta 3 (20-30 Hz), and gamma (30-45 Hz). Group analyses and EEG noise preprocessing were 
conducted using iSyncBrain, a cloud-based, artificial intelligence EEG analysis platform. Analysis of 
covariance adjusted for IQ, age, and sex was used.  
Results: QEEG analysis revealed three ADHD subtypes, characterized by (A) elevated relative fast alpha 
and beta power, (B) elevated absolute slow frequency (delta and theta power), or (C) elevated absolute and 
relative beta power. A significant difference was found in the Korean ADHD Rating Scale (K-ARS) among 
the four groups (df=3, F=8.004, p<0.001); group C had the highest score (25.31 -¦11.16), followed by group 
A (21.67-¦13.18). The score of group B (12.64-¦7.84) was similar to that of the NT group (11.07-¦6.12) and 
did not reach the cut-off point of the K-ARS. In the Wender-Utah Rating Scale (WURS), group B score (55.82-
¦23.17) was significantly higher than the NT group score (42.81-¦13.26).  
Conclusion: These results indicate that children with ADHD do not constitute a neurophysiologically 
homogenous group. Children with QEEG subtype B (elevated slow frequency) may be difficult to distinguish 
from normal children using the K-ARS, which is the most common screening tool for ADHD. Moreover, 
parents of children with this subtype may be less sensitive to observing ADHD symptoms 
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Neuropsychology. 2022 Nov. 
A SYSTEMATIC REVIEW AND META-ANALYSIS OF FACTORS INFLUENCING IMPACT CONCUSSION TESTING IN HIGH 

SCHOOL AND COLLEGIATE ATHLETES WITH SELF-REPORTED ADHD AND/OR LD. 
Maietta JE, Renn BN, Goodwin GJ, et al. 
Objective: Sport concussion is a common injury, and athletes with attention-deficit/hyperactivity disorder 
(ADHD) and/or learning disorder (LD) are at increased risk and require specialized attention in clinical 
settings. Although systematic reviews of the relationship between ADHD/LD and concussion are reported in 
the literature, these reviews do not include quantitative syntheses. Additionally, no reviews have focused on 
the most commonly utilized concussion assessment, Immediate Post-Concussion Assessment and Cognitive 
Testing (ImPACT). The current review provides an update of sport concussion assessment in athletes with 
ADHD and/or LD from 2000 to 2021 on these topics: baseline and postconcussion performance on ImPACT, 
baseline and postconcussion symptom reporting using the Postconcussion Symptom Scale, invalid baseline 
classification on ImPACT, and self-reported history of concussion.  
Method: Meta-analyses were conducted on baseline ImPACT performance, symptom reporting, invalid 
baseline classification, and concussion rates. Thirty-four studies were included in systematic review and 19 
were included in meta-analyses.  
Results: Decreased baseline performance was found for athletes with ADHD (trivial to small effects), LD 
(small-to-medium effects), and ADHD/LD (small-to-medium effects). Increased baseline symptom reporting 
was found for athletes with ADHD (small effect). Increased odds of invalid baseline performance (trivial effect) 
and self-reported concussion history (small effect) were found in ADHD.  
Conclusions: These results provide the first quantitative synthesis of the literature in this area. It is 
recommended that future research further examines these topics in athletes with LD and co-occurring 
ADHD/LD (given the focus on ADHD), as well as the effects that all of these conditions may have on 
concussion recovery and return-to-play decision-making 
Question: This systematic review and meta-analysis synthesize the sport concussion ImPACT literature in 
high school and collegiate athletes with self-reported attention-deficit/hyperactivity disorder (ADHD) and/or 
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learning disorder (LD) with topics including baseline and postconcussion cognitive differences, symptom 
differences, invalid performance, and self-reported concussion rates.  
Findings: Meta-analysis results indicated that athletes with ADHD and/or LD had poorer cognitive 
performance and that those with ADHD had increased symptom reporting and were at higher risk for 
concussion and invalid baseline performance.  
Importance: Athletes with ADHD and/or LD may require increased attention in sport concussion assessment 
due to differences in cognitive performance and symptom reporting as well as higher rates of self-reported 
concussion history, particularly for athletes with ADHD.  
Next Steps: Future research should investigate whether a diagnosis of ADHD and/or LD influences 
concussion recovery as well as whether athletes with ADHD are at an increased risk of concussion using 
prospective methods 

 
……………………………………………………………………….. 

 
 
 

Neuropsychology. 2022;36:185-94. 
EARLY CHILDHOOD VIGILANCE TEST (ECVT) OF ATTENTION IN YOUNGER HIV-EXPOSED UGANDAN CHILDREN 

PREDICTS TESTS OF VARIABLES OF ATTENTION (TOVA) AT SCHOOL AGE. 
Familiar I, Sikorskii A, Chhaya R, et al. 
Objective: Evaluate a computerized-based attention test in early infancy in predicting neurocognitive 
schoolage performance in human immunodeficiency virus (HIV)-exposed uninfected children.  
Method: Thirty-eight Ugandan HIV-exposed/uninfected children (17 boys, 21 girls) were evaluated with the 
Early Childhood Vigilance Test (ECVT) of attention between 3 and 5 years of age, which is a 6-min 44 s 
animation with colorful animals that greet the child and move across the screen. Attention was proportion of 
total animation time viewing a computer screen, as well as the proportion of time tracking the moving animal 
using eye tracking. These children were then again tested at least 2 years later (between 5 and 9 years of 
age) with the Kaufman Assessment Battery for Children, 2nd Edition (KABC-II) and the visual computerized 
Tests of Variables of Attention (TOVA).  
Results: Irrespective of whether scored by webcam video scoring or using automated eye tracking to 
compute proportion of time viewing the animation, ECVT attention was significantly correlated with all TOVA 
outcomes for vigilance attention. This was still the case when the correlation was adjusted for type of 
caregiver training for the mother, child gender, socioeconomic status (SES), and quality of Home 
Observational Measurement Evaluation (HOME) environment-especially for the TOVA response time 
variability to signal (p =.03). None of the ECVT attention performance measures correlated significantly with 
any of the KABC-II cognitive ability outcomes.  
Conclusion: Attention assessment in early childhood is predictive of school-age computer-based measures 
of attention and can be used to gauge the effects of factors of early risk and resilience in brain/behavior 
development in African children affected by HIV 

 
……………………………………………………………………….. 

 
 
 

Neuropsychopharmacology. 2022 Dec;47:2283-91. 
CONTEXT-DEPENDENT AMYGDALA-PREFRONTAL CONNECTIVITY DURING THE DOT-PROBE TASK VARIES BY 

IRRITABILITY AND ATTENTION BIAS TO ANGRY FACES. 
Naim R, Haller SP, Linke JO, et al. 
Irritability, defined as proneness to anger, is among the most common reasons youth are seen for psychiatric 
care. Youth with irritability demonstrate aberrant processing of anger-related stimuli; however, the neural 
mechanisms remain unknown. We applied a drift-diffusion model (DDM), a computational tool, to derive a 
latent behavioral metric of attentional bias to angry faces in youth with varying levels of irritability during 
functional magnetic resonance imaging (fMRI). We examined associations among irritability, task behavior 
using a DDM-based index for preferential allocation of attention to angry faces (i.e., extra-decisional time 
bias; Î”t(0)), and amygdala context-dependent connectivity during the dot-probe task. Our transdiagnostic 
sample, enriched for irritability, included 351 youth (ages 8-18; M=12.92 years, 51% male, with primary 
diagnoses of either attention deficit/hyperactivity disorder [ADHD], disruptive mood dysregulation disorder 
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[DMDD], an anxiety disorder, or healthy controls). Models accounted for age, sex, in-scanner motion, and 
co-occurring symptoms of anxiety. Youth and parents rated youth's irritability using the Affective Reactivity 
Index. An fMRI dot-probe task was used to assess attention orienting to angry faces. In the angry-incongruent 
vs. angry-congruent contrast, amygdala connectivity with the bilateral inferior frontal gyrus (IFG), insula, 
caudate, and thalamus/pulvinar was modulated by irritability level and attention bias to angry faces, Î”t(0), all 
ts(350)>4.46, ps<0.001. In youth with high irritability, elevated Î”t(0) was associated with a weaker amygdala 
connectivity. In contrast, in youth with low irritability, elevated Î”t(0) was associated with stronger connectivity 
in those regions. No main effect emerged for irritability. As irritability is associated with reactive aggression, 
these results suggest a potential neural regulatory deficit in irritable youth who have elevated attention bias 
to angry cues 

 
……………………………………………………………………….. 

 
 
 

NeuroQuantology. 2022;20:28-34. 
THERAPEUTIC INTERVENTION IN CHILDREN WITH ATTENTION DEFICIT DISORDERS IN PRIMARY CARE. 
Guamin MIG, Carrera JEJ, Barrionuevo CL. 
Introduction: 16% and 20% of children and adolescents experience a mental health condition. New models 
of care are being examined. Purpose: The study examined the management of attention-deficit/hyperactivity 
disorder during and after family involvement.  
Methods: A community-based randomized controlled trial compared the effectiveness of two models for 
children with ADHD and their families.  
Results: Participants in the Direct Service Model had significantly more visits for ADHD (M = 7.05 vs. M = 
3.36; p < 0.0001).  
Conclusions: The results of this pragmatic follow-up suggest a side effect for brief intensive treatment in the 
direct service model 

 
……………………………………………………………………….. 

 
 
 

NeuroToxicology. 2022 Dec;93:84-91. 
EXPOSURE TO METAL MIXTURES AND NEUROPSYCHOLOGICAL FUNCTIONING IN MIDDLE CHILDHOOD. 
Stein CR, Wu H, Bellinger DC, et al. 
Elevated exposure to multiple trace metals can be neurotoxic even at relatively low levels. These findings 
are primarily evident from adult occupational studies as well as in children exposed prenatally or in early 
childhood. Less research has focused on the neurodevelopmental impacts of exposure to metals among 
school-aged children. We examined associations between exposure to a mixture of four metals (arsenic, 
cadmium, manganese, lead) measured in hair and markers of cognition, attention, and behavior among 222 
6-12 year old children who participated in a 2009-2010 neurodevelopmental follow-up to the C8 Health 
Project. Using quantile-based g-computation we estimated the adjusted overall metal mixture effect Ïˆ (95 % 
CI) as the change in outcome per decile increase in all metals in the mixture. Hair metal levels varied by 
metal, with cadmium being lowest (median 0.007, interquartile range (IQR) 0.013Â Î¼g/g) and lead the 
highest concentration (median 0.152, IQR 0.252Â Î¼g/g). Children's cognitive skills and development, 
attention/impulsivity, and behavior were all close to standardized population means. Each decile increase in 
all metals was associated with a Full Scale IQ reduction of 1.01 points (95 % confidence interval (CI) -1.88, 
-0.15) and Verbal IQ reduction of 1.11 points (95 % CI -1.97, -0.25), adjusted for child age, sex, secondhand 
smoke exposure, HOME score, maternal education, maternal IQ, and examiner. Maternal report of ADHD-
like behaviors and executive functioning also showed adverse associations with the metal mixture. Our 
findings suggest that similar to exposure during prenatal and early childhood periods, recent exposure to 
metals during middle childhood is associated with adverse neurodevelopmental consequences. Middle 
childhood may also be a developmental window of susceptibility to the negative consequences of exposure 
to environmental neurotoxicants 

 
……………………………………………………………………….. 
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Nord J Psychiatry. 2022 Nov;76:610-15. 
INVESTIGATION OF POSSIBLE ASSOCIATIONS OF THE BDNF, SNAP-25 AND SYN III GENES WITH THE 

NEUROCOGNITIVE MEASURES: BDNF AND SNAP-25 GENES MIGHT BE INVOLVED IN ATTENTION DOMAIN, SYN III 
GENE IN EXECUTIVE FUNCTION. 
Bolat H, et al. 
OBJECTIVES: Attention-deficit/hyperactivity disorder (ADHD) is a heterogeneous disorder and Sluggish 
Cognitive Tempo (SCT) might be a second inattention disorder that might be even affected by different 
attention pathways. SCT is characterized by daydreaming, mental confusion, staring blankly and 
hypoactivity. In the present study, we evaluated 5 common variants (rs6265, rs3746544, rs1051312, 
rs133946 and rs133945) located in 3 candidate genes (BDNF, SNAP25 and SYN III) that are known to take 
part in synaptic plasticity and neurotransmitter transmission.  
METHODS: We tested the effects of these variants on neuropsychological findings assessed by a computer-
based neuropsychological test battery in children with inattention symptoms (SCT and/or ADHD).  
RESULTS: BDNF (rs6265), SNAP25 (rs3746544 and rs1051312) and SYN III (rs133946 and rs133945) 
polymorphisms were associated with variable cognitive measures. BDNF gene (rs6265) polymorphism 
Met allele carriers and SNAP25 gene (rs3746544) T allele carriers had an association with the attention 
domain. SNAP25 gene (rs1051312) C allele carriers were only associated with reaction time scores. 
Cognitive flexibility, which is one of the key components of executive function evaluation and shifting attention 
test scores were associated with BDNF (rs6265) MetÂ allele and SYN III (rs133946) gene G allele. SYN III 
(rs133945) gene C allele carriers had an association with verbal memory correct hit scores.  
CONCLUSIONS: As a conclusion, BDNF, SNAP25 and SYN III genes were associated with specific 
neurocognitive outcomes in children with inattention symptoms. It is important to note that exploring 
genotyping effects on neurocognitive functions instead of a heterogeneous psychiatric  
diagnosis can improve our understanding of psychopathologies 

 
……………………………………………………………………….. 

 
 
 

Nord J Psychiatry. 2022. 
MILITARY PERFORMANCE OF MEN WITH ATTENTION-DEFICIT/HYPERACTIVITY DISORDER: FINDINGS FROM A FOLLOW-
UP STUDY IN THE NORTHERN FINLAND BIRTH COHORT 1986. 
Halt AH, Uusitalo J, Niemi P, et al. 
Purpose: The aim of this study was to assess the military performance of men with adolescent attention-
deficit/hyperactivity disorder (ADHD) and men with childhood ADHD (in remission during adolescence) as 
compared with controls without ADHD.  
Methods: The study employs the general population-based Northern Finland Birth Cohort 1986 (NFBC1986) 
together with data received from the Finnish Defence Forces (FDF). A total of 38 men with childhood ADHD 
and 67 with adolescent ADHD were compared with 160 controls.  
Results: The men with adolescent ADHD were more often deemed unfit for military service, had more military 
health care visits, more often committed at least one offence during service, received poorer evaluations for 
team leadership skills and indulged in more alcohol consumption and smoking than the controls, while those 
with childhood ADHD did not differ from the controls in their military fitness, but received poorer evaluations 
for team leadership skills and smoked more than did the controls.  
Conclusion: The conscripts with adolescent ADHD performed worse on many military parameters, but the 
men with ADHD in remission did not seem to suffer from such negative effects on military performance. The 
childhood ADHD group in particular was nevertheless somewhat limited in size, which might have led to a 
Type II error 
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Pediatr Emerg Care. 2022;38:609-12. 
EVALUATION OF THE RELATIONSHIP BETWEEN HEAD TRAUMA AND ATTENTION-DEFICIT/HYPERACTIVITY DISORDER 

IN PRIMARY SCHOOL CHILDREN ADMITTED TO THE EMERGENCY DEPARTMENT. 
Beyoglu R, Erdur B. 
Objective Head trauma causes a significant number of deaths as well as temporary and permanent 
disabilities every year. In this study, the prevalence of attention-deficit/hyperactivity disorder (ADHD) in 
primary school children who visited the emergency department (ED) for mild head trauma and the role of 
ADHD in mild head trauma of this age group were investigated.  
Methods It was performed with 134 children of primary school age (6-12 years) who were admitted to the 
ED with mild head trauma and 134 children (control group) who presented with complaints other than head 
trauma. Turgay DSM-IV-Based Child and Adolescent Behavioral Disorders Screening and Rating Scale (T-
DSM-IV-S) was used to evaluate the children for suspected ADHD. According to this scale, some children 
were referred to the child and adolescent psychiatry department (CAPD) for further evaluation. At the CAPD 
outpatient clinics, the children who were referred from the ED were examined in detail according to the 
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, for possible diagnosis of ADHD. After 
evaluation of their sociodemographic characteristics and the ADHD test scores that were recorded, the 
diagnosis of ADHD in these children was established or ruled out.  
Results It was observed that 41 of the 134 children (30.60%) who presented to the ED with mild head trauma 
and 12 of the 134 children (8.96%) in the control group were diagnosed with ADHD (P = 0.0001). When 
ADHD is corrected for sex, 29 of the 41 cases (70.7%) diagnosed with ADHD were boys and 12 (29.3%) 
were girls (P = 0.000). According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, 
when the patients who had been diagnosed with ADHD were grouped according to the ages of the children, 
no statistically significant difference was found between the groups in terms of ADHD (P = 0.097).  
Conclusions The prevalence of ADHD has been found to be higher in children of primary school age who 
present to the ED with mild head trauma. Hence, it can be deduced that the diagnosis of childhood ADHD 
increases the risk of presenting to the ED with head trauma. We believe that it is very important to keep the 
possible diagnosis of ADHD in mind and to refer that cases to the CAPD in case of high clinical suspicion, 
especially in primary school boys who are admitted to the ED with mild head trauma. We believe that in this 
way, morbidity and mortality due to head trauma in this age group can be significantly reduced 

 
……………………………………………………………………….. 

 
 
 

Pediatrics. 2022 Nov;150. 
LONG-TERM OUTCOME OF NECROTIZING ENTEROCOLITIS AND SPONTANEOUS INTESTINAL PERFORATION. 
Vaidya R, Yi JX, O'Shea TM, et al. 
OBJECTIVES: Necrotizing enterocolitis (NEC) and spontaneous intestinal perforation (SIP) are 
complications in preterm infants associated with high morbidity, mortality, impaired growth, and 
neurodevelopmental (ND) outcomes. Few studies have reported growth or ND outcomes of infants born 
extremely preterm with NEC/SIP beyond early childhood. Here, we compared anthropometric and ND 
outcomes, at 10 and 15 years, for children with medical NEC, surgical NEC, SIP, and neither NEC nor SIP.  
METHODS: Participants from the prospective longitudinal extremely low gestational age newborns study 
were evaluated at ages 10 and 15 years for anthropometrics, neurocognition, attention-deficit/hyperactivity 
disorder, epilepsy, and gross motor function.  
RESULTS: At age 10 years, 889 children were followed-up (medical NEC = 138, surgical NEC = 33, SIP = 
29, no NEC/SIP = 689), and 694 children were followed up-at 15 years. Children with medical NEC had 
similar weight, BMI, height, and head circumference compared with controls at both 10 and 15 years. At 15 
years, children with surgical NEC had lower weight z-score (adjusted Î²: -0.75, 95% confidence interval [CI]: 
-1.25 to -0.25), lower BMI z-score (adjusted Î²: -0.55, 95% CI: -1.09 to -0.01), and lower height z-score 
(adjusted Î²: -0.65, 95% CI: -1.16 to -0.14). Children with SIP had lower weight and height z-scores at age 
10 years when adjusted for sample attrition, but these differences were not significant when adjusted for 
confounders. We observed no differences in long-term ND outcomes.  
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CONCLUSIONS: Surgical NEC- and SIP-associated growth impairment may persist through late childhood. 
ND outcomes among school-aged children born extremely preterm with any NEC or SIP are no different from 
children without NEC/SIP 

 
……………………………………………………………………….. 

 
 
 

Pharm Person Med. 2022;15:951-57. 
CES1 AND SLC6A2 GENETIC VARIANTS AS PREDICTORS OF RESPONSE TO METHYLPHENIDATE IN AUTISM 

SPECTRUM DISORDERS. 
Hernandez MH, Bote V, Serra-Llovich A, et al. 
Purpose: Autistic spectrum disorders (ASD) children and adolescents usually present comorbidities, with 
40-70% of them affected by attention deficit hyperactivity disorders (ADHD). The first option of 
pharmacological treatment for these patients is methylphe-nidate (MPH). ASD children present more side 
effects and poorer responses to MPH than ADHD children. The objective of our study is to identify genetic 
biomarkers of response to MPH in ASD children and adolescents to improve its efficacy and safety.  
Patients and Methods: A retrospective study with a total of 140 ASD children and adolescents on MPH 
treatment was included. Fifteen polymorphisms within genes coding for the MPH target NET1 (SLC6A2) and 
for its primary metabolic pathway (CES1) were genotyped. Multivariate analyses including response 
phenotypes (efficacy, side-effects, presence of somnolence, irritability, mood alterations, aggressivity, 
shutdown, other side-effects) were performed for every polymorphism and haplotype.  
Results: Single marker analyses considering gender, age, and dose as covariates showed association 
between CES1 variants and MPH-induced side effects (rs2244613-G (p=0.04), rs2302722-C (p=0.02), 
rs2307235-A (p=0.03), and rs8192950-T alleles (p=0.03)), and marginal association between the CES1 
rs2302722-C allele and presence of somnolence (p=0.05) and the SLC6A2 rs36029-G allele and shutdown 
(p=0.05). A CES1 haplotype combination was associated with efficacy and side effects (p=0.02 and 0.03 
respectively). SLC6A2 haplotype combination was associated with somnolence (p=0.05).  
Conclusion: CES1 genetic variants may influence the clinical outcome of MPH treatment in ASD comorbid 
with ADHD children and adolescents 
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Pharmacopsychiatry. 2022;55:311. 
ADHD AND OLIGOANTIGENIC DIET - FEASIBILITY, EFFECTIVENESS AND FOLLOW-UP. 
Walz G, Karius C, Brozat LM, et al. 
Introduction The influence of food on attention-deficit hyperactivity disorder (ADHD) was described as early 
as the early 20th century. The elimination of certain foods via an 'oligoantigenic diet' has shown an 
improvement in typical ADHD symptoms in several studies. The present study examines the relationship 
between individual food intolerance and ADHD symptoms and shows its effectiveness in the long time.  
Methods 28 children and adolescents with ADHD participated in an uncontrolled, open study on the 
oligoantigenic diet. Before and after a four weeks diet with hypoallergenic foods. Besides the primary 
outcome: ADHD rating scale, the quality of life was studied using the Inventar zur Erfassung der 
Lebensqualit't (ILK), the Child Behaviour Checklist (CBCL/4-18) was used to study effects of the diet on other 
abnormalities. 21 of the 28 participants could be reached for a follow up.  
Results 17 children (13 m/3 f) of the 28 participants showed improvements of their ADHD symptomatology 
according to the primary outcome, with improvements of more then 40% change, so called responders, 
before and after diet. Of the 21 participants for the follow up, 3.5-¦ 1 years after the diet, 14 were responders. 
Their ARS value was slightly lower then after diet, 10 of these 14 (70%) were still without medication.  
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Conclusion Following an oligoantigenic diet, the symptoms in food-sensitive children suffering from ADHD 
are reduced. If the nutritional recommendation is implemented over the long term, an improvement can also 
be seen in some children after 3.5 years. The CBCL scores also show improvements in other behavioral 
problems. The quality of life improves among the responders both in the external assessment of the parents 
and in the self-assessment, especially in the categories of friends and alone 
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PLoS ONE. 2022;17. 
ATTENTION DEFICIT IN CHILDREN WITH ATTENTION DEFICIT HYPERACTIVITY DISORDER AT PRIMARY SCHOOL AGE 

MEASURED WITH THE ATTENTION NETWORK TEST (ANT): A PROTOCOL FOR A SYSTEMATIC REVIEW AND META-
ANALYSIS. 
Gradys G, Lipowska M, Bieleninik +, et al. 
Background Attentional deficits are among the most bothersome symptoms of attention deficit hyperactivity 
disorder (ADHD). To date, the neurological basis of attentional deficits has not been fully described according 
to the diagnostic criteria. ADHD may result from deficits in various attributes of attention. There is no specialist 
neuropsychological diagnostic method that allows reliable distinction between primary attention disorders in 
the etiology of ADHD and secondary problems that may arise due to co-morbidities. This protocol aims to 
systematically review the literature to evaluate patterns of attention common to school-age children either 
diagnosed with ADHD or at high risk of ADHD, as measured by the neuropsychological attention network 
test (ANT).  
Methods Our search strategy will consist of electronic databases (PubMed, PsychInfo, Web of Science, 
EMBASE, and Cochrane Library) and hand searching. Both prospective cohort studies and prospective 
studies of intervention effects will be included, provided they used the ANT. The primary output variable will 
be attention deficits. Screening and eligibility will be done independently by two reviewers based on pre-
specified eligibility criteria. Data extraction will be based on a pre-pilot data extraction form and conducted 
by two authors independently. The risk of bias will be assessed by two authors independently. The rating of 
the certainty of the entire body of evidence will be evaluated using the GRADE approach. Any discrepancies 
identified at any stage of the review will be resolved by discussion or/and consultation with another reviewer. 
We plan a narrative synthesis of findings and a quantitative meta-analysis if the data allow.  
Discussion The research will identify patterns of neuropsychological ANT results characteristic of both 
school-age children diagnosed with ADHD and those at high risk of having ADHD. Our results could be used 
to check whether the pattern of a child’s performance in the ANT corresponds to the characteristic pattern of 
the results of children with ADHD. At present, the ANT is used only in research; the results of this review will 
serve as a useful benchmark. Hopefully, in the future, it will be possible to use the ANT in the wider diagnosis 
of ADHD 
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PLoS ONE. 2022;17:e0272516. 
ONLINE PARENT TRAINING PLATFORM FOR COMPLEMENTARY TREATMENT OF DISRUPTIVE BEHAVIOR DISORDERS IN 

ATTENTION DEFICIT HYPERACTIVITY DISORDER: A RANDOMIZED CONTROLLED TRIAL PROTOCOL. 
Chequer de Castro PG, Ferreira E Santos DA, Silva JJ, et al. 
BACKGROUND: Attention Deficit/Hyperactivity Disorder (ADHD) is associated with a diversity of 
impairments and Oppositional Defiant Disorder (ODD) is a very frequent comorbidity. Parent Training, as an 
evidence-based intervention, seems effective in reducing externalizing/disruptive behaviors, possibly leading 
to a better prognosis. This clinical trial aims to evaluate the effectiveness of an online parent training model 
as a complementary treatment for ADHD and ODD.  
METHODS: Patients and their families will be screened upon their entry into the Research Center of 
Impulsivity and Attention (NITIDA) at UFMG-Brazil. Ninety families whose children are male, between 6-12 
years old, and have significant externalizing symptoms and whose primary caregiver have complete high 
school education will be invited to participate. Families will be randomized (1:1) into 03 groups: 1) standard 
care; 2) standard care + face-to-face parent training; 3) standard care + online parent training. Interventions 
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are analogous, differing only in delivery format. In the face-to-face format, the intervention will be conducted 
by a specialized therapist and the online format will be carried out through a platform. There will be six 
sessions/modules, arranged on a weekly basis. Measures of externalizing symptoms, parental and children 
quality of life, parental stress and parenting style will be collected at baseline and after the intervention.  
DISCUSSION: This clinical trial intends to verify the effects of a new, online, model of an evidence-based 
intervention, which would allow a wider access in the Brazilian context.  
TRIAL REGISTRATION: Registered on Brazilian Registry of Clinical Trials (ReBEC). Number: RBR-6cvc85. 
July 24th (2020) 05:35 pm 
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PLoS ONE. 2022;17:e0278162. 
THALAMOCORTICAL FUNCTIONAL CONNECTIVITY AND CANNABIS USE IN MEN WITH CHILDHOOD ATTENTION-
DEFICIT/HYPERACTIVITY DISORDER. 
Lee S, Hong SB. 
Disruptions of the cortico-striato-thalamo-cortical circuit has been implicated in both attention-
deficit/hyperactivity disorder and substance use disorder. Given the high prevalence of cannabis use among 
patients with attention-deficit/hyperactivity disorder, we set out to investigate the relationship between the 
two in the thalamus. We analyzed resting-state functional magnetic resonance imaging data obtained from 
the Addiction Connectome Preprocessed Initiative Multimodal Treatment Study of Attention-
Deficit/Hyperactivity Disorder database. Functional connectivity maps were extracted to compare thalamic 
connectivity among adults who had been diagnosed with attention-deficit/hyperactivity disorder during 
childhood according to whether or not they used cannabis. The study participants included 18 cannabis users 
and 15 cannabis non-users with childhood attention-deficit/hyperactivity disorder. Our results revealed that 
adults with attention-deficit/hyperactivity disorder who used cannabis (n = 18) had significantly decreased 
functional connectivity between the thalamus and parietal regions, which was particularly prominent in the 
inferior parietal areas, in comparison with those who did not use cannabis (n = 15). Left thalamic functional 
connectivity with the inferior parietal and middle frontal areas and right thalamic functional connectivity with 
the inferior parietal and superior frontal areas were increased in non-users of cannabis with attention-
deficit/hyperactivity disorder compared with a local normative comparison group (n = 7). In conclusion, adults 
with a childhood history of attention-deficit/hyperactivity disorder who do not use cannabis often have 
relatively stronger thalamoparietal and thalamofrontal connectivity, which may help reduce the risk of 
cannabis use 
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PLoS ONE. 2022;17. 
A PAIRWISE RANDOMISED CONTROLLED TRIAL OF A PEER-MEDIATED PLAY-BASED INTERVENTION TO IMPROVE THE 

SOCIAL PLAY SKILLS OF CHILDREN WITH ADHD: OUTCOMES OF THE TYPICALLY-DEVELOPING PLAYMATES. 
Wilkes-Gillan S, Cordier R, Bundy A, et al. 
To examine the effectiveness of a play-based intervention for improving social play skills of typically-

developing playmates of children with ADHD. Children (5Çô11 years) were randomised to an intervention 
(n = 15) or waitlisted control group (n = 14). The Test of Playfulness was scored by a blinded rater. Between-
group statistics compared the change of the intervention (10-week intervention) and waitlisted control (10-
week wait) groups. Change in the intervention group following intervention was significantly greater than the 

change in the waitlisted control group. When combining data from the groups, playmatesÇÖ (n = 29) mean 
ToP scores improved significantly following intervention, with a large effect pre- to post-intervention and pre-
intervention to follow-up. Typically-developing playmates of children with ADHD benefited from participation 
in a peer-mediated intervention 
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PLoS ONE. 2022;17:e0276640. 
DP71 AND INTELLECTUAL DISABILITY IN INDONESIAN PATIENTS WITH DUCHENNE MUSCULAR DYSTROPHY. 
Iskandar K, Triono A, Sunartini, et al. 
INTRODUCTIONS: Duchenne muscular dystrophy (DMD) is an X-linked recessive progressive muscular 
disease marked by developmental delays due to mutations in the DMD gene, which encodes dystrophin. 
Brain comorbidity adds to the burden of limited mobility and significantly impacts patients' quality of life and 
their family. The changes of expression of dystrophin isoforms in the brain due to DMD gene mutations are 
thought to be related to the cognitive and neurobehavior profiles of DMD.  
OBJECTIVES: This cross-sectional study aimed to characterize cognitive and neurodevelopmental profiles 
of patients with DMD and to explore underlying genotype-phenotype associations.  
METHODS: Patients with DMD aged 5-18 years from Dr Sardjito Hospital and Universitas Gadjah Mada 
Academic Hospital from 2017-2022 were included. Multiplex ligation-dependent probe amplification and 
whole exome sequencing were used to determine mutations in the DMD genes. Cognitive function was 
measured by intelligence quotient testing using the Wechsler Intelligence Scale for Children and adaptive 
function tests with Vineland Adaptive Behavior Scales. The Autism Mental Status Exam and Abbreviated 
Conner's Rating Scale were used to screen for autism spectrum disorder (ASD) and attention deficit and 
hyperactivity disorder (ADHD), respectively.  
RESULTS: The mean total IQ score of DMD patients was lower than that of the general population (80.6 ± 
22.0 vs 100 ± 15), with intellectual disability observed in 15 boys (29.4%). Of the 51 patients with DMD, the 
Dp71 group had the lowest cognitive performance with a total IQ score (46 ± 24.8; p = 0.003), while the 
Dp427 group and Dp140 group's total IQ scores were 83.0 ± 24.6 and 84.2 ± 17.5 respectively. There were 
no DMD patients with ASD, while 4 boys (7.8%) had comorbidity with ADHD.  
CONCLUSION: Boys with DMD are at higher risk of intellectual disability. The risk appears to increase with 
mutations at the 3' end of the gene (Dp71 disruption). Moreover, Dp71 disruption might not be associated 
with ADHD and ASD in patients with DMD 

 
……………………………………………………………………….. 

 
 
 

Prague Med Rep. 2022;123:215-24. 
ADHD - WHAT IS THE MEANING OF SEX-DEPENDENT INCIDENCE DIFFERENCES? 
Mourek J, Pokorna J. 
There is a clear experience in clinical practice: boys with a diagnosis of ADHD are clearly in greater numbers 
than girls. It is noteworthy that even in the "older" review articles, the cause of sex-dependent incidence is 
not mentioned. If we accept the neurodevelopmental hypothesis of such disorder, then the possible genetic 
predisposition breaks down into two separate groups. On the genome of an individual with ADHD and on the 
genome of the parents. However, it cannot be overlooked that the incidence of ADHD (3-7%) corresponds 
to the incidence and sex differences of the number of newborns born at a certain risk (premature birth, 
immaturity, hypotrophy, hypoxic-ischemic syndrome, low birth weight, etc.). This association of possible 
genetic predisposition with "external" risks in the genesis of ADHD raises the question of whether a higher 
incidence of ADHD, as well as higher morbidity and mortality in males, are a) the norm and the female is 
privileged, or b) the female is the norm and the male is handicapped. The picture of ADHD includes various 
cognitive dysfunctions with one possible cause in norepinephrine and dopamine insufficiency. Experimental 
work shows that in response to stress females release more catecholamines in the CNS than males. Since 
catecholamines stimulate membrane Na+ K+ ATPase activity, this means both the value of the membrane 
potential and the threshold for activation is increased. Females are more successful in responding to and 
adapting to a stressful situation due to their higher production of noradrenaline in the CNS 
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Prog Neurol Psychiatry. 2022;26:41-42. 
ATTENTION DEFICIT HYPERACTIVITY DISORDER IN WOMEN AND GIRLS. 
Ogden J. 
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Psychiatr Serv. 2022 Dec;73:1338-45. 
RACIAL AND ETHNIC DISPARITIES IN CHILDHOOD ADHD TREATMENT ACCESS AND UTILIZATION: RESULTS FROM A 

NATIONAL STUDY. 
Yang KG, Flores MW, Carson NJ, et al. 
OBJECTIVE: The study examined racial-ethnic disparities in access to and utilization of treatment for 
attention-deficit hyperactivity disorder (ADHD) and other psychiatric diagnoses among children with ADHD.  
METHODS: Nationally representative, cross-sectional data from the Household Component of the Medical 
Expenditure Panel Survey 2011-2019 were used to examine racial-ethnic disparities in access to and 
utilization of treatment by children ages 5-17 with ADHD (N=5,838). Logistic regression models were 
estimated for access outcomes, and generalized linear models were estimated for utilization outcomes. 
Multivariable regression models adjusted for race-ethnicity, age, sex, and treatment need in accordance with 
the Institute of Medicine definition of health care disparities.  
RESULTS: In adjusted analyses, compared with White children with ADHD, Black, Hispanic, and Asian 
children with ADHD had significantly lower rates of any past-year treatment visit for ADHD or for other 
psychiatric diagnoses. They also had lower rates of having accessed ADHD medication. Compared with 
White children, Black and Asian children with ADHD used fewer ADHD medications, and Black and Hispanic 
children with ADHD had lower overall mental health treatment expenditures.  
CONCLUSIONS: Disparities in ADHD treatment among children from racial-ethnic minority populations may 
be driven primarily by disparities in access rather than in utilization. Once treatment had been accessed, 
disparities in utilization were largely accounted for by differences in socioeconomic status. These findings 
suggest that interventions targeting access to treatment among children from racial-ethnic minority 
populations may help close existing care gaps 
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Psychiatr Danub. 2022;34:214-19. 
UNIQUE VARIABLE ANALYSIS OF REDUNDANCY IN ADHD ITEMS FROM THE CONNERS TEACHER 
RATING SCALE - REVISED: SHORT. 
Till AC, Florquin R, Christensen AP, et al. 
Attention deficit hyperactivity disorder (ADHD) is a neuropsychiatric disorder interfering with the normal 
development of the child. The disorder can be screened at school with the Conners Teacher Rating Scale 
Revised Short (CTRS-R:S). This scale goes beyond the disorder itself and covers a wider construct, that of 
abnormal child behavior. This can be understood as a complex system of mutually influencing entities. We 
analyzed a data set of 525 children in French-speaking primary schools from Belgium, and estimated a 
network structure, as well as to determine the local dependence of items through Unique Variable Analysis. 
A reduced network was computed including 15 non-locally dependent items. The structural consistency of 
the network was not affected by redundant items and was structurally sound. The reduction of the number 
of variables in network studies is important to improve the investigation of network structures as well as better 
interpret results from inference measures 
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Psychiatry Res. 2022 Nov;317:114814. 
GLOBAL BURDEN OF MENTAL HEALTH PROBLEMS AMONG CHILDREN AND ADOLESCENTS DURING COVID-19 

PANDEMIC: AN UMBRELLA REVIEW. 
Hossain MM, Nesa F, Das J, et al. 
Mental health problems among children and adolescents are increasingly reported amidst the coronavirus 
disease (COVID-19) pandemic. In this umbrella review, we aimed to synthesize global evidence on the 
epidemiologic burden and correlates of child and adolescent mental health (CAMH) problems during this 
pandemic from existing systematic reviews and meta-analyses. Adopting the Joanna Briggs Institute (JBI) 
methodology, we evaluated 422 citations and identified 17 eligible reviews with medium to high 
methodological quality. Most of the reviews reported a high prevalence of anxiety, depression, sleep 
disorders, suicidal behavior, stress-related disorders, attention-deficit/hyperactivity disorder, and other 
mental health problems. Also, factors associated with CAMH such as age, gender, place of residence, 
educational attainment, household income, sedentary lifestyle, social media and internet use, comorbidities, 
family relationships, parents' psychosocial conditions, COVID-19 related experiences, closure of schools, 
online learning, and social support were reported across reviews. As most studies were cross-sectional and 
used nonrepresentative samples, future research on representative samples adopting longitudinal and 
intervention designs is needed. Lastly, multipronged psychosocial care services, policies, and programs are 
needed to alleviate the burden of CAMH problems during and after this pandemic 
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Psychiatry Res. 2022 Nov;317:114835. 
ASSOCIATION BETWEEN CLOCK GENE POLYMORPHISMS AND ADHD IN MEXICAN TEENAGERS: A COMPREHENSIVE 

ASSESSMENT. 
Cabrera LA, et al. 
This study aimed to evaluate markers of the CLOCK gene rs1801260 and rs4864548 in Mexican adolescents, 
addressing clinical and biological aspects previously associated with ADHD. 347 Mexican adolescents were 
assessed for mental disorders, metabolic disruption and related conditions, circadian preference, as well as 
genotyping for the CLOCK. We found a significant association between ADHD and the AA and AG genotypes 
of rs1801260. Also, we identified in the ADHD group that the total Triiodothyronine and total Thyroxine values 
were respectively 10 ng/dl units and 0.58 ug/dl units lower in females than in males. Previously reported 
common variations of the CLOCK gene have been associated with ADHD like the Rs1801260 polymorphism 
hereby we could consider it as risk factor, but genetic, biochemical and clinical studies in the Mexican 
population are entailed 
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Psychiatry Res. 2022 Dec;318:114922. 
PREDICTING EFFICACY OF VILOXAZINE EXTENDED-RELEASE TREATMENT IN ADULTS WITH ADHD USING AN EARLY 

CHANGE IN ADHD SYMPTOMS: MACHINE LEARNING POST HOC ANALYSIS OF A PHASE 3 CLINICAL TRIAL. 
Faraone SV, Gomeni R, Hull JT, et al. 
Early response to viloxazine extended-release (viloxazine ER, Qelbree®) treatment predicted efficacy 
outcome in pediatric subjects with attention-deficit/hyperactivity disorder (ADHD). This study sought to 
determine whether the machine learning lasso model used in the pediatric study would predict response to 
viloxazine ER in an adult population based on early improvements in ADHD symptoms. We used data from 
a double-blind, placebo-controlled, flexible-dose (200-600 mg) study of viloxazine ER (N=354; 18 to 60 years 
old). Area under the Receiver Operating Characteristic Curve (ROC AUC) statistics were computed using 
the lasso model from pediatric data to predict responder status in adults. Response was defined as 50% 
reduction from baseline in the Adult ADHD Investigator Symptoms Rating Scale (AISRS) Total score at Week 
6. The adult study sample included 127 viloxazine ER-treated subjects with Week 6 data. Fifty-one subjects 
(40.2%) were categorized as responders. The ROC curves indicated that data collected up to Week 2 were 
sufficient to accurately predict treatment response at Week 6 with 68% positive predictive power, 80% 
sensitivity, and 74% specificity. This analysis demonstrated that the predictive model estimated from the child 
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data generalizes to adults with ADHD, further supporting the consistency of viloxazine ER treatment across 
age groups 
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Psychiatry Res Neuroimaging. 2022;327. 
THE LONG-RANGE WHITE MATTER MICROSTRUCTURAL ALTERATIONS IN DRUG-NAIVE CHILDREN WITH ADHD: A 

TRACT-BASED SPATIAL STATISTICS STUDY. 
Zhou R, Dong P, Chen S, et al. 
Background: To investigate WM alterations, particularly the changes in long-range fibers, in drug-naive 
children with attention deficit hyperactivity disorder (ADHD), we conducted tract-based spatial statistics 
(TBSS) analysis on diffusion tensor imaging (DTI) data.  
Materials and methods: In this study, 57 children with ADHD and 41 healthy controls (HCs) were enrolled. 
None of the enrolled ADHD children received any medication before data collection. WM changes were then 
correlated with clinical symptoms, including the hyperactivity index score and the impulsivity score.  
Results: ADHD children demonstrated decreased FA in the right forceps major, left inferior fronto-occipital 
fasciculus, and left genu Internal capsule. Moreover, higher RD was observed in the right forceps major, 
superior longitudinal fasciculus, and forceps major. The results of linear regression analysis including 
learning problem score, hyperactivity index score and impulsivity score showed that higher earning problem 
and hyperactivity/impulsivity symptom scores were negatively correlated with the mean FA value in the right 
forceps major, left IFOF and left genu Internal capsule.  
Conclusion: Our results demonstrate that microstructural WM alterations and changes in the long-range 
WM connections are present in children with ADHD. We speculate that these changes may relate to the 
symptoms of hyperactivity and impulsivity 
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Psychiatry Res Neuroimaging. 2022;327. 
BETTER CHARACTERIZATION OF ATTENTION AND HYPERACTIVITY/IMPULSIVITY IN CHILDREN WITH ADHD: THE KEY 

TO UNDERSTANDING THE UNDERLYING WHITE MATTER MICROSTRUCTURE. 
Gagnon A, Descoteaux M, Bocti C, et al. 
The apparent increase in the prevalence of the attention deficit hyperactivity disorder (ADHD) diagnosis 
raises many questions regarding the variability of the subjective diagnostic method. This comprehensive 
review reports findings in studies assessing white matter (WM) bundles in diffusion MRI and symptom 
severity in children with ADHD. These studies suggested the involvement of the connections between the 
frontal, parietal, and basal ganglia regions. This review discusses the limitations surrounding diffusion tensor 
imaging (DTI) and suggests novel imaging techniques allowing for a more reliable representation of the 
underlying biology. We propose a more inclusive approach to studying ADHD that includes known 
endophenotypes within the ADHD diagnosis. Aligned with the Research Domain Criteria Initiative, we also 
propose to investigate attentional capabilities and impulsive behaviours outside of the borders of the 
diagnosis. We support the existing hypothesis that ADHD originates from a developmental error and propose 
that it could lead to an accumulation in time of abnormalities in WM microstructure and pathways. Finally, 
state-of-the-art diffusion processing and novel artificial intelligence approaches would be beneficial to fully 
understand the pathophysiology of ADHD 
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Psychol Med. 2021 Dec;51:2904-14. 
MATERNAL IMMUNE-RELATED CONDITIONS DURING PREGNANCY MAY BE A RISK FACTOR FOR NEUROPSYCHIATRIC 

PROBLEMS IN OFFSPRING THROUGHOUT CHILDHOOD AND ADOLESCENCE. 
Patel S, Cooper MN, Jones H, et al. 
BACKGROUND: Emerging research suggests that maternal immune activation (MIA) may be associated 
with an increased risk of adverse neurodevelopmental and mental health outcomes in offspring. Using data 
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from the Raine Study, we investigated whether MIA during pregnancy was associated with increased 
behavioral and emotional problems in offspring longitudinally across development.  
METHODS: Mothers (Generation 1; N = 1905) were classified into the following categories: AAAE 
(Asthma/Allergy/Atopy/Eczema; N = 1267); infection (during pregnancy; N = 1082); no AAAE or infection (N 
= 301). The Child Behavior Checklist (CBCL) was administered for offspring at ages 5, 8, 10, 14, and 17. 
Generalized estimating equations were used to investigate the effect of maternal immune status on CBCL 
scores.  
RESULTS: AAAE conditions were associated with significant increases in CBCL Total (Î² 2.49; CI 1.98-3.00), 
Externalizing (Î² 1.54; CI 1.05-2.03), and Internalizing (Î² 2.28; CI 1.80-2.76) scores. Infection conditions were 
also associated with increased Total (Î² 1.27; CI 0.77-1.78), Externalizing (Î² 1.18; CI 0.70-1.66), and 
Internalizing (Î² 0.76; CI 0.28-1.24) scores. Exposure to more than one AAAE and/or infection condition was 
associated with a greater elevation in CBCL scores than single exposures in males and females. Females 
showed greater increases on the Internalizing scale from MIA, while males showed similar increases on both 
Internalizing and Externalizing scales.  
CONCLUSIONS: MIA was associated with increased behavioral and emotional problems in offspring 
throughout childhood and adolescence. This highlights the need to understand the relationship between MIA, 
fetal development, and long-term outcomes, with the potential to advance early identification and intervention 
strategies 
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Psychol Med. 2022 Jan;52:14-25. 
HEADACHE IN ADHD AS COMORBIDITY AND A SIDE EFFECT OF MEDICATIONS: A SYSTEMATIC REVIEW AND META-
ANALYSIS. 
Pan PY, Jonsson U, ÅžahpazoÄŸlu Ã‡akmak SS, et al. 
There is mixed evidence on the association between headache and attention-deficit/hyperactivity disorder 
(ADHD), as well as headache and ADHD medications. This systematic review and meta-analysis 
investigated the co-occurrence of headache in children with ADHD, and the effects of ADHD medications on 
headache. Embase, Medline and PsycInfo were searched for population-based and clinical studies 
comparing the prevalence of headache in ADHD and controls through January 26, 2021. In addition, we 
updated the search of a previous systematic review and network meta-analysis of double-blind randomized 
controlled trials (RCTs) on ADHD medications on June 16, 2020. Trials of amphetamines, atomoxetine, 
bupropion, clonidine, guanfacine, methylphenidate, and modafinil with a placebo arm and reporting data on 
headache as an adverse event, were included. Thirteen epidemiological studies and 58 clinical trials were 
eligible for inclusion. In epidemiological studies, a significant association between headache and ADHD was 
found [odds ratio (OR) = 2.01, 95% confidence interval (CI) = 1.63-2.46], which remained significant when 
limited to studies reporting ORs adjusted for possible confounders. The pooled prevalence of headaches in 
children with ADHD was 26.6%. In RCTs, three ADHD medications were associated with increased 
headache during treatment periods, compared to placebo: atomoxetine (OR = 1.29, 95% CI = 1.06-1.56), 
guanfacine (OR = 1.43, 95% CI = 1.12-1.82), and methylphenidate (OR = 1.33, 95% CI = 1.09-1.63). The 
summarized evidence suggests that headache is common in children with ADHD, both as part of the clinical 
presentation as such and as a side effect of some standard medications. Monitoring and clinical management 
strategies of headache in ADHD, in general, and during pharmacological treatment are recommended 
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Psychopharmacol Bull. 2022 Oct;52:104-05. 
PROBABLE RISPERIDONE-ASSOCIATED ACUTE PANCREATITIS IN A CHILD WITH ADHD . 
Naguy A, Roshdy R, Alamiri B. 
Psychotropic-induced pancreatitis is rare and even rarer in pediatric population. Here, authors report on an 
interesting case of risperidone-induced pancreatitis in a child with ADHD comorbid with conduct disorder. 
Clinicians should be mindful of this remote, yet serious, side effect 
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Res Child Adolesc Psychopathol. 2022 Nov;50:1381-97. 
DO EXECUTIVE DYSFUNCTION, DELAY AVERSION, AND TIME PERCEPTION DEFICIT PREDICT ADHD SYMPTOMS AND 

EARLY ACADEMIC PERFORMANCE IN PRESCHOOLERS. 
Zheng Q, Cheng YY, Sonuga-Barke E, et al. 
Children with attention deficit/hyperactivity disorder (ADHD) are commonly observed to have learning 
difficulties. This study examined how three neuropsychological constructs-executive dysfunction, delay 
aversion, and time perception-were associated with ADHD symptoms and early academic performance in 
preschoolers at risk of ADHD. One hundred and thirty-one preschoolers (70 boys, 53%) aged 4 to 6 (M=5.31 
years) were assessed on their ADHD-related behaviors, neuropsychological functioning, word reading, and 
math abilities at two time points one year apart. Factor analysis indicated that inhibitory and attentional control 
deficit, delay aversion, and time perception/working memory deficit were three dissociable factors. Among 
the three factors, inhibitory and attentional control measured at Time 1 was the strongest predictor of ADHD 
symptoms at both Time 1 and Time 2. Time perception was closely related to working memory, and they 
predicted word reading and numeration across time most strongly among other neuropsychological 
constructs. Our findings suggested that inhibitory and attentional control, delay aversion, and time perception 
are dissociable neuropsychological deficits underlying ADHD symptoms in preschoolers. Poor time 
perception may serve as a marker for the early identification of preschoolers with potential learning problems, 
and a possible target of intervention for ADHD 
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Res Child Adolesc Psychopathol. 2022 Nov;50:1399-414. 
ASSOCIATIONS AMONG ADHD SYMPTOMS, ODD SYMPTOMS, AND BORDERLINE PERSONALITY FEATURES: A 

NETWORK ANALYSIS. 
Brennan GM, Bansal PS, Waxmonsky JG, et al. 
Attention-deficit/hyperactivity disorder (ADHD) and oppositional defiant disorder (ODD) are common 
childhood syndromes that exhibit a high degree of comorbidity. Both ADHD and ODD symptoms in childhood 
predict higher levels of borderline personality features (BPF) later in development. Yet ADHD, ODD, and 
BPF each consist of a heterogeneous group of symptoms, and symptom-level associations between these 
groups remain unclear. The present study examined symptom-level associations, as well as sex differences 
in symptom-level associations, among ADHD, ODD, and BPF using network analysis. Caregivers of 962 
children between the ages of 5 and 12 completed rating scales of ADHD, ODD, and BPF. Assessment of 
Bridge Expected Influence indicated a number of bridge symptoms linking ADHD to ODD; these bridge 
symptoms were primarily from the hyperactive-impulsive (rather than the inattentive) dimension of ADHD 
(e.g., blurts out answers, leaves seat, runs excessively). A smaller number of bridge symptoms were 
identified linking ADHD and ODD to BPF, and these bridge symptoms were different for girls versus boys. 
Overall, several ADHD hyperactive-impulsive symptoms were related to the BPF item gets in trouble for 
doing things without thinking, and the ODD item touchy/easily annoyed was related to the BPF item goes 
back and forth between different feelings. Moreover, whereas we observed stronger links between ODD 
antagonistic symptoms (e.g., blames others) and BPF among girls, we observed stronger links between ODD 
oppositional symptoms (e.g., defies/refuses to comply) and BPF among boys. Taken together, results provide 
a more nuanced, symptom-level understanding of the overlap among ADHD, ODD, and BPF 
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Res Child Adolesc Psychopathol. 2022 Dec;50:1573-88. 
MINDFULNESS AS AN ADJUNCT TO BEHAVIOR MODIFICATION FOR ELEMENTARY-AGED CHILDREN WITH ADHD. 
Ramos MC, Macphee FL, Merrill BM, et al. 
Attention-deficit/hyperactivity disorder (ADHD) is a chronic neurodevelopmental disorder defined by 
pervasive symptoms of inattention, hyperactivity, and impulsivity. Furthermore, children with ADHD show 
marked deficits in executive functioning (EF) such as attention, effortful control, and behavior, and are more 
likely to have poor self-regulatory skills. Current evidence-based interventions for children with ADHD include 
behavioral treatment (BT), psychopharmacological treatment, and their combination. Many other 
interventions are often used conjunction with or in lieu of evidence-based treatments for ADHD. One such 
example is the use of mindfulness-based interventions which have been shown to improve attention, reduce 
maladaptive behaviors, and increase self-regulatory abilities among children in general education settings. 
The current study is the first to evaluate the effect of mindfulness intervention in combination with BT on 
behavior, task-based executive functioning (EF), and mindful awareness in elementary-aged children with 
ADHD (N = 58). The study took place in a controlled analogue summer program setting (STP) in which 
children were randomized to receive either the mindfulness intervention in conjunction with BT or to a BT 
active control condition. Children completed a variety of EF cognitive tasks at baseline and post-treatment. 
Child behavioral responses were measured as teacher and staff-recorded frequencies of observed behavior. 
In addition, parent-reported and child self-reported measures on mindful awareness were collected. Overall, 
there were no beneficial incremental effects of mindfulness when used in combination with intensive BT with 
regard to observed child behavior, attention and inhibitory control, or mindful awareness 
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Res Social Adm Pharm. 2022 Dec;18:4017-27. 
THE IMPACT OF DIGITAL INTERVENTIONS ON MEDICATION ADHERENCE IN PAEDIATRIC POPULATIONS WITH ATTENTION 

DEFICIT HYPERACTIVITY DISORDER, DEPRESSION, AND/OR ANXIETY: A RAPID SYSTEMATIC REVIEW AND META-
ANALYSIS. 
Vitija A, Amirthalingam A, Soltani A. 
BACKGROUND: The growing prevalence of mental health disorders in children and adolescents coupled 
with poor medication adherence in the paediatric population is a major problem within healthcare systems 
affecting patient outcomes. Digital health interventions (DHIs) are primed to optimise medication adherence 
given the expansion of digital health markets and the increased usage of digital technologies by children and 
adolescents.  
OBJECTIVE: This rapid systematic review evaluates the impact of DHIs on optimising medication adherence 
amongst children and adolescents with mental health disorders compared to treatment as usual (TAU).  
METHODS: A rapid systematic search in electronic databases CINAHL Plus, Cochrane Library, MEDLINE, 
PubMed, and Scopus was conducted. The scope of the rapid systematic search included randomised 
controlled trials and quasi-experimental studies (non-randomised controlled trials) evaluating DHIs optimising 
medication adherence in children and adolescents with attention deficit hyperactivity disorder (ADHD), 
depression and/or anxiety. Meta-analyses were conducted based on estimating pooled odds ratio (OR) and 
mean difference (MD) with 95% confidence interval using a random-effects model. Thematic analysis 
identified key avenues DHIs offer to optimise medication adherence.  
RESULTS: Four studies were found, with 502 participants included in the meta-analysis. An improvement in 
medication adherence was observed following DHIs for studies measuring dichotomous and continuous 
outcomes. However, the effect was not significant for the former. DHIs were shown to help bridge the gaps 
between patients and healthcare professionals, allowing for more frequent monitoring, communication, and 
assessments.  
CONCLUSIONS: Medication adherence amongst children and adolescents with acute or chronic ADHD, 
anxiety or depression may be positively impacted by DHIs, but better-powered studies with a lower risk of 
bias are necessary. The evidence currently remains inconclusive on DHIs improving medication adherence 
in children and adolescents 
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Research on Child and Adolescent Psychopathology. 2022 Sep;50:1139-49. 
MIND-WANDERING AND CHILDHOOD ADHD: EXPERIMENTAL MANIPULATIONS ACROSS LABORATORY AND 

NATURALISTIC SETTINGS. 
Merrill BM, Raiker JS, Mattfeld AT, et al. 
The conceptual overlap between mind-wandering and attention-deficit/hyperactivity disorder (ADHD)-related 
impairments is considerable, yet little experimental research examining this overlap among children is 
available. The current study aims to experimentally manipulate mind-wandering among children with and 
without ADHD and examine effects on task performance. Participants were 59 children with ADHD and 55 
age-matched controls. Participants completed a novel mind-wandering sustained attention to response task 
(SART) that included non-self-referential and self-referential stimuli to experimentally increase self-referential 
mind-wandering, reflected by increases in reaction time variability (RTV) following self-referential stimuli. The 
ADHD group participated in a classroom study with analogue conditions aimed at encouraging self-referential 
future-oriented thinking (free play/movie before and after class work) compared to a control condition 
(newscast) and a cross-over methylphenidate trial. The significant interaction between ADHD status and self-
referential stimuli on SART performance indicated that self-referential stimuli led to greater RTV among 
children with ADHD (within-subject d = 1.29) but not among controls. Methylphenidate significantly reduced 
RTV among youth with ADHD across self-referential (d = 1.07) and non-self-referential conditions (d = 0.72). 
In the ADHD classroom study, the significant interaction between mind-wandering condition and 
methylphenidate indicated that methylphenidate led to higher work completion (ds > 5.00), and the free-play 
mind-wandering condition had more consistent detrimental effects on productivity (ds = 1.25) than the movie 
mind-wandering condition. This study is the first to manipulate mind-wandering and assess effects among 
children with ADHD using a behavioral task. Results provide evidence that children with ADHD are uniquely 
susceptible to mind-wandering interference 
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Rev Colomb Psiquiatr. 2022. 
TESTIMONIES OF PARENTS WITH CHILDREN DIAGNOSED WITH ATTENTION DEFICIT/HYPERACTIVITY DISORDER, THE 

CHALLENGE OF RE-MEANING EXPERIENCES. 
Gomez-Lopez C, Osorio-Cock LM, Yepes-Delgado CE, et al. 
Introduction: Patients with attention deficit hyperactivity disorder (ADHD) face multiple barriers to reach an 
adequate diagnosis and treatment, including the stigma they must defy. This situation generates a high 
emotional burden on the patient and his family. Parents with children diagnosed with ADHD play a 
fundamental role in the mental health care process.  
Objectives: To explore the meanings that arise in the parents of a child diagnosed with ADHD and, to identify 
barriers and facilitators during the diagnosis and treatment process.  
Methods: This is a qualitative study developed using grounded theory techniques. Semi-structured 
interviews were conducted to 20 parents of children diagnosed with ADHD, which were analyzed through 
open coding, and later analyzed with axial and selective coding. A constant comparison of the information 
was carried out using a reflexive posture. These methods allowed the emergence of the theory.  
Results: Misconceptions about ADHD hinder parents acceptance of this diagnosis. It was found that 
compared to fathers, mothers tend to carry more responsibilities in accompanying their children. Mothers 
face a difficult-to-navigate health system and unfulfilled drug delivery. In the educational system there is 
misinformation in schools, and parents often feel misunderstood by educators.  
Conclusions: The parents included in this study had to face challenges in the health, educational and family 
systems. Situations that prompted them to resignify their experiences around one of their children diagnosed 
with ADHD 
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Sao Paulo Med J. 2022 Nov;140:781-86. 
CLINICO-EPIDEMIOLOGICAL PROFILE OF PATIENTS AT CHILDREN'S PSYCHOSOCIAL CARE CENTERS IN SÃ£O 

BERNARDO DO CAMPO: A CROSS-SECTIONAL STUDY. 
Messias MP, Silva EME, Andrade MH, et al. 
BACKGROUDS: Child and Adolescent Psychosocial Care Centers (Centros de AtenÃ§Ã£o Psicossocial, 
CAPSI) are dedicated centers for persistent psychiatric disorders, which provide an individualized therapeutic 
approach based on extra-hospital services.  
OBJECTIVES: We aimed to describe the clinico-epidemiological profiles of the patients seeking interventions 
at the CAPSIs.  
DESIGN AND SETTING: A cross-sectional study was conducted in two CAPSI in SÃ£o Bernardo do Campo, 
SP, Brazil. One CAPSI is dedicated to the treatment of alcohol- and drug-related disorders, and the other to 
the treatment of other mental disorders.  
METHODS: In July 2017, we reviewed all active medical records of these two CAPSI, and collected the 
patients information including sex, race, education, type of referral, initial complaints, psychiatric diagnoses, 
and medication utilization.  
RESULTS: Of the 233 patients, 69.5% were male and 42.5% lived with their immediate family. Most of the 
patients were referred from other health services. Complaints on admission included agitation and aggressive 
behavior (30.9%). Autism spectrum disorder (ASD) was the most prevalent diagnosis (46.8%), followed by 
depressive disorder (13.8%). Of the patients, 81.5% were on regular medical follow-up and 70.3% were on 
a single medication only.  
CONCLUSION: Aggression complaints are the most prevalent in CAPSI, and diagnoses of ASD and 
psychotic disorders are more common. This situation differs from most CAPSI that present school complaints 
as the most prevalent, in which diagnoses of attention-deficit/hyperactivity disorder and conduct disorders 
are likely to be more frequent. The epidemiological profile of each CAPSI should guide the implementation 
of human and structural resources targeting the most prevalent complaints and diagnoses 
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Scand J Psychol. 2022 Dec;63:609-23. 
CYBERBULLYING AND EMPATHY AMONG ELEMENTARY SCHOOL STUDENTS: DO SPECIAL EDUCATIONAL NEEDS MAKE 

A DIFFERENCE? 
Touloupis T, Athanasiades C. 
The present study investigates involvement in cyberbullying and empathy skills, as well as the relationship 
between the two among general education sixth grade elementary school students with and without special 
educational needs (SEN). Specifically, 120 students with SEN (Autistic Spectrum Disorder-ASD, Attention 
Deficit Hyperactivity Disorder-ADHD, learning disabilities) and 120 students without SEN from 29 randomly 
selected schools of the second biggest city in Greece completed a self-report questionnaire, which included 
a short version of the "Cyberbullying Questionnaire" (Smith etÂ al., An investigation into cyber bullying, its 
forms, awareness and impact, and the relationship between age and gender in cyber bullying. A report to the 
Anti-Bullying Alliance. Unit for School and Family Studies, 2006) and the "Basic Empathy Scale"-BES (Jolliffe 
& Farrington, 2006, J Adolesc, 29:589, 2006). The results showed that, regardless of gender, involvement in 
cyberbullying (as victims/bullies) concerned primarily students with SEN, mainly those with ASD and ADHD. 
Accordingly, students with SEN and mostly those with ASD expressed lower affective and cognitive empathy 
compared to the rest of the students. Finally, for all the participating students both affective and cognitive 
empathy negatively predicted engagement in cyberbullying (as victims/bullies). Implications for preventive 
actions in elementary education, and especially for children with SEN, are discussed in detail 
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Scand J Public Health. 2022 Dec;50:1140-47. 
ASSOCIATIONS BETWEEN CHILDREN'S DIAGNOSED MENTAL DISORDERS AND EDUCATIONAL ACHIEVEMENTS IN 

SWEDEN. 
Bortes C, Nilsson K, Strandh M. 
AIMS: To examine associations between multiple clinically diagnosed mental disorders among children in 
Sweden and educational achievements at the end of ninth grade.  
METHODS: Data from Swedish administrative registers were utilised. Diagnoses of specific mental disorders 
(unipolar depression, mood, anxiety, obsessive compulsive, eating, attention deficit hyperactivity disorder) 
were used as exposure variables. Educational achievements were assessed in terms of teacher-assigned 
school grades and eligibility for upper secondary education. The sample comprised 266,664 individuals (49% 
females) born in 2000 to 2002 who were alive and resident in Sweden in 2017. Exposed and unexposed 
individuals were compared in terms of outcome variables by fitting linear and logistic regression models.  
RESULTS: The results revealed negative associations between all the examined mental disorders and 
educational achievements, except for positive associations between eating disorders and grades among 
female students. Attention deficit hyperactivity disorder was the most strongly associated disorder in terms 
of non-successful completion of compulsory education, among both male and female students (odds ratio 
(OR): 3.58 (95% confidence interval (CI), 3.42 to 3.74) and 4.31 (95% CI, 4.07 to 4.57), respectively). This 
was followed by unipolar depression among males (OR: 2.92 (95% CI, 2.60 to 3.28)) and anxiety disorder 
among females (OR: 2.68 (95% CI, 2.49 to 2.88)). Obsessive compulsive disorder had the weakest negative 
association with educational achievements among both males (OR: 1.48 (95% CI, 1.01 to 2.17)) and females 
(OR: 1.38 (95% CI, 1.11 to 1.72)).  
CONCLUSIONS: Specific diagnosed mental disorders have varying, largely disadvantageous, associations 
with educational achievements of students in Sweden that differ between males and females 
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Sci Rep. 2022 Nov;12:20308. 
EYE MOVEMENT BEHAVIOR IN A REAL-WORLD VIRTUAL REALITY TASK REVEALS ADHD IN CHILDREN. 
Merzon L, Pettersson K, Aronen ET, et al. 
Eye movements and other rich data obtained in virtual reality (VR) environments resembling situations where 
symptoms are manifested could help in the objective detection of various symptoms in clinical conditions. In 
the present study, 37 children with attention deficit hyperactivity disorder and 36 typically developing controls 
(9-13 y.o) played a lifelike prospective memory game using head-mounted display with inbuilt 90Â Hz eye 
tracker. Eye movement patterns had prominent group differences, but they were dispersed across the full 
performance time rather than associated with specific events or stimulus features. A support vector machine 
classifier trained on eye movement data showed excellent discrimination ability with 0.92 area under curve, 
which was significantly higher than for task performance measures or for eye movements obtained in a visual 
search task. We demonstrated that a naturalistic VR task combined with eye tracking allows accurate 
prediction of attention deficits, paving the way for precision diagnostics 
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Sci Rep. 2022 Oct;12:18202. 
REDUCED MOTOR PLANNING UNDERLYING INHIBITION OF PREPOTENT RESPONSES IN CHILDREN WITH ADHD. 
Valori I, Della LL, Angeli A, et al. 
To flexibly regulate their behavior, children's ability to inhibit prepotent responses arises from cognitive and 
motor mechanisms that have an intertwined developmental trajectory. Subtle differences in planning and 
control can contribute to impulsive behaviors, which are common in Attention Deficit and Hyperactivity 
Disorder (ADHD) and difficult to be assessed and trained. We adapted a Go/No-Go task and employed a 
portable, low-cost kinematic sensor to explore the different strategies used by children with ADHD or typical 
development to provide a prepotent response (dominant condition) or inhibit the prepotent and select an 
alternative one (non-dominant condition). Although no group difference emerged on accuracy levels, the 
kinematic analysis of correct responses revealed that, unlike neurotypical children, those with ADHD did not 
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show increased motor planning in non-dominant compared to dominant trials. Future studies should 
investigate whether motor control could help children with ADHD compensate for planning difficulties. This 
strategy might make inhibition harder in naturalistic situations that involve complex actions. Combining 
cognitive and kinematic measures is a potential innovative method for assessment and intervention of subtle 
differences in executive processes such as inhibition, going deeper than is possible based on accuracy 
outcomes alone 
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Sci Rep. 2022 Nov;12:20401. 
ADDITIVE EFFECTS OF EEG NEUROFEEDBACK ON MEDICATIONS FOR ADHD: A SYSTEMATIC REVIEW AND META-
ANALYSIS. 
Lin FL, Sun CK, Cheng YS, et al. 
To elucidate possible additive effects of electroencephalogram-based neurofeedback (EEG-NF) on 
medications against the core symptoms of attention-deficit/hyperactivity disorder (ADHD), randomized 
controlled trials (RCTs) were retrieved from electronic databases including PubMed, EMBASE, ClinicalKey, 
Cochrane CENTRAL, ScienceDirect, and ClinicalTrials.gov from inception to March 2022. The primary 
outcomes were changes in ADHD symptoms (i.e., global, inattention, hyperactivity/impulsivity) assessed with 
validated rating scales, while secondary outcome was all-cause discontinuation rate. Meta-analysis of five 
RCTs involving 305 participants [Median age=9.285 years (range 8.6-11.05)] with a median follow-up of 
12 weeks showed additive effects of EEG-NF on medications from parents' observations against ADHD 
global symptoms (Hedges' g=0.2898, 95%CI [0.0238; 0.5557]) and inattention symptoms (Hedges' 
g=0.3274, 95%CI [0.0493; 0.6055]). However, additive effects failed to sustain six months after EEG-NF 
intervention. Besides, there was no difference in improvement of hyperactivity/impulsivity from parents' 
observation, attentional performance, and all-cause discontinuation rate between the two groups. Our results 
supported additional benefits of combining EEG-NF with medications compared to medication alone in 
treating global symptoms and symptoms of inattention in ADHD patients. Nevertheless, given a lack of 
evidence showing a correlation between underlying physiological changes and small effect sizes in our 
preliminary results, further studies are warranted to support our findings 
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Sci Rep. 2022 Dec;12:20762. 
MATERNAL IRON STATUS DURING PREGNANCY AND ATTENTION DEFICIT/HYPERACTIVITY DISORDER SYMPTOMS IN 7-
YEAR-OLD CHILDREN: A PROSPECTIVE COHORT STUDY. 
az-Lopez A, Sans JC, Julvez J, et al. 
Evidence suggests that iron status may be linked to symptoms of childhood attention deficit/hyperactivity 
disorder (ADHD), but there is little data available on the relationship between iron status in pregnancy and 
the risk of developing ADHD. And the data that does exist is inconsistent. Our aim here is to assess the effect 
of maternal serum ferritin (SF) and haemoglobin (Hb) levels during pregnancy on manifestations of ADHD in 
children at 7 years of age. This prospective study analysed data from 1204 mother-child pairs from three 
Spanish cohorts participating in the INMA project. Maternal SF and Hb levels during pregnancy and other 
mother and child characteristics were collected. The children's ADHD behaviours were reported by their 
parents using Conners' Parent Rating Scale-Revised Short Form (CPRS-R:S). In the unadjusted regression 
analysis, maternal SF was positively associated with children's T-scores on the subscales Cognitive 
problems/Inattention (Î²: 0.63, 95%CI 0.06-1.19; p=0.029) and ADHD index (Î²: 0.72, 95%CI 0.20-1.24; 
p=0.007). These associations were not present after multivariate adjustment or stratification by first and 
second trimester of pregnancy. The Hb levels were not related to any of the CPRS-R:S subscales in 
unadjusted or multivariate-adjusted models. We observed no association between maternal SF or Hb levels 
and the risk of ADHD symptomatology (T-score 65 for CPRS-R:S subscales). Our results suggest that neither 
maternal SF nor Hb levels during pregnancy are related to ADHD symptoms in 7-year-old children 
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Sci Rep. 2022 Nov;12:20316. 
FUNCTIONAL CHANGES IN PREFRONTAL CORTEX FOLLOWING FREQUENCY-SPECIFIC TRAINING. 
Bach-Morrow L, Boccalatte F, DeRosa A, et al. 
Numerous studies indicate a significant role of pre-frontal circuits (PFC) connectivity involving attentional and 
reward neural networks within attention deficit hyperactivity disorder (ADHD) pathophysiology. To date, the 
neural mechanisms underlying the utility of non-invasive frequency-specific training systems in ADHD 
remediation remain underexplored. To address this issue, we created a portable electroencephalography 
(EEG)-based wireless system consisting of a novel headset, electrodes, and neuro program, named 
frequency specific cognitive training (FSCT). In a double-blind, randomized, controlled study we investigated 
the training effects in N=46 school-age children ages 6-18 years with ADHD. 23 children in experimental 
group who underwent FCST training showed an increase in scholastic performance and meliorated their 
performance on neuropsychological tests associated with executive functions and memory. Their results 
were compared to 23 age-matched participants who underwent training with placebo (pFSCT). 
Electroencephalogram (EEG) data collected from participants trained with FSCT showed a significant 
increase in 14-18Â Hz EEG frequencies in PFC brain regions, activities that indicated brain activation in 
frontal brain regions, the caudate nucleus, and putamen. These results demonstrate that FSCT targets 
specific prefrontal and striatal areas in children with ADHD, suggesting a beneficial modality for non-invasive 
modulation of brain areas implicated in attention and executive functions 
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Sleep Med. 2023;101:183-89. 
CHANGES IN SLEEP DURATION AND DISTURBANCES DURING COVID-19 LOCKDOWN AND INTERNALIZING-
EXTERNALIZING BEHAVIORS IN CHILDREN WITH ATTENTION DEFICIT HYPERACTIVITY DISORDERS. 
Melegari MG, Ferri R, Giallonardo M, et al . 
Objective: To examine how changes in sleep patterns and sleep problems occurring between the pre-
pandemic and the Covid-19 lockdown period influenced mood-behavioral functioning of children with 
Attention Deficit Hyperactivity Disorder (ADHD).  
Methods: Parents of 992 children with ADHD (85.4% boys, mean age: 11.52 years, SD = 3.17), recruited 
from the Italian ADHD family association, completed a modified version of the Sleep Disturbance Scale for 
Children and filled out 11 emotional behavioral items selected from the Child Behavior Checklist (CBCL) 6–
18 questionnaire. Subgroups identified based on sleep duration changes (“maintained”, “increased”, 
“reduced”) and of sleep problems during lockdown (“onset”, “remission”, “maintained”, “no sleep problem”) 
were analyzed to evaluate the association with internalizing and externalizing scores.  
Results: Sleep duration showed no or low influence on internalizing and externalizing behaviors after control 
for age, sex, and socioeconomic status. Patients with ADHD with “no sleep problem” showed significant 
lower scores in internalizing and externalizing behaviors than those who “maintained” or had “onset” of 
different sleep problems. The effect sizes were higher for internalizing than externalizing behaviors. Lower 
internalizing scores were found in those who remitted difficulty in falling asleep, daytime sleepiness, 
nightmares, vs. the “maintained” or “onset” groups and those who remitted hypnic jerks vs. the “onset” group. 
Children with ADHD who “maintained” sleep terrors reported higher internalizing and mainly externalizing 
scores than the other groups.  
Conclusion: Sleep problems negatively influence daytime functioning of patients with ADHD. but mood and 
behavioral domains show different susceptibility to the changes of sleep problems, and different vulnerability 
to specific sleep problems 
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Turk J Med Sci. 2022 Oct;52:1616-26. 
USING ELECTROOCULOGRAPHY WITH VISUAL STIMULUS TRACKING TEST IN DIAGNOSING OF ADHD: FINDINGS FROM 

MACHINE LEARNING ALGORITHMS. 
Latifonlu F, Esas MY, et al. 
BACKGROUND: Attention deficit hyperactivity disorder (ADHD), one of the most common 
neurodevelopmental disorders in childhood, is diagnosed clinically by assessing the symptoms of inattention, 
hyperactivity, and impulsivity. Also, there are limited objective assessment tools to support the diagnosis. 
Thus, in this study, a new electrooculography (EOG) based on visual stimulus tracking to support the 
diagnosis of ADHD was proposed.  
METHODS: Reference stimulus one-to-one tracking numbers (RSOT) and colour game detection (CGD) 
were applied to 53 medication-free children with ADHD and 36 healthy controls (HCs). Also, the test was 
applied six months after the treatment to children with ADHD. Parameters obtained during the visual stimulus 
tracking test were analyzed and Higuchi fractal dimension (HFD) and Hjorth parameters were calculated for 
all EOG records.  
RESULTS: The average test success rate was higher in HCs than in children with ADHD. Based on machine 
learning algorithms, the proposed system can distinguish drug-free ADHD patients from HCs with an 89.13% 
classification performance and also distinguish drug-free children from treated children with an 80.47% 
classification performance.  
DISCUSSION: The findings showed that the proposed system could be helpful to support the diagnosis of 
ADHD and the follow-up of the treatment 
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World J Biol Psychiatry. 2022 Jul;23:424-55. 
CLINICIAN GUIDELINES FOR THE TREATMENT OF PSYCHIATRIC DISORDERS WITH NUTRACEUTICALS AND 

PHYTOCEUTICALS: THE WORLD FEDERATION OF SOCIETIES OF BIOLOGICAL PSYCHIATRY (WFSBP) AND CANADIAN 

NETWORK FOR MOOD AND ANXIETY TREATMENTS (CANMAT) TASKFORCE. 
Sarris J, Ravindran A, Yatham LN, et al. 
OBJECTIVES: The therapeutic use of nutrient-based 'nutraceuticals' and plant-based 'phytoceuticals' for the 
treatment of mental disorders is common; however, despite recent research progress, there have not been 
any updated global clinical guidelines since 2015. To address this, the World Federation of Societies of 
Biological Psychiatry (WFSBP) and the Canadian Network for Mood and Anxiety Disorders (CANMAT) 
convened an international taskforce involving 31 leading academics and clinicians from 15 countries, 
between 2019 and 2021. These guidelines are aimed at providing a definitive evidence-informed approach 
to assist clinicians in making decisions around the use of such agents for major psychiatric disorders. We 
also provide detail on safety and tolerability, and clinical advice regarding prescription (e.g. indications, 
dosage), in addition to consideration for use in specialised populations.  
METHODS: The methodology was based on the WFSBP guidelines development process. Evidence was 
assessed based on the WFSBP grading of evidence (and was modified to focus on Grade A level evidence 
- meta-analysis or two or more RCTs - due to the breadth of data available across all nutraceuticals and 
phytoceuticals across major psychiatric disorders). The taskforce assessed both the 'level of evidence' (LoE) 
(i.e. meta-analyses or RCTs) and the assessment of the direction of the evidence, to determine whether the 
intervention was 'Recommended' (+++), 'Provisionally Recommended' (++), 'Weakly Recommended' (+), 
'Not Currently Recommended' (+/-), or 'Not Recommended' (-) for a particular condition. Due to the number 
of clinical trials now available in the field, we firstly examined the data from our two meta-reviews of meta-
analyses (nutraceuticals conducted in 2019, and phytoceuticals in 2020). We then performed a search of 
additional relevant RCTs and reported on both these data as the primary drivers supporting our clinical 
recommendations. Lower levels of evidence, including isolated RCTs, open label studies, case studies, 
preclinical research, and interventions with only traditional or anecdotal use, were not assessed.  
RESULTS: Amongst nutraceuticals with Grade A evidence, positive directionality and varying levels of 
support (<i>recommended, provisionally recommended,</i> or <i>weakly recommended)</i> was found for 
adjunctive omega-3 fatty acids (+++), vitamin D (+), adjunctive probiotics (++), adjunctive zinc (++), 
methylfolate (+), and adjunctive s-adenosyl methionine (SAMe) (+) in the treatment of unipolar depression. 
Monotherapy omega-3 (+/-), folic acid (-), vitamin C (-), tryptophan (+/-), creatine (+/-), inositol (-), magnesium 
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(-), and n-acetyl cysteine (NAC) (+/-) and SAMe (+/-) were not supported for this use. In bipolar disorder, 
omega-3 had weak support for bipolar depression (+), while NAC was not currently recommended (+/-). NAC 
was weakly recommended (+) in the treatment of OCD-related disorders; however, no other nutraceutical 
had sufficient evidence in any anxiety-related disorder. Vitamin D (+), NAC (++), methylfolate (++) were 
recommended to varying degrees in the treatment of the negative symptoms in schizophrenia, while omega-
3 fatty acids were not, although evidence suggests a role for prevention of transition to psychosis in high-risk 
youth, with potential pre-existing fatty acid deficiency. Micronutrients (+) and vitamin D (+) were weakly 
supported in the treatment of ADHD, while omega-3 (+/-) and omega-9 fatty acids (-), acetyl L carnitine (-), 
and zinc (+/-) were not supported. Phytoceuticals with supporting Grade A evidence and positive 
directionality included St John's wort (+++), saffron (++), curcumin (++), and lavender (+) in the treatment of 
unipolar depression, while rhodiola use was not supported for use in mood disorders. Ashwagandha (++), 
galphimia (+), and lavender (++) were modestly supported in the treatment of anxiety disorders, while kava 
(-) and chamomile (+/-) were not recommended for generalised anxiety disorder. Ginkgo was weakly 
supported in the adjunctive treatment of negative symptoms of schizophrenia (+), but not supported in the 
treatment of ADHD (+/-). With respect to safety and tolerability, all interventions were deemed to have varying 
acceptable levels of safety and tolerability for low-risk over-the-counter use in most circumstances. Quality 
and standardisation of phytoceuticals was also raised by the taskforce as a key limiting issue for firmer 
confidence in these agents. Finally, the taskforce noted that such use of nutraceuticals or phytoceuticals be 
primarily recommended (where supportive evidence exists) adjunctively within a standard medical/health 
professional care model, especially in cases of more severe mental illness. Some meta-analyses reviewed 
contained data from heterogenous studies involving poor methodology. Isolated RCTs and other data such 
as open label or case series were not included, and it is recognised that an absence of data does not imply 
lack of efficacy.  
CONCLUSIONS: Based on the current data and clinician input, a range of nutraceuticals and phytoceuticals 
were given either a supportive recommendation or a provisional recommendation across a range of various 
psychiatric disorders. However several had only a weak endorsement for potential use; for a few it was not 
possible to reach a clear recommendation direction, largely due to mixed study findings; while some other 
agents showed no obvious therapeutic benefit and were clearly not recommended for use. It is the intention 
of these guidelines to inform psychiatric/medical, and health professional practice globally 
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World Journal of Pediatrics. 2022;18:825-34. 
A THREE-PRONGED ANALYSIS CONFIRMS THE ASSOCIATION OF THE SEROTONINERGIC SYSTEM WITH ATTENTION 

DEFICIT HYPERACTIVITY DISORDER. 
Chatterjee M, Saha S, Sinha S, et al. 
Background: The serotonin transporter (SERT), encoded by the solute carrier family 6 number 4 (SLC6A4) 
gene, controls serotonin (5-HT) availability and is essential for the regulation of behavioral traits. Two 
SLC6A4 genetic variants, 5-HTTLPR and STin2, were widely investigated in patients with various 
neurobehavioral disorders, including attention deficit hyperactivity disorder (ADHD).  
Methods: We analyzed the association of the 5-HTTLPR (L/S) and STin2 (10/12) variants, plasma 5-HT, 
and 5-hydroxyindole acetic acid (5-HIAA), as well as SERT messenger RNA (mRNA) with ADHD in the 
eastern Indian subjects. Nuclear families with ADHD probands (n = 274) and ethnically matched controls (n 
= 367) were recruited following the Diagnostic and Statistical Manual of Mental Disorders. Behavioral traits, 
executive function, and intelligence quotient (IQ) of the probands were assessed using the Conner's Parent 
Rating Scale-Revised, Parental Account of Children’s Symptoms (PACS), Barkley Deficit in Executive 
Functioning Child and Adolescent Scale, and Wechsler Intelligence Scale for Children-III, respectively. After 
obtaining informed written consent, peripheral blood was collected to analyze genetic variants, plasma 5-HT, 
5-HIAA, and SERT mRNA expression.  
Results: ADHD probands showed a higher frequency of the 5-HTTLPR L allele and L/L genotype (P < 0.05), 
lower 5-HIAA level, and higher SERT mRNA expression. Scores for behavioral problems and hyperactivity 
were higher in the presence of the S allele and S/S genotype, while executive deficit was higher in the 

presence of the L allele. IQ score was lower in the presence of the STin2 12 allele and L-12 haplotype.  
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Conclusion: Data obtained indicate a significant association of the serotoninergic system with ADHD, 
warranting further in-depth investigation 
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Zh Nevrol Psikhiatr Im S S Korsakova. 2022;122:62-68. 
TREATMENT OF ATTENTION DEFICIT HYPERACTIVITY DISORDER IN CHILDREN: RESULTS OF A MULTICENTER, 
RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED CLINICAL TRIAL. 
Zavadenko NN, Makushkin EV, Gaynetdinova DD, et al. 
OBJECTIVE: Evaluation of the efficacy and safety of the new drug Prospekta in the treatment of attention 
deficit hyperactivity disorder (ADHD) in patients aged 7-12 years.  
MATERIAL AND METHODS: A multicenter (35 clinical centres) double-blind, placebo-controlled, 
randomized, parallel-group clinical trial enrolled 363 patients. The mean age was 9.3±1.7 years. Children of 
both sexes aged between 7 and 12 years with a diagnosis of ADHD confirmed by DSM-V diagnostic criteria 
were included in the study. Patients with a total score of 22 or more on the Attention Deficit Hyperactivity 
Disorder-Rating Scale-V (ADHD-RS-V) were included in the study. After randomisation, patients in group 1 
received Prospekta, 1 tablet twice daily; patients in group 2 received placebo according to the study drug 
regimen. The primary efficacy criterion was the proportion of patients with a 25% or greater reduction in the 
overall ADHD-RS-V scale score after 8 weeks of treatment. As additional criteria for efficacy assessment 
were assessed: change of ADHD-RS-V total score from baseline after 8 weeks of treatment; Clinical Global 
Impression Efficacy Index (CGI-EI) score after 8 weeks of treatment; side effects.  
RESULTS: The proportion of patients with a 25% or more reduction in the ADHD-RS-V scale score after 8 
weeks of treatment was 55.9% in the Prospekta group, and 43.3% in the placebo group (p=0.0199). There 
was a reduction of ADHD symptoms in the Prospekta group as a mean ADHD-RS-V score decreased by 
10.2Â±7.7 (in the placebo group by 8.1Â±7.9); the difference between the mean ADHD-RS-V score reduction 
during Prospekta and placebo treatment was 2.09Â±7.81 (p=0.0096). Mean CGI-EI scores calculated on the 
basis of physician scores were different in the Prospekta group compared to the placebo group at 6.9Â±3.2 
versus 8.0Â±3.1 (p=0.0012), indicating greater clinical efficacy of the study drug. The frequency of adverse 
events (AEs) did not differ significantly between the groups. There were a total of 66 AEs in 46 patients, 
including 31 AEs in 23 (13.2%) Prospekta group participants and 35 AEs in 23 (12.2%) placebo group 
participants (p=0.87). No cases of serious AEs were reported during the study. Prospekta is compatible with 
drugs used in pediatric practice. Prospekta did not cause an exciting effect and did not adversely affect the 
sleep of patients.  
CONCLUSION: The drug Prospekta is an effective and safe treatment for ADHD in patients 7-12 years old 
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Seeking Overlapping Neuroanatomical Alterations between
Dyslexia and Attention-Deficit/Hyperactivity Disorder:
A Meta-Analytic Replication Study
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Abstract: The present work is a replication article based on the paper “Are there shared neural
correlates between dyslexia and ADHD? A meta-analysis of voxel-based morphometry studies”
by McGrath and Stoodley (2019). In the original research, the authors used activation likelihood
estimation (ALE), a technique to perform coordinate-based meta-analysis (CBMA), to investigate
the existence of brain regions undergoing gray matter alteration in association with both attention-
deficit/hyper-activity disorder (ADHD) and dyslexia. Here, the same voxel-based morphometry
dataset was analyzed, while using the permutation-subject images version of signed differential
mapping (PSI-SDM) in place of ALE. Overall, the replication converged with the original paper
in showing a limited overlap between the two conditions. In particular, no significant effect was
found for dyslexia, therefore precluding any form of comparison between the two disorders. The
possible influences of biological sex, age, and medication status were also ruled out. Our findings
are in line with literature about gray matter alteration associated with ADHD and dyslexia, often
showing conflicting results. Therefore, although neuropsychological and clinical evidence suggest
some convergence between ADHD and dyslexia, more future research is sorely needed to reach a
consensus on the neuroimaging domain in terms of patterns of gray matter alteration.

Keywords: coordinate-based meta-analysis; voxel-based morphometry; ADHD; dyslexia; ALE;
seed-based d mapping; replication article; reproducibility; open science; replication crisis

1. Introduction

In their original research, McGrath and Stoodley [1] aimed to identify regions of
altered gray matter shared between dyslexia and attention-deficit/hyper-activity disorder
(ADHD). The conjoint investigation of these two neurodevelopmental disorders (NDDs) is
not only supported by their frequently reported comorbidity, but also by shared genetic
and neural pathomechanism risk factors. In this regard, converging evidence suggests that
NDDs tend to report a shared etiological basis in neurodevelopment abnormality caused
by complex multifactorial interactions of genetic defects, as well as of environmental,
epigenetic, cognitive, and behavioral factors [2–7]. New potential metabolic targets and
neuroprotective agents against NDDs, including ADHD and learning disorders, are starting
to appear in the animal model research literature [7–9], thereby opening perspectives for
future treatment.

The advent of magnetic resonance imaging (MRI) technologies has provided an un-
precedented opportunity to assess the neurophysiological underpinnings of these two
NDDs in vivo and noninvasively. Numerous studies about pediatrics and adults with
ADHD suggest functional abnormalities in fronto-striatal and fronto-limbic systems [10–14]
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that may underlie impulsivity, hyperactivity, and inattention deficits typical of the disor-
der [15]. By contrast, subjects suffering from dyslexia tend to report deficits in orthographic
and visuo-phonological domains, in which the occipito-temporal functional network seems
to have a pivotal role [16–18]. From the structural point of view, abnormalities in brain
morphology have been reported in both disorders, encompassing multiple areas such as the
basal ganglia, cerebellum, parietal cortex, corpus callosum, prefrontal-cingulate cortex, and
parieto-temporal regions [11,19,20]. However, this voluminous literature remains largely
inconclusive. Moreover, only a limited pool of studies have examined neuroanatomical
convergence across disorders reporting conflicting findings [21–24].

To fill this gap, McGrath and Stoodley [1] realized a coordinate-based meta-analysis
(CBMA) of previously published voxel-based morphometry (VBM) findings. VBM is a
widely used MRI technique in the field of human brain mapping, which allows the identifi-
cation of focal differences in volume or concentration between the brains of two groups of
subjects [25]. In the specific case of McGrath and Stoodley [1], the considered experiments
had compared either subjects diagnosed with dyslexia against typically developing controls
(TDCs), or subjects diagnosed with ADHD against TDCs. The dataset was then processed
according to the CBMA approach. In general terms, this class of techniques allows us to
quantify the consensus between multiple experiments based on structural or functional
neuroimaging techniques [26,27]. Therefore, they represent a valuable tool for human
brain mapping, offering a way to overcome the variability frequently found among single
experiments [28,29]. Unlike image-based meta-analyses, which take in three-dimensional
(3D) maps representing the results, CBMAs process instead the so-called “list of foci”. Here,
each focus is a peak of the maximum measured cluster effect, localized through a triplet of
stereotactic coordinates (x,y,z) [30]. CBMAs makes therefore possible to recover the full 3D
information starting from a much sparser (but often the only available) representation of
the data [31].

Among the various CBMA algorithms, McGrath and Stoodley [1] resorted to the
activation likelihood estimation (ALE) technique [32,33]. Notably, this approach uses a
Gaussian kernel to model the effect, adjusting the full-width half-maximum (FWHM) of
the Gaussian based on the sample size of the experiment considered time to time. This
means that the higher the number of subjects analyzed in the experiment, the more spatially
precise (and reliable) are considered the related results, and therefore smoothed through a
tighter Gaussian [34].

In the original paper, a two-step procedure was followed. First, the ALE analysis
was separately applied to estimate the spatial convergence associated with each of the
four possible conditions: dyslexia < TDCs; ADHD < TDCs; dyslexia > TDCs; ADHD
> TDCs. The first two contrasts investigated the so-called decrease effect [35], meaning
that the pathological state is associated with a reduction in gray matter; conversely, the
remaining two targeted the increase effect, where an increment of gray matter is searched
for instead [36]. The obtained ALE maps were thresholded using both a more conservative
option (i.e., puncorrected < 0.001; minimum cluster size k = 50 mm3) and a less conservative
one (i.e., puncorrected < 0.005; k = 50 mm3). In the second step, a conjunction analysis was
implemented between the previously obtained dyslexia < TDCs and ADHD < TDCs maps
(separately for the conservative and lenient thresholding). This allowed us to identify
voxels with a statistically significant overlap between the two disorders [37]. The resulting
conjunction maps were thresholded using a false discovery rate (FDR) of p < 0.05 (based
on 5000 permutations) and k = 50 mm3 as above. No conjunction analysis was run for the
increase condition due to lack of any overlap already at visual inspection. McGrath and
Stoodley [1] did not find any overlap between dyslexia and ADHD when using ALE maps
thresholded at puncorrected < 0.001; k = 50 mm3 (i.e., the most conservative option). A sole
cluster in the right caudate was instead observed for puncorrected < 0.005; k = 50 mm3. In
addition to the described main analyses, the authors aimed to assess the possible effect
of brain volume and age on the results. Since ALE technique does not allow us to model
confounding variables during the estimation of the spatial convergence, different subsets
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of the original dataset were extracted and separately analyzed. In the first case, only those
VBM experiments that originally controlled for total brain volume or total gray matter
volume were retained. In the second case, VBM experiments were divided into two groups
based on the reported mean age of subjects (≤12 years; ≥18 years). Experiments were
discarded if the necessary information was missing. The previously observed cluster in the
right caudate was still significant in the brain volume-controlled subset. On the contrary,
no overlap was found between dyslexia and ADHD in the adult subgroup. In children,
a cluster of overlap was observed in the left middle frontal gyrus/supplementary motor
area, for ALE map thresholded at puncorrected < 0.005; k = 50 mm3.

In the present paper, we first aimed to test the original dataset analyzed by McGrath
and Stoodley [1] using a different CBMA technique. Specifically, permutation-subject im-
ages version of signed differential mapping (PSI-SDM) [38] was employed as an alternative
to ALE. To the best of our knowledge, no previous study has evaluated the constancy in
terms of results between the two algorithms despite substantial methodological differences.
From the clinical point of view, we expected limited or completely absent neuroanatomical
overlap between disorders in line with the limited available literature on the topic [1,39,40].
Given the peculiar nature of PSI-SDM, additional analyses were also performed. In fact,
we directly estimated the possible interfering effect of key socio-demographic and clinical
variables via voxel-wise meta-regression approach [41]. Finally, an additional analysis
was made including in the dataset the nine VBM experiments with null results that were
identified but excluded by McGrath and Stoodley [1].

2. Materials and Methods

As mentioned above, the core element of this replication attempt is the change of
technique used to compute the CBMA. This implied several methodological differences
that are detailed below.

2.1. Dataset Construction

The present replication used exactly the same set of VBM experiments analyzed by
McGrath and Stoodley [1]. The lists of foci necessary as input to run any CBMA was
retrieved from the Supplementary Files of the original paper. The following adjustments
were necessary due to technical differences between ALE and PSI-SDM. First, while the list
of foci used by ALE only contains the stereotactic coordinates (x,y,x) of the peaks of effect,
the PSI-SDM method also requires a measure of effect size. Therefore, the T-value of each
focus was retrieved from the original manuscripts. When missing, these were computed
from Z-values or p-values, as implemented in the dedicated conversion utility of SDM
(https://www.sdmproject.com/utilities/?show = Statistics).

To note, McGrath and Stoodley [1] designed four different main contrasts: ADHD <
TDCs (23 experiments; 718 subjects; 128 foci); dyslexia < TDCs (18 experiments; 388 subjects;
81 foci of variation); ADHD > TDCs (5 experiments; 75 subjects; 21 foci); dyslexia > TDCs
(5 experiments; 101 subjects; 16 foci). Because of the inclusion of T-values, PSI-SDM does
not require separate inputs for gray matter increase and decrease. Therefore, only ADHD
vs. TDCs (24 experiments; 1661 subjects; 149 foci) (Table 1A,B for socio-demographic and
clinical details; Table S1 for methodological details), and dyslexia vs. TDCs (18 experiments;
833 subjects; 97 foci) (Table 1A,B for socio-demographic and clinical details; Table S1 for
methodological details) were needed for the replication. All the input files used for the
present replication are freely available as Supplementary Files.

https://www.sdmproject.com/utilities/?show
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Table 1. Voxel-based morphometry experiments included in the original coordinate-based meta-analysis by McGrath and Stoodley [1]: demographic and clinical
details for the attention-deficit/hyper-activity disorder (A) and dyslexia (B) datasets.

VBM Experiments
Included in the Original
Coordinate-Based
Meta-Analysis

Clinical Group Control Group
Brain

Volume
Analysis

Comorbidity with
Dyslexia or ADHD
Noted in Exclusion

Criteria

Co-Morbid
Disorders

Reported in
Sample

N % Male
Mean
Age
(yrs)

Age SD
(yrs)

Age
Range
(yrs)

FSIQ Medication N % Male Mean
Age (yrs)

Age SD
(yrs)

Age
Range
(yrs)

(A) ADHD

Ahrendts et al., 2011 [42] 31 65% 31.2 9.7 18–55 N/A 0% 31 65% 31.5 8.6 19–52 yes
LD, psychiatric

disorder,
abuse/dependency

Anxiety

Bonath et al., 2018 [43] 18 100% 13.6 1.7 11–17 N/A 55.6% 18 100% 14.1 1.3 11–17 yes - 1 ODD

Bralten et al., 2016 [44] 307 68% 17.1 3.4 8–26 97.08 88.6% 196 51% 16.7 3.1 9–24 no
LD, psychiatric

disorder,
abuse/dependency

-

Brieber et al., 2007 [45] 15 100% 13.1 1.4 10–16 N/A 66.7% 15 100% 13.3 1.8 10–16 yes - -

Carmona et al., 2005 [46] 25 84% 10.8 3.0 N/A >80 100% 25 84% 11.2 3.2 N/A yes -
11 anxiety, 2 MDD,
4 phobias, 6 tics, 7

obsessions
He et al., 2015 [47] 37 100% 9.9 2.4 7–16 >90 0% 35 100% 10.7 2.6 8–15 yes - -

Iannaccone et al., 2015 [48] 20 61% 14.5 1.5 12–16 108.46 65% 20 50% 14.8 1.2 12–16 yes -

2 affective
disorder, 3 AD, 3
anxiety/phobia, 2
dyscalculia, 2 CD

Johnston et al., 2014 [49] 34 100% 12.5 2.3 N/A N/A 29.4% 34 100% 13.2 1.0 N/A no - 1 dyslexia, 3
ODD/CD

Kappel et al., 2015
(adults) [50] 16 94% 23.5 4.1 19–31 N/A 0% 20 100% 23.7 3.4 N/A no -

2 alcohol abuse, 1
multiple drug

abuse
Kappel et al., 2015
(children) [50] 14 71% 9.8 1.3 8–12 N/A 0% 10 80% 11.0 1.3 N/A no - -

Kaya et al., 2018 [51] 19 71% 10.3 2.0 7–14 N/A 0% 18 67% 10.2 2.0 6–14 no - -

Kobel et al., 2010 [52] 14 100% 10.4 1.3 9–13 N/A 100% 12 100% 10.9 1.6 9–13 yes -
3 OCD-CD, 2

GAD, 2
OCD-GAD

Kumar et al., 2017 [53] 18 100% 9.6 1.8 7.5–13 N/A 0% 18 100% 9.7 1.9 7.5–13 yes
LD, psychiatric

disorder,
abuse/dependency

-

Lim et al. 2013 [54] 29 100% 13.8 1.8 10.5–
16.5 N/A 20% 29 100% 14.4 2.5 10.7–

17.9 no LD -

McAlonan et al., 2007 [55] 28 100% 9.9 2.0 6–13 N/A 100% 31 100% 9.6 1.8 6–13 yes - 16 OCD, 2 CD
Montes et al., 2010 [56] 20 50% 29.0 4.0 25–35 N/A N/A 20 50% 27.6 2.6 25–35 no - -
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Table 1. Cont.

VBM Experiments
Included in the Original
Coordinate-Based
Meta-Analysis

Clinical Group Control Group
Brain

Volume
Analysis

Comorbidity with
Dyslexia or ADHD
Noted in Exclusion

Criteria

Co-Morbid
Disorders

Reported in
Sample

N % Male
Mean
Age
(yrs)

Age SD
(yrs)

Age
Range
(yrs)

FSIQ Medication N % Male Mean
Age (yrs)

Age SD
(yrs)

Age
Range
(yrs)

(A) ADHD

Moreno-Alcazar et al.,
2016 [57] 44 66% 31.6 11.4 18–65 N/A 65.9% 44 66% 32.6 10.6 18–65 no - -

Overmeyer et al., 2001 [58] 18 83% 10.4 1.7 8–13 N/A N/A 16 94% 10.3 2.2 7–14 yes
LD, psychiatric

disorder,
abuse/dependency

1 dyslexia, 2 ODD,
2 CD

Roman-Urrestarazu et al.,
2016 [59] 49 76% 22.2 0.7 20–24 96.4 0% 34 50% 22.9 0.4 20–24 no - -

Sasayama et al., 2010 [60] 18 72% 10.6 2.9 6–16 90.05 0% 17 71% 10.0 2.4 6–14 yes
LD, psychiatric

disorder,
abuse/dependency

6 ODD, 4 CD

van Wingen et al.,
2013 [61] 14 100% 32.0 7.0 N/A N/A 0% 15 100% 37.0 6.0 N/A yes - -

Villemonteix et al., 2015
(med naïve group) [62] 33 55% 10.3 1.4 7.3–12.9 N/A 0% 24 50% 10.0 1.2 7.3–12.9 no - -

Villemonteix et al., 2015
(med group) [62] 20 80% 10.4 1.4 7.3–12.9 N/A 100% 24 50% 10.0 1.2 7.3–12.9 no - -

Yang et al., 2008 [63] 57 61% 11.1 N/A N/A 97.9 87.7% 57 60% 11.7 N/A N/A yes - 5 LD, 14 ODD, 1
tic, 1 GAD

Totals, sample size, averages 898 76% 16.5 - - - - 763 71% 16,6 - - - - -

(B) Dyslexia

Brambati et al., 2004 [64] 10 50% 31.6 N/A 13–57 107,1 N/A 11 45% 27.4 N/A 14–55 yes Psychiatric disorder -
Brown et al., 2001 [65] 16 100% 24.0 5.0 18–40 >90 N/A 14 100% N/A N/A N/A no ADHD -

Eckert et al., 2005 [66] 13 100% 11.4 0.7 10.1–
12.7 N/A N/A 13 100% 11.3 0.7 10.1–

12.7 yes Psychiatric disorder -

Evans et al., 2013 (male
adults) [67] 14 100% 42.9 10.4 N/A 108.0 0% 14 100% 41.1 9.0 N/A yes Psychiatric disorder -

Evans et al., 2013 (female
adults) [67] 13 0% 34.0 11.6 N/A 99.6 0% 13 0% 27.9 9.7 N/A yes Psychiatric disorder -

Evans et al., 2013 (male
children) [67] 15 100% 9.6 1.3 N/A 101.7 0% 15 100% 8.3 2.1 N/A yes Psychiatric disorder -

Evans et al., 2013 (female
children) [67] 17 0% 10.1 2.1 N/A 101.9 0% 17 0% 9.1 3.0 N/A yes Psychiatric disorder -

Hoeft et al., 2007 [68] 19 53% 14.4 1.9 7–16 N/A N/A 19 53% 14.4 2.4 7–16 yes Psychiatric disorder -
Jednorog et al., 2015 [69] 130 57% 10.3 0.9 8.5–13.7 >85 N/A 106 48% 10.2 0.9 8.5–13.7 yes ADHD -
Kronbichler et al., 2008 [70] 13 100% 15.9 0.8 14–16 N/A N/A 15 100% 15.5 0.6 14–16 yes Psychiatric disorder -
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Table 1. Cont.

VBM Experiments
Included in the Original
Coordinate-Based
Meta-Analysis

Clinical Group Control Group
Brain

Volume
Analysis

Comorbidity with
Dyslexia or ADHD
Noted in Exclusion

Criteria

Co-Morbid
Disorders

Reported in
Sample

N % Male
Mean
Age
(yrs)

Age SD
(yrs)

Age
Range
(yrs)

FSIQ Medication N % Male Mean
Age (yrs)

Age SD
(yrs)

Age
Range
(yrs)

(B) Dyslexia

Liu et al., 2013 [71] 18 72% 11.8 0.6 10.4–
12.6 >90 0% 18 83% 11.8 0.3 11.3–

12.6 yes ADHD -

Silani et al., 2005 [72] 32 100% 24.4 5.0 N/A 110 N/A 32 100% 26.3 5.0 N/A no - -

Siok et al., 2008 [73] 16 50% 11.0 0.5 10.2–
11.6 N/A N/A 16 81% 11.0 0.6 9.11–

12.4 yes ADHD -

Steinbrink et al., 2008 [74] 8 75% 20.1 3.9 N/A N/A N/A 8 75% 23.7 4.3 N/A yes Psychiatric disorder -
Tamboer et al., 2015 [75] 37 16% 20.6 1.5 N/A N/A N/A 57 12% 20.3 1.1 N/A yes ADHD -
Vinckenbosch et al.,
2005 [76] 13 100% N/A N/A 17–30 N/A N/A 10 100% N/A N/A 17–30 yes ADHD -

Xia et al., 2016 [77] 24 58% 12.5 0.7 10–15 >80 N/A 24 50% 12.5 0.4 10–15 no Psychiatric disorder -
Yang et al., 2016 [78] 9 33% 12.6 0.6 N/A N/A N/A 14 43% 12.3 1.0 N/A yes ADHD -

Totals, sample size, averages 417 61% 16.4 - - - - 416 57% 16.5 - - - - -

ADHD, attention-deficit/hyper-activity disorder; anxiety, anxiety disorders; CD, conduct disorder; FSIQ, full-scale intelligent quotient; GAD, generalized anxiety disorder; LD, learning
disability; MDD, major depressive disorder; N, sample size; N/A, data not available; ODD, oppositional defiant disorder; psychiatric, no history of psychiatric disorders; SD, standard
deviation; yrs, years; VBM, voxel-based morphometry.
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2.2. Coordinate-Based Meta-Analysis via PSI-SDM

As mentioned above, this replication used the PSI-SDM method in place of the ALE
originally applied by McGrath and Stoodley [1]. While ALE computes for each voxel the
likelihood to find a statistically significant effect in it, based on the spatial convergence
among the considered experiments [32,33], PSI-SDM evaluates the presence or absence
of the effect for each brain voxel performing standard univariate voxel-wise tests [38,79].
In other words, PSI-SDM estimates the effect size. To do so, the lower and upper bounds
of possible effect sizes for all voxels were evaluated with multiple imputations. Then, a
map of brain alteration was reconstructed for each experiment. This was made by means
of an anisotropic Gaussian kernel, which attributes higher effect sizes to the voxels that
appear to be more correlated with the peak coordinates. This step is conceptually similar
to the creation of the modelled activation (MA) maps in ALE, although values in the MA
maps represent the likelihood of finding an effect, rather than the estimated effect size.
As a further difference, in ALE the FWHM of the Gaussian kernel is changed based on
the sample size of each experiment [32]. On the contrary, PSI-SDM keeps a fixed FWHM,
typically set at 20 mm [38]. Continuing with the PSI-SDM procedure, the most likely effect
size (based on the level of statistical significance and its standard error, the coordinates
and effect sizes of the reported peaks, and the anisotropic covariance between adjacent
voxels) was computed for each included experiment through the maximum likelihood
techniques [80]. At this point, the obtained effect size maps of each imputation dataset
were combined with a random-effects model. Then, the obtained maps were combined in
a final meta-analytic map by applying Rubin’s rules. Briefly, this technique allows us to
impute the overall effect sizes for each brain voxel, based on the possible different effect
sizes that voxels may have had in the original unavailable 3D maps associated with each
experiment. Finally, the meta-analytic map was thresholded applying a family-wise error
(FWE) correction for multiple comparisons, with 1000 permutations, and the threshold-free
cluster enhancement (TFCE) statistic (p ≤ 0.05; minimum cluster size = 10 voxels) [38].

These steps were repeated twice, for dyslexia vs. TDCs, and ADHD vs. TDCs contrasts.
The PSI-SDM algorithm was set to the default parameters (i.e., VBM—gray matter modality;
SDM gray matter mask; anisotropy = 1; isotropic FWHM = 20 mm; voxel size = 2 mm;
number of imputations = 50).

Finally, we aimed to formally test whole-brain communalities in gray matter variation
between dyslexia and ADHD by calculating the overlap between both conditions in each
brain voxel. To do so, the two TFCE-corrected maps (i.e., dyslexia vs. TDCs and ADHD
vs. TDCs, respectively) have to be added on top of each other and compared via the
multimodal function of PSI-SDM software that calculate the most probable gray matter
overlap taking into account the presence of noise in the estimation of the p-values of each
meta-analytic map [38].

2.3. Impact of Socio-Demographic and Clinical Variables

While ALE does not permit the modelling of additional covariates, these can be
included in PSI-SDM to perform meta-regression analyses [41]. First, in order to test the
hypothesis originally made by McGrath and Stoodley (i.e., the influence of subjects’ age
for ADHD and dyslexia on gray matter differences), one variable was created to account
for age, taking the mean age of the clinical groups as reported in Table 1 of McGrath and
Stoodley [1], as to obtain the overall mean age for each experiment. VBM experiments
that did not report these data were excluded from this specific analysis. To note, the
impact of age was separately tested for ADHD and dyslexia datasets. Therefore, the age
variable was treated as independent variable in a univariate linear regression over the
voxel-wise magnitude of gray matter brain alteration. The potential impact of biological sex
(percentage of male), full-scale intelligence quotient (FSIQ; mean score), and medication
(percentage of medicated subjects at the scan session) was also explored for ADHD and
dyslexia datasets when at least 50% of the experiments for each dataset provided the
required information.
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The results of the meta-regressions were thresholded at puncorrected < 0.0005 and mini-
mum cluster size = 10 voxels, as suggested by the SDM team to reach the optimal balance
between specificity and sensitivity [41].

2.4. Brain Volume Sub-Analysis

McGrath and Stoodley [1] also tested the possible confounding effect of total brain
volume, or gray matter volume. To do so, they reduced the dataset to the group of exper-
iments that explicitly corrected results to account for the volumetric difference between
the clinical and control groups. Since this kind of hypothesis can’t be tested by means of a
meta-regression, we followed the same original approach, but using PSI-SDM in place of
ALE to analyze the identified subset.

2.5. Additional Analysis: Impact of Null Experiments

Knowing that some attempts to find a given effect of interest have yielded null results
is of great relevance when running a CBMA [81,82]. Quantifying the exact number of
null experiments is generally hard, as formalized in the so-called “file-drawer effect”
bias [31,81,82]. Nonetheless, McGrath and Stoodley [1] identified nine of them during their
literature search. However, it is not possible to process null experiments with the ALE
method, as this would result into empty MA maps that can’t be modelled by the algorithm.
On the contrary, PSI-SDM allows the consideration of null results as well. Therefore, an
additional analysis was performed after the inclusion of those nine experiments into the
dataset, correctly divided between dyslexia and ADHD (see also Table 2 for demographic
and clinical details; Table S2 for methodological details).
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Table 2. Voxel-based morphometry experiments with null results and therefore not included in the original coordinate-based meta-analysis by McGrath and
Stoodley [1]: demographic and clinical details for the attention-deficit/hyper-activity disorder (A) and dyslexia (B) datasets.

VBM Experiments Not
Included in the Original
Coordinate-Based
Meta-Analysis

Clinical Group Control Group Comorbidity with
Dyslexia or ADHD
Noted in Exclusion

Criteria

Co-Morbid
Disorders

Reported in
Sample

N %
Male

Mean
Age
(yrs)

Age SD
(yrs)

Age
Range
(yrs)

FSIQ Medication N %
Male

Mean Age
(yrs)

Age SD
(yrs)

Age
Range
(yrs)

(A) ADHD

Amico et al., (2011) [83] 20 75% 33.6 10.2 N/A N/A N/A 20 75% 34.7 10.7 N/A PD
6 MDD, 7

depressive
episodes

Depue et al., (2010) [84] 31 61.10% 20 1.7 N/A 114.2 77.4% 21 38.90% 19.3 1.1 N/A LD or psychiatric
disorder -

Maier et al., (2015) [85] 131 48.90% 34.5 10.0 18–58 113.1 0% 95 47.40% 37.7 10.5 18–58 Neurological disorder

History of
depression and/or

psychopharma-
cotherapy

Onnink et al., (2013) [86] 119 38.70% 36.29 10.90 N/A 107.5 69% 107 42.10% 36.9 11.54 N/A Neurological disorder
or psychiatric condition -

Saad et al., (2017) [87] 34 73.50% 13.28 2.75 8–17 N/A 0% 28 68% 13.09 2.63 8–17 - ODD

Seidman et al., (2011) [88] 24 51% 37,3 12.6 18–59 116.0 87.5% 54 46% 34.3 11.3 18–59
Neurological

disorderabuse or
dependence

LD, MDD

Villemonteix et al.,
(2015) [89] 33 54.60% 10,1 1.3 7.9–12.9 105.6 0% 27 48.10% 10.1 1.3 7.9–12.9

LD, psychiatric
disorder or

neurological disorder
-

Totals, sample size, averages 392 51% 28.4 - - - - 352 44% 31.6 - - - -

(B) Dyslexia

Eckert et al., (2016) [90] 164 60% 10.8 2.59 N/A N/A N/A 129 60% 10.8 2.73 N/A
LD of a logographic

written language
system

-

Pernet et al., (2009) [91] 38 89.50% 27.3 7.9 N/A N/A 0% 39 89.70% 27.8 5.8 N/A
Neurological,

psychiatric disorder or
sensory deficits

-

Totals, sample size, averages 202 66% 13.9 - - - - 168 67% 14.7 - - - -

ADHD, attention-deficit/hyper-activity disorder; FSIQ, full-scale intelligent quotient; LD, learning disability; MDD, major depressive disorder; N, sample size; N/A, data not available;
neurological disorder, no history of neurological disorders; ODD, oppositional defiant disorder; psychiatric, no history of psychiatric disorders; SD, standard deviation; yrs, years; VBM,
voxel-based morphometry.
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3. Results

We aimed to replicate each of the analyses described in McGrath and Stoodley [1].
Moreover, we performed some additional analyses that the authors of the original work
had been unable to carry out due to methodological limitations.

3.1. Gray Matter Variations in ADHD Groups

When looking at the gray matter decrease effect associated with ADHD (i.e., ADHD <
TDCs) McGrath and Stoodley [1] found 11 clusters, encompassing the left frontal gyrus,
the right superior orbitofrontal gyrus, the right medial frontal gyrus, the right gyrus rectus,
the bilateral cingulate gyrus, the left precentral gyrus, the left superior temporal gyrus,
the right putamen, the left amygdala, and the right caudate head. The increase effect (i.e.,
ADHD > TDCs) was observed instead in 18 clusters, covering the left superior frontal gyrus,
the right precentral gyrus, the bilateral postcentral gyrus, the right supplementary motor
area, the left paracentral lobule, the left posterior cingulate gyrus, the bilateral precuneus,
the left cuneus, the right mid-occipital gyrus, the left medial dorsal nucleus of the thalamus,
and the left insula. As highlighted by McGrath and Stoodley, these results were obtained
applying a threshold of puncorrected < 0.001. For the sake of clarity, it should be mentioned
that the use of the uncorrected thresholding is no longer recommended in the ALE field [33].
Therefore, any interpretation of the results obtained for individual disorders should be
made with caution. The conjunction analysis was FDR corrected instead, in line with
current guidelines.

Since PSI-SDM, as mentioned in the Methods section, can analyze decrease and in-
crease effects together, the replication of this step consisted of a unique ADHD vs. TDCs
contrast. Our results showed no effect applying a TFCE p ≤ 0.05; minimum cluster size = 10
voxels thresholding. Five clusters of decrease effect were instead observed at the interme-
diate step of the analyses when the puncorrected < 0.005; minimum cluster size = 10 voxels
threshold was used. Although it is not infrequent in literature to describe results surviving
this lenient thresholding, the current recommended statistical standard is TFCE [38]. There-
fore, we have decided to include those less robust results in the Supplementary Materials
only (Table S3 and Figure S1, respectively), for the sake of clarity and completeness.

3.2. Gray Matter Variations in Dyslexia Groups

When looking at the gray matter decrease effect associated with dyslexia (i.e., dyslexia
< TDCs) McGrath and Stoodley [1] found 12 clusters, localized over the right superior
frontal gyrus, the right orbitofrontal gyrus, the bilateral supramarginal gyrus, the bilateral
superior temporal gyrus, the left middle temporal gyrus, the right inferior occipital gyrus,
the bilateral caudate body, the left medial dorsal nucleus of the thalamus, the left insula,
and the left lobule VI in the cerebellum. The increase effect (i.e., dyslexia > TDCs) was
observed instead in 13 clusters, encompassing the bilateral medial superior frontal gyrus,
the right precentral gyrus, the right supplementary motor area, the right paracentral lobule,
the right precuneus, the left inferior parietal lobule, the bilateral superior temporal gyrus,
the left middle temporal gyrus, and the left crus I in the cerebellum. As for ADHD, a
threshold of puncorrected < 0.001 was used.

In our replication, no effect was found for the contrast dyslexia vs. TDCs, neither at
TFCE p ≤ 0.05 nor at puncorrected < 0.005 (Table S4).

3.3. Common Gray Matter Variations in Dyslexia and ADHD Groups

Although McGrath and Stoodley [1] found wide patterns of effect for both ADHD and
dyslexia, the conjunction analysis highlighted no convergence between the two neurode-
velopmental conditions when considering decrease ALE maps thresholded at puncorrected
< 0.001. When the authors lowered the threshold to puncorrected < 0.005 a sole cluster of
decrease in the right caudate survived FDR p < 0.05 (k = 50 mm3; 5000 permutations)
correction. No conjunction analysis for the increase effect was carried out instead.
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Concerning our results, since no effect was found in the main PSI-SDM about dyslexia,
it was not possible to compute the conjunction analysis, neither at TFCE p ≤ 0.05 nor at
puncorrected < 0.005 thresholding.

3.4. Additional Results: Impact of Null Experiments

As described in the Methods section, PSI-SDM allows us to also model experiments
that found null results. Therefore, we repeated the analyses described above after having
complemented the database with the null experiments reported in McGrath and Stoodley
(2019). This was an additional analysis, not implemented in the original research due to
methodological constrain. Concerning ADHD, still no effect was found at TFCE p ≤ 0.05,
in line with what observed for the original database. Coherently, four clusters of decrease
effect were observed at puncorrected < 0.005 threshold (Table S5 and Figure S2). The inclusion
of the null experiments did not affect dyslexia that still showed no cluster of effect at any
level of thresholding (Table S6). As in the case of the original database, it was not possible
to complete the conjunction analysis due to the lack of effect at previous stages.

3.5. Impact of Socio-Demographic and Clinical Variables

In order to evaluate the potential effect of age, McGrath and Stoodley [1] created and
separately analyzed subsets of experiments depending on the mean age of the sample.
When focusing on the decrease effect in adult groups (i.e., mean age > 18 years), the
conjunction analysis showed no convergence between ADHD and dyslexia, irrespective
of the threshold level applied to the ALE maps. The same happened for children groups
based on the ALE maps thresholded at puncorrected < 0.001. When using the more lenient
puncorrected < 0.005, a cluster of convergent decrease was observed in the left middle frontal
gyrus and supplementary motor area. The authors did not consider the increase effect for
this analysis due to the paucity of data. As explained in the Methods section, we decided to
leverage on the features of PSI-SDM and perform a meta-regression, rather than separately
analyzing the subset. This was in fact the most direct way to test the potential effect of age,
as originally hypothesized by McGrath and Stoodley [1]. Our results showed that no effect
of age was found at puncorrected ≤ 0.0005 either in ADHD or dyslexia.

Additionally, meta-regression analyses about biological sex and medication indicated
no significant effect in both ADHD and dyslexia VBM findings. FSIQ meta-regression was
not performed instead due to a large amount of unavailable data about the pertaining
variable (Table 1).

3.6. Brain Volume Sub-Analysis

In order to evaluate the possible effect of total brain volume, McGrath and Stoodley [1]
reduced the analysis to the subset of experiments that explicitly corrected the results for the
volumetric difference between the clinical and control group. Even in this condition, conver-
gence was observed in the sole cluster in the right caudate, based on the less conservative
version of the maps (i.e., puncorrected < 0.005).

In our replication, as in the case of using the whole dataset, it was not possible to
perform the conjunction analysis at TFCE p ≤ 0.05 since no significant effect was found for
dyslexia at that threshold. The only two clusters that survived at this corrected thresholding,
based on the subset for ADHD, were localized in the left crus I and crus II of the cerebellum
(Table 3 and Figure 1). It is important to note that no significant heterogeneity of effect size
(i.e., I2 = 4.5% for the peak 1; I2 = 17.9% for the peak 2) and no obvious publication bias (i.e.,
Egger’s test p = 0.6 for the peak 1; p = 0.6 for the peak 2) [80] were found for these brain
volume related findings.
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Table 3. Brain clusters of gray matter variation in attention-deficit/hyper-activity disorder compared
with typically developmental controls at TFCE corrected p ≤ 0.05 and minimum cluster size = 10 vox-
els (brain volume sub-analysis).

Region MNI Coordinate SDM p ≤ 0.05
Voxels

Cluster Breakdown

x y z Z Score (Corrected) (Voxels)

ADHD > TDCs

No cluster found

ADHD < TDCs

Left crus II
(Cerebellum)

−22 −78 −36 −3.569 0.02 120 Left crus II (73)
Left crus I (44)

Left lobule VIIB (3)

Left crus I
(Cerebellum) −32 −58 −44 −3.525 0.03 84

Left crus II (51)
Left crus I (11)

Left lobule VIIB (10)
Left lobule VI (9)
Left lobule VII (2)
Middle cerebellar

peduncles (1)

Abbreviations: ADHD, attention-deficit/hyper-activity disorder; TDCs, typically developing controls; BA, Brod-
mann area; MNI, Montreal Neurological Institute; SDM, Seed-based d Mapping.
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Figure 1. Brain cluster of gray matter reduction in subjects with attention-deficit/hyper-activity
disorder compared to typically developing controls (brain volume sub-analysis). Results are TFCE-
based FWER corrected at 0.05. The PSI-SDM findings are visualized as coronal, sagittal, and axial
slices (2-D cortical, subcortical, and cerebellar view).
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At the uncorrected level of statistical significance (p < 0.005), we found three clusters
of gray matter decrease in dyslexia (Table S7; Figure S3) and 13 clusters of gray matter
decrease in ADHD (Table S8; Figure S4) respectively, when accounting for brain volume.
For the sake of completeness, we ran the conjunction analysis comparing the two maps at
the uncorrected level. Results showed no common brain area of variation.

4. Discussion

In the present study, we aimed to replicate the original VBM meta-analysis by McGrath
and Stoodley [1], using PSI-SDM in place of ALE as a method to carry out the analyses.
Overall, the current attempt confirmed a limited overlap between the alteration correlates
of ADHD and dyslexia. This was primarily due to the lack of significant effects for dyslexia
that prevented the execution of the conjunction analysis. Even for ADHD, the only main
results were obtained at uncorrected thresholding, and should therefore be interpreted
with caution.

Nevertheless, this outcome was not completely surprising. As correctly stated by
McGrath and Stoodley [1] throughout their work, the magnitude of the identified effect was
limited. In fact, the conjunction analysis highlighted the only cluster in the right caudate,
and only when comparing maps with the more lenient and very liberal thresholding (i.e.,
puncorrected < 0.005). The authors did not test their results with more conservative correction
thresholds, such as the false discovery rate [92], voxel- or cluster-level FWE [33]. Therefore,
any consideration about the behavior of the data in that scenario would be speculative [93].
As a further and related aspect, it should be noted that the number of experiments originally
included in the various analyses was very close to the lower bound recommended in the
ALE literature [33,94,95]. In similar cases, the stability of the results can be limited, and
findings can be driven by single experiments [31,93,94]. In light of these considerations,
the opposite outcomes we found could be more related with the size of the dataset than
with the influence of methodological differences between ALE and PSI-SDM.

Although for some of the additional analyses we performed the null experiments for
were included, the particular nature of these studies did not really contribute to expand the
dataset. On the contrary, the effect of considering null results is rather to further increase
the threshold to be reached by the remaining experiments. In line with this, one cluster of
gray matter decrease in ADHD was lost after the inclusion of the seven null experiments. In
our analyses, the only two clusters surviving the TFCE corrected p ≤ 0.05 thresholding were
found in the left cerebellar crus II and crus I, based on the subset of ADHD experiments that
accounted for total brain volume differences. Although the involvement of the cerebellum
in this disorder was not reported by McGrath and Stoodley [1], this is well described in
ADHD literature [39,96–99]. The fact that, in our replication, the alteration of the cerebellum
only emerged in the sub-analysis could be due to the homogenization induced through the
selection process. In fact, an effect of excluding the experiments that had not taken into
account differences in total brain volume could be to retain more similar brains, in spatial
terms. This could in turn increase the chance of finding convergence among the various
experiments, therefore surviving to statistical thresholding. On the other hand, it should
also be considered that when reducing the number of experiments analyzed, the chance to
find some significant results increases, in virtue of reduced variance [93].

A very strict interpretation of the paucity of significant results in our replication would
be that neither ADHD nor dyslexia are consistently associated with a pattern of gray matter
alteration in the brain. This stance is coherent with a recent ALE cluster-level FWE corrected
study by Samea et al. [40] on pediatric subjects with ADHD. By contrast, prior CBMAs
described significant, albeit largely different, patterns of neuroanatomical alteration in
dyslexia [100–102]. The discrepancy in VBM findings between current and early meta-
analyses could be explained by a number of factors. First, the CBMAs of Linkersdörfer
et al. [100] and Richlan et al. [101] analyzed small datasets due to the limited availability of
appropriate data (i.e., nine experiments for a total of 62 gray matter decrease foci and nine
experiments for a total of 45 gray matter decrease/increase foci, respectively), hence prone
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to type I error [93]. Second, Yan et al. [102] evaluated the neuroanatomical landscape of
dyslexia from a cross-linguistic writing perspective, partitioning the current VBM literature
about disorder in two datasets, namely the alphabetic language (21 experiments) and
morpho-syllabic (6 experiments) groups. Third, Richlan et al. [101] and Yan et al. [102]
used the effect-size version of SDM at uncorrected level; Linkersdörfer et al. [100] used the
ALE instead. While these CBMA methods test the spatial convergence across coordinates,
our PSI-SDM approach conducts standard univariate voxel-wise tests [38,79]. From a
methodological point of view, this means that we were able to overcome certain spatial
drawbacks which may have decreased the statistical power of the meta-analysis, leading
to either spuriously conservative or spuriously liberal results [38,79,103]. As a further
relevant note, the current lack of consensus would be further reinforced by the complex
and not fully understood nature of these neurodevelopmental multi-faceted disorders. For
example, some authors have suggested that both ADHD and dyslexia might not be discrete
entities but, rather, their symptomatology occurs on a continuum [104–108]. Moreover,
medical comorbidity in these clinically heterogeneous conditions is frequent [109,110]. In
this regard, we note that 15 out of 31 original VBM experiments about ADHD (i.e., the 48%
of the dataset) have recruited at least one subject with other psychiatric and neurological
disorders (Table 1) [1]. This aspect adds inevitable heterogeneity to the meta-analytic
sample.

A further aspect to be mentioned is the role of the gray matter increase. While some
clusters of decrease were found at the uncorrected level of thresholding, no increase was
detected in our replication. On the contrary, McGrath and Stoodley [1] found several
clusters of increase in both ADHD and dyslexia. As discussed in Mancuso et al. [36],
the biological meaning of the increment of gray matter in the pathological brain remains
elusive, as well as its relationship with the opposed phenomenon of decrease. However,
the divergent findings could be explained by the different approach followed by ALE and
PSI-SDM. While the former analyses increase and decrease separately, PSI-SDM processes
the two effects together. In virtue of this, if the prevalence of experiments reports the
decrease of a given brain region, this could hide the presence of some increase effect in that
same region. The two directions could also be counterbalancing, showing zero effect in
total. Since it is known that increase effect is less represented in literature than decrease
one [35,36], the absence of significant increase results should always be considered with
caution.

Limitations and Future Directions

Disorder-specific issues and clinical heterogeneity aside, we should note that the
CBMA approach in general, and PSI-SDM technique in particular, have some limitations. By
definition, coordinate-based techniques have a limited accuracy because they only consider
significant foci (i.e., x,y,z peak values) instead of the entire voxel-wise statistic parametric
maps [30]. However, we observe that this procedure is standardized in the field and capable
of reducing the probability of making spatial errors [32,41]. Second, although McGrath
and Stoodley [1] identified nine VBM studies with null result experiments about ADHD
and dyslexia, we cannot exclude that this research topic is affected by the publication bias
against null or contra-evidence results (i.e., file-drawer problem) [30,31]. Third, exploratory
meta-regression analyses did not find a significant impact of some key socio-demographic
and clinical variables on published findings in both clinical conditions of interest. It is
necessary to note that these results are based on a limited number of eligible experiments
and, therefore, should be taken with caution and deserves future attention. Fourth, in
performing the SDM-PSI analyses we cannot rule out that taking into account a few
experiments may slightly bias effect sizes towards zero, even though simulations made by
the SDM team with the maximum likelihood/multiple imputation algorithm have already
shown that this kind of bias is almost negligible [38]. Lastly, although the meta-analytic
approach has permitted a quantitative synthesis of over 20 years of research about the
topic, the cross-sectional nature of the data hampers the possibility to characterize possible
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disorder-specific and common patterns of neuroanatomical variation from a developmental
perspective. In this regard, future longitudinal studies scanning the same individuals across
the lifespan, along with new reproducible data analytic pipelines, may open new lines of
research able to propose new neuroimaging-based targeted interventions.

5. Conclusions

Here, we aimed to replicate the important findings pertaining the existence of brain
regions undergoing gray matter alteration in association with both ADHD and dyslexia
reported in the McGrath and Stoodley study [1]. Using a different state-of-the-art meta-
analytic method and additional statistical procedures, we found no significant alteration
overlap between these two neurodevelopmental conditions. These results remained un-
changed under the addition of nine experiments not included in the original analyses.
Furthermore, we have argued that the evidence for the existence of socio-demographic and
clinical confounding effects on published findings is not convincingly demonstrated. De-
spite common genetic, environmental, cognitive, and pathomechanism risk factors between
these two NDDs, current outcomes support the existence of a marked distinction at the
neural level, which may be useful for a clinical point of view especially when comorbidity is
present. In sum, we believe that the overall replication of the original study may be a further
step forward that will help us to find precise neural markers of these neurodevelopmental
conditions.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/brainsci12101367/s1. Table S1. VBM experiments included
in the original coordinate-based meta-analysis by McGrath and Stoodley (2019): methodological
details for the attention-deficit/hyper-activity disorder (A) and dyslexia (B) datasets. Table S2.
VBM experiments with null results and not included in the original coordinate-based meta-analysis
by McGrath and Stoodley (2019): methodological details for the attention-deficit/hyper-activity
disorder (A) and dyslexia (B) datasets. Table S3. Brain clusters of gray matter variation in attention-
deficit/hyper-activity disorder compared with typically developmental controls at puncorrected < 0.0005
and minimum cluster size = 10 voxels (replication analysis). Table S4. Brain clusters of gray matter
variation in attention-deficit/hyper-activity disorder compared with typically developmental controls
at puncorrected < 0.0005 and minimum cluster size = 10 voxels (replication analysis). Table S5. Brain
clusters of gray matter variation in attention-deficit/hyper-activity disorder compared with typically
developmental controls at puncorrected < 0.0005 and minimum cluster size = 10 voxels (additional
analysis). Table S6. Brain clusters of gray matter variation in dyslexia compared with typically
developmental controls at puncorrected < 0.0005 and minimum cluster size = 10 voxels (replication
analysis). Table S7. Brain clusters of gray matter variation in dyslexia compared with typically
developmental controls at puncorrected < 0.0005 and minimum cluster size = 10 voxels (brain volume
sub-analysis). Table S8. Brain clusters of gray matter variation in attention-deficit/hyper-activity
disorder compared with typically developmental controls at puncorrected < 0.0005 and minimum
cluster size = 10 voxels (brain volume sub-analysis). Figure S1. Brain clusters of gray matter
variation in attention-deficit/hyper-activity disorder compared with typically developmental controls
at puncorrected < 0.0005 and minimum cluster size = 10 voxels (replication analysis). Figure S2. Brain
clusters of gray matter variation in attention-deficit/hyper-activity disorder compared with typically
developmental controls at puncorrected < 0.0005 and minimum cluster size = 10 voxels (additional
analysis). Figure S3. Brain clusters of gray matter variation in dyslexia compared with typically
developmental controls at puncorrected < 0.0005 and minimum cluster size = 10 voxels (brain volume
sub-analysis). Figure S4. Brain clusters of gray matter variation in attention-deficit/hyper-activity
disorder compared with typically developmental controls at puncorrected < 0.0005 and minimum
cluster size = 10 voxels (brain volume sub-analysis).
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There is ample evidence from literature and clinical practice indicating

mathematical difficulties in individuals with ADHD, even when there is no

concomitant diagnosis of developmental dyscalculia. What factors underlie

these difficulties is still an open question. Research on dyscalculia and

neurotypical development suggests visual perception of numerosity (the

number sense) as a building block for math learning. Participants with

lower numerosity estimation thresholds (higher precision) are often those

with higher math capabilities. Strangely, the role of numerosity perception

in math skills in ADHD has been neglected, leaving open the question

whether math difficulties in ADHD also originate from a deficitary visual

number sense. In the current study we psychophysically measured numerosity

thresholds and accuracy in a sample of children/adolescents with ADHD, but

not concomitant dyscalculia (N = 20, 8–16 years). Math abilities were also

measured by tasks indexing different mathematical competences. Numerosity

performance and math scores were then compared to those obtained from

an age-matched control group (N = 20). Bayesian statistics indicated no

difference between ADHD and controls on numerosity perception, despite

many of the symbolic math tasks being impaired in participants with ADHD.

Moreover, the math deficits showed by the group with ADHD remained

substantial even when numerosity thresholds were statistically regressed out.

Overall, these results indicate that math difficulties in ADHD are unlikely to

originate from an impaired visual number sense.

KEYWORDS

ADHD, numerosity, approximate number system, mathematical abilities, numerical
cognition
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Introduction

Attention deficit hyperactivity disorder (ADHD) is
characterized by pervasive and severe symptoms of inattention,
hyperactivity, and impulsivity having a direct negative impact
on social, academic, or occupational functioning (DSM5,
American Psychiatric Association., 2013). Together with
those primary deficits there is also indication of difficulties
in school-based mathematical achievements (Zentall et al.,
1994; Kaufmann and Nuerk, 2008; Colomer et al., 2013; Tosto
et al., 2015; Kuhn et al., 2016; Ganor-Stern and Steinhorn,
2018; Orbach et al., 2020; von Wirth et al., 2021) but the
processes underlying the observed mathematical difficulties are
still unclear. One possibility is that mathematical difficulties
originate from a deficitary numerosity perception system, which
has been named “number sense” (Dehaene, 2011). The main
aim of the current study is to investigate this possibility.

Numerosity perception and symbolic
mathematical abilities

Numerosity perception refers to humans’ (and other
animals’) capacity to estimate numerical quantities (sets of
elements) when serial counting is not allowed. Usually counting
is prohibited through the rapid presentation of the visual
stimuli (few milliseconds), and the classical tasks measuring
this function are based on psychophysical procedures requiring
the comparison of the relative numerosity of different groups
of objects. Numerosity perception obeys Weber Law (Ross,
2003), a psychophysical law describing the relationship between
the physical and the perceived stimulus magnitude. According
to Weber Law, the discrimination threshold between two
stimuli (the smallest noticeable difference) scales linearly with
the stimulus intensity. One of main signature of numerosity
perception is that discriminability between two ensembles
depends on their numerical ratio (Ross, 2003; Anobile et al.,
2016a). This ratio can be described by Weber Fraction (Wf),
the main behavioral parameter targeting numerosity perception
precision. This parameter can be derived by normalizing the
discrimination threshold to the target (or perceived) numerosity
and can be conceptualized as an index of numerical acuity,
with relatively higher values indicating lower precision and
likely reflecting higher sensory noise (Lasne et al., 2019).
The minimal discriminable numerical ratio (Weber fraction)
decreases with age, reflecting the refinement of the numerosity
system (Piazza, 2010; Halberda et al., 2012). More in details,
the developmental trajectory is particularly steep during the
early development reaching a plateau around 20 years of age.
Newborns can discriminate ratios of 1:3 (Wf ≈ 3), at 1 year
of life the ratio decreases to 2:3 (Wf≈ 0.5). Adults, starting
from approximately around 20 years of age, can discriminate
two ensembles with a numerical ratio of 7:8 (Wf ≈ 0.15).

Weber fraction has been frequently used in the literature as
a developmental index of the numerosity system, providing a
useful tool to describe typical and atypical trajectories (Piazza
et al., 2010, 2013). Despite remaining controversial (Leibovich
et al., 2017), a fascinating theory suggests that this non-symbolic
perceptual function might act as an early start-up tool on which
later symbolic math abilities build (Piazza, 2010). The rationale
is that mathematical meaning could be mapped onto the pre-
existing non-symbolic counterpart (numerosity). For atypical
development of the numerosity system, mapping between digits
and their non-symbolic counterpart will be impaired, impacting
the development of mathematical skills. Evidence for this notion
comes from correlational studies showing that children with
more precise numerosity perception (lower Wf) often perform
better on school-based math tasks, such as mental calculation
(Halberda et al., 2008; Chen and Li, 2014; Anobile et al.,
2016b; Schneider et al., 2017). Clinical studies also point to
a link between numerosity perception and math abilities with
dyscalculic children (a neurodevelopmental disorder impairing
math learning) often showing lower numerosity precision
(Piazza et al., 2010; Mazzocco et al., 2011; Anobile et al., 2018),
suggesting that dyscalculia might originate from a deficitary
numerosity system (Butterworth et al., 2011). Whether a
numerosity perception deficit also underlies mathematical
difficulties in ADHD is still unexplored.

Mathematical abilities and attention
deficit hyperactivity disorder

Individuals with ADHD, even without comorbid
dyscalculia, often report math difficulties. A relatively recent
review systematized the data from 34 studies measuring
math abilities in children and adults with ADHD (Tosto
et al., 2015). Out of the selected studies, 30 (88%) reported
significant negative association between ADHD symptoms
and mathematical scores. Most of these studies (76%) showed
that the negative association remains significant even after
controlling for IQ, age, socioeconomic status, and other factors,
indicating a specific deficit.

Mathematics is not a monolithic construct, but composed
of many different skills, including mental calculation, counting,
fact retrieval, transcoding and many others. Although there
is consensus in showing difficulties in learning mathematics
in ADHD, the results are rather mixed in identifying which
mathematics sub-components are impaired. To understand
math difficulties in ADHD deeper, Colomer et al. (2013)
investigated several numerical abilities in primary school
children with ADHD but not comorbid dyscalculia. The results
revealed that many children have severe difficulties (–2 SD
below age mean) in counting (∼30%) and mental calculation
(∼25%). There were also a high percentage of children showing
moderate difficulties (–1 < SD < –2 below age mean) in facts
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retrieval (∼30%) and written calculation (∼20%). Overall, the
ADHD sample showed more severe math difficulties than what
was expected in the general population. Interestingly children
with ADHD showed an unimpaired performance on a number
comparison task (which digit was numerically larger) requiring
magnitude encoding. Results indicating a spared numerical
magnitude process were also showed by Kuhn et al. (2016)
and von Wirth et al. (2021). More in details while both studies
showed a spared ability to map numbers onto space according
to their magnitude (number line task), von Wirth et al. (2021)
confirmed an unimpaired ability to compare and order digits
according to their relative numerical magnitude. At odds with
these results (Kaufmann and Nuerk, 2008) observed a significant
difference between ADHD and neurotypicals in a task asking
children to discriminate between the magnitude of two Arabic
one-digit numerals appearing simultaneously on a computer
screen (which is bigger?), with children with ADHD committing
more errors and having longer response times, indicating a
deficit in numerical magnitude processing. Regarding other
mathematical subcomponents, the results also do not agree. For
example, while Colomer et al. (2013) found severe difficulties
in counting and mental calculation, Kaufmann and Nuerk
(2008) observed no significant impairments on similar tasks.
The same results’ discrepancies can be observed for facts
retrievals, with some studies showing moderate impairments
(Colomer et al., 2013) but others not (von Wirth et al.,
2021). Discordant results also exist about counting skills. While
Colomer et al. (2013) and Kuhn et al. (2016) showed lower
counting abilities in children with ADHD, two other studies
showed no difficulties (Kaufmann and Nuerk, 2008; von Wirth
et al., 2021). On transcoding abilities, the literature seems
more coherent, generally showing none or moderate deficits
(Kaufmann and Nuerk, 2008; Colomer et al., 2013; Kuhn et al.,
2016; von Wirth et al., 2021). In sum, the existing literature point
to major mathematical difficulties of ADHD in counting and
calculation, however, the results are mixed.

The current study

Overall, these (and many other) investigations (as well
as the clinical practice) clearly indicate math difficulties in
ADHD. However, the results are heterogeneous, the source
of those difficulties is still unclear, and the potential role
played by the numerosity system is completely neglected.
The aim of the current study is to fill this gap. To
this aim, we enrolled children/adolescents with ADHD
but no concurrent dyscalculia nor any past or ongoing
pharmacological treatments. Numerosity precision (thresholds:
Weber fraction) and accuracy were psychophysically measured
by a categorization task (see methods) and math abilities
by means of an age-standardized paper-and-pencil battery
designed for the diagnosis of dyscalculia. The performance

on these tasks was compared to those obtained from an age-
matched neurotypical sample.

Given that the literature indicates math difficulties in
individuals with ADHD, we expect lower performance. As
previous evidence (Colomer et al., 2013) showed relatively
stronger impairments on counting, fact retrievals, and number
writing abilities, we expect more severe impairments on
these mathematical tasks. Since there is no previous evidence
regarding numerosity perception, we do not have a specific
hypothesis. However, if numerosity perception contributes to
math deficits in ADHD, we expect higher discrimination
thresholds in the group with ADHD, compared to controls.
Moreover, the arithmetic difficulties in the group with ADHD
should be substantially explained by inter-individual variability
in the psychophysically measured numerosity performance.
Finally, if numerosity perception and ADHD are linked, we
expect a correlation between numerosity thresholds and ADHD
symptomatology.

Materials and methods

General procedure

This dataset is part of a larger project aimed to measure
attention, time and numeracy in children and adolescents
with neurodevelopmental disorders. Participants were tested
by experienced psychologists and child neuropsychiatrists in a
clinical setting at the Stella Maris Foundation Institute in Pisa
(Italy). More specifically, participants were individually tested
in a quiet, dimly lit room carefully avoiding environmental
distraction factors. During the psychophysical assessment,
participants were comfortably sitting on a chair in front of a
desk where a monitor was placed. Visual stimuli were created
with Psychophysics toolbox for Matlab (Brainard, 1997; Pelli,
1997; Kleiner et al., 2007) and displayed on a 60 Hz—17"
screen monitor placed at a viewing distance of 57 cm. Before
the test, participants with and without a diagnosis of ADHD
were informed about the study activities, with particular a
focus on assuaging competitive/evaluating feelings. Numerosity
perception and math abilities were usually tested on the same
day.

Participants

As the main question of the study was to test whether ADHD
(as dyscalculia) is characterized by a numerosity perception
deficit, and since there are not available studies on numerosity
perception in ADHD, we calculated the required sample size
extracting the effect size (d = 1.2) from a recent study employing
similar methodologies with a sample of individuals with and
without dyscalculia and an age range similar to the one
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considered here (Anobile et al., 2018). A power analysis to detect
a difference between the averages derived from two independent
samples of equal size (two-tailed t-test), an alpha of 0.05 and a
required power of 0.95 provides an estimate of 20 individuals
needed for each group. For this study we enrolled and test
forty children/adolescents: 20 with a diagnosis of ADHD (6
female, 14 males, mean age = 11.2 year-old, age range 8–16)
and 20 with neurotypical development (11 female, 9 males,
mean = 11.2 year-old, range 8.1–16.2). Inclusion criteria for the
group with ADHD were: clinical diagnosis of ADHD based on
DSM-5, a total intelligence quotient (TIQ) evaluated with the
Wechsler Intelligence Scale for Children-IV (Wechsler, 2003)
above 75, no neurological or sensory deficits, no psychiatric
comorbidities, no current or past pharmacological treatment.
ADHD symptoms were measured with the Conners Parent
Rating Scale (CPRS, Conners et al., 1998). According to Conners
et al. (1998) CPRS reliability coefficients alphas for the seven
scales in the age range considered here (8–16 yrs) ranges from
0.75 to 0.93. General clinical symptoms were measured with
the Clinical Global Impression-Severity scale (CGI-S, William,
1976) and the Children Global Assessment Scale (CGAS, Shaffer
et al., 1983). According to Shaffer et al. (1983) CGAS inter-
rater reliability was 0.84 while six months test-retest reliability
0.85. Three participants with ADHD met the criteria for a
diagnosis of developmental dyslexia (not excluded from the
analyses). Absence of autism was clinically screened with the
Child behavior Checklist 6-18 (for a similar procedure see:
Duarte et al., 2003; Biederman et al., 2010; Ooi et al., 2011).
The clinical assessment for dyscalculia was based on DSM-5
and supplemented by the Italian guidelines (Cornoldi et al.,
2012) according to which, in order to meet diagnostic criteria
for a diagnosis of developmental dyscalculia, children must
show a performance below the 5th percentile (or –2 SD) on
at least 50% of the tasks on a specific and comprehensive
battery for the assessment of mathematical abilities (such
as the one used here); the problems with math should be
persistent, resistant to treatments, and limiting the child’s daily
life. The participants of the current study (both with and
without a diagnosis of ADHD) did not meet any of these
criteria. ADHD non-verbal reasoning skills were computed by
a combined index of WISC-IV measuring Visual Perceptual
Reasoning (IRP). The IQ of four ADHD participants was
measured by an external independent institute and, for those
participants, we were unable to calculate IRP. The control group
consisted of a sample of neurotypical children/adolescents
matched for chronological age. The inclusion criteria for this
group were: no medical history, negative neuro-psychiatric
examination, and no learning difficulties (reported by parents).
Non-verbal reasoning abilities were evaluated by Raven
Colored Progressive Matrix-CPM or Progressive Matrix-PM,
depending on chronological age (Belacchi et al., 2008). Detailed
individual raw scores for each scale are available online at doi:
10.5281/zenodo.6411431.

Mathematical abilities

Mathematical abilities were measured with six
representative tasks extracted from an Italian battery for
the diagnosis of dyscalculia (BDE-2, Biancardi et al., 2016).
The tasks were individually performed by each participant,
requiring ∼30 min on average, and providing information on
counting, transcoding, mental calculation, and digit magnitude
processing. For each test, and separately for ADHD and
controls, we measured z-scores relative to the normative age-
standardized data provided by the test (for a similar procedure
see Colomer et al., 2013; Anobile et al., 2018).

The tests were: (1) Counting. Participants were asked to
count aloud between 80 and 140 or between 1 and 40 (depending
on age). Participants were then asked to count again but from
the largest to the smallest number until he/she reached the
time taken in the ascending counting task. The score was the
total numbers stated correctly. (2) Numbers reading. Participants
were asked to read aloud Arabic numbers (48 or 18 depending
on age). Numbers were arranged in different lists each composed
of 12 integer numbers (three, four, five, or six digits). The score
was the total numbers correctly read within 60 s. (3) Numbers
writing. Participants were asked to transcribe numbers read
out by the experimenter (three to six digits). The score was
given by the number of digits correctly written. (4) Mental
multiplications. Participants were asked to provide the result
(within 3 secs) of simple multiplications (e.g., 2 × 3) read by
the examiner. Eighteen multiplications were administered to
each participant and the score was the total correct answers
provided. (5) Mental additions and subtractions. Participants
were asked to provide the result (within 30 secs) of 9 addition
and 9 subtractions (e.g., 27 + 14, 43–12) read by the examiner.
The score was the total correct answers provided. 6) Choose
the largest. Participants were given a sheet with 18 sets of three
Arabic numbers (one to five digits) and asked, for each set, to
mark the largest number. The score was a combination of both
speed and accuracy.

Numerosity perception

Numerosity perception was psychophysically measured with
a categorization task (for a similar procedure see Anobile
et al., 2022). On each test trial, while participants fixated
on a central point on the screen, a dot ensemble was
briefly presented (500 ms, to prevent counting). Participants
were asked to verbally categorize the stimulus as containing
“many” or “few” dots. The response was recorded by the
experimenter by an appropriate keypress. To provide an idea
of the numerical range, before the testing phase, four initial
“anchoring” trials were provided. On these trials the lower (N8)
and higher (N32) numerosities were presented twice each and
the participants were told that those ensembles corresponded
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to the range extremes (no responses were required). The dots
(0.25◦ of diameter, 50% white and 50% black to balance
luminance) were randomly scattered (avoiding dots overlap)
within a virtual circular area (12◦ diameter) around the
central fixation point. The geometric mean of the tested range
was 16 dots with stimuli ranging from one octave above
and below, divided into 11 steps: 8, 9, 11, 12, 14, 16, 18,
21, 24, 28, and 32. Each stimulus was presented 4 times,
in a single session, for a total of 44 trials. On each trial,
one stimulus was presented (randomly chosen by the range)
and children were asked to categorize it. The proportion of
“many” responses was plotted against the stimuli magnitude
(in log scale) and fitted with a cumulative Gaussian error
function. The 50% point of the fit provided an estimate
of the point of subjective equality (PSE), the difference in
numerosity between the 50 and 75% points provided the just
notable difference (JND), which was used to estimate Weber
Fractions (10ˆJND-1).

Data analyses

Data were analysed by Bayesian statistics (t-tests, ANCOVAs
and Pearson correlations), measuring Bayes Factors, the ratio
of the likelihood of the alternative to the null hypothesis
(see Supplementary Appendix for data analyses with different
prior width), and reporting them as base ten logarithms (LBF)
(Jeffreys, 1961; Lavine and Schervish, 1999; Jarosz and Wiley,
2014). For ANCOVA we report LBFinclusion indicating how
much the data are likely to occur from a model including that
specific factor, compared to models not including them. By
convention (Jarosz and Wiley, 2014), LBF > 0.5 is considered
substantial evidence in favor of the alternative hypothesis
(difference between groups in this case) and LBF < −0.5
substantial evidence for the null hypothesis (no difference).
Absolute values greater than 1 are considered strong evidence,
and greater than 2 definitive. Statistical assumptions were
checked before reporting the results. When comparing the
groups on the “chose the largest” and the “number writing”
tasks, we detected a violation of normality in both groups.
For these comparisons we used a Bayesian non-parametric
test (Mann–Whitney t-test). A violation of normality was also
detected in the correlational analysis between numerosity Wf
and the aggregate math score (for both groups) as well as
in the correlational analysis between numerical performance
and ADHD symptomatology (Table 1). For these analyses,
we report Bayesian Kendall’s non-parametric correlation. Male
female ratio difference was tested with a Bayesian Multinomial
Test. Visual Perceptual Reasoning (IRP) and Raven matrices
scores were both converted into z-scores (according to the
normative age-standardized data provided by the tests manuals).
This procedure was performed to make the two measures
comparable between groups. Because of time constraints, one

neurotypical participant completed 4 out of six math tasks,
two neurotypical participants completed 5 out of six math
tasks and one participant with ADHD did not complete any
of the mathematical tasks (see Table 2). Missing data were
left empty and cases excluded per dependent variable (see
Supplementary Appendix for data analyses with imputation).
Data were analysed by JASP (Version 0.16.1) and Matlab
software. Matlab was used to fit the numerosity task data with
psychometric functions to estimate thresholds and PSEs. JASP
was used for all the other statistical tests.

Results

Demographical variables and attention
deficit hyperactivity disorder cognitive
profile

The ADHD and control groups did not differ in age
(LBF = −0.51) and male/female ratio (LBF = −0.47). Regarding
non-verbal reasoning scores we found no sufficient evidence for
a difference or no difference between groups (Visual Perceptual
Reasoning, IRP; ADHD: mean = –0.15, SD = 0.9; Raven test
Controls: mean = 0.42, SD = 0.95; LBF = 0).

Figure 1 reports the average cognitive profile (WISC-IV
scores) for the group with ADHD. In line with previous studies
(Mayes and Calhoun, 2006; Ünal et al., 2021), the cognitive
profile was not homogeneous with the working memory (WMI)
and processing speed indexes (PSI) showing stronger deviation
from the normative data (dashed line), compared to the other
indexes (see Table 3 for descriptive statistics).

Mathematical abilities

Figure 2A reports whisker plots of participants’ math
abilities as an aggregate index obtained by averaging the
z-scores obtained in the six math tests (see Table 2 for
descriptive statistics). From inspection, it is evident that
participants with ADHD performed poorly compared to
controls. The participants’ average z-scores (aggregate index)
for controls was 0.4 (SD = 0.6) while for participants with
ADHD it was –0.5 (SD = 0.7). Statistical analyses (t-test)
confirmed the difference (LBF = 2.3) suggesting definitive
evidence for a group difference. Given the heterogeneity of
the math tests used, we also looked at each task separately.
Figure 2B reports participants’ average z-scores for each of
the six math tests, divided by group (controls and ADHD).
Overall, participants with ADHD performed worse compared to
controls, across all the tasks (red bars always lower compared
to black bars), but some of the tasks were particularly
impaired (Table 2). More decisive evidence for an impairment
(LBF > 1) was seen in tasks involving counting, number writing
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TABLE 1 Descriptive statistics on numerosity perception.

Groups N Mean (SD) Min Max Kurtosis Skewness

Weber fraction ADHD 20 0.177 (0.09) 0.02 0.43 1.32 1.01

Controls 20 0.143 (0.07) 0.03 0.35 1.6 0.995

PSE ADHD 20 15.63 (2.38) 11.76 19.48 −0.99 −0.06

Controls 20 14.76 (1.97) 11.5 18.23 −0.86 0.04

N, sample size; Mean, between participants average; SD, standard deviation; Min, minimum; Max, maximum; Weber fraction, numerosity perceptual threshold; PSE, point of subjective
equality from the numerosity perception task.

TABLE 2 Descriptive statistics on math abilities (z-scores).

Math tasks Groups N Mean (SD) Min Max Kurtosis Skewness

Counting ADHD 18 −0.33 (1.18) −2.1 2.1 −0.66 0.34

Controls 20 0.78 (0.84) −0.99 2 −0.41 −0.61

Reading ADHD 18 −0.85 (1.23) −3.68 1.11 0.37 −0.61

Controls 20 −0.13 (1.28) −3.44 1.39 0.46 −0.87

Writing ADHD 18 −0.28 (0.98) −2.66 0.93 1.08 −1.14

Controls 20 0.82 (0.90) −2.23 2.06 6.48 −2.07

Mental multiplications ADHD 19 −0.94 (1.07) −3.7 0.96 1.33 −0.70

Controls 19 0.12 (0.76) −1.59 1.43 −0.07 −0.49

Mental addition/subtraction ADHD 19 −0.19 (1.06) −1.96 1.66 −1.03 −0.02

Controls 19 0.42 (1.17) −1.89 1.84 −0.45 −0.71

Choose the largest ADHD 18 −0.58 (1.62) −4.2 0.98 −0.06 −1.07

Controls 18 0.34 (0.47) −0.71 1.05 −0.18 −0.57

Math aggregate index ADHD 19 −0.49 (0.71) −1.94 0.73 −0.50 −0.34

Controls 20 0.41 (0.58) −0.93 1.28 −0.19 −0.38

N, sample size; Mean, between participants average z-scores; SD, standard deviation; Min, minimum; Max, maximum, counting, reading, writing, mental multiplications, mental
addition/subtraction, choose the largest, symbolic mathematical tasks (see section “Materials and methods” for details), math aggregate index, average z-score combining the performance
on all symbolic mathematical tasks.

and mental multiplications. The other three tasks (number
reading, mental addition/subtractions and choose the larger)
were more similar across the groups, providing no statistical
evidence for a true difference (LBF < 0.5). These results
were robust if imputations were used (see Supplementary
Appendix).

Numerosity perception

The results on mathematical abilities showed an impairment
in children/adolescents with ADHD. We than looked at the
non-symbolic counterpart: numerosity. Numerosity perception
was measured with a visual categorization task (Figure 3).
All participants were able to perform the psychophysical
numerosity task, producing ordered psychometric functions.
Figure 4A shows psychometric functions obtained by
aggregating all the data together across participants. It is
evident that the curves for participants with (red) and without
(black) a diagnosis of ADHD have similar slopes, indicating
a similar precision level (thresholds, Weber Fractions). The
numerosity corresponding to where the curves cross the
50% is the Point of Subjective Equality (PSE), an index of

estimations accuracy. The aggregate data (Figure 4A) again
shows similar performance between groups, suggesting that
both groups were able to compare the ongoing stimuli with
the anchors and the stimuli average. In this case participants
with ADHD were slightly more veridical compared to
controls, showing a smaller shift (bias) from the range
center.

The fitting procedure was then applied to the data provided
by each participant (see Table 1 for descriptive statistics).
Figures 4B,C report whisker plots for numerosity thresholds
(Weber Fractions, Wf) and PSEs, separately for the two groups.
Single subject data are reported by symbols. From inspection,
it is evident that the two groups performed similarly on both
parameters. This was confirmed by statistical analyses indicating
the null hypothesis (no difference) as more likely compared
to the alternative (LBF = –0.24 and LBF = –0.23 for Weber
fractions and PSEs, respectively). Both Weber fraction and PSEs
were not correlated with age (Wf Controls: LBF = –0.52; Wf
ADHD: LBF = –0.88; PSEs Controls: LBF = –0.52; PSEs ADHD:
LBF = –0.41, Figure 5). This set of results suggests similar
numerosity perception abilities between participants with and
without ADHD.
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FIGURE 1

WISC-IV: Wechsler Intelligence Scale for Children, 4th edition.
CVI, Verbal Comprehension index; PRI, perceptual reasoning
index; WMI, working memory index; PSI, processing speed
index; TOT IQ, full scale quotient. Dashed line report normative
data. Error bars report ± 1 s.e.m.

TABLE 3 WISC-IV for the ADHD group: Wechsler Intelligence Scale
for Children, 4th edition.

CVI Mean = 105.56; SD = 12.43

PRI Mean = 102.11; SD = 16.22

WMI Mean = 93.3; SD = 9.4

PSI Mean = 98.3; SD = 16

TOT IQ Mean = 101.4; SD = 12

CVI, verbal comprehension index; PRI, perceptual reasoning index; WMI, working
memory index; PSI, processing speed index; TOT IQ, full scale quotient; Mean, between
subject’s average; SD, standard deviation.

Link between mathematical ability and
numerosity perception

The results so far suggest an intact numerosity system
despite deficits in mathematical skills. Although this indicates
a certain degree of independence of the two functions
(numerosity and mathematics), we looked at inter-individual
differences within the two groups. Separately for ADHD and
controls, we correlated numerosity perception precision (Wf)
with formal mathematical skills. Figure 6A shows a negative
trend in both groups, with participants who show more
precise numerosity estimates (lower Wf) also showing higher
mathematical skills (k = –0.28, LBF = 0.09 and k = –0.39,
LBF = 0.57 for controls and ADHD, respectively, these results
were robust if imputations were used).

To investigate this point further we asked whether the
deficits shown by participants with ADHD in some of the
mathematical tests were explained by inter-individual variability
in numerosity estimation thresholds. To this aim we re-analysed
the differences between groups in those mathematical tests

where participants with ADHD showed a marked deficit and
on the aggregate index, but this time entering numerosity
estimation precision (Wf) as a covariate (ANCOVA). Figure 6B
shows the marginal means of the ANCOVA test. Even when
numerosity thresholds (Wf) were regressed out, the difference
between groups in the arithmetic tasks remains substantial (all
LBF > 1) and virtually identical to those obtained without
entering any covariates, confirming again that the arithmetic
deficits are unlikely to originate from the numerosity system
(these results were robust if imputations were used, see
Supplementary Appendix).

As a final check, we looked at the role of domain-general
factors. To this aim, we repeated the ANCOVA analysis, but
this time entering (simultaneously) numerosity thresholds (Wf),
non-verbal reasoning scores (IRP, see methods), age and sex as
covariates. Even when the contribution of all these factors was
regressed out, the group differences on math abilities remained
substantial (Aggregate Index LBF = 2.2; Counting LBF = 0.8;
Number writing LBF = 1.7; Mental multiplication LBF = 1.4).

Correlations between numerical skills
and attention deficit hyperactivity
disorder clinical symptoms

Within the sample with ADHD, we ran correlations between
numerosity performance (thresholds and PSEs) math aggregate
index, and both general (CGI-S, CGAS) and specific clinical
symptoms (the average of the four CPRS indexes, see section
“Materials and methods” for details). For the CGAS test,
which provided range scores, we transformed the ranges into
categorical values reflecting the symptoms severity (following
the test manual: from 1 to 10 with one indicating no symptoms
and 10 indicating very severe symptoms). The analyses revealed
no meaningful correlations (see Table 4).

Discussion

The current study is the first to measure visual numerosity
perception in individuals with a diagnosis of ADHD. Results
indicate similar thresholds (Weber fraction) and accuracy
levels between neurotypical and age-matched participants with
ADHD. Replicating previous studies, although the sample
with ADHD recruited in the current study did not included
individuals with dyscalculia, we found lower scores (compared
to controls) along all the math tasks, with more severe difficulties
in three out of six math tasks (counting, fact retrievals and
numbers writing). Interestingly, when numerosity thresholds
were regressed out, these impairments in math remained
substantial. Overall, the results indicate that math difficulties
in ADHD are unlikely to originate from an impaired visual
numerosity system (number sense).
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FIGURE 2

Mathematical abilities. (A) Whisker plots reporting mathematical abilities as an aggregate index (average z-score across six math tests). Color
and Whisker conventions as before. (B) Participants’ average math scores divided into the six different math tests for controls (black) and ADHD
groups (red). Error bars report ± 1 s.e.m. Strong evidence (LBF > 1) in favor of the alternative hypothesis (difference between groups) are
indicated in bold.

FIGURE 3

Numerosity perception task. A block consisted of four initial “anchoring” trials in which the more numerous (N32) and the less numerous (N8)
stimuli were presented twice (participants were told that those numerosities corresponded to the range extremes). After that the testing phase
started. On each test trial, while participants fixated on a central point on the screen a dot ensemble (with a numerosity randomly drawn from a
pre-defined distribution: N8-32, geometric mean N16) was briefly presented (500 ms) and participants were asked to verbally categorize the
stimulus as containing “many” or “few” dots.

Numerosity perception and
mathematical abilities

Numerosity is considered a primary perceptual visual
feature such as motion, color, orientation, and others (Burr
and Ross, 2008; Anobile et al., 2016a; Burr et al., 2017). The
number of visual items in the scene is spontaneously perceived
(Cicchini et al., 2016, 2019) even without an extensive school-
based mathematical experience (Ferrigno et al., 2017; Anobile
et al., 2019). Visual numerosity thresholds (Weber fraction)
are considered to reflect the sensory noise associated with the
internal representation of numerical quantities (Lasne et al.,
2019), sharply decreasing in the first years of life (Halberda
et al., 2012). Numerosity thresholds, together with natural
maturation, also change as a function of cultural factors, such

as the opportunity to benefit from an adequate arithmetic
schooling (Piazza et al., 2013). Even at the same educational
level, numerosity thresholds have demonstrated a specific
portion of individual differences in math scores (Halberda et al.,
2008), and are often impaired in individuals with developmental
dyscalculia (Piazza et al., 2010; Mazzocco et al., 2011; Anobile
et al., 2018). These results lead to the idea that visual numerosity
might act as an early precursor for the optimal development
of later school-based math abilities (Piazza, 2010). The current
results suggest that children/adolescents with ADHD have a
typical numerosity sensory noise level when compared to age-
matched controls, suggesting a spared visual number sense.
Moreover, in addition to showing unimpaired thresholds,
participants with ADHD demonstrated unimpaired accuracy
levels. The task used in this study was a categorization task
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FIGURE 4

Numerosity perception. (A) Psychometric functions (aggregate data) reporting the probability of “many” (p. many) responses as a function of the
test numerosity divided for controls (black, squares) and participants with ADHD (red, circles). (B,C) Whisker plots reporting numerosity
thresholds (Weber fractions, B) and accuracy (PSEs, C). Color conventions as before. Whisker parameters. Box: 25–75 percentiles; Whisker:
5–95 percentiles; Line: average; Square: median.

FIGURE 5

Developmental trajectories. Numerosity discrimination thresholds (Wf, A) and point of subjective equality (PSEs, B) as a function of
chronological age for both controls (black squares) and participants with ADHD (red circles). Lines report best linear fitting with associated
confidence bands (95%).

requiring the comparison of ongoing visual stimuli with the
previously memorized range of extremes as well as constructing
a running average of the incoming stimulation. An incorrect
processing of these features would have led to a shift in
the psychometric curves (bias in accuracy). Participants with
ADHD showed the same accuracy compared to controls,
demonstrating an intact ability to memorize an accurate trace
of numerosity, as well as an intact ability to build an accurate
numerical running average. These results were by no means
guaranteed. A recent study using the same psychophysical

technique to investigate auditory time perception in ADHD
found deficits on thresholds as well as on accuracy, compared to
controls (Anobile et al., 2022). Finally, results on developmental
trajectories indicate that the sparing on numerosity thresholds
and accuracy was constant along the age range tested here (8–
16 years), speaking against any developmental delay. Although
the results indicate that for our sample with ADHD but
not dyscalculia there is no impairment in the number sense,
some limitations must be considered, advising caution in
the interpretation and generalization of this result. One of
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FIGURE 6

Mathematical abilities and numerosity perception. (A) Kendall rank correlation between numerosity precision (Wf) and math abilities (aggregate
index). (B) ANCOVA marginal means of math z-scores obtained after having regressed out numerosity precision (Wf). Error bars report ± 1 s.e.m.

TABLE 4 Kendall’s correlations.

Measure CGI-S CGAS CPRS

Weber fraction k = 0.13
LBF = –0.4

k = 0.164
LBF = –0.33

k = –0.05
LBF = –0.48

PSE k = 0.09
LBF = –0.46

k = –0.193
LBF = –0.25

k = 0.15
LBF = –0.36

Math aggregate index k = –0.07
LBF = –0.5

k = 0.147
LBF = –0.37

k = 0.35
LBF = 0.198

CGI-S, Clinical Global Impression-Severity scale; CGAS, Children Global Assessment
Scale; CPRS, Conners Parent Rating Scale; Weber fraction, numerosity perceptual
threshold; PSE, point of subjective equality from the numerosity perception task;
math aggregate index, average z-score combining the performance on all symbolic
mathematical tasks; k, Kendall’s correlation coefficient; LBF, LBF, Log10 Bayes Factor;
LBF > 0.5, substantial evidence for H1 (correlation).

the limitations is linked to the sample size and participants
features. To draw firm conclusions for a truly spared numerosity
perception in ADHD, as well as on the nature of the link between
numerosity and math in ADHD, replication studies with larger
and more heterogenous (e.g., ADHD with dyscalculia, different
developmental stage) samples are needed.

At odds with the spared numerosity visual system, symbolic
mathematical abilities were impaired in our sample of ADHD.
This is largely in line with the literature. ADHD and dyscalculia
are often associated and individuals with ADHD but not
comorbid dyscalculia often report math difficulties (DuPaul
et al., 2013). Our results, as well as confirming overall

lower math performance in individuals with ADHD but no
concomitant dyscalculia (see introduction for details), also
perfectly replicated previous studies showing much more
marked impairments on counting, fact retrievals, and number
writing abilities (Colomer et al., 2013). Another interesting
point emerging from the results is that, although there
was no difference in numerosity discrimination performances
between the two groups, within both samples we found
a correlation between numerosity thresholds and overall
mathematical abilities. In line with many previous studies,
participants with higher mathematical skills also showed
lower numerosity discrimination thresholds (higher precision)
confirming a common source of variance between these two
skills (Halberda et al., 2008; Piazza, 2010; Anobile et al., 2013,
2016b; Piazza et al., 2013).

Another issue emerging from the current results is the null
correlation, within the group with ADHD, between the clinical
symptomatology severity and mathematical scores. This null
result might indicate that the level of mathematical competence
does not explain inter individual variance in the severity of
ADHD clinical symptomatology. It should be noted, however,
that the clinical tests used are mainly aimed at gathering
information about the global child’s behavior and functioning
in a variety of different life contexts. The “global” nature of the
assessment, while clinically fundamental, may not be sufficiently
specific and detailed in the measurement of the cognitive factors
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underlying mathematical abilities, such as executive functions
(detailed below).

The role of domain general functions

If not numerosity, what is driving math underachievement
in ADHD? The current study was specifically designed to
address the role of the visual number sense and thus, with the
current data, we cannot directly answer this question. However,
the available literature on math abilities in ADHD suggests that
domain-general functions—such as poor executive functioning
(including working memory)—seems a good candidate.
Executive functions refer to the processes required to monitor
and control thought and action, allowing flexible responses to
environment requests, and is composed of several skills such as
inhibition, shifting, working memory and updating (Diamond,
2013). There is large evidence in the literature suggesting
executive functions as a key process that sustains math learning
(Cragg et al., 2017; Bellon et al., 2019; Gashaj et al., 2019; Spiegel
et al., 2021; Agostini et al., 2022; Santana et al., 2022) as well as
indicating poor executive functions in ADHD (Barkley, 1997).
The results on the cognitive profile of our participants with
ADHD confirmed this evidence, showing a clear weakness on
the WISC-IV working memory index. In line with this, deficits
on counting, fact retrievals, and number writing abilities have
been previously linked to poor automaticity and executive
functioning in ADHD (Colomer et al., 2013; Orbach et al.,
2020). Similarly, inhibition, shifting, and updating has been
found to explain a specific portion of math variance, above
those explained by digit magnitude processing (Bellon et al.,
2019), along the neurotypical development. Although in the
current work we have not directly measured the role played
by executive functions (and an exhaustive discussion of how
these relate to arithmetic abilities is beyond the scope of this
paper), we would speculate that they underlie the current
pattern of results. Another interesting point emerges from
the data: participants with ADHD performed similarly to
controls on a task selecting the numerically largest digit number
(among others). This task is thought to tap into the number
magnitude comprehension, and has been previously found
strongly linked to numerosity thresholds in both neurotypicals
and dyscalculic children (Piazza et al., 2010; Anobile et al., 2013,
2016b), suggesting common resources. That both numerosity
thresholds and digit magnitude comprehension are spared
in our group with ADHD is in line with the idea that both
symbolic and non-symbolic magnitude processing might be
relatively spared, compared to other math sub-processes.
Interestingly, a spared numerosity system in the face of
deficitary math abilities is reminiscent of what has been shown
with preterm children/adolescents. Prematurity is a well-
known risk factor for math underachieving (Isaacs et al., 2001;
Aarnoudse-Moens et al., 2009; Taylor et al., 2009). However,

there is evidence for a spared numerosity system in both school-
age (Tinelli et al., 2015) and newborn preterm individuals
(Anobile et al., 2021), again suggesting that the source of
math difficulties was not to be sought in the numerosity
system. Similarly to what we are speculating here regarding
math difficulties in ADHD, it has been previously suggested
that those encountered by preterm subjects might not derive
from domain-specific deficits in the visual number sense, but
from poorer domain-general functions (Simms et al., 2015),
that also involve early perceptual-motor abilities (De Rose
et al., 2013). While the current results show mathematical
impairments in individuals with attentional deficits (ADHD)
but not dyscalculia, the role of attention has also been
documented in children with dyscalculia who do not meet
the criteria for ADHD but have severe attentional deficits.
Kißler et al. (2021) described two clusters of children with
dyscalculia (but not ADHD) that differed by their degree of
mathematical deficit severity. Importantly, the group with
more severe mathematical impairment also had more severe
attentional deficits, indicating that attention could be a key
factor to identify different subtypes of dyscalculia. In summary,
the transition between children with ADHD and deficits in
arithmetic (without a diagnosis of dyscalculia) and children
with deficits in arithmetic and attention (but without a diagnosis
of ADHD) could be fluent, depicting a continuum. Looking
at attentional and executive skills together with both symbolic
and non-symbolic (numerosity perception) mathematical
abilities could thus represent an informative avenue for the
development of efficient and individualized strategies to support
numeracy skills. It should be noted here that since we did not
measure executive functions and attentional skills, their role
in the current study was indirectly inferred from the existing
literature. To fully understand the pattern of results obtained
here, future studies should simultaneously measure numerosity
perception, math abilities and the different components of
executive functions. Finally, different test procedures were used
in the ADHD group (WISC-IV) compared to the control group
(Raven’s Matrices) to measure non-verbal reasoning skills.
While previous evidence on neurotypical samples indicates
similar scores between the two tests, a clinical sample with
a diagnosis of autism showed strong score discrepancies,
with Raven’s Matrices providing higher scores compared to
Wechsler scales (Dawson et al., 2007). Although we do not
know whether this discrepancy is also generalisable to other
neurodevelopmental disorders (such as ADHD), we might have
underestimated the ADHD group’s non-verbal abilities.

Neuronal correlates

Given the behavioral nature of the current work, we cannot
say anything definitive about the neural structures underlying
the observed pattern of results, however, these are generally in
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line with a previously suggested idea that the frontal cortex
could be relatively more impaired compared to the parietal
cortex in individuals with ADHD (Aman et al., 1998). As
mentioned before, the results on math performance replicated
previous studies showing relatively more severe impairments
on counting, fact retrievals, and number writing abilities,
compared to other tasks (Colomer et al., 2013). The authors
proposed that these more pronounced deficits could reflect
a higher demand on automatization skills, a process usually
problematic in individuals with ADHD and tapping on frontal
neural structures (Miller, 2000). Regarding the non-symbolic
counterpart, numerosity perception has been repeatedly linked
to the functioning of the parietal cortex (Piazza et al., 2004;
Lasne et al., 2019). In particular, the intraparietal sulcus has been
suggested as a key area for the encoding of cardinality, i.e., the
relative numerical magnitude (Piazza and Eger, 2016). In the
current study, this last process was particularly involved in the
numerosity discrimination task and in the mathematical task
requiring the selection of the numerically largest digit within a
set (“chose the largest”). The results showed similar performance
between individuals with and without ADHD across both tasks
suggesting a relatively spared parietal functioning.

Conclusion

To summarize, by confirming math difficulties in
ADHD but showing a spared visual numerosity system,
our results indicate a different etiology underlying the
arithmetic difficulties encountered in dyscalculia and those
encountered by individuals with ADHD (but not concomitant
dyscalculia). These results have implications for the design of
math interventions in the ADHD population, encouraging the
targeting of domain-general functions.
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Ünal, D., Mustafaoǧlu Çiçek, N., Çak, T., Sakarya, G., Artik, A., Karaboncuk,
Y., et al. (2021). Comparative analysis of the WISC-IV in a clinical setting: ADHD
vs. Non-ADHD. Archives de Pediatrie: Organe Officiel de La Societe Francaise de
Pediatrie 28, 16–22. doi: 10.1016/j.arcped.2020.11.001

von Wirth, E., Kujath, K., Ostrowski, L., Settegast, E., Rosarius, S., Döpfner, M.,
et al. (2021). The co-occurrence of Attention-Deficit/Hyperactivity Disorder and
mathematical difficulties: An investigation of the role of basic numerical skills. Res.
Dev. Disabil. 112:103881. doi: 10.1016/j.ridd.2021.103881

Wechsler, D. (2003). Wechsler intelligence scale for children – Fourth edition
(WISC-IV). San Antonio, TX: The Psychological Corporation. doi: 10.1037/
t15174-000

William, G. (1976). ECDEU assessment manual for psychopharmacology.
Rockville, Md: U.S. Dept. of Health.

Zentall, S. S., Smith, Y. N., Lee, Y. B., and Wieczorek, C. (1994). Mathematical
outcomes of attention-deficit hyperactivity disorder. J. Learn. Disabil. 27, 510–519.
doi: 10.1177/002221949402700806

Frontiers in Human Neuroscience 14 frontiersin.org

https://doi.org/10.3389/fnhum.2022.949391
https://doi.org/10.1016/j.cortex.2018.03.008
https://doi.org/10.1016/j.cortex.2018.03.008
https://doi.org/10.1080/00031305.1999.10474443
https://doi.org/10.1017/S0140525X16000960
https://doi.org/10.1177/1087054705283616
https://doi.org/10.1111/j.1467-8624.2011.01608.x
https://doi.org/10.1038/35036228
https://doi.org/10.1007/s10803-010-1015-x
https://doi.org/10.1016/j.ridd.2020.103697
https://doi.org/10.1163/156856897X00366
https://doi.org/10.1163/156856897X00366
https://doi.org/10.1016/j.tics.2010.09.008
https://doi.org/10.1016/j.neuropsychologia.2015.09.025
https://doi.org/10.1016/j.neuropsychologia.2015.09.025
https://doi.org/10.1016/j.cognition.2010.03.012
https://doi.org/10.1016/j.cognition.2010.03.012
https://doi.org/10.1016/j.neuron.2004.10.014
https://doi.org/10.1177/0956797612464057
https://doi.org/10.1068/p5029
https://doi.org/10.1016/j.tine.2022.100179
https://doi.org/10.1111/desc.12372
https://doi.org/10.1001/archpsyc.1983.01790100074010
https://doi.org/10.1038/pr.2014.184
https://doi.org/10.1037/bul0000322
https://doi.org/10.1037/bul0000322
https://doi.org/10.1002/ddrr.51
https://doi.org/10.1016/j.neuropsychologia.2015.04.016
https://doi.org/10.1186/s12916-015-0414-4
https://doi.org/10.1186/s12916-015-0414-4
https://doi.org/10.1016/j.arcped.2020.11.001
https://doi.org/10.1016/j.ridd.2021.103881
https://doi.org/10.1037/t15174-000
https://doi.org/10.1037/t15174-000
https://doi.org/10.1177/002221949402700806
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/


















Journal of Affective Disorders 321 (2023) 265–271

Available online 7 November 2022
0165-0327/© 2022 Elsevier B.V. All rights reserved.

Mini Review 

ADHD and eating disorders in childhood and adolescence: An 
updated minireview 

F.M. Villa a,1, A. Crippa a,1, E. Rosi a, M. Nobile a, P. Brambilla b,c,*, G. Delvecchio b 

a Child Psychopathology Unit, Scientific Institute, IRCCS E. Medea, 23842 Bosisio Parini, Italy 
b Department of Neurosciences and Mental Health, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy 
c Department of Pathophysiology and Transplantation, University of Milan, Milan, Italy   

A R T I C L E  I N F O   

Keywords: 
ADHD 
Attention deficit disorder 
Attention deficit hyperactivity disorder 
Impulsivity 
Eating disorders 
Disordered eating 
Eating pathology 
Anorexia 
Bulimia 
Binge eating disorder 

A B S T R A C T   

Introduction: Attention-deficit/hyperactivity disorder (ADHD) is one of the most common neurodevelopmental 
disorders with overactivity, inattention, and impulsivity as core characteristics. Recent studies suggest that 20 % 
of children with ADHD also develop eating disorders (EDs), including anorexia nervosa, bulimia nervosa and 
binge eating disorder. However, little is still known about the association between ADHD and EDs through 
childhood and adolescence. Therefore, in the present work, we aimed at summarizing the studies investigating 
ADHD and EDs in childhood and adolescence over the last 10 years. 
Methods: A bibliographic search on PubMed was performed and only studies that considered participants with a 
clinical diagnosis of ADHD, patients with an additional diagnosis of EDs and patients under 18 years old were 
included. A total of 7 studies were retrieved and included in the review. 
Results: The majority of the reviewed studies (N = 5) found an association between ADHD and EDs, while the 
remaining, which focused on EDs symptomatology, reported either lower ED symptoms in ADHD sample or no 
association between ADHD and EDs. 
Limitations: the majority of studies were cross-sectional and therefore did not allow to explore the longitudinal 
casual relation between ADHD and EDs in the developmental age range considered. 
Conclusions: This review suggests that children and adolescents with ADHD should be monitored for EDs. 
However, more work is still needed to better understand the clinical implications of the comorbidity between 
ADHD and EDs and its prospective impact on the life of children and adolescents with ADHD.   

1. Introduction 

Attention-deficit/hyperactivity disorder (ADHD) is one of the most 
common neurodevelopmental disorders with overactivity, inattention, 
and impulsivity as core characteristics. It has a prevalence among chil-
dren at 15.5 % (Rowland et al., 2015), with a 4:1 male to female ratio 
(Ayano et al., 2020). It originates during childhood but can persist 
throughout adulthood, with an extremely variable course (Ayano et al., 
2020). Based upon its prevalent traits, three presentations of ADHD can 
occur: impulsive\hyperactive, inattentive, and combined presentation 
(DSM-5, 2019). Although its aetiology is yet to be defined, ADHD is 
likely to be a multifactorial disorder, with both genetics and environ-
mental factors involved (Faraone and Larsson, 2019). 

ADHD has a highly heterogeneous manifestation with an estimated 
60 %–100 % of comorbidities (Gnanavel et al., 2019). The most common 
ones are autism spectrum disorder (42 %), learning disability (17 %), 
depressive disorder (12 % to 50 %), and anxiety disorder (15 % to 35 %) 
(Gnavel et al., 2019). In addition, recent studies suggest that 20 % of 
children with ADHD also develop an eating disorder (ED) (Ravi and 
Khan, 2020). In other words, people with ADHD are 3.8 times more 
likely to present an ED as a comorbid diagnosis (Levin and Rawana, 
2016). 

EDs are multifactorial psychiatric disorders, with a prevalence 
among the female adolescent population between 0.3 and 2.05 % and 
0.1–1 % for the male population (Herpertz-Dahlmann, 2015). Clinically, 
the Diagnostic and Statistical Manual of mental disorders (DSM) 
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distinguished three disorders based on different eating pattern alter-
ations: anorexia nervosa (AN), bulimia nervosa (BN) and binge eating 
disorder (BED). AN is marked by severe weight loss and secondary 
problems associated with malnutrition (Van Eeden et al., 2021). BN is 
characterised by recurrent episodes of binge eating, self-induced vom-
iting and laxative abuse (Puttevils et al., 2021) whereas individuals with 
BEDs assume large quantities of food (Giel et al., 2022). Although not 
included in DSM-5 as a diagnostic entity, it is also important to consider 
loss of control (LOC) eating, which involves the consumption of a large 
amount of food and serious impairments to function and quality of life. 
LOC eating is cross-sectionally characterised by a pronounced ED and a 
general psychopathology, marked distress, obesity, and related meta-
bolic symptoms (Matherne et al., 2015). Longitudinally, childhood LOC 
eating predicts full-syndrome BED and excess weight gain (Hilbert et al., 
2018). Notably, ADHD and EDs share neurocognitive deficits, with both 
conditions presenting difficulties in set-shifting, working memory, and 
inhibitory control (Juarascio et al., 2015). Furthermore, with respect to 
the behavioral domain, recent findings suggested that childhood ADHD 
increases the susceptibility to later binge eating (Levin and Rawana, 
2016; Yilmaz et al., 2017). Lastly, beyond the mere temporal over-
lapping of symptoms, common in many other psychopathologies, the 
different manifestations of ADHD and EDs can interact in worsening the 
outcomes and the individual psychological condition (Viborg et al., 
2014). One example of this are compensatory behaviors, such as self- 
induced vomiting, laxative misuse, fasting, or excessive exercise 
(Bleck and DeBate, 2013) or, on the other hand, compulsive eating for 
coping with the frustration associated with attention and organisation 
difficulties (Kaisari et al., 2017). 

Different theories have been proposed to explain why so many 
children with ADHD additionally present a comorbid ED. One hypoth-
esis suggests the role of genetic risk factors, namely a melanocortin-4- 
receptor deficiency, which is involved in the energetic homeostasis 
and causes a significant increment of the body mass, with hyperphagia 
and hyperinsulinemia (Capusan et al., 2016). This deficiency has been 
previously reported in ADHD-BED comorbidity (Porfirio et al., 2015). A 
second neurobiological theory involves the role of dopamine and its 
possible deficiency in ADHD, which would lead to a subsequent 
dysfunction of the rewarding system (Levin and Rawana, 2016). More 
specifically, it has been shown that individuals with ADHD and BN 
presented decreased striatal dopamine 2 receptor binding and release 
(Broft et al., 2012). The disruption of the dopaminergic system would 
behaviourally result in delay aversion, i.e. the tendency to avoid delay 
and choosing immediate rewards, along with impulsivity. General 
impulsivity is indeed a common feature of both LOC eating and ADHD 
(Panou et al., 2022): individuals with higher levels of impulsivity would 
lack forethought when choosing foods, preferring the ones that can give 
immediate pleasure, such as food rich in saturated fats or sugars (Li 
et al., 2022). 

In this context, it is not surprising that many studies focused on the 
comorbidity between ADHD and EDs throughout different develop-
mental phases, from childhood to adulthood. In this regard, Levin and 
Rawana (2016), in their systematic review of the literature about ADHD- 
EDs comorbidity across the life-span, have suggested potential differ-
ences related to specific developmental stages. Specifically, the authors 
showed that children with ADHD were reported to be at risk of devel-
oping disordered eating, whereas adolescents and adults would beat risk 
for developing both disordered eating and eating disorders. Given these 
findings and the above-mentioned premises, gaining a better under-
standing about the association between ADHD and EDs through child-
hood and adolescence could provide important insights about the earlier 
presentation of this comorbidity. In the present work we therefore aimed 
at summarizing the studies investigating ADHD and EDs over the last 10 
years with a specific focus on childhood and early adolescence, with the 
final goal of discussing the most recent evidence in light of the advances 
in this field in the last 10 years and to continue encouraging future 
research. 

2. Methods 

A comprehensive search on Pubmed from 2012 to May 2022 by V.F. 
M and A. C, using a combination of indexing terms with free text 
searching, was performed. The search terms used were “ADHD” or 
“attention deficit disorder” or “attention deficit hyperactivity disorder” 
or “impulsivity” and “eating disorders” or “disordered eating” or “eating 
pathology” or “anorexia” or “bulimia” or “binge eating disorder”. 

Literature reviews, systematic reviews, and meta-analyses were 
excluded. Studies were included if they: 1) considered participants with 
a clinical diagnosis of ADHD, 2) used quantitative measures for the 
assessment of ED domain, 3) the patients were under 18 years old. 
Studies were excluded if: 1) the ADHD patients had an additional 
diagnosis of a neurodevelopmental disorder, 2) they exclusively focused 
on pharmacological treatment; 3) they were single-case studies. 

The search process on PubMed has resulted in a total of 4598 studies. 
The electronic search was supplemented by hand searches of journals 
and individual article reference lists. Articles were assessed by reading 
the abstracts/titles; 86 studies passed this screening. We then carried out 
a full text screening of the remaining articles. On the basis of exclusion 
criteria, 78 articles were discarded. A total of 7 articles met all inclusion 
\exclusion criteria and were included in this brief review. With respect 
to the systematic review performed by Levin and Rawana (2016), five 
new articles were included (Achermann et al., 2022; Hilbert et al., 2018; 
Horsager et al., 2022; Pauli-Pott et al., 2013; Ruiz-Ramos et al., 2021). 
Fig. 1 depicts the flowchart of the selection process and Table 1provides  
summary of the socio-demographic and clinical characteristics of the 
included studies. 

3. Results 

3.1. Characteristic of the studies 

All the reviewed studies were cross-sectional (Achermann et al., 
2022; Hilbert et al., 2018; Horsager et al., 2022; Pauli-Pott et al., 2013; 
Ruiz-Ramos et al., 2021; Reinblatt et al., 2015a, 2015b) and two of these 
were retrospective analyses of previously conducted cross-sectional 
studies (Achermann et al., 2022; Reinblatt et al., 2015a). 

3.2. Characteristics of participants 

Participants's age range was 4 to 18 years, all studies, except one that 
recruited only girls (Achermann et al., 2022), included both boys and 
girls. With regards to the pharmacological treatment, children with 
ADHD were not excluded on the basis of any specific medications. In 
most of the cases, parents of children taking stimulants were asked to 
withhold the child's medication the day prior to/the day of each study 
visit. 

3.3. Assessment tools 

Concerning ADHD assessment, all studies included individuals with a 
clinical diagnosis of ADHD based on DSM-5 criteria. To confirm the 
ADHD diagnosis, some studies used standardised tests/questionnaires, 
such as the Schedule for affective disorder and schizophrenia (K-SADS) 
and Conners scale (Reinblatt et al., 2015a, 2015b), Junior Temperament 
Character Inventory (JTCI) (Achermann et al., 2022), the Child behav-
iour checklist (CBCL). To quantitatively assess EDs symptoms, four out 
of seven studies used the Eating Disorder Examination (EDE) (Hilbert 
et al., 2018; Horsager et al., 2022; Reinblatt et al., 2015a, 2015b), 
whereas two studies used the Eating Disorder Inventory (EDI) (Acher-
mann et al., 2022; Pauli-Pott et al., 2013. 

3.4. Results of the studies 

Five studies found an increased prevalence of EDs or higher ED 
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symptoms in children and adolescents with ADHD (Achermann et al., 
2022; Hilbert et al., 2018; Ruiz-Ramos et al., 2021; Reinblatt et al., 
2015a, 2015b), while one study found lower ED symptoms in ADHD 
children (Horsager et al., 2022), and another did not report any asso-
ciation between ADHD and ED symptoms (Pauli-Pott et al., 2013). 
Horsager et al. (2022) considered a sample drawn from the Danish 
Psychiatric Central Research Registered and used the dimensional Yale 
Food Addiction Scale for Children for assessing symptoms of food 
addiction based on DSM-5. The results showed that participants with 
ADHD presented relatively low symptoms of food addiction. 

Two studies examined the occurrence of AN and BN (Achermann 
et al., 2022; Ruiz-Ramos et al., 2021), along with body dissatisfaction 
and false perception. Specifically, Achermann et al. (2022) retrospec-
tively considered a sample of patients from a child and adolescent psy-
chiatric hospital. The study focused on investigating the body related 

attitudes, i.e., body dissatisfaction, bulimic behaviors, and drive for 
thinness. The authors found that Body related attitude (BodyRa), espe-
cially the drive for thinness, was common among female adolescent 
patients with AN and among patients with ADHD. Furthermore, signif-
icantly greater rates of BN were identified in girls with ADHD (12 %) 
than in women without ADHD (3 %). Also, Ruiz-Ramos et al. (2021) 
considered a sample of Mexican adolescents with a clinical diagnosis of 
EDs (namely, 17 % with AN, 55.61 % with BN, and 27.27 % with BED) 
and found that patients diagnosed with BED had the highest prevalence 
of comorbid ADHD (31.37 %), compared to both BN (19.23 %) and AN 
(9.38 %), respectively. 

Four other studies focused on BED and LOC eating (Hilbert et al., 
2018; Pauli-Pott et al., 2013; Reinblatt et al., 2015a, 2015b). Specif-
ically, Hilbert et al. (2018), using the EDE for exploring the presence of 
ED in a community-based sample, found that children with LOC eating, 

Fig. 1. Flowchart of the selection process.  
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Table 1 
Socio-demographic and clinical characteristics of the reviewed studies.  

Authors, 
year 

Sample (% 
M/%F) age 
(years) mean 
± SD 

Methodology Clinical scales 
and diagnosis 

Main results 

Achermann 
et al., 
2022 

28 ED (100% 
F);15.4 ±
1.1 
86 mental 
disorders 
without an 
ED (100%F); 
15.7 ± 1.1 
14 ADHD 
(100%F); 
15.6 ± 1.3 
16 ANr 
(100%F); 
15.6 ± 1.3 

Retrospective 
of a cross- 
sectional 
study 

EDI-2 
JTCI 
YSR 

BodyRA 
common 
among female 
adolescent 
patients with 
AN and 
patients with 
BPD, DD and 
ADHD. 
Drive for 
thinness, 
tendency to 
engage in 
bulimic 
behaviour is 
noteworthy. 
Higher risk of 
developing BN 
for girls with 
ADHD and 
depressive 
symptoms, 
anxiety, and 
disruptive 
disorders. 
Greater rates 
of BN were 
identified in 
women with 
ADHD (12 %) 
than in 
women 
without ADHD 
(3 %). 

Hilbert 
et al., 
2018 

32 ADHD 
(59.4%M / 
40.6%F); 
10.88 ±
1.44 
24 LOC 
eating 
(33.3%M / 
66.7 % F); 
11.97 ±
1.02 
LOC eating/ 
ADHD 
(55.6%M / 
44.4 % F); 
11.43 ±
1.36 
34 CG 
(32.3%M / 
67.7 % F); 
11.87 ±
1.08 

Cross- 
sectional 
study 

DSM-IV-TR or 
DSM-5 Eating 
Disorder 
Examination 
for Children 

ADHD > DTE 
when exposed 
to food than 
water; same 
trend in LOC 
group. 
Significant 
effect of 
Groups and 
Time in the 
habituation 
analysis of 
DTE; no 
interaction 
effect: 
cognitive- 
motivational 
food-specific 
impulsivity in 
ADHD and 
LOC children. 
LOC/ADHD 
food 
intake>CG;  
no significant 
differences of 
LOC and 
ADHD group 
and CG in food 
intake; 
OC/ADHD >
levels of 
general 
impulsivity. 

Horsager 
et al., 
2022 

423 
respondent 
(36.2 % M / 

Cross- 
sectional 
study 

DYFAS-C 2.0 
EDEQ 
ADHD SCL-92 

dYFAS-C 2.0 
low total 
scores of  

Table 1 (continued ) 

Authors, 
year 

Sample (% 
M/%F) age 
(years) mean 
± SD 

Methodology Clinical scales 
and diagnosis 

Main results 

63.8 % F); 
15.5 ± 1.3 
108 ADHD; 
Age and sex 
not specified 

participants 
with eating 
disorder. 
Food 
addiction 
symptom load 
in ADHD was 
relatively low. 

Pauli-Pott 
et al., 
2013 

128 
Overweight 
\Obese 
(52.2 % M / 
47.8 % F); 
11.1 ± 1.81 
divided in: 
71 
Subclinical 
ADHD and 
17 Clinical 
ADHD; Age 
and sex not 
specified 

Cross- 
sectional 
study 

DSM-IV 
EDI-German 

ODD 
symptoms 
increased 
eating in 
response to 
external cues 
and binge- 
eating. 
ADHD 
symptoms not 
associated 
with 
disordered 
eating 
behaviors. 
Symptoms of 
depression 
and anxiety 
linked to 
emotional and 
binge-eating. 

Ruiz-Ramos 
et al., 
2021 

187 patients 
with EDs: 32 
anorexia 
nervosa, 104 
bulimia 
nervosa 51 
eating 
disorder (23 
% M / 77 % 
F); 14.08 ±
1. 
Of the 187 
patients with 
EDs, 39 had 
a diagnosis 
of ADHD; 
Age and sex 
not specified 

Cross- 
sectional 
study 

DSM-5 
MINI-KID 
QEWP-R 

Patients 
diagnosed 
with BED had 
the highest 
prevalence of 
ADHD, 
compared to 
BN and AN. 
Individuals 
with BED and 
ADHD: higher 
prevalence of 
obesity, 
compared to 
BED without 
ADHD 

Reinblatt 
et al., 
2015a 

109 ADHD 
(47 % M / 
53 % F); 
10.8 ± 3.7 

Retrospective 
of a cross- 
sectional 
study 

C-BEDS 
DSM-IV – TR 
K-SADS 

Associations 
between 
ADHD and 
obesity 
influenced by 
stimulant 
treatment of 
ADHD. 

Reinblatt 
et al., 
2015b 

35 LOC-ES 
(51.4 % M / 
48.6 % F); 
10.6 ± 1.8 
19 No LOC- 
ES (46.4 % 
M / 53.6 % 
F); 11.9 ±
1.8  

25 CG (56 % 
M / 44 % F); 
10.7 ± 2.0 

Cross- 
sectional 
study 

Conners 
DSM-5-TR  
K-SADS-PL 

ChEDE 

Odds of LOC- 
ES > in ADHD 
than no 
ADHD. 
Significant 
associations 
are: 
- impulse 
control 
deficits and 
LOC-ES 
- emotional 
control 
deficits and 
LOC-ES 
The OW- LOC- 
ES > odds of 
ADHD 

(continued on next page) 

F.M. Villa et al.                                                                                                                                                                                                                                 



Journal of Affective Disorders 321 (2023) 265–271

269

ADHD, comorbid LOC/ADHD, and participants without diagnosis did 
not differ in physiological aspects of food-specific impulsivity. Patients 
with comorbid ADHD and LOC instead reported significantly greater 
levels of general impulsivity and showed a trend to exhibit more LOC 
eating episodes than those with LOC without ADHD. LOC only and 
ADHD only groups reported higher desires to eat, with a significantly 
greater food intake than controls. Pauli-Pott et al. (2013) enrolled an 
overweight sample who had been referred for weight reduction treat-
ment by local pediatricians. Using the German version of the EDI, they 
found that, among overweight participants with a clinical diagnosis of 
ADHD, the number of ADHD symptoms was not associated with dietary 
restraint behaviors or BED alone. Moreover, two studies from the same 
research group (Reinblatt et al., 2015a, 2015b) recruited participants 
who were referred from the community through flyers on public bulletin 
boards or through pediatric mental health and medical clinics. In the 
first study (Reinblatt et al., 2015a), the authors found a significant as-
sociation between ADHD and BED, with ADHD participants having 
increased symptoms of BED, which still persisted after controlling for 
comorbid diagnoses, demographic variables, and BMI scores. In a sub-
sequent study (Reinblatt et al., 2015b), the same research group also 
reported that the association between ADHD and BMI could be mediated 
by LOC eating behaviors, even after controlling for a number of socio- 
demographic characteristics of participants. Notably, this was also the 
only study that directly investigated the impact of obesity on the rela-
tionship between ADHD and LOC. Indeed, the authors found that 
overweight and obese children with LOC had seven times the odds of 
ADHD diagnoses when compared to overweight and obese participants 
without LOC. 

4. Discussion 

In this review we aimed to summarize the findings of the studies 
exploring ADHD and EDs in childhood/adolescence over the last 10 
years, with the final goal of critically discussing the most recent evi-
dence in this field. Although the systematic review of the literature 
about ADHD-EDs comorbidity across the life- span carried out by Levin 
and Rawana (2016) reported interesting findings for children/adoles-
cents, to the best of our knowledge, this is the first work with a specific 
and direct focus on this developmental phase. Our interest in exploring 
this crucial developmental phase derived from some previous evidence 
showing that adults with BN frequently had a previous diagnosis of 
ADHD in childhood or adolescence (Ptacek et al., 2016) as well as that 
obese adults were more likely to have had a diagnosis of childhood 
ADHD in the past (Cortese et al., 2008. 

Notably, although the literature is still limited and all the reviewed 
studies have cross-sectional designs, some interesting suggestions can be 
drawn. With regard to the prevalence of comorbidity, overall, the results 
suggest that ADHD is more frequently associated with BED (Hilbert 
et al., 2018; Pauli-Pott et al., 2013; Reinblatt et al., 2015a, 2015b), 
followed by BN, and lastly by AN (Achermann et al., 2022; Ruiz-Ramos 
et al., 2021). Although our results cannot be directly compared with 
previous work in consideration of the age range investigated, these 
findings are in line with previous evidence on adults with ADHD. 
Indeed, Ziobrowski et al. (2018) reported that ADHD is more associated 
with BED and to BN, but not with AN. Similarly, with regard to other 
eating difficulties not fulfilling criteria for ED diagnosis, the reviewed 
studies indicated that children and adolescents with ADHD could pre-
sent disturbances, such as LOC symptoms (Reinblatt et al., 2015b)) and 
dysregulated body attitudes (Achermann et al., 2022). Also in this case, 
these findings are in line and extend those of two previous studies 
(Curtin et al., 2013; Lewin and Rawana, 2016), which suggested that 
children with ADHD could often present disordered eating, defined as 
broad problematic eating behaviors that do not match the current 
diagnostic criteria of EDs. Additionally, these results are also in line with 
previous evidence showing that childhood ADHD symptomatology is 
associated with current and later development of disordered eating be-
haviors, including bulimic symptoms, binge eating (Bleck et al., 2015; 
Sonneville et al., 2015) and restrictive eating (Bleck and DeBate, 2013). 

The reviewed studies provided therefore initial evidence of the po-
tential link between ADHD and EDs. Further studies are warranted in 
order to increase our understanding on whether the presence of EDs 
could also have detrimental effects on ADHD severity or on other 
developmental outcomes. 

Lastly, some of the reviewed studies also found impulsivity to be a 
core characteristic of patients with BED (Reinblatt et al., 2015b) and BN 
(Ruiz-Ramos et al., 2021). This result is not surprising as it has been 
consistently reported the presence of cognitive factors potentially 
associated with both ADHD and EDs, such as delay aversion, i.e. the 
tendency to avoid delay and choosing immediate rewards, and impul-
sivity. Moreover, general impulsivity has been consistently reported to 
be a common feature of both BED and ADHD: individuals with higher 
levels of impulsivity would lack forethought when choosing foods, 
preferring the ones that can give immediate pleasure (Hilbert et al., 
2018; Egbert et al., 2018). Impulsivity has also been suggested to 
significantly influence overeating, as it may increase the susceptibility 
that highly palatable food-cues attract attention and thereby trigger 
eating behaviour (İnce et al., 2021). Therefore, the development of 
treatments targeting impulsivity is paramount especially because a 
recent study reported that psychotherapy, pharmacotherapy and the 
direct stimulation of the brain has been found effective for treating this 
domain in ADHD individuals (İnce et al., 2021). 

4.1. Limitations 

The present work had some limitations. First, we restricted our 
bibliographic search to the literature published in the last 10 years that 
involved participants with ADHD until 18 years of age. Second, even 
though we did not have any a priori language limitations, we considered 
only papers in English. Third, we excluded studies investigating subjects 
with an additional diagnosis of a neurodevelopmental disorder. Fourth, 
some methodological aspects of the reviewed studies may have also 
limited our findings. Indeed, all of the reviewed studies were cross- 
sectional and therefore did not allow to explore the longitudinal 
causal relation between ADHD and EDs in the developmental age range 
considered. Fifth, considering that EDs occur in individuals with all 
types of bodies, the link between ADHD and eating behaviors that 
contribute to overweight was under examined in the reviewed studies. 
However, this aspect should be better investigated, given that both 
conditions are longitudinally associated with obesity (Nigg et al., 2016). 
Finally, although in this work we specifically focused on the association 

Table 1 (continued ) 

Authors, 
year 

Sample (% 
M/%F) age 
(years) mean 
± SD 

Methodology Clinical scales 
and diagnosis 

Main results 

diagnosis than 
OWnoLOC-ES. 

ADHD: attention deficit hyperactivity disorder; ANr: anorexia nervosa restric-
tive type; BodyRA: body related attitudes; BED: binge-eating disorder; BN: 
bulimia nervosa; BMI: body mass index; BPD: bipolar disorder; CG: control 
group; CHEDE: eating disorder examination adapted for children; C-BEDS: 
binge-eating disorder symptoms; CBCL: child behaviour checklist for ages 6–18; 
CEBQ: children eating behaviour questionnaire; DD: depressive disorder; DTE: 
desire to eat; dYFAS-C 2.0: dimensional Yale food addiction scale for children 
2.0; ED: eating disorder; EDI: eating disorder inventory; EDEQ: Eating Disorder 
Examination Questionnaire; JTCI: junior temperament and character inventory; 
K-SADS-PL: kiddie schedule for affective disorder and schizophrenia; LOC: loss 
of control; LOC-ES: loss of control eating syndrome; ODD: oppositional defiant 
disorder; OW: overweight; QEWP-R: questionnaire on eating and weight 
pattern-revised; SCL-92: ADHD subscale of the symptom Checklist-92; YSR: 
youth self-report. 
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between clinical ADHD and EDs in children/adolescents, the inclusion of 
different type of eating disorders/problems might have negative affected 
the generalizability of the findings. However, we believe that providing 
a much broader range of symptomatologies might be useful to better 
understand, from different perspectives, the association between these 
two conditions. 

4.2. Conclusions and future directions 

In conclusion, this review suggests that children and adolescents 
with ADHD should be monitored for EDs to better understand the clin-
ical implications of this comorbidity and its prospective impact on the 
life of children and adolescents with ADHD. Future research exploring 
the role of gender in this relationship is warranted as previous studies 
have found that ADHD could increase the relative risk of developing EDs 
or disordered eating more in boys than in girls (Bleck & DeBate, 2013; 
Hudson et al., 2007; Kessler et al., 2014). Furthermore, obesity and BMI 
in ADHD young patients deserve a deeper analysis since the cause-effects 
paths and the exact mechanism explaining this association remain un-
clear due to a complex interaction of genetics and behaviour factors as 
well as sociocultural and individual differences (Cortese, 2019). Given 
the elevated frequency of disordered eating behaviors in ADHD children 
and adolescents, future longitudinal studies should be designed in order 
to identify possible “early” predictors of a later full ED clinical diagnosis 
in adulthood in young ADHD patients, focusing also on possible bio-
logical risk factors shared by ADHD and EDs. 
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e Lars Wöckel., 2022. Body-related attitudes, personality, and identity in female 
adolescents with anorexia nervosa or other mental Disorders. Int. J. Env. Res. Public 
Health 19, n. 7, 4316. https://doi.org/10.3390/ijerph19074316. 

Ayano, Getinet, Yohannes, Kalkidan, e Mebratu Abraha., 2020. Epidemiology of 
attention-Deficit/Hyperactivity disorder (ADHD) in children and adolescents in 
Africa: a systematic Review and meta-analysis. Ann. General Psychiatry 19, n. 1, 21. 
https://doi.org/10.1186/s12991-020-00271-w. 

Bleck, J., DeBate, R.D., 2013. Exploring the co-morbidity of attention-deficit/ 
hyperactivity disorder with eating disorders and disordered eating behaviors in a 
nationally representative community-based sample. Eat. Behav. 14, 390–393. 
https://doi.org/10.1016/j.eatbeh.2013.05.009. 

Bleck, Jennifer R., DeBate, Rita D., e Roberto Olivardia., 2015. The comorbidity of ADHD 
and eating Disorders in a nationally representative sample. J. Behav. Health Serv. 
Res. 42, n. 4, 437–451. https://doi.org/10.1007/s11414-014-9422-y. 

Broft, A., Shingleton, R., Kaufman, J., Liu, F., Kumar, D., Slifstein, M., Abi-Dargham, A., 
Schebendach, J., Van Heertum, R., Attia, E., Martinez, D., Walsh, B.T., 2012. Striatal 

dopamine in bulimia nervosa: a PET imaging study. Int. J. Eat. Disord. 45 (5), 
648–656. https://doi.org/10.1002/eat.20984. Epub 2012 Feb 13. PMID: 22331810.  

Capusan, A.J., Bendtsen, P., Marteinsdottir, I., Larsson, H., 2016. Comorbidity of adult 
ADHD and its subtypes with substance use disorder in a large population-based 
epidemiological study. J. Atten. Disord. https://doi.org/10.1177/ 
1087054715626511, 2016 February 2 [Epub ahead of print].  

Cortese, S., 2019. The association between ADHD and obesity: intriguing, progressively 
more investigated, but still puzzling. Brain Sci. 9 (10), 256. https://doi.org/ 
10.3390/brainsci9100256. PMID: 31569608.  

Cortese, Samuele, Bernardina, Bernardo Dalla, e Marie-Christine Mouren., 2008. 
Attention-Deficit/Hyperactivity disorder (ADHD) and binge eating. Nutr. Rev. 65, n. 
9, 404–411. https://doi.org/10.1111/j.1753-4887.2007.tb00318.x. 

Curtin, Carol, Pagoto, Sherry L., e Eric Mick., 2013. «The association between ADHD and 
eating Disorders/Pathology in adolescents: a systematic Review». Open. 
J. Epidemiol. 03 (04), 193–202. https://doi.org/10.4236/ojepi.2013.34028. 

DSM-5, 2019. Eating disorder symptoms in adolescents with and without attention- 
deficit/hyperactivity sisorder: a population-based study. International Journal of 
Eating Disorders 52, n. 7, 855–862. https://doi.org/10.1002/eat.23080. 

Egbert, Amy Heard, Wilfley, Denise E., Eddy, Kamryn T., Boutelle, Kerri N., 
Zucker, Nancy, Peterson, Carol B., Doyle, Angela Celio, Le Grange, Daniel, e Andrea 
B. Goldschmidt., 2018. «Attention-Deficit/Hyperactivity disorder symptoms are 
associated with overeating with and without loss of control in youth with 
Overweight/Obesity». Childhood. Obesity 14, n. 1, 50–57. https://doi.org/10.1089/ 
chi.2017.0114. 

Faraone, Stephen V., Larsson, Henrik, 2019. Genetics of attention deficit hyperactivity 
disorder. Mol. Psychiatry 24, n. 4, 562–575. https://doi.org/10.1038/s41380-018- 
0070-0. 

Giel, K.E., Bulik, C.M., Fernandez-Aranda, F., et al., 2022. Binge eating disorder. Nat. 
Rev. Dis. Primers 8, 16. https://doi.org/10.1038/s41572-022-00344-y. 

Gnanavel, S., Sharma, P., Kaushal, P., Hussain, S., 2019 Sep 6. Attention deficit 
hyperactivity disorder and comorbidity: a review of literature. World J. Clin. Cases 7 
(17), 2420–2426. https://doi.org/10.12998/wjcc.v7.i17.2420. 

Herpertz-Dahlmann, B., 2015. Adolescent eating disorders: update on definitions, 
symptomatology, epidemiology, and comorbidity. Child Adolesc. Psychiatr. Clin. N. 
Am. 24 (1), 177–196. https://doi.org/10.1016/j.chc.2014.08.003. 

Hilbert, A., Kurz, S., Dremmel, D., Weihrauch Blüher, S., Munsch, S., Schmidt, R., 2018. 
Cue reactivity, habituation, and eating in the absence of hunger in children with loss 
of control eating and attention-deficit/hyperactivity disorder. Int. J. Eat. Disord. 51 
(3), 223–232. https://doi.org/10.1002/eat.22821. 

Horsager, Christina, Færk, Emil, Gearhardt, Ashley N., Lauritsen, Marlene Briciet, e Søren 
Dinesen Østergaard., 2022. Food addiction Comorbid to mental Disorders in 
adolescents: a Nationwide survey and register-based study. Eating and Weight 
Disorders - Studies on Anorexia, Bulimia and Obesity 27, n. 3, 945–959. https://doi. 
org/10.1007/s40519-021-01212-6. 

Hudson, J.I., Hiripi, E., Pope, H.G., Kessler, R.C., 2007. The prevalence and correlates of 
eating disorders in the national comorbidity survey replication. Biol. Psychiatry 61 
(3), 348–358. https://doi.org/10.1016/j.biopsych.2006.03.040. ISSN 0006-3223,.  
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Maximum downward slope of sleep slow waves as a potential marker of 
attention-deficit/hyperactivity disorder clinical phenotypes 
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A B S T R A C T   

Background: Attention-Deficit/Hyperactivity Disorder (ADHD) is a highly heterogeneous diagnostic category, 
encompassing several endophenotypes and comorbidities, including sleep problems. However, no predictor of 
clinical long-term trajectories or comorbidity has yet been established. Sleep EEG has been proposed as a po-
tential tool for evaluating the synaptic strength during development, as well as the cortical thickness, which is 
presumed to be altered in ADHD. We investigated whether the slope of the Slow Waves (SWs), a microstructural 
parameter of the sleep EEG, was a potential predictive parameter for psychiatric comorbidities and neuropsy-
chological dimensions in ADHD. 
Methods: 70 children (58 m; 8.76 ± 2.77 y) with ADHD who underwent psychiatric and neurologic evaluations 
and a standard EEG recording during naps were investigated. After sleep EEG analysis, we grouped the extracted 
SWs in bins of equal amplitude and then measured the associations, through generalized linear regression, be-
tween their maximum downward slopes (MDS) and the individual scores obtained from clinical rating scales. 
Results: The presence of Multiple Anxiety Disorders was positively associated with MDS of medium amplitude 
SWs in temporo-posterior left areas. The Child Behavior Checklist scores showed negative associations in the 
same areas for small SWs. The presence of autistic traits was positively associated with MDS of high amplitude 
SWs in bilateral anterior and temporal left areas. The WISC-IV Processing Speed Index showed negative asso-
ciations with MDS of small-to-medium SWs in anterior and temporal right areas, while positive associations in 
posterior and temporal left areas. 
Conclusions: Consistency of association clusters’ localization on the scalp suggests that variations in the local 
MDS, revealing alterations of local synaptic strength and/or in daytime use of certain cortical circuits, could 
underlie specific neurodevelopmental trajectories resulting in different ADHD clinical phenotypes.   

1. Introduction 

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neuro-
developmental disorder defined by a persistent pattern of inattention 
and/or hyperactivity-impulsivity that interferes with functioning or 
development (American Psychiatric Association, 2013). Despite the 
worldwide prevalence rate of about 5.3% (Polanczyk et al., 2007), and 

the well-known executive functioning deficits (Faraone et al., 2015), 
ADHD remains a heterogeneous diagnostic entity, both from a clinical 
and a neuropsychological point of view, and has unpredictable and 
widely different outcomes, including a high risk of psychiatric comor-
bidities (Franke et al., 2018; O’Neill et al., 2017). These include oppo-
sitional defiant and conduct disorders, mood and anxiety disorders, and 
substance use disorder (Biederman et al., 2008; Donfrancesco et al., 
2011; Marangoni et al., 2015). Neurodevelopmental disorders, such as 
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specific learning disabilities, developmental coordination disorder, in-
tellectual disability, tic disorders, and autism spectrum disorder (ASD) 
are also common comorbidities (Thapar and Cooper, 2016). Further-
more, ADHD is strongly correlated with Sleep Disorders (Cortese, 2015; 
Gregory et al., 2017), with a prevalence of up to 70% (Sung et al., 2008), 
which explains why the most recent research is addressing ADHD as a 
“24-h disorder” (Becker, 2020), where ADHD fosters the disordered 
sleep and sleep deprivation may worsen ADHD symptoms. Despite these 
extremely high comorbidity rates, however, no predictors of clinical 
long-term trajectories or comorbidity have been established yet (Luo 
et al., 2019). 

Overall, structural imaging studies show that pre-pubertal children 
with ADHD have a delay in the achievement of peak values of cortical 
thickness (CT), followed by a steeper and greater reduction during 
adolescence, particularly in the frontal, parietal and temporal areas 
(Shaw et al., 2007). Moreover, resting-state functional MRI studies in 
ADHD have shown a lower connectivity within the Default Mode 
Network and the fronto-striatal circuits regulating cognitive and moti-
vational loops (Faraone et al., 2015). The concurrence of alterations in 
CT and brain connectivity, together with the deficits in executive and 
cognitive functions and the high prevalence of sleep disorders, has been 
the theoretical basis for the development of a research line investigating 
the sleep EEG Slow Wave activity (SWA) in ADHD (Scarpelli et al., 
2019). Slow waves (SWs) are indeed an established sleep EEG marker of 
neural plasticity and maturation, as well as of cognition, synaptic 
strength and sleep quality (Cirelli and Tononi, 2019). They are produced 
by the joint, synchronized, and oscillating activity of thalamic and 
cortical neurons during NREM sleep (Steriade et al., 2001; Tononi and 
Cirelli, 2014). The SWA results, at the scalp level, from the synchroni-
zation of the EEG SWs across large neuronal populations and represents 
the power spectrum in the 0.5–4 Hz range. SWA is directly proportional 
to SWs’ magnitude and incidence over time (Riedner et al., 2007). Since 
SWs are produced by the synchronized activity of cortical neuronal 
networks, their amplitudes and slopes are directly related to the un-
derlying synaptic strength (Massimini et al., 2004; Tononi and Cirelli, 
2014). Further studies have also shown that, in healthy subjects, the 
developmental trajectories of the SWA are correlated to those of the CT 
(Cirelli and Tononi, 2019; Feinberg and Campbell, 2013; Goldstone 
et al., 2018). In addition, a recent meta-analysis has confirmed that, also 
in ADHD, the SWA development parallels the course of CT (Biancardi 
et al., 2021), and some studies have already proven a direct link between 
SWA development alterations and neuropsychological deficits in ADHD 
(Furrer et al., 2019; Prehn-Kristensen et al., 2013; Ringli et al., 2013). 

However, multiple EEG studies (Esser et al., 2007; Jaramillo et al., 
2020; Riedner et al., 2007) have shown that a more detailed approach to 
the analysis of the SWs is to evaluate their slope, particularly the 
Maximum Downward Slope (MDS). MDS appeared to be the most direct 
measure of synaptic strength (Jaramillo et al., 2020), although clinical 
studies using this parameter are still widely lacking. 

In this study, we have investigated whether the MDS of sleep EEG 

SWs in a sample of children with ADHD were associated with both 
psychiatric comorbidities and neuropsychological dimensions, with the 
aim of establishing electrophysiological biomarkers that could help 
disentangle the heterogeneity of ADHD. 

2. Methods and materials 

2.1. Subjects 

The initial clinical sample consisted of 449 children who had 
received a diagnosis of ADHD (combined presentation or predominantly 
hyperactive-impulsive presentation) at the Stella Maris Foundation, 
from January 1999 to January 2020. The children that underwent, in the 
same period, both a neuropsychiatric evaluation and a sleep EEG 
recording were included in the study. Exclusion criteria were instead the 
presence of epilepsy, known genetic syndromes, moderate or severe 
prematurity at birth, intellectual disability. Patients were also excluded 
if they did not reach the NREM3 sleep phase during the EEG recording, 
or if data on the pharmacologic therapy at the time of the EEG acqui-
sition were unavailable. After this selection process, only 70 children (58 
boys and 12 girls aged 3–17 y; mean age 8.76; SD 2.77) were included in 
the second part of the study. 

2.2. Clinical data analysis 

Medical records were analyzed to look for psychiatric comorbidities, 
clinical rating scales, and neuropsychological outcomes of ADHD. The 
clinical variables revealing psychiatric comorbidities, as described in the 
DSM-5, were the following: Language Disorder, Specific Learning Disorder, 
Autism Spectrum Disorder (ASD), Disruptive-Impulse-Control-Conduct Dis-
orders, Bipolar and Depressive Disorders, Anxiety Disorders, namely Sepa-
ration Anxiety Disorder, Social Anxiety Disorder, Panic Disorder or 
Generalized Anxiety Disorders. Anxiety disorders were further divided 
into the presence of a single anxiety disorder, or the presence of multiple 
comorbid anxiety disorders, which we named Multiple Anxiety Disor-
ders (MAD) (Masi et al., 2012). We created a category labeled “Autistic 
Traits”, which included the patients who had received the diagnosis of 
Social (Pragmatic) Communication Disorder or were labeled by clini-
cians as presenting frank autistic traits but did not receive the diagnosis 
of ASD. The clinical variables that represented the results of standard-
ized questionnaires derived from the following scales: Child Behavior 
Checklist for children (CBCL, 52/70 patients) (Achenbach, 2001) and 
Conners’ Parent Rating Scale-Revised (CPRS-R, 47/70 patients) (Con-
ners Multi-Health Systems Inc, 2001). Both questionnaires are widely 
validated as support tools in the diagnosis of ADHD and its comorbidities 
(Chang et al., 2016). As for the CBCL/6–18, based on previous works on 
psychiatric symptoms in ADHD (Biederman et al., 2005), we extracted 
data from the broad scores, namely “Internalizing Problems”, “External-
izing Problems”, “Total Problems”, and from the syndrome specific scores, 
namely “Anxious/Depressed”, “Withdrawn/Depressed”, “Somatic 

Abbreviations 

AAA = Anxious/Depressed, Aggressive Behavior, Attention 
Problems 

AASM = Academy of Sleep Medicine 
ADHD = Attention-Deficit/Hyperactivity Disorder 
ASD = Autism Spectrum Disorder 
CBCL = Child Behavior Checklist 
CPRS-R = Conners’ Parent Rating Scale - Revised 
CT = Cortical Thickness 
DSM = Diagnostic and Statistical Manual of Mental Disorders 
ECG = electrocardiogram 

EEG = Electroencephalogram 
EMG = electromyogram 
HD-EEG = High Density - EEG 
ICA = independent component analysis 
MAD = Multiple Anxiety Disorders 
MDS = Maximum Downward Slope 
MNEGP = Maximal Negative Peak Amplitude 
NREM = Non-Rapid Eye Movement 
PSI = Processing Speed Index 
SW = Slow Wave 
SWA = Slow Wave Activity 
WISC-IV = Wechsler Intelligence Scale for Children - Fourth Edition  
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Complaints”, “Social Problems”, “Thought Problems”, “Attention Problems”, 
“Rule-Breaking Behavior”, “Aggressive Behavior”. About CBCL/6–18, the 
profiles relating to Emotional Dysregulation, the Deficient Emotional 
Self-Regulation profile, and the Dysregulation Profile were also calculated, 
starting from the AAA (Anxious/Depressed, Aggressive Behavior, Attention 
Problems) subscales (Masi et al., 2015). The scores from all the CPRS-R 
scales were evaluated. We also included the outcomes of the Wechsler 
Intelligence Scale for Children - Fourth Edition (WISC-IV, 21/70 pa-
tients) and covered the following indexes: Full Scale IQ, Verbal Compre-
hension Index, Visual Spatial Index, Fluid Reasoning Index, Working 
Memory Index, and Processing Speed Index (PSI). 

2.3. Sleep EEG signal processing 

Sleep recordings were obtained during daytime naps, through a 
digital video-EEG-polysomnographic system (Grass Technologies, 
Rhode Island, United States; Micromed, Mogliano Veneto, Italy) (EEG 
durations are reported in Table 1). Parents were instructed to partially 
reduce the sleep of their children to 4–5 h the night before the EEG 
recording. Polysomnographic measurements included 19 EEG elec-
trodes in a standard 10–20 montage (reference based on average of 
derivations), deltoid muscle surface electromyogram (EMG), and elec-
trocardiogram (ECG). EEG signals were sampled at 200 Hz. Sleep re-
cordings were scored by a trained scorer according to the American 
Academy of Sleep Medicine (AASM) standardized criteria (Iber et al., 
2007). Alice Sleepwear software was used for manual visual 
epoch-by-epoch scoring on 30s-long segments of neurologic layout of 
EEG channels. EEG recordings were analyzed using the EEGLAB toolbox 
(Delorme and Makeig, 2004) and custom scripts in MATLAB (The 
MathWorks Inc., Natick, MA) for removing artifacts and non-related 
neurophysiological activities (e.g., paroxysmal abnormalities). First, 
the sampled EEG signal was high-pass filtered (cut-off = 0.3 Hz) and 
band-pass filtered (band = 0.5–40 Hz). Sleep epochs were further 
filtered through visual inspection to remove persistent gross artifacts. In 
this phase, each epoch was subdivided into five sub-epochs of 6 s for a 
finer examination. Subsequently, an independent component analysis 
(ICA) was performed on filtered sleep data to isolate possible 
non-cerebral signal sources (e.g., eye blinks or muscle activity) (Delorme 
et al., 2007). EEG signals (i.e., the SWA) were also classified according to 
their site predominance on the anterior (Fp2, F4, Fp1, F3), central (C3, 
C4, Fz, Cz), posterior (P4, O2, P3, O1, Pz, Oz), and temporal (F8, T4, T6, 
F7, T3, T5) brain regions, and as left-sided, right-sided, or bilateral. 

2.4. Computation of slow waves’ slope 

Sleep SWs were automatically detected for each recording channel 
by means of a custom script, based on algorithms previously validated 
(Cucchiara et al., 2020; Riedner et al., 2007). In particular, 
high-frequency artifacts and background noise were preliminarily 
removed from each individual signal through a Chebyshev Type II filter 
(band-pass = 0.5–10 Hz, stopband: 0.1 and 15 Hz) to facilitate detection, 

while achieving minimal wave shape and amplitude distortion. Positive 
and negative zero-crossings were identified on the filtered signal, as 
points where the signal passes the 0 V line from negative values to 
positive ones, and from positive values to negative ones, respectively. 
Positive signal deflections present an excessive degree of variability 
compared to the quite stable negative deflections (Riedner et al., 2007). 
Therefore, we focused only on detecting negative half-waves. Negative 
half-waves were defined as negative deflections between two consecu-
tive zero-crossings (Mölle et al., 2002). Furthermore, a slow oscillation 
was defined as a negative half-wave of at least 125 ms and at most 1 s 
duration, within NREM2 and NREM3 sleep phases (Massimini et al., 
2004). We did not set any arbitrary amplitude threshold for the detec-
tion, following the approach of other authors in recent works (Riedner 
et al., 2007; Cucchiara et al., 2020). We checked the goodness of the 
half-waves detection through visual inspection. An example is shown in 
Fig. 1. 

We stored several wave parameters already known in literature 
(Massimini et al., 2004). The maximal negative peak amplitude 
(MNEGP) for a single half-wave was defined as the maximum negative 
value among the half-wave’s peak amplitudes, considering the existence 
of multi-peak half-waves. Peaks and troughs were identified as 
zero-crossings of the signal derivative, filtered with a moving average of 
0.025 s window. Maximum Downward Slope (MDS) for each half-wave 
was computed as the maximum of the signal derivative following the 
negative zero crossing but preceding the most negative peak (see Fig. 1). 
We subdivided the sample of detected half-waves showing an absolute 
MNEGP inferior or equal to 100 μV (being − 100 μV roughly the 2.5th 
percentile of the MNEGP distribution) into ten bins of 10 μV, to assess 
whether the MDS of SWs of different amplitudes were associated to 
different clinical traits. In each half-waves’ subgroup, we computed the 
mean of their MDS values, for each participant and each channel. We 
defined also an MDS phase (MDSP) as the time lag of the MDS point of 
the wave with respect to the initial zero-crossing, this being the starting 
point of the half-wave, as illustrated in Fig. 1. The mean value of the 
MDSP in each half-waves’ subgroup was computed for each participant 
and each channel. 

2.5. Statistical analysis 

Statistical analyses were conducted in RStudio (RStudio Team, 
2020), with the objective of assessing statistical associations between 
the chosen EEG microstructural measures (i.e., mean MDS) and the 

Table 1 
Sleep/wake durations. Data of wake and sleep durations (n = 70 
patients). Nine subjects did not have NREM1 sleep stage, one did not 
have NREM2 sleep stage, six did not have NREM3 sleep stage. None 
of the subjects presented REM sleep stage. Min, minutes; NREM, 
nonrapid eye movement; SEM, standard error of the mean; IQR, 
inter-quartile range.   

Median (IQR) 

Total time in bed [min] 35.90 (17.55) 
Waking time [min] 8.50 (18.25) 
Complete NREM time [min] 24.90 (8.98) 
NREM1 time [min] 1.40 (2.43) 
NREM2 time [min] 9.20 (6.65) 
NREM3 time [min] 15.40 (11.93)  

Fig. 1. Slow wave detection and Maximum Downward Slope. Plot of a 
sleep EEG segment reported in black. A detected half-slow wave is highlighted 
with a thicker black line. Half-waves were defined as negative deflections be-
tween two consecutive zero-crossings. Slow waves were automatically detected 
using MATLAB script (see the text for details). The signal derivative is the 
dashed black line. The red, vertical segment with a final red star remarks the 
wave point where the maximum downward slope (MDS) occurs. The MDS point 
is defined as the point of maximal derivative of the half-wave signal. The 
dashed, red line is the tangent to the curve at the MDS point, i.e., the slope. The 
MDS phase is defined as the time lag between the starting point of the half-wave 
and the MDS point occurrence (double arrow-segment). 
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clinical scores, considering the former as independent variables and the 
latter as dependent variables. 

First, we measured associations between the mean MDS in each 
amplitude bin and the presence/absence of comorbidities with psychi-
atric and/or neurodevelopmental disorders, via a logistic regression 
model. We then measured the associations between the EEG variable 
and the results of the CBCL, CPRS-R, and WISC-IV assessments. For these 
clinical variables, a linear regression model was employed. Due to the 
small number of patients with available CBCL 1½-5 questionnaire (n =
6), these variables were not included in the analysis. Age, sex, and 
psychopharmacotherapy were considered as potential confounders in 
each model (see Supplementary Material – Table S1 – for a statistical 
analysis of the influence of these variables on the amplitude of the 
detected SWs). To minimize the false positives rate, the following non- 
parametric procedure was devised (Nichols and Holmes, 2002). We 
randomly generated 2000 rearrangements of the original dependent 
variable observations. Beta regression coefficients were re-computed at 
each iteration of the procedure, for each permuted variable. This 
allowed us to evaluate the sampling distribution of the estimators of 
regression coefficients under the null hypothesis. The 97.5th and 2.5th 
percentiles of this distribution were used as critical values for a 
two-sided test of the estimated coefficients. We evaluated potential 
clusters of associations on the scalp by selecting only the groups of 
channels consisting of more than two contiguous electrodes with sig-
nificant betas (bootstrap-based p < 0.05). This threshold was justified by 
recent results on cluster-size thresholding algorithms implemented 
elsewhere to correct for multiple comparisons (Bernardi et al., 2015). 
We further selected only channels presenting significance for at least 
two consecutive amplitude bins, to consider only consistent associations 
and to avoid isolated ones, which are likely non-physiological. The same 
statistical analysis has been conducted on the mean MDSP to find clus-
ters of associations with the clinical scores. 

3. Results 

3.1. Slow waves amplitudes and slopes 

The median MNEGP of the detected SWs, across subjects and chan-
nels, was − 26.98 μV, with an interquartile range of 26.96 μV. Most of 
the MNEGP distribution (Fig. 2) laid in the interval (− 100, 0 μV), being 
− 100 μV roughly the 2.5th percentile. After the subdivision of this in-
terval in 10 equal bins, we obtained the mean MDS values, which me-
dian and interquartile range across all the subjects and channels are 
reported in Table 2, for each MNEGP bin. Fig. 3 illustrates, as an 
example, the observed distributions across subjects of the mean MDS for 
SWs in the absolute MNEGP subgroup (40–50) μV, for each EEG channel. 

3.2. Associations MDS-clinical scores 

We report in this section the significant cluster of associations be-
tween the clinical scores and mean MDS, respecting the prerequisites of 
consistency across bins and contiguity on the scalp. The topography of 
these clusters is illustrated in the scalp maps of Figs. 4–6. P-values and R2 

for significant associations are reported in Tables 3.1–3.9. Plots of the 
beta regression coefficients can be found in Supplementary Material 
(Figs. S1–S28), which also contains the results of the statistical analysis 
conducted on the mean MDSP (Tab. S2.1-S2.3 for regression values, 
Figs. S29–S31 for scalp maps of associations). This latter analysis pro-
duced significant clusters of associations only for the CPRS-R ADHD 
index, and the CBCL/6–18 scales “Somatic complaints” and “Externalizing 
problems”, thus the MDSP resulted less powerful than the MDS as a 
predictor of comorbidity and neuropsychological profile. We therefore 
will discuss here only results concerning the MDS. 

3.2.1. Comorbidities 
With regards to comorbidities (Fig. 4), a positive association was 

found between comorbid Multiple Anxiety Disorders and the mean MDS in 
channels T5, P3, O1 for MNEGP in (50–60) μV (Tab. 3.1); positive as-
sociations between Autistic Traits and the mean MDS in channels Fp1, 
Fp2, F7 for MNEGP in (50–60) μV and in (60–70) μV, in channels Fp1, 
F7, T3, T5 for MNEGP in (80–90) μV, in channels Fp1, F7, T3 for MNEGP 
in (90–100) μV (Tab. 3.2). 

3.2.2. CBCL/6–18 questionnaires 
With regards to the CBCL questionnaires (Fig. 5), negative associa-

tions were found between the CBCL/6–18 scale “Internalizing problems” 
and the mean MDS in channels F7, T3, T5 for MNEGP in (0–10) μV, in 
channels F7, T3, C3, T5, P3 for MNEGP in (10–20) μV, in channels T3, 
C3, T5, P3, Pz for MNEGP in (20–30) μV, in channels C3, T5, P3, Pz for 
MNEGP in (30–40) μV (Tab. 3.3); negative associations between the 
CBCL/6–18 scale “Withdrawn/depressed” and the mean MDS in channels 
T3, T5, P3 for MNEGP in (0–10) μV, in channels C3, T3, T5, P3 for 
MNEGP in (10–20) μV and in (20–30) μV (Tab. 3.4); negative associa-
tions between the CBCL/6–18 scale “Somatic complaints” and the mean 
MDS in channels T3, C3, T5, P3 for MNEGP in (10–20) μV and in (20–30) 
μV (Tab. 3.5); negative associations between the CBCL/6–18 scale 
“Externalizing problems” and the mean MDS in channels T3, T5, P3, Pz for 
MNEGP in (10–20) μV and in (20–30) μV (Tab. 3.6); negative associa-
tions between the CBCL/6–18 scale “Aggressive Behavior” and the mean 
MDS in channels T3, C3, T5, P3 for MNEGP in (10–20) μV and in (20–30) 
μV (Tab. 3.7); negative associations between the CBCL/6–18 scale “Total 
problems” and the mean MDS in channels T3, T5, P3, Pz for MNEGP in 
(10–20) μV and in (20–30) μV (Tab. 3.8). 

3.2.3. CPRS-R questionnaires 
No significant, consistent clusters of associations were found 

Fig. 2. MNEGP histogram. Distribution of maximum negative peak ampli-
tudes (MNEGP) of detected slow waves for all the participants and all the 
channels. The dashed line refers to the 2.5th percentile (− 104.97 μV). Note that 
waves with MNEGP lower than − 300 μV were cropped. 

Table 2 
Mean MDS. Median values and interquartile ranges (IQR) of the mean 
Maximum Downward Slope (MDS), across all subjects and channels, reported for 
each bin of maximum negative peak amplitudes (MNEGP, reported in absolute 
values).  

MNEGP [μV] MDS median [μV/s] MDS IQR [μV/s] 

(0–10) 285.64 68.78 
(10–20) 425.19 97.94 
(20–30) 574.79 107.18 
(30–40) 732.23 113.46 
(40–50) 888.92 124.93 
(50–60) 1044.35 153.56 
(60–70) 1189.46 169.95 
(70–80) 1333.95 219.29 
(80–90) 1485.43 278.05 
(90–100) 1620.06 326.49  
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between CPRS-R questionnaires and the mean MDS. 

3.2.4. WISC-IV assessment 
The WISC-IV assessment (Fig. 6) showed negative associations be-

tween the Processing Speed Index and the mean MDS in channels F4, F8, 
C4, T4 for MNEGP in (0–10) μV, in channels Fp2, F4, F8, C4, T4, T6 for 
MNEGP in (10–20) μV and in (20–30) μV; positive associations between 
the Processing Speed Index and the mean MDS in channels C3, T5, P3 for 
MNEGP in (30–40) μV and in (40–50) μV (Tab. 3.9). 

4. Discussion 

Our working hypothesis was that a particular feature of the sleep 
EEG microstructure, namely the SWs’ slope, might represent a potential 
biomarker of psychiatric comorbidities and neuropsychological di-
mensions in children with ADHD. To explore this hypothesis, we have 
extracted the SWs’ features from a sample of 70 ADHD children. They 
displayed a male/female ratio and a comorbidity rate equivalent to 
those of recent literature (Banaschewski et al., 2018). We analyzed the 
standard EEG recordings during daytime naps after partial sleep depri-
vation and measured associations between the SWs’ mean MDS and a set 
of standard clinical scores via generalized linear regression models, 
including age, sex, and psychopharmacotherapy as potential 
confounders. 

The EEG signal analysis presented here suggests that children with 
ADHD and Multiple Anxiety Disorders (MAD) display greater synaptic 

strength in the left temporal and posterior areas (see Fig. 4). We also 
found potential indicators of greater synaptic strength in the anterior 
areas bilaterally and left fronto-temporal areas in children with ADHD 
and autistic traits (see Fig. 4). Moreover, we found potential indicators 
of weaker synaptic strength in central and posterior left areas in children 
with ADHD and higher CBCL/6–18 scores in the broad scores, and 
specifically in the subscales addressing depressive symptoms, somatic 
complaints and aggressive behaviors (see Fig. 5). Finally, we found 
potential indicators of weaker synaptic strength in anterior and tem-
poral right areas, and stronger synaptic strength in left central and 
temporo-posterior areas, in children with ADHD and higher Processing 
Speed Index scores (see Fig. 6). The CPRS-R questionnaires did not 
produce significant associations on the scalp. 

We decided to divide the SWs into distinct amplitude bins because 
different SWs’ amplitudes may underlie different electrophysiological 
activities. Jaramillo and colleagues (Jaramillo et al., 2020) have 
recently observed topographic variations with amplitude in the extent of 
SWs’ slope reduction during NREM night sleep of healthy subjects, 
plausibly indicating amplitude-dependent differences in the generation 
of SWs. The amplitude of a SW is determined by the synchronization rate 
of the underlying cortical neurons, namely by the amount of neurons 
that, in a specific area, are firing at the same time (Esser et al., 2007; 
Riedner et al., 2007; Vyazovskiy et al., 2007). Steep and high-amplitude 
SWs reflect an efficient neuronal synchronization that allows for a fast 
recruitment of a large number of neurons. In contrast, small SWs might 
reflect local events of tiny groups of neurons. In fact, large groups of 

Fig. 3. MDS distributions. Boxplots of distributions across subjects of the mean Maximum Downward Slope (MDS) for the slow waves of Maximum Negative Peak 
amplitude in the interval (40–50) μV. On the x-axis, corresponding channels of the 10–20 EEG montage are labeled. 

Fig. 4. Associations MDS - comorbidities. Topo-
graphical maps of significant association clusters on 
the representative scalp between the mean Maximum 
Downward Slope and the presence of clinical 
comorbidities. Color code refers to the standardized 
regression betas, rounded to − /+1 and interpolated 
for visual purposes: red for positive beta, blue for 
negative beta. A. Comorbid Multiple Anxiety Disor-
ders (MAD), in the absolute Maximum Negative Peak 
(MNEGP) interval (50–60) μV. Significant cluster: T5, 
P3, O1. B1. Comorbid Autistic Traits (AT), in the 
absolute MNEGP interval (50–60) μV. Significant 
cluster: Fp1, Fp2, F7. B2. Comorbid AT, in the abso-
lute MNEGP interval (60–70) μV. Significant cluster: 
Fp1, Fp2, F7. B3. Comorbid AT, in the absolute 
MNEGP interval (80–90) μV. Significant cluster: Fp1, 
F7, T3, T5. B4. Comorbid AT, in the absolute MNEGP 
interval (90–100) μV. Significant cluster: Fp1, F7, T3.   
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neurons will produce high-amplitude SWs even if not strongly con-
nected, while small groups of neurons, even if strongly bound by syn-
aptic connections, will produce low-amplitude SWs. For instance, 
high-amplitude SWs during NREM2 sleep may also be the so-called 
“K-complexes”. Differently from SWs of intrinsic cortical origin, how-
ever, K-complexes are less indicative of the synaptic strength of 
cortico-cortical connections (Riedner et al., 2007). By analyzing the 

MDS subdivided into bins of different amplitudes, we have therefore 
applied a strategy for estimating the synaptic strength of synchronized 
neurons, relatively less dependent on the sizes of the neuronal circuits 
generating the SW under examination. The presence of psychiatric 
comorbidities, namely MAD and Autistic Traits, was associated with 
MDS of SWs covering the higher portion of our experimental range of 
absolute amplitudes, i.e., plausibly produced by larger neuronal circuits. 

Fig. 5. Associations MDS - CBCL/6–18. Topographical maps of significant association clusters on the representative scalp between the mean Maximum Downward 
Slope and the scores at the Child Behavior Checklist (CBCL/6–18). Color code refers to the standardized regression betas, rounded to − /+1 and interpolated for visual 
purposes: red for positive beta, blue for negative beta. A1. CBCL/6–18 scale “Internalizing problems” (Cint), in the absolute Maximum Negative Peak (MNEGP) interval 
(0–10) μV. Significant cluster: F7, T3, T5. A2. Cint, in the absolute MNEGP interval (10–20) μV. Significant cluster: F7, T3, C3, T5, P3. A3. Cint, in the absolute 
MNEGP interval (20–30) μV. Significant cluster: T3, C3, T5, P3, Pz. A4. Cint, in the absolute MNEGP interval (30–40) μV. Significant cluster: C3, T5, P3, Pz. B1. 
CBCL/6–18 scale “Withdrawn/depressed” (Cwd), in the absolute MNEGP interval (0–10) μV. Significant cluster: T3, T5, P3. B2. Cwd, in the absolute MNEGP interval 
(10–20) μV. Significant cluster: T3, C3, T5, P3. B3. Cwd, in the absolute MNEGP interval (20–30) μV. Significant cluster: T3, C3, T5, P3. C1. CBCL/6–18 scale 
“Somatic complaints” (Csc), in the absolute MNEGP interval (10–20) μV. Significant cluster: T3, C3, T5, P3. C2. Csc, in the absolute MNEGP interval (20–30) μV. 
Significant cluster: T3, C3, T5, P3. D1. CBCL/6–18 scale “Externalizing problems” (Cest), in the absolute MNEGP interval (10–20) μV. Significant cluster: T3, T5, P3, 
Pz. D2. Cest, in the absolute MNEGP interval (20–30) μV. Significant cluster: T3, T5, P3, Pz. E1. CBCL/6–18 scale “Aggressive Behavior” (Cab), in the absolute MNEGP 
interval (10–20) μV. Significant cluster: T3, C3, T5, P3. E2. Cab, in the absolute MNEGP interval (20–30) μV. Significant cluster: T3, C3, T5, P3. F1. CBCL/6–18 scale 
“Total problems” (Ctot), in the absolute MNEGP interval (10–20) μV. Significant cluster: T3, T5, P3, Pz. F2. Ctot, in the absolute MNEGP interval (20–30) μV. 
Significant cluster: T3, T5, P3, Pz. 

Fig. 6. Associations MDS - WISC¡IV. Topograph-
ical maps of significant association clusters on the 
representative scalp between the mean Maximum 
Downward Slope and the scores at the Wechsler In-
telligence Scale for Children – Fourth Edition 
(WISC− IV). Color code refers to the standardized 
regression betas, rounded to − /+1 and interpolated 
for visual purposes: red for positive beta, blue for 
negative beta. A1. WISC− IV scale “Processing Speed 
Index” (PSI), in the absolute Maximum Negative Peak 
(MNEGP) interval (0–10) μV. Significant cluster: F4, 
F8, C4, T4. A2. PSI, in the absolute MNEGP interval 
(10–20) μV. Significant cluster: Fp2, F4, F8, C4, T4, 
T6. A3. PSI, in the absolute MNEGP interval (20–30) 
μV. Significant cluster: Fp2, F4, F8, C4, T4, T6. A4. 
PSI, in the absolute MNEGP interval (30–40) μV. 
Significant cluster: C3, T5, P3. A5. PSI, in the abso-
lute MNEGP interval (40–50) μV. Significant cluster: 
C3, T5, P3.   
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Table 3 
Regression R2. Regression R2 values for the significant associations (bootstrap-based p < 0.05) between the variable of clinical scores and mean Maximum Downward 
Slope (MDS), for slow waves’ Maximum Negative Peak amplitude (MNEGP) subdivided into ten bins (absolute values). McFadden pseudo-R2 was computed for binary 
variables, i.e., Comorbid Multiple Anxiety Disorders, Autistic Traits. In parentheses, we report the sign of the association betas. Bootstrap-based p-values, defined as the 
area under the curve of the permutation distribution of the statistics (Hanley and McNeil, 1982), by asterisk notation: * = p < 0.05, ** = p < 0.01, *** = p < 0.001. 
Channels on rows are separated by double lines in anterior, temporal, and posterior areas, from the left to the right hemisphere. Note that, in total, we computed 190 
p-values per each clinical variable. Of those, 5% are expected to be less than 0.05 by sheer chance. If one wanted to apply Bonferroni correction, each p-value should be 
compared with a reference value of 0.05/190 ≈ 0.00026.  

Table 3.1 Regression R2. Comorbid Multiple Anxiety Disorders.   

MNEGP [μV]   

(50–60) 

Channels 

T5 0.42 (+) ** 

P3 0.24 (+) ** 
O1 0.26 (+) *  

Table 3.2 Regression R2. Autistic Traits.   

MNEGP [μV]   

(50–60) (60–70) (80–90) (90–100) 

Channels 

Fp1 0.31 (+) ** 0.26 (+) * 0.34 (+) ** 0.33 (+) ** 
Fp2 0.35 (+) ** 0.30 (+) **   

F7 0.32 (+) ** 0.33 (+) *** 0.46 (+) *** 0.25 (+) * 
T3   0.41 (+) ** 0.28 (+) ** 
T5   0.31 (+) **   

Table 3.3 Regression R2. CBCL/6–18 scale “Internalizing problems”.   

MNEGP [μV]   

(0–10) (10–20) (20–30) (30–40) 

Channels 

C3  0.17 (− ) ** 0.16 (− ) ** 0.12 (− ) * 

F7 0.10 (− ) * 0.18 (− ) **   
T3 0.17 (− ) ** 0.23 (− ) *** 0.24 (− ) ***  
T5 0.20 (− ) ** 0.23 (− ) *** 0.23 (− ) *** 0.17 (− ) ** 

P3  0.20 (− ) *** 0.19 (− ) ** 0.18 (− ) ** 
Pz   0.13 (− ) * 0.12 (− ) *  

Table 3.4 Regression R2. CBCL/6–18 scale “Withdrawn/depressed”.   

MNEGP [μV]   

(0–10) (10–20) (20–30) 

Channels 

C3  0.13 (− ) ** 0.11 (− ) * 
T3 0.15 (− ) ** 0.20 (− ) ** 0.20 (− ) ** 
T5 0.21 (− ) ** 0.18 (− ) *** 0.23 (− ) *** 

P3 0.11 (− ) * 0.15 (− ) ** 0.14 (− ) **  

Table 3.5 Regression R2. CBCL/6–18 scale “Somatic complaints”.   

MNEGP [μV]   

(10–20) (20–30) 

Channels 

C3 0.27 (− ) * 0.26 (− ) * 
T3 0.28 (− ) ** 0.26 (− ) * 
T5 0.29 (− ) ** 0.30 (− ) ** 

P3 0.28 (− ) * 0.26 (− ) *  

Table 3.6 Regression R2. CBCL/6–18 scale “Externalizing problems”.   

MNEGP [μV]   

(10–20) (20–30) 

Channels 

T3 0.14 (− ) * 0.24 (− ) * 
T5 0.17 (− ) ** 0.23 (− ) * 

P3 0.18 (− ) ** 0.19 (− ) * 
Pz 0.19 (− ) ** 0.13 (− ) *  

Table 3.7 Regression R2. CBCL/6–18 scale “Aggressive Behavior”.   

MNEGP [μV]   

(10–20) (20–30) 

Channels 

C3 0.15 (− ) * 0.15 (− ) * 
T3 0.14 (− ) * 0.16 (− ) * 
T5 0.17 (− ) ** 0.16 (− ) * 

P3 0.17 (− ) ** 0.15 (− ) *  

Table 3.8 Regression R2. CBCL/6–18 scale “Total problems”.   

MNEGP [μV] 

(continued on next page) 
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Instead, the CBCL/6–18 and WISC-IV scores were associated with MDS 
of lower amplitude SWs, i.e., plausibly produced by smaller neuronal 
circuits. Furthermore, in this paper, unlike others focusing only on large 
synchronized global slow waves (Massimini et al., 2004), we did not set 
any arbitrary amplitude threshold for slow waves detection. This deci-
sion finds at least two grounds: i) thresholds set in adults could not be 
automatically applied to our sample of children; ii) local events would 
be neglected as their underlying electrophysiological processes possibly 
groups in two different clusters (type I and type II waves as described in 
(Siclari et al., 2014; Spiess et al., 2018). 

The causality link between these sleep EEG findings and the clinical 
features is difficult to establish. These results could indicate that a 
certain decrease or increase in synaptic strength in a given cortical area, 
respectively featured as a reduction or increase in the MDS, might un-
derlie specific clinical or neuropsychological dysfunction of ADHD. 
Alternatively, higher or lower MDS in certain brain areas may reflect an 
increased or reduced use of those areas during the day, as a consequence 
of the clinical and neuropsychological specificities that characterize the 
ADHD condition in children. Indeed, the massive use of a brain area 
during the day results in a greater amount and amplitude of sleep SWs in 
that area, especially in the first cycles and under sleep deprivation 
(Ferrarelli et al., 2019; Plante et al., 2016). These different in-
terpretations are not in opposition and could in fact reinforce each other. 
Taking MAD as an example, our results show a positive association with 
MDS in the left temporal and posterior areas for SWs of medium 
amplitude (50–60 μV). ADHD children with MAD might have a greater 
synaptic strength for medium-sized cortical circuits in those areas 
and/or they may overuse those circuits during the day, resulting in an 
increase in SWs’ activity and slope at night. Circuits with stronger 
synaptic connections, however, may themselves represent more sus-
ceptible areas for recruitment in brain processing of cognitive and 
behavioral functions, therefore further fostering synaptic strength 
through a mutually enhancing circle. Some authors (Almeida Montes 
et al., 2013) have also hypothesized that the increased synaptic density 
seen in the posterior brain areas of ADHD children may reflect a 
compensatory increased use of those areas, in order to overpower the 
reduced synaptic density in the prefrontal areas underlying the func-
tional deficits. 

Moreover, the presence of Autistic Traits in our ADHD cohort was 
positively associated with the MDS in clusters of bilateral anterior 
electrodes and left fronto-temporal areas. Importantly, these associa-
tions interested SWs of higher amplitudes (50–100 μV), i.e., larger 
neuronal circuits, with respect to the other neuropsychiatric dimensions. 

It is well known that the developmental trajectories of the SWA in 
neurotypical children follow the antero-posterior axis, and is strictly 
correlated to CT development (Cirelli and Tononi, 2019; Feinberg and 
Campbell, 2013; Goldstone et al., 2018). 

It is also well known that children with ADHD show a delay in the 
achievement of peak values of cortical thickness (CT) (Shaw et al., 
2007), and that the consequence of this is a delay in the process of SWA 
maturation over the antero-posterior axis. This fact has been confirmed 
by Ringli and coworkers (Ringli et al., 2013), who proved a relative 
increase in SWA distribution over the central areas in ADHD children, 
when compared to healthy controls, who, instead, show a relative in-
crease in SWA distribution over the frontal areas. In contrast, ASD 
children have shown an excess of SWA in prefrontal and frontal areas, 
compared to neurotypical children (Fauzan and Amran, 2015). A 
possible interpretation of our finding could therefore be that the ADHD 
patient with autistic traits ranks intermediate between the sole ADHD 
and the ASD conditions, with regards to SWA and synaptic density in 
anterior areas, and this could explain the positive association between 
the presence of autistic traits and the MDS in clusters of bilateral anterior 
electrodes and left fronto-temporal areas. A relative overuse of large 
circuits in antero-temporal areas might also be a distinctive feature of 
ADHD patients with autistic traits, helping them compensate for their 
pragmatic deficits that accompany the analysis of social inputs. A future 
confrontation with neurotypical children could be of great use in 
investigating this interpretation. 

Significant clusters of negative associations between the MDS and 
the CBCL/6–18 broad score “Internalizing Problems” moved from elec-
trodes covering the left temporal areas to electrodes in left central, left 
temporo-posterior, and midline posterior areas for increasing absolute 
MNEGP in (0–40 μV). When looking, in particular, at the syndrome 
subscales “Withdrawn/Depressed” and “Somatic Complaints”, significant 
negative associations were consistently observed with low amplitude 
SWs’ slopes in the cluster of channels T3, T5, C3, P3. Interestingly, some 
studies (Armitage et al., 2001, 2002) have shown a lower sleep delta 
power and functional connectivity in youth with MDD. Same associa-
tions on the scalp (T3, T5, C3, P3) for the same SWs’ amplitude interval 
(10–30 μV) were obtained for the CBCL/6–18 subscale “Aggressive 
Behavior”, among the “Externalizing Problems”. Then, both the broad 
scores “Externalizing Problems” and “Total problems” were significantly 
and negatively associated with the MDS of SWs of amplitude range 
(10–30 μV) from a specific cluster of temporal and posterior electrodes 
(T3, T5, P3, Pz). Therefore, a weaker MDS in sleep EEG, signaling 
weaker synaptic strengths and/or daytime underuse of small (i.e., low 

Table 3 (continued ) 

Table 3.8 Regression R2. CBCL/6–18 scale “Total problems”.   

MNEGP [μV]   

(10–20) (20–30) 

Channels 

T3 0.16 (− ) ** 0.18 (− ) ** 
T5 0.18 (− ) ** 0.17 (− ) ** 

P3 0.16 (− ) ** 0.16 (− ) * 
Pz 0.14 (− ) * 0.14 (− ) *  

Table 3.9 Regression R2. WISC− IV scale “Processing Speed Index”.   

MNEGP [μV]   

(0–10) (10–20) (20–30) (30–40) (40–50) 

Channels 

C3    0.37 (+) * 0.38 (+) ** 
Fp2  0.32 (− ) * 0.36 (− ) *   
F4 0.43 (− ) ** 0.55 (− ) *** 0.67 (− ) ***   
C4 0.54 (− ) *** 0.54 (− ) *** 0.42 (− ) **   

T5    0.40 (+) * 0.34 (+) * 
F8 0.43 (− ) ** 0.42 (− ) ** 0.39 (− ) **   
T4 0.33 (− ) * 0.45 (− ) ** 0.38 (− ) **   
T6  0.42 (− ) ** 0.34 (− ) **   

P3    0.44 (+) * 0.52 (+) **  
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amplitude SW-generating) cortical circuits in left temporal and posterior 
areas, may inform of specific ADHD profiles characterized by worse 
psychological symptoms, especially psychosomatic and depressive ones, 
as well as behavioral issues emerging from the CBCL/6–18 
questionnaire. 

Unexpectedly, we found no significant associations between the 
CPRS-R scores and the mean MDS. This lack of association might be due 
to a relative clinical homogeneity of our sample of patients, all sharing a 
diagnosis of ADHD. Future studies comparing ADHD children with 
healthy control groups will help further investigate this feature. 

Further remarkable results concerned a significant negative associ-
ation between the Processing Speed Index and the MDS (0–30 μV) in a 
large cluster of anterior and temporal right areas, and a positive asso-
ciation between the same score and the MDS (30–50 μV) for a small 
cluster of left central and temporo-posterior electrodes. These results 
suggest that PSI scores might be linked with increased or reduced syn-
aptic strength and/or daytime overuse or underuse of small-to-medium 
cortical circuits in left or right cortical areas, respectively. Deficits in 
WISC-IV PSI have been shown to be highly specific for ADHD, even 
when compared to other psychiatric diseases (Martiny et al., 2020; Walg 
et al., 2017), and to be predictive of social failure during adolescence 
(Thorsen et al., 2018). The strong lateralized association of brain con-
nectivity and PSI seen in our ADHD sample may therefore represent a 
possible biomarker for a neurophysiological-based approach to disease 
prognosis. 

Possible limitations of this work are the following. First, our EEG 
analysis was based on an average of 24.89 ± 0.78 min of sleep recording 
because of limitations pertaining to the nature of the sample. A full-night 
analysis might differentiate between the sleep deprivation effect on the 
first cycles of sleep and the effect of the underlying neurodevelopment. 
However, every patient underwent the same acute sleep deprivation. 
Second, our study was retrospective and thus carries all the flaws of this 
study design. To tackle this issue, we used strict inclusion criteria to 
collect samples as homogeneous as possible, and excluded all the pa-
tients that had insufficient clinical data. Third, we did not get the data 
from High Density – EEG (HD-EEG) recordings and analyses, therefore 
our cluster resolution was ultimately low. However, to limit false posi-
tives, we performed a cluster analysis of 3 or more adjacent electrodes, 
extracting results from relatively wide areas of the cortex. Further HD- 
EEG investigations will help confirm or possibly refine our results, 
such as providing a more detailed outline on the scalp of the specific 
associations with differential aspects of the CBCL syndrome scales. This 
might be integrated with a finer analysis of the slope at low amplitudes. 

Taken together, our results put forward the idea that variations in the 
local MDS, revealing alterations of local synaptic strength and/or in 
daytime use of certain cortical circuits, could underlie specific neuro-
developmental trajectories resulting in different clinical phenotypes of 
ADHD. Furthermore, as associations were amplitude-specific, circuits of 
different sizes involved in the production of sleep SWs might bring 
different information about the associated clinical profiles and hence 
constitute distinct markers. The analysis of the SWs’ slope, through sleep 
EEG, can therefore be an adjunctive parameter for research in ADHD, 
and a promising and very detailed prognostic tool, especially for 
featuring the large number of different endophenotypes, comorbidities, 
and neuropsychological profiles characterizing this disorder (Bana-
schewski et al., 2018). Although these electrophysiological findings 
cannot yet address specific therapeutic strategies, the emergence of new 
treatments, such as the neurofeedback techniques that modulate the 
electroencephalographic waves, may represent an important resource 
for obtaining innovative, non-pharmacological, precision medicine in-
terventions, that can at least be part of the broader multimodal 

therapeutic approach in ADHD (Holtmann et al., 2014). Future research 
with larger samples, healthy controls, higher EEG resolution, and longer 
sleep recordings will help achieve more detailed and robust findings that 
could help prevent the neuropsychiatric consequences of the disorder. 
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Reduced motor planning 
underlying inhibition of prepotent 
responses in children with ADHD
Irene Valori1, Letizia Della Longa1, Alessia Angeli2, Gustavo Marfia3 & Teresa Farroni1,4*

To flexibly regulate their behavior, children’s ability to inhibit prepotent responses arises from 
cognitive and motor mechanisms that have an intertwined developmental trajectory. Subtle 
differences in planning and control can contribute to impulsive behaviors, which are common in 
Attention Deficit and Hyperactivity Disorder (ADHD) and difficult to be assessed and trained. We 
adapted a Go/No-Go task and employed a portable, low-cost kinematic sensor to explore the different 
strategies used by children with ADHD or typical development to provide a prepotent response 
(dominant condition) or inhibit the prepotent and select an alternative one (non-dominant condition). 
Although no group difference emerged on accuracy levels, the kinematic analysis of correct responses 
revealed that, unlike neurotypical children, those with ADHD did not show increased motor planning 
in non-dominant compared to dominant trials. Future studies should investigate whether motor 
control could help children with ADHD compensate for planning difficulties. This strategy might 
make inhibition harder in naturalistic situations that involve complex actions. Combining cognitive 
and kinematic measures is a potential innovative method for assessment and intervention of subtle 
differences in executive processes such as inhibition, going deeper than is possible based on accuracy 
outcomes alone.

Performing cognitive operations and motor actions can be considered two faces of the same coin, as they vastly 
rely on shared mechanisms that allow us to produce appropriate responses with respect to goals and  context1. 
All relevant processes specialize with age, with motor and cognitive development being closely connected and 
inter-related in a dynamic process of exploring and adjusting to the demands of the external physical and social 
 environment2. Although cognitive and motor difficulties often co-occur in neurodevelopmental conditions and 
have been extensively studied as separate  processes3,4, their common underlaying mechanisms are still to be 
furthered. We strongly believe that an integrated approach will provide a more complete understanding of the 
interplay between low-level sensorimotor processes and high-level executive functioning. Indeed, executive 
functions are those top-down processes (i.e., working memory, inhibition, shifting) that enable people to plan, 
monitor and control sensorimotor, socio-affective and cognitive processes, being fundamental to mental and 
physical  wellbeing5. Among these functions, the ability to inhibit automatic and highly probable responses, and 
let less probable alternatives successfully compete for control of cognition and behaviors, ensures that we are 
flexible and open to learning from the surrounding  environment6.

Different paradigms are commonly used to measure the inhibition of prepotent responses (e.g., Stroop, 
Stop-signal and Go/No-Go tasks), with diverse versions that rely on mainly cognitive processes or entail varying 
degrees of motor components, and activate both distinct and shared neural  areas7,8. For instance, cognitive inhibi-
tion of prepotent responses is conceived as the ability to focus on the task and ignore irrelevant distractors, as in 
the case of reading the word “blue” written in red ink. The motor component comes into play when the response 
requires some sort of movement (from pressing a button to reaching a target), which sometimes has to be volun-
tarily stopped before or during its  execution7. Usually, these motor executions are not main targets of study, as 
they are considered only a way to obtain from individuals a response that is believed to reflect certain cognitive 
mechanisms. However, the very planning of this motor response could reveal important information about the 
processes at play. Thus, a deeper understanding of motor responses in cognitive tasks needs an improved con-
sideration, leading to a new perspective on the shared mechanisms that underpin adaptive behaviors.
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Inhibition of prepotent responses is a well-studied process being affected by disorders such as Attention 
Deficit and Hyperactivity Disorder (ADHD)9, which is diagnosed based on inattentiveness, impulsiveness and 
hyperactivity  symptoms10. At the cognitive level, it is established that people with ADHD, despite the wide 
variability that characterizes developmental trajectories, are overall impaired in executive  functions11. ADHD 
can entail several aspects of cognitive and motor impulsivity, that consists of nonreflective stimulus-driven 
processes and manifests itself through inhibitory difficulties, distractibility, faster and less accurate responses to 
neuropsychological  tests12. At the motor level, it is still debated whether motor signs of atypical development can 
be detected from infancy and interpreted as early risk factors for the following development of ADHD cognitive 
and behavioral  symptoms13. Some co-occurrent difficulties in motor skills (e.g., fine motor precision, manual 
dexterity, bilateral coordination, balance, and postural control, running speed and agility, limb coordination, 
strength) can be found in about 50% of individuals with  ADHD14. However, those are not a diagnostic criterion 
and there is no evidence so far supporting the link between motor impairments and ADHD-specific symptoms 
such as inhibitory  deficiencies14. To shed light on this, an approach that studies these two aspects in an integrated 
manner could provide an innovative perspective on difficulties with inhibition and behavioral hyperactivity. 
Potential underlying mechanisms of inhibition difficulties relate to motor planning, which is responsible for 
selecting the action target and the timing of movements (e.g., reaction times, movement times, and acceleration/
velocity parameters)15.

Adults with ADHD have been found to show atypical motor profiles, with longer reaction times to start 
moving after a “Go” cue and higher variability in the velocity shape along time, suggesting impaired motor 
planning  capacities16. It is interesting to note that there is a kind of slowness in sensorimotor and cognitive pro-
cesses that underlie behavioral manifestations of impulsivity, hyperactivity, and inattention. A developmental 
perspective is needed to understand how these atypicalities have emerged and are maintained from childhood 
to adulthood. This would help us design targeted and age-appropriate interventions to promote a change on the 
mechanisms underlying the cognitive and behavioral difficulties of ADHD. Notably, purely cognitive training 
specifically targeting executive functions such as working memory, attention, inhibition, and shifting rarely 
result in cognitive nor behavioral or academic improvements, with scarce effect on ADHD core  symptoms17,18. 
It has been speculated that leveraging embodied cognition and cognitive-motor approaches could boost train-
ing  efficacy19. This multidimensional perspective would eventually chart the way to define and test both motor 
and cognitive interventions to strengthen inhibition by passing through multidimensional doorways. Despite 
their presence and impact, motor difficulties of people with ADHD often end up being overlooked by research 
and clinical practice.

Previous studies mainly based on correlational analysis of motor skills and purely cognitive performance 
at inhibition tasks, and failed to find clear  relationships14. On the other hand, investigating inhibition without 
dissociating motor and cognitive aspects that are deeply interrelated offers further insights on the underlying 
processes. The compelling possibility of integrating a kinematic measure to the traditional neuropsychological 
evaluation is strongly limited by the need of sophisticated motion capture systems. Those used for research 
purposes are often expensive and bulky, thus being hardly affordable for most clinical centers. In order to use 
low-cost portable solutions and boost the applicability of motion analysis, inertial sensors have been recently 
recommended for their good measurement reliability and  validity20. Adopting this technology in clinical practice 
would allow for a more detailed analysis of the mechanisms underlying the child’s performance on tests of inter-
est. It could be used during assessment for setting specific intervention goals, for monitoring treatment effects, 
and as a treatment tool itself when used as biofeedback.

The present study aims at investigating children’s ability to inhibit prepotent motor responses, through an 
adapted version of the Go/No-Go paradigm. The task embedded a reaching movement and kinematic measures 
to surface motor planning characteristics of  inhibition21. Children with ADHD or typical development were 
recruited. A commercially available, low-cost, easy to use, wearable accelerometer sensor was employed to cap-
ture movement features. Previous studies highlighted that portable inertial sensors, compared to gold standard 
motion capture systems, offer reliable measures on some kinematic  indices20. Our previous study suggested that 
the apparatus we employ here is effective in measuring the velocity shape across movement time (“when”)21.

Distinct kinematic indices were considered to study the progress of motor planning and control in the various 
phases of action. Researchers often use Reaction Time (RT) to indicate the time from the appearance of the Go 
stimulus to the moment when the person gives the response (which corresponds to the end of the movement). 
This is the index of choice for studying variability in the inhibitory abilities of people with  ADHD22. However, 
using RT as the total response time does not consider the two underlying processes separately: the preparatory 
activities that take place before the start of the movement, and the actual motor  execution23. We hereby calculate 
RT as the time from the appearance of the Go stimulus to the beginning of the movement, so that it gives us a 
measure of pure motor planning. Higher need for motor planning is expected to result in higher  RTs24. We then 
calculate movement execution time from when the response movement begins to when it ends (as measured by 
the Movement Duration—MD).

Across MD, motor planning gradually gives way to control and monitoring of the ongoing movement, which 
involve distinct  processes15. Therefore, the percent Time to Peak Velocity (TPV) may represent a useful index 
to disentangle how much of the movement time is devoted to planning or control. Theoretical (e.g., in robotics) 
reaching trajectories starting and ending at full rest will show a bell-shaped velocity path, with the first half of 
MD spent accelerating and the second one decelerating, resulting in a 50%  TPV25,26. The more cognitive load 
is required in a given task, the more human reaching movements have a greater need for motor planning, thus 
resulting in longer acceleration phase and  TPV21. A higher percentage of time before the peak velocity (accelera-
tion) inevitably means a lower percentage of time following the peak velocity (deceleration). Consequently, the 
TPV takes both aspects into account simultaneously, and the percentage of time after the peak velocity can be 
intuitively calculated as 100 (total)—TPV.
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We have previously found that, to correctly inhibit a prepotent response and select the instructed alternative 
one, neurotypical adults show longer RT and MD, as well as increased TPV overall dedicating more resources to 
motor planning than monitoring and control of ongoing  movements21. Assuming that this is the motor strategy 
that has been established as most effective in adults, a developmental perspective is needed to understand how it 
specializes during childhood and is potentially subject to deviation in cases of atypical development. We there-
fore expect age-related differences in the kinematic profile of motor planning and control necessary to inhibit 
prepotent responses. Moreover, we hypothesize that children with ADHD, compared to neurotypical controls, 
would show greater difficulties inhibiting the prepotent response, which the literature also refers to as motor 
 impulsivity27. We expect children with ADHD to make more errors than controls in the non-dominant condi-
tion, and show an atypical motor profile, with reduced or less effective motor planning. As markers of motor 
impulsivity, we particularly expect reduced RT and TPV in the group of children with  ADHD27.

Materials and methods
Participants. We recruited 17 children with ADHD (4 female children) from 6 to 15 years of age (M = 9.4, 
SD = 2.2), and 26 children with Typical Development (TD control group; 10 female children), from 6 to 13 years 
of age (M = 9.2, SD = 2.1). Three additional participants (2 in the ADHD and 1 in the TD group) were excluded 
due to technical issues that prevented them from completing at least 50% of the trials.

Data collection was planned to take place between December 2019 and April 2020, as part of a collabora-
tive project with a clinical centre in northern Italy, which is specialised in ADHD diagnosis and intervention. 
Data collection was interrupted at the beginning of the Covid-19 pandemic and resumed when the centre was 
authorised to reopen to external operators (i.e., the investigators). Thus, a further phase of data collection was 
carried out between October and December 2021. The partner centre had an average intake of 60 children, and 
all were offered voluntary participation in the study. The final sample of children with ADHD was determined 
by the number of parents and children who joined and participated. Since ADHD is an inherently heterogene-
ous  condition28,29, we have not established inclusion or exclusion criteria based on IQ, level of support needed, 
or possible presence of co-occurring medical or neuropsychological conditions. Thus, we aimed to include 
participants from the heterogeneous ADHD population. Psychologists confirmed children’s diagnosis and pro-
vided IQ assessments through the WISC-IV scale. Moreover, we collected parent-reported questionnaires on the 
child’s executive (Executive Functions Questionnaire-Q.FE30) and sensory profile (Short Sensory Profile-SSP31), 
as well as the presence and severity of restricted and repetitive behaviors (Repetitive Behavior Scale-Revised-
RBS-R)32. A convenient control group of children with typical development in the same age range was tested 
at the University of Padova. According to parents’ reports, typically developing children had no medical nor 
neuropsychological conditions.

Characteristics of the ADHD group are provided in Table S3 of SI Appendix, which includes IQs, and scores 
from the parent reported assessment. Diagnostic subtypes and comorbidities are also described in SI Appendix. 
All children’s parents signed a written consent form. All experimental methods received ethical approval from 
the Research Ethics Committee of the School of Psychology, University of Padova (protocol no. 3251). The 
experiment was carried out in accordance with the approved guidelines and regulations.

Procedure and task. Children sat on a desk and wore an accelerometer sensor on their dominant wrist. 
They were instructed to place the dominant hand at a specific starting position, monitored by a presence sen-
sor, and completely extend their arm to tap on the response touchscreen. A Go/No-Go paradigm was adapted 
to assess the inhibition of a prepotent response and tested with neurotypical adults in a previous  work21. Upon 
comparison of a central stimulus (red/green, upwards/downwards arrow), participants were asked to select, 
reach, and press one of two response keys (either a red or green circle) placed one on the left and one on the right 
side of the central stimulus, following specific instructions. Before the start of the next trial, participants had to 
return their hand on the sensor. As soon as the hand was in place, the next trial started after a random delay 
(range = 0:2 s), which prevented children from anticipating the onset of the next trial. The set-up and procedure 
are illustrated in Fig. 1.

More in detail, participants were told to select the response key of the same color of the central stimulus 
when it was an upwards/downwards (counterbalanced between participants) arrow (dominant condition). On 
the other side, they were told to select the response key of the different color when the central stimulus was an 
averted (either upwards or downwards, counterbalanced between participants) arrow (non-dominant condition). 
We elicited a prepotent response for the same-color action (occurring the 75% of times), and an inhibitory 
response for the alternative different-color action (occurring the 25% of times). Two blocks were administered, 
with the red/green response keys being located once on the right and once on the left side of the touchscreen. 
To maintain participants’ engagement during the task, a short (30 s on average) video from well-known movies 
appeared every 40 trials. The task lasted about 15 min. Technical features of the apparatus (e.g., programming 
language, devices for conducting the experiment) are described in detail in our previous  work21.

Participants were instructed to reply as quickly and accurately as possible. Failure to press any keys within 
2,000 ms was marked as “omission”. Movements starting before the cue stimulus onset were tagged as “anticipa-
tion” (the program aborted the trial by showing no cue stimulus). Omissions and anticipations were considered 
invalid trials, therefore excluded from the analysis. The task ended upon completion of 160 valid trials (i.e., trial 
with correct/incorrect answer) or a maximum of 180 total trials (in case omissions and anticipations occurred). 
We then planned to exclude those responses whereby either RT or MD was less than 100 ms, being them ascrib-
able to anticipation. We only included responses whereby the TPV was within the 5–95% range, thus considering 
extremes as due to extra-task movements.
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Ethics declarations. All experimental methods received ethical approval from the Research Ethics Com-
mittee of the School of Psychology, University of Padova (protocol no. 3251).

Informed consent. All children’s parents signed a written informed consent form.

Results
To analyze children’s performance, we considered 4 dependent variables. Accuracy indicates the percentage of 
correct responses out of the total number of valid responses (after discarding anticipations and omissions). RT 
measures the time from the appearance of the central stimulus to the onset of movement (the time when the 
hand is raised by the presence sensor). MD measures the duration of the movement (from when the sensor is 
released to when a response is given). We then computed the percent Time to Peak Velocity (TPV), which is 
the percentage of MD spent from movement onset to maximum peak velocity. Our previous work describes the 
rationale behind the selection of these kinematic variables and their reliability, the steps for data calibration and 
pre-processing of raw acceleration data, as well as the computation of TPV  values21.

TD children provided 4,104 valid responses out of 4,526 total trials (91%). Children with ADHD provided 
2472 valid responses out of 3,023 total trials (82%). This demonstrates both successful task competition (with 
our task being adequate for both groups), and low rate of discarded data. From valid trials performed by both 
groups, we excluded 217 out of 6,576 responses (3.3%), whereby either RT or MD was less than 100 ms, or the 
TPV was out of the 5–95% range. Excluded responses were not further analyzed. Final dataset comprehended 
6,359 observations.

An exploratory approach was elected to test different potential hypotheses linking each dependent variable 
to the predictors of interest. Through separated sets of model comparisons, different research hypotheses were 
specified as statistical models, and their statistical evidence was evaluated using information  criteria33. General-
ized mixed-effects models were employed to account for the repeated measures design of the experiment (i.e., 
trials nested within participants, which has been included as a random effect in the analyses) and specify the 
distribution of each dependent variable. For each dependent variable, a set of models were compared through the 
Akaike weights (AICWt) (i.e., the probability of each model, given the data and the set of considered models)33, 
using the AICcmodavg33 R package. Then, likelihood ratio tests were used to compare the chosen models, and 
test the effects predicted by the best model.

As an index of goodness of prediction, conditional  R2 (the ratio of variance explained by fixed and random 
effects over total variance) and marginal  R2 (the ratio of variance explained by fixed effects over total variance) 
were calculated to quantify the variance explained by the whole model (including the contribution of individual 
variability) or the fixed effects only (excluding the contribution of individual variability)34. Higher percentages 
of explained variance indicates a stronger strength of association between the dependent variable and the pre-
dictors, with the selected model making better predictions. The analyses have been run with R, version 4.0.235.

We separately investigated whether each dependent variable (Accuracy, RT, MD, TPV) was influenced by 
the fixed effects of Condition (within-subjects, two levels categorical factor: dominant versus non-dominant), 
Group (between-subjects, two levels categorical factor: ADHD versus TD), and Age (continuous numeric vari-
able). All models accounted for the random effect of participants (i.e., interpersonal variability). We considered 
the five models that follow.

Figure 1.  Set-up and procedure.
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• m0 (null model) specified the hypothesis of no difference due to the independent variables and only accounted 
for individual variability

• m1 specified the hypothesis of a Condition effect
• m2 specified the hypothesis of additive Condition and Group effects
• m3 specified the hypothesis of additive Condition, Group and Age effects
• m4 specified the hypothesis of a two-way interaction effect between Condition and Group, with the additive 

Age effect.

Accuracy. After excluding omissions and anticipations, children with ADHD provided 2,234 correct and 137 
incorrect (i.e., the wrong answer was provided) responses. TD children provided 3,777 correct and 211 incor-
rect responses (percentages of correct responses according to Group and Condition are reported in Table S1, SI 
Appendix). Model comparison was run with the glmmTMB36 R package. The binomial distribution was speci-
fied to account for the binary nature of the dependent variable (1 = correct; 0 = incorrect). According to AIC 
weights (AICWt_m0 < 0.01; AICWt_m1 = 0.39; AICWt_m2 = 0.14; AICWt_m3 = 0.15; AICWt_m4 = 0.14), the 
best model was m1 (39% probability of being the best model; χ2 = 369.3; P < 0.001), which revealed a significant 
effect of Condition (P < 0.001). As visualized in Fig. 2, accuracy was reduced in the non-dominant condition.

Conditional  R2 (the ratio of variance explained by fixed and random effects over total variance) indicates that 
m1 explains 33% of variance, whereas marginal  R2 (the ratio of variance explained by fixed effects over total vari-
ance) indicates that Condition explains 19% of variance. Therefore, 14% of variance was explained by individual 
variability (i.e., the random effect of participants).

Kinematics. We further explored kinematic features of correct responses to investigate whether, beyond 
accuracy, children with ADHD would show subtle motor atypicalities. Means and standard deviations of RT, 
MD, and TPV of correct responses in each condition and group are reported in Table S2, SI Appendix. In SI 
Appendix, we have also conducted a visual inspection of the velocity shape and trend across movement time, 
describing group and individual differences. At the group level, children with ADHD show a flatter velocity 
profile over the time course of the movement, with a less evident peak velocity at the beginning of the movement.

RT.  Model comparison was run with the glmer function of lme437 R package. The gamma distribution was 
specified to account for the positively skewed nature of the dependent variable. According to AIC weights 
(AICWt_m0 < 0.001; AICWt_m1 < 0.01; AICWt_m2 < 0.01; AICWt_m3 = 0.19; AICWt_m4 = 0.80), the best 
model is m4 (80% probability of being the best model; χ2 = 4.9; P = 0.03), which reveals a significant interaction 
between Condition and Group (P = 0.03), and a significant effect of Age (P < 0.001). As visualized in Fig. 3, TD 
children showed increased RT in the non-dominant compared to the dominant condition, thus devoting more 
time to motor planning when the response required inhibition. This pattern was not present in children with 
ADHD, who did not differentiate RT depending on Condition. Moreover, there is a negative association between 
RT and Age, with RT decreasing at older ages, regardless of group.

Conditional  R2 (the ratio of variance explained by fixed and random effects over total variance) indicates that 
m4 explains 37% of variance, whereas marginal  R2 (the ratio of variance explained by fixed effects over total vari-
ance) indicates that Condition*Group and Age explain 28% of variance. Therefore, 9% of variance is explained 
by individual variability (i.e., the random effect of participants).

MD. Model comparison was run with the glmer function of lme437 R package. The gamma distribution was 
specified to account for the positively skewed nature of the dependent variable. According to AIC weights 
(AICWt_m0 < 0.001; AICWt_m1 = 0.29; AICWt_m2 = 0.41; AICWt_m3 = 0.22; AICWt_m4 = 0.08), the best 
model is m2 (41% probability of being the best model; χ2 = 2.7; P = 0.1), which reveals a significant effect of 
Condition (P < 0.001), and a non-significant effect of Group (P = 0.09). As visualized in Fig. 4, MD increased in 
the non-dominant condition compared to the dominant condition.

Figure 2.  Predicted effect of Condition on Accuracy  (ntrials = 6,359,  nADHD = 17,  nTD = 26, estimated marginal 
means with whiskers representing 95% confidence intervals).
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Conditional  R2 (the ratio of variance explained by fixed and random effects over total variance) indicates 
that m4 explains 38% of variance, whereas marginal  R2 (the ratio of variance explained by fixed effects over total 
variance) indicates that Condition and Group explain 20% of variance. Therefore, 18% of variance is explained 
by individual variability (i.e., the random effect of participants).

TPV.  Model comparison was run with the glmmTMB36 R package. The beta distribution was specified to 
account for the nature of the dependent variable (continuous proportions on the interval 0:1). According to 
AIC weights (AICWt_m0 < 0.01; AICWt_m1 = 0.08; AICWt_m2 = 0.06; AICWt_m3 = 0.04; AICWt_m4 = 0.83), 
the best model is m4 (83% probability of being the best model; χ2 = 8.3; P = 0.004), which reveals a significant 
interaction between Condition and Group (P = 0.004), and a non-significant effect of Age (P = 0.3). As visualized 
in Fig. 5, TD children showed increased TPV in the non-dominant compared to the dominant condition, thus 
devoting more time to motor planning when the response required inhibition. This pattern was not present in 
children with ADHD, who did not differentiate TPV depending on Condition. At both the group and individual 
level, further graphical inspection of velocity shape across time is described in SI Appendix.

Conditional  R2 (the ratio of variance explained by fixed and random effects over total variance) indicates that 
m4 explains 71% of variance, whereas marginal  R2 (the ratio of variance explained by fixed effects over total vari-
ance) indicates that Condition*Group and Age explain 9% of variance. Therefore, 62% of variance is explained 
by individual variability (i.e., the random effect of participants).

Discussion
The present study explored the mechanisms underlying the inhibition of a prepotent motor response, which is 
frequently reported to be affected in children with ADHD. The performance of the ADHD and TD groups at 
our motor adaptation of the Go/No-Go task, showed both similarities and differences.

Figure 3.  Predicted effects of Condition*Group and Age on RT  (ntrials = 6011,  nADHD = 17,  nTD = 26, RT is 
expressed in seconds, estimated marginal means with whiskers representing 95% confidence interval; for the 
Age effect, shaded area represents the 95% confidence interval).

Figure 4.  Predicted effects of Condition on MD  (ntrials = 6011,  nADHD = 17,  nTD = 26, MD is expressed in seconds, 
estimated marginal means with whiskers representing 95% confidence interval).
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Accuracy. Both ADHD and TD children made more errors in the non-dominant compared to the dominant 
condition. This indicates that the task was effective in inducing a prepotent response in the dominant condition, 
which was the more frequent one, and facilitated by the requirement to match the Go stimulus and the response 
option by color. Children with ADHD and typical development were equally accurate in selecting the correct 
response, so that no group difference was found on accuracy levels. This unexpected result could be due to the 
ease of the task, which required a rather simple motor response, as also evidenced by the high percentages of 
correct responses. In tasks with greater time pressure or greater complexity of the motor action required to 
answer, we could expect more marked differences between the two groups. Although the task was based on the 
central properties of Go/No-Go (i.e., more frequent administration of the dominant condition), some differ-
ences may have made our task easier than traditional ones at the level of inhibition of prepotent responses. In 
particular, responding by reaching rather than quickly pressing a button may have allowed participants more 
time to process the cue, recall the instructions, and redirect their response during movement. On the one hand, 
this may explain the high accuracy, and at the same time allowed us to study not only reaction time (movement 
pre-planning), but also what happens during movement (motor planning gradually gives way to control of the 
ongoing movement).

Motor planning. The main findings of this study revealed that, beyond accuracy, the ADHD group showed 
different motor patterns that possibly indicate reduced motor planning compared to the TD group. In the non-
dominant condition compared to the dominant condition, TD children spent more time planning the move-
ment, which resulted in longer Reaction Time (RT) and greater percent Time to Peak Velocity (TPV). Indeed, 
higher pre-planning (i.e., longer RT) and initial acceleration phase (i.e., greater time to peak velocity—TPV) 
is an efficient strategy of the motor system, that reduces the time and resources needed for online movement 
 correction38. On the other hand, children with ADHD did not modulate RT and TPV according to condition, 
not dedicating more time to motor planning when needed to inhibit the prepotent response. This subtle lack of 
flexibility in adjusting the motor and cognitive strategies to the task demands can be interpreted as a marker of 
motor and cognitive impulsivity. Our findings are in line with previous literature showing that atypical activa-
tion of premotor systems may contribute to impaired response inhibition in children with  ADHD39. There is an 
interesting debate in the literature on the link between motor preparation and spatial  attention40,41, which could 
be further explored to understand the link between cognition and movement in ADHD.

Motor control. Across both groups, children showed increased Movement Duration (MD) in the non-
dominant versus dominant condition. This indicates that inhibitory processes take place during movement 
execution. Throughout movement, motor planning gradually gives way to control and monitoring of the ongo-
ing  movement15. To better disentangle how much of the movement time is devoted to planning or control, we 
employed the percent Time to Peak Velocity (TPV) as a relative asymmetry index. Theoretical reaching trajecto-
ries starting and ending at full rest have a bell-shaped velocity path, with the first half of MD spent accelerating 
and the second one decelerating, resulting in a 50%  TPV25,26. In actual reaching movements, distinct character-
istics of the target differently affect the movement acceleration-deceleration symmetry. Whereas physical preci-
sion of the movement (e.g., to grasp small objects) requires more control and longer  deceleration42, cognitive 
load affects the early stages of movements, thus requiring more  planning43.

The smaller TPV captured across conditions in the ADHD compared to the TD group, indicates higher por-
tion of movement being dedicated to the deceleration phase, that usually stands for motor  control15,42. Increased 
movement variability in children with  ADHD44 has often been interpreted as an indication of poor motor 
control, when instead it could be a compensatory strategy that, given a reduced planning, requires more online 

Figure 5.  Predicted effects of Condition*Group and Age on TPV  (ntrials = 6011,  nADHD = 17,  nTD = 26, TPV is 
expressed as a percentage within the 0:1 range, estimated marginal means with whiskers representing 95% 
confidence interval).
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adjustments during movement execution. To better understand ’how’ children with ADHD regulate movement 
in its final phase, future studies would benefit from the use of additional kinematic indices that capture online 
motor correction more precisely (e.g., number of direction changes and acceleration/deceleration units).

Although kinematic indices are widely used as a mirror of underlying cognitive mechanisms, it is even more 
informative to combine them with the study of neural  correlates45. Previous evidence suggests that increased 
activation of prefrontal areas can help children with ADHD compensate for atypical activation of premotor areas 
in Go/No-Go  tasks39. It is unclear whether this can be attributed to planning or control mechanisms. The study 
of EEG components and the timing of neural activities that precede and take place during responses to cognitive 
tasks can be coupled with kinematic indices to shed light on planning-control  dynamics46,47. To the best of our 
knowledge, little is still known about the specifics of such mechanisms in ADHD.

Children with ADHD might employ compensatory strategies for planning difficulties, which may be sufficient 
to achieve good accuracy in very simple tasks as the one employed in our work. Indeed, they chose between two 
alternatives that differed only in one motor (i.e., the movement direction: reaching the key to the right or to the 
left of the central stimulus) and cognitive (i.e., the response key color) parameter. However, this might not be 
sufficient in more naturalistic situations, in which alternative choices differ in more complex kinematic param-
eters (e.g., using the right arm or the left arm to respond), or require finer cognitive processing (e.g., selecting 
the most appropriate behavior according to a specific social context).

Age. We can also see a progressive reduction in RT as the age of the participants increases, which is consist-
ent with decades of findings from developmental  studies48. This suggests that motor planning becomes globally 
more effective and rapid with age, and therefore requires fewer cognitive resources. Given the low sample size, 
the statistical models tested included the age variable as an additive effect (i.e., irrespective of experimental con-
dition and group membership). Thus, we accounted for the differences attributable to the age of participants in 
the accuracy and overall kinematic profile. However, we did not specifically assess the role of age in interaction 
with the other predictors (i.e., experimental condition and group membership). Future studies with appropriate 
sample sizes and broader age ranges may further investigate developmental changes in inhibitory strategies, also 
exploring potential ADHD-related differences.

Limitations. It is worth mentioning that the present study has some limitations. As we were not interested 
in assessing gender differences, our sample is not balanced by participant gender, which reduces its representa-
tiveness of the general population. In addition, the sample size was determined by the number of families that 
agreed to participate in the study. Given the complexity of the experimental design (i.e., multiple dependent 
and independent measures are of interest), its exploratory nature, and the paucity of prior evidence on which to 
estimate expected effect sizes and appropriate sample sizes, our sample size may be insufficient to reveal further 
differences between groups. Further inferential research will be needed to confirm the considerations presented 
in this paper. Moreover, research on developmental populations with specific conditions frequently suffers from 
small sample sizes and even single-case studies. Replication of studies, meta-analyses and multi-lab projects 
would help deal with this issue in the long run of knowledge acquisition, whereby every study contributes to a 
piece of the puzzle.

Future perspectives. In everyday life, children constantly perform actions that require planning and con-
trol, as well as inhibition of automatic behaviors as the demands of their environment change. Further research 
is needed to investigate the implications of atypical motor and cognitive inhibition on the daily life, learning, 
and social skills of children with ADHD. For instance, some children with ADHD show stereotypies, which are 
involuntary, restricted and repetitive patterns of behaviors that limit the child’s resources to learn and practice 
various, appropriate and goal-directed  actions49–51. Specifically, motor stereotypies are present in both neurode-
velopmental conditions and typical  development52, and might be related to ineffective motor  planning53 and 
inhibitory  difficulties54. Indeed, motor-related cortical potentials in premotor areas, which anticipate voluntary 
motor actions, are found to be absent before stereotypy onset in typical  development53. Stereotypies are mostly 
studied in Autism Spectrum Disorder (ASD), as they are core symptoms of those  conditions10. However, they 
are frequently found in ADHD, and show similar characteristics across ASD and  ADHD55, which often co-
occur, share clinical manifestations, and entail impairments in overlapping  mechanisms56,57. Notably, stereotyp-
ies can be related to cross-diagnostic sensory, motor, and cognitive mechanisms. Atypical inhibition of prepo-
tent responses is correlated with repetitive behaviors, with differences between higher-order (preoccupations, 
restricted interests, compulsive routines, ritualistic behaviors) and sensorimotor (repetitive movements and 
sensory preoccupations)  stereotypies58,59. Moreover, stereotypies are associated with sensory  difficulties60, that 
can be present in  ADHD61–63, and are bounded to motor and cognitive processes through complex, dynamic, 
and multidirectional relationships. We can speculate that those children with greater stereotypies could have less 
effective sensory and executive profiles, as well as motor planning difficulties. They might need to devote more 
resources to motor control to effectively inhibit a prepotent response. Future studies may employ our paradigm 
to better understand whether atypical cognitive and motor inhibition may contribute to broader individual dif-
ferences in everyday sensory, cognitive, and social functioning. Studies with more hypothesis-driven approaches 
and appropriate sample size would allow to draw clearer, more inferential conclusions on the complex relation-
ships between these variables.

This study opens the door to important application challenges in bringing these methods and knowledge into 
clinical practice. It would be crucial to integrate the kinematic analysis to the classical neuropsychological tests 
that evaluate executive functions, to better understand how a response to a given test is planned and adjusted 
along the way. In this regard, the distinction between reaction time and movement duration is a promising 
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perspective for neuropsychological research, as it allows a distinction to be made between two different mecha-
nisms underlying a response (i.e., planning and control). These nuances are often obscured by the use of total 
response time in the literature. Moreover, this method would facilitate not only the identification of specific 
difficulties and the monitoring of the treatment effects, but also serve as an intervention tool itself. For instance, 
using kinematic measures as biofeedback could promote patients’ awareness of their behaviors and facilitate 
learning strategies to modify them. Although the use of inexpensive and portable kinematic sensors removes 
one of the barriers to its use in the clinic, the difficulty of analyzing and interpreting the raw data obtained with 
such instruments remains. To overcome this obstacle, it will be necessary for researchers to develop and make 
available user-friendly software that process the raw kinematic data and calculate performance indices that are 
interpretable by clinicians. To this end, we first need large-scale validation studies that provide normative values 
and risk indices to evaluate an individual’s performance.

Conclusions
Children with ADHD can exhibit similar accuracy than neurotypical controls in simple tasks tapping on the 
inhibition of prepotent motor responses. However, accurate inhibition appears to be achieved through different 
mechanisms, including less motor planning. Although alternative strategies may be sufficient to compensate for 
planning difficulties in simple experimental tasks, this could profoundly impact the behaviour of children with 
ADHD in everyday life contexts, which involve very complex choices among numerous possible alternatives. 
Moreover, motor, and cognitive impulsivity might be related to broader atypicalities, ranging from sensory atypia 
and stereotypies to executive difficulties in everyday tasks. For this reason, it is fundamental to understand the 
mechanisms underlying impulsivity, design interventions that are individualized on the child’s profile and syn-
ergistically target the motor and cognitive dimensions of executive functions. To this end, the use of portable, 
user-friendly, and low-cost kinematic sensors offers great possibilities for neuropsychological assessment and 
treatment, being also affordable for local clinical services. In sum, this study opens the door to further research 
that will help the scientific and clinical community understand and target impulsivity, leading to benefits on 
children’s developmental trajectory and well-being.

Data availability
The original dataset and analysis script are available from the OSF public repository at the following URL: https:// 
osf. io/ gjha4/? view_ only= 6fa8f e8e2e e2442 fb2df 64e1d ad06a c3.
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a b s t r a c t

Objective: To examine how changes in sleep patterns and sleep problems occurring between the pre-
pandemic and the Covid-19 lockdown period influenced mood-behavioral functioning of children with
Attention Deficit Hyperactivity Disorder (ADHD).
Methods: Parents of 992 children with ADHD (85.4% boys, mean age: 11.52 years, SD ¼ 3.17), recruited
from the Italian ADHD family association, completed a modified version of the Sleep Disturbance Scale
for Children and filled out 11 emotional behavioral items selected from the Child Behavior Checklist
(CBCL) 6e18 questionnaire. Subgroups identified based on sleep duration changes (“maintained”,
“increased”, “reduced”) and of sleep problems during lockdown (“onset”, “remission”, “maintained”, “no
sleep problem”) were analyzed to evaluate the association with internalizing and externalizing scores.
Results: Sleep duration showed no or low influence on internalizing and externalizing behaviors after
control for age, sex, and socioeconomic status. Patients with ADHD with “no sleep problem” showed
significant lower scores in internalizing and externalizing behaviors than those who “maintained” or had
“onset” of different sleep problems. The effect sizes were higher for internalizing than externalizing
behaviors. Lower internalizing scores were found in those who remitted difficulty in falling asleep,
daytime sleepiness, nightmares, vs. the “maintained” or “onset” groups and those who remitted hypnic
jerks vs. the “onset” group.
Children with ADHD who “maintained” sleep terrors reported higher internalizing and mainly exter-
nalizing scores than the other groups.
Conclusion: Sleep problems negatively influence daytime functioning of patients with ADHD. but mood
and behavioral domains show different susceptibility to the changes of sleep problems, and different
vulnerability to specific sleep problems.

© 2022 Elsevier B.V. All rights reserved.
1. Introduction

Sleep plays a central role in regulating emotions and behavior in
ity Disorder; h, hours.
Developmental Psychology,

taly.
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the general population; this function is crucial in children and
adolescents with Attention Deficit Hyperactivity Disorder (ADHD)
since the brain areas involved (dorsolateral prefrontal, anterior
cingulate, and parietal cortices) are strongly vulnerable to inade-
quate or disturbed sleep. Up to 70% of children with ADHD have
sleep problems [1] and important associations between sleep
quality and emotional and behavioral functioning in ADHD patients
have been reported [2e5]. In particular, reduced sleep duration and
sleep problems play a critical role on internalizing and external-
izing behaviors of children and adolescents with ADHD [2,6].
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Despite the increasing interest, the topic of sleep and psychopa-
tology has been quite overlooked in the literature [7], even though
it was initially mentioned among the clinical guidances on the
management of ADHD during the pandemic [8]. Moreover, little is
known on the nature of the relationship; in particular: 1) how some
aspects of sleep, such as duration or onset or persistence, or
remission of sleep problems influence mood and behavioral func-
tioning of children and adolescents with ADHD, with the exception
of few longitudinal studies [4,6,9] and, 2) if ADHD patients with
internalizing and externalizing behaviors show a different vulner-
ability to specific sleep problems. These aspects are not neutral for
understanding the role that sleep could play on the developmental
trajectories of children with ADHD.

Several studies have highlighted that the Covid-19 lockdown
experience created the condition for the occurrence of critical
disruption of previous sleep habits and routine and of important
changes in mood-behavioral functioning in the young and adult
population of the entire world [10e18], and in children with neu-
rodevelopmental disorders, in particular [19e22].

Specifically, previous reports highlighted that, in patients with
ADHD, the lockdown experience caused significant delay of
bedtime, critical changes of sleep duration and an increase in sleep
problems, with respect to the pre-pandemic condition [20]. Simi-
larly, some studies reported that lockdown significantly exacer-
bated emotional and disrupted symptoms in children with ADHD;
although also improvements in some aspects of emotional and
behavioral functioning were reported, involving a lowering of the
distress created by rhythms imposed by school activities [19] and
interactional stressors [22].

In this cross-sectional study, we tried to identify subgroups of
ADHD children based on spontaneous changes in sleep problems
and sleep patterns occurred between the pre-pandemic and the
lockdown period. Specifically, we attempted to identify children
with ADHD who started or remitted or maintained sleep problems
during the lockdown, as well as those who did not show specific
sleep problems, either before and during. Similarly, we aimed to
define subgroups of ADHD patients who increased, maintained or
reduced their sleep duration during lockdown.

Based on the above subgroups, the aim of the current study was
to assess, in childrenwith ADHD: 1) how sleep pattern or problems
changes (duration, onset or persistence, or remission or absence)
influence internalizing and externalizing behaviors, and 2) which
specific sleep problems, linked to these changes, might mostly in-
fluence mood and/or behavioral functioning.

We hypothesize that: 1) internalizing and externalizing behav-
iors in children with absence or remission of sleep symptoms
during lockdown might be lower than in children who continue or
start a sleep problem; 2) children who continue to have sleep
problems might show higher scores in internalizing and external-
izing behaviors than those who remit.

To our knowledge no study has considered the lockdown
timeframe to examine the nature of the relationship between sleep
and mood-behavioral functioning, despite that it represents an
universally recognized experience that has created the condition of
significant changes of these two domains.

2. Materials and methods

2.1. Participants and procedure

Data reported in this study were extracted from a large online
cross-sectional survey with both current and retrospective reports
of functioning. The methods of data collection and storage have
been extensively reported elsewhere [20,22,23]. Synthetically,
parents of children and adolescents with ADHD were asked to
184
define behaviors of their children relative to several behavioral
domains regarding two temporal frames (3 months before of
pandemic and during lockdown). The online survey was advertised
through the Italian ADHD Family Association website for a limited
time (from June 4 to 21, 2020). Before accessing the survey, care-
givers gave their consent to participate in the study. The families
were in total and partial lockdown for 88 days at the time of the
survey.

For this study we selected: 1) responses relative to questions of
sleep duration and sleep problems before and during lockdown,
and 2) responses relative to questions onmood-behavioral patterns
during the lockdown.

A total 992 ADHD children and adolescents (85.4% boys, mean
age ¼ 11.52 years, SD ¼ 3.17; range ¼ 5e18 years) satisfied the
criteria of selection and none of themwas excluded from the study.

All ADHD patients had been diagnosed andwere followed-up by
a child and adolescent psychiatrist of the Child and Adolescent
Mental Health Service before the lockdown. The clinical diagnosis
of ADHD was based on the ADHD Italian guidelines that reflect
international guidelines of the American Academy of Child and
Adolescent Psychiatry.

There was no monetary or credit compensation for participating
in the study. The study was approved by the Ethics Committee of
the Department of Developmental and Social Psychology, Sapienza
University of Rome, and was conducted in accordance with the
Declaration of Helsinki (October 2008).

2.2. Internalizing and externalizing child behaviors assessment

Eleven emotional behavioral problems considered to be more
appropriate to the lockdown condition were selected from the
Child Behavior Checklist (CBCL) 6e18 questionnaire [24,25]: 5
internalizing behaviors (sadness, irritability, little enjoy/interests in
activities, boredom, and anxiety) and 6 externalizing behaviors
(restlessness, temper tantrum, verbal aggression, physical aggres-
sion, oppositional behavior, and argument behavior). The score of
the presence of each emotional behavioral item during lockdown,
defined by parents in terms of frequency/week (1e2 time/
week ¼ 1; 3e4 time/week ¼ 2; 5e7 time/week ¼ 3) was added up
within the two internalizing and externalizing categories for
defining the total scores relative to every child. The CBCL items
were completed by parents mainly mothers (88.6%). Chronbach
alpha was .748 for internalizing and 0.780 for externalizing items.

2.3. Sleep duration assessment

Parents were asked to select the range of sleep duration, before
and during lockdown, categorized as follows: <6 h; 6e7 h, 8e9 h;
10e11 h; 12 h or more.

In order to evaluate the effective changes of sleep duration
during the lockdown, with respect to the pre-pandemic condition,
we recoded the changes into three categories: children who
maintained, increased, or decreased sleep duration.

2.4. Sleep disturbance assessment

For the purpose of this study, we used 12 items of the Sleep
Disturbance scale for Children (SDSC) [26,27]. Parents were asked
to define each sleep symptom coded into dummy variables:
absence of the disorder ¼ 0; presence ¼ 1, either before or during
lockdown.

Paired codes before and during lockdown of each sleep problem
was recoded into four possible groups: children and adolescents
with ADHD who showed sleep problems before and during lock-
down (coded 1-1) labeled with “maintained”; childrenwho neither
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showed sleep problems before and during (coded 0-0) labeled with
“no sleep problem”; children who did not have sleep problems
before but started to show them during lockdown (coded 0e1)
labeled with “onset”; children who had sleep problems before but
reported a remission during lockdown (coded 1e0) labeled with
“remission”.

2.5. Statistical analysis

Descriptive statistics were applied to define frequencies and
percentage of ADHD patients within three groups of sleep duration
and four groups of sleep problems. Internalizing and externalizing
scores expressed as continuous variables were defined with means
and standard deviations. Inter-group comparisons were performed
by ANOVA, carried out by means of a General Linear Model using
internalizing and externalizing behavior scores as dependent var-
iables and sleep problems subgroup, sex, age, and socioecoconomic
status as independent predictors. The tables report the statistical
results of the effect of sleep problems, described by the F statistics
and the h2 effect size, followed by post-hoc intergroup comparisons
by means of the Tukey HSD (not computed when F was not sta-
tistically significant). The effect size h2 can range between 0 and 1
and values of z0.01, z0.06, and >0.14 are usually considered as
small, medium, and large effect sizes, respectively. Significance
threshold was set at p < 0.05. Statistical Analysis was performed
using SPSS v.23 (IBM, Armonk, NY, United States).

3. Results

The sample was composed by 528 children [441 M (83.5%); 87 F
(16.5%); age range 5e11.11 years; mean age 9.06 y, S.D.1.63] and 464
adolescents [406 M (87.5%); 58 F (12.5%); age range 12e17.11 years.
No significant gender difference between two age groups was
found (c2¼3.130; p ¼ 0.077). Five hundred and ninety-nine (60.4%)
patients with ADHD had one or more comorbid disorders; 39.6% of
them did not present with comorbidity.

Family economic status of the whole sample was high in 3%,
middle in 75.2% and low in 21.8%.. As for the education level the
majority of participants have a graduate (29%) or high school de-
gree (52.6%); middle school was represented in 17.9% and
elementary school in 0.5%. Moreover, the family composition was
reported as follows: parents with one offspring member: 31.3%;
parents with two offspring members: 51.9%; parents with three
offspring members: 13.3%; parents with four or more offspring
members: 3.5%.

Parents reported that 441 ADHD patients were taking medica-
tion before pandemic, but some of them reported the difficulties in
finding these drugs during lockdown. Five hundred fifthy-one did
not take medication before and during the lockdown.

The frequency and percentage of the changes of sleep duration
and sleep problems are reported in Table 1: 21.5% reduced and
25.4% increased the duration of sleep while 53.1% of the total
sample maintained their sleep duration. Difficulties of falling
asleep, anxiety at bedtime and night awakenings (i.e. insomnia), as
well as nightmares and sleep related movement disorders, were
more prevalent in those who maintained or had the onset of sleep
problems.

Table 2 shows the statistical comparison of internalizing and
externalizing scores obtained in the different sleep duration groups
controlled for age, sex, and socioeconomic status. No differences
were found for the three groups of sleep duration.

3.1. Internalizing scores

Table 3 shows that the group of subjects who did not present
185
sleep problems showed significant lower internalizing scores
compared to the “maintained” and “onset” groups for almost all the
sleep problems, with the exception of sleep walking, sleep terrors,
bruxism and snoring vs. the “onset” group and of rhythmic move-
ments and snoring vs. the “maintained” group). Furthermore, the
“no sleep problem” group did not show differences vs. the
“remission” group with the exception of higher scores in anxiety at
bedtime in the latter.

The “onset” and “maintained” groups compared to the “remis-
sion” group showed higher internalizing scores in difficulty in
falling asleep, daytime sleepiness and nightmares. Moreover, chil-
dren with “onset” in hypnic jerks during lockdown showed higher
internalizing scores vs. those of remission of the same problem
whereas childrenwho “maintained” sleep terrors during lockdown
reported higher internalizing scores vs. those with remission of the
same problem. The effect of these sleep problems groups on
internalizing behaviors was medium-to-large but sleepwalking,
and sleep terrors displayed a small effect size. No differences were
found between the “onset” group and the “maintained” group.
3.2. Externalizing scores

As it can be seen in Table 4, the “no sleep problem” group
showed significantly lower externalizing scores than the “onset”
and “maintained” groups in most of sleep disorders (with the
exception of sleep walking, sleep terrors, snoring, restless sleep vs.
the “onset” group and bruxism and rhythmic movements vs. both
“maintained” and “onset” groups). No significant difference in
externalizing scores was found between the “remission” group vs.
“no sleep problem” and “onset” groups. Finally, the group of sub-
jects who “maintained” sleep terrors showed higher externalizing
scores than those with “remission” or “onset”. The effect of these
groups on externalizing behaviors had a small size but approached
the medium value for anxiety at bedtime.
4. Discussion

The aim of this studywas to examine differences in internalizing
and externalizing behaviors in a large sample of children with
ADHD and with different trends of sleep duration and sleep prob-
lems, based on their variations during lockdown, with respect to
the pre-pandemic condition..
4.1. Sleep duration

After control for age sex and socioeconomic status, we found a
very small effect size of the three sleep duration groups on inter-
nalizing and externalizing behaviors; this small effect is probably
linked to the similar variations of the internalizing and external-
izing scores in the three groups of sleep duration. This consider-
ation is also supported by the higher instability of sleep patterns
among children with ADHD also under normal condition [28,29].

Our findings are consistent with other studies [21,30] suggesting
that patients with ADHD did not benefit from the COVID-19 lock-
down, unlike their healthy peers that experienced an increase of
sleep duration in school days. However, it should be taken into
account that the participants who increased or decreased their
sleep duration in this study were only a minority of the sample.

Moreover, the results of our study suggest to clinicians and re-
searchers that there is a need to carefully intercept this ADHD
subgroup (22.3% in Bruni's sample [21]; 21.5% in this sample) at
high risk for more severe and chronic impairment in sleep patterns
in lifetime.



Table 1
Frequencies and percentage of children in the sleep duration and sleep disturbance subgroup. Data are shown as N (%).

N� (%) N� (%) N� (%) N� (%)

Sleep duration No change Increased Decreased
504 (53.1) 241 (25.4) 204 (21.5)

Sleep disorders No Sleep Problem Onset Remission Maintained
Difficulties falling Asleep 462 (46.6) 248 (25) 67 (6.8) 215 (21.7)
Anxiety at bedtime 722 (72.8) 111 (11.2) 32 (3.2) 127 (12.8)
Awakeninga 816 (82.3) 89 (9.0) 18 (1.8) 68 (6.9)
Daytime sleepiness 700 (71.6) 126 (12.9) 50 (5.1) 101 (10.3)
Sleep walking 902 (90.9) 23 (2.3) 21 (2.1) 46 (4.6)
Sleep terrorsa 938 (94.7) 15 (1.5) 15 (1.5) 23 (2.3)
Snoring 910 (91.7) 8 (0.8) 18 (1.8) 56 (5.6)
Nightmares 770 (77.6) 93 (9.4) 33 (3.3) 96 (9.7)
Hypnic jerks 799 (80.5) 54 (5.4) 32 (3.2) 107 (10.8)
Restless sleepa 541 (55.0) 60 (6.1) 66 (6.7) 317 (32.2)
Bruxisma 824 (84.4) 6 (0.6) 46 (4.7) 100 (10.2)
Rhythmic movements 922 (92.9) 24 (2.4) 10 (1.0) 36 (3.6)

a Total different from 992 because of missing data.

Table 2
Differences in internalizing and externalizing behaviors across sleep duration subgroups. Data shown as mean (SD).

1. Maintained 2. Increased 3. Decreased ANOVA F Effect size Post-hoc, Tukey HSD

h2 1 vs. 2 2 vs. 3 1 vs. 3

Internalizing behaviors, mean (SD) 4.48 (3.6) 5.02 (3.7) 6.22 (3.8) 1.1 0.001 e e e

Externalizing behaviors. mean (SD) 6.16 (4.5) 6.05 (4.2) 7.53 (4.5) 0.1 0.000 e e e

Table 3
Differences in internalizing behaviors across sleep problems subgroups. Data shown as mean (SD).

1. 2. 3. 4. ANOVA Effect size Post hoc, Tukey HSD

No Sleep Problem Onset Remission Maintained F h2 1 vs. 2 1 vs. 3 1 vs. 4 2 vs. 3 2 vs. 4 3 vs. 4

Difficulties falling asleep 3.96 (3.4) 5.82 (3.6) 4.48 (3.4) 6.14 (4) 24.8 0.070 <0.0001 0.706 <0.0001 0.031 0.775 0.005
Anxiety at bedtime 4.16 (3.3) 7.11 (4.0) 5.91 (3.8) 7.19 (3.9) 41.1 0.112 <0.0001 0.029 <0.0001 0.312 0.998 0.244
Awakening 4.54 (3.5 6.99 (3.6) 5.22 (4.2) 6.85 (4.2) 17.8 0.052 <0.0001 0.864 <0.0001 0.227 0.995 0.318
Daytime sleepiness 4.26 (3.5) 7.02 (3.7) 4.94 (3.4) 6.70 (3.8) 35.2 0.097 <0.0001 0.630 <0.0001 0.002 0.903 0.019
Sleep walking 4.78 (3.6) 6.83 (3.8) 6.29 (4.5) 6.41 (4.1) 5.0 0.015 0.042 0.249 0.018 0.962 0.971 0.999
Sleep terrors 4.86 (3.7) 6.13 (3.6) 3.93 (2.7) 8.13 (3.1) 6.2 0.018 0.540 0.763 0.000 0.352 0.353 0.003
Snoring 4.82 (3.7) 7.5 (3.1) 5.89 (4.1) 6.09 (3.7) 3.9 0.012 0.171 0.620 0.062 0.730 0.739 0.997
Nightmares 4.46 (3.5) 6.69 (3.6) 4.70 (3.8) 7.14 (3.8) 21.2 0.061 <0.0001 0.984 <0.0001 0.031 0.826 0.004
Hypnic jerks 4.45 (3.5) 7.98 (3.9) 5.47 (3.7) 6.81(3.7) 26.0 0.074 <0.0001 0.398 <0.0001 0.008 0.199 0.237
Restless sleep 4.16 (3.5) 6.33 (3.8) 4.88 (3.6) 5.96 (3.7) 16.9 0.049 <0.0001 0.481 <0.0001 0.106 0.884 0.117
Bruxism 4.69 (3.6) 8.50 (4.4) 4.93 (3.7) 6.36 (3.9) 6.6 0.020 0.059 0.987 0.0002 0.111 0.503 0.126
Rhythmic movements 4.80 (3.7) 7.54 (3.5) 6.30 (4.5) 6.25 (3.5) 5.8 0.017 0.002 0.575 0.094 0.804 0.537 1.000

Table 4
Differences in externalizing behaviors across sleep problems subgroups. Data shown as mean (SD).

1. 2. 3. 4. ANOVA Effect size Post hoc, Tukey HSD

No Sleep Problem Onset Remission Maintained F h2 1 vs. 2 1 vs. 3 1 vs. 4 2 vs. 3 2 vs. 4 3 vs. 4

Difficulties falling asleep 5.75 (4.4) 7.02 (4.5) 6.09 (4.2) 7.09 (4.5) 6.8 0.020 0.002 0.943 0.002 0.415 0.998 0.365
Anxiety at bedtime 5.75 (4.2) 8.07 (4.6) 7.28 (4.4) 8.26 (4.8) 16.0 0.047 <0.0001 0.210 <0.0001 0.800 0.987 0.664
Awakening 6 (4.3) 7.62 (4.4) 6.89 (4.8) 9.22 (4.8) 12.9 0.038 0.005 0.831 <0.0001 0.916 0.102 0.181
Daytime sleepiness 5.91 (4.4) 8.07 (4.0) 6.44 (4.3) 7.42 (4.7) 13.4 0.039 <0.0001 0.863 0.008 0.112 0.672 0.565
Sleep walking 6.22(4.4) 7.52 (4.6) 6.57 (4.4) 8.83 (4.7) 4.7 0.014 0.508 0.985 0.001 0.892 0.653 0.211
Sleep terrors 6.28 (4.4) 6.47 (3.8) 6.27 (4.4) 10.87 (5) 7.3 0.022 0.998 1.000 <0.0001 0.999 0.013 0.009
Snoring 6.25 (4.4) 9.25 (4.2) 8.39 (4.4) 7.36 (4.5) 3.7 0.011 0.226 0.180 0.275 0.968 0.668 0.824
Nightmares 6.01 (4.4) 7.46 (4.5) 6.36 (4.3) 8.27 (4.7) 7.8 0.023 0.015 0.973 <0.0001 0.604 0.585 0.137
Hypnic jerks 5.95 (4.3) 8.83 (4.4) 7.13 (4.3) 8.10 (4.6) 12.4 0.037 <0.0001 0.451 <0.0001 0.295 0.747 0.681
Restless sleep 5.51 (4.3) 7.02 (4.6) 6.53 (4.1) 7.58 (4.5) 12.1 0.036 0.084 0.372 <0.0001 0.924 0.798 0.286
Bruxism 6.21(4.46) 10.7 (2.7) 6.48 (4.3) 6.91 (4.2) 1.9 0.006 - - - - - -
Rhythmic movements 6.24 (4.4) 8.58 (5.0) 9 (6.4) 7.86 (3.8) 4.2 0.013 0.051 0.202 0.136 0.994 0.925 0.888
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4.2. Sleep problems

Consistent with previous studies [5], our findings confirm that
186
sleep problems might exert an influence on internalizing and
externalizing behaviors; inter-group comparisons highlight how
the presence of sleep problems (“maintained” and “onset” groups)
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plays a role on mood-behavioral functioning.
It is noteworthy that the “onset” and “maintained” groups did

not show significant differences between them in internalizing and
externalizing scores, suggesting that the presence of sleep prob-
lems might underlie an increase of both emotional-behavioral
problems despite the different duration of sleep problems. The
findings support the consideration that the influence of most sleep
problems on internalizing and externalizing behaviors seems to
occur in a short time and, once established, the severity of mood-
behavioral impairment remains stable over time. Although these
negative changes in sleep problems were present for a minority of
the participants, it is remarkable that the influence of “onset” and
“maintained” groups on internalizing scores showed medium and
large effect sizes; conversely we observed a small effect size for the
same groups on externalizing behaviors.

Again, children with internalizing behaviors resulted suscepti-
ble to remission of some sleep problems; conversely, this did not
happen with children with externalizing behaviors. Studies on
patients with ADHD during lockdown reported significantly
increased disruptive behaviors in around 50% of them, and altered
child/parents interaction characterized by marked increase in irri-
tability, shouts and verbal abuse, and punishments [19,22,31,32].
Altogether the results suggest that sleep problems could contribute
to exacerbate or promote the externalizing behaviors considering
that, other studies highlighted a positive association with the
externalizing behaviors but not with the internalizing ones [32].
Conversely, the hypothesis of a bidirectional relationship between
some sleep problems and internalizing symptoms reported in
recent studies seems also to be supported [5].

Finally, our findings indicate that some sleep problems may play
a role on internalizing-externalizing behaviors more than others.
Previous studies [28,33,34] reported that difficulty falling asleep,
nighttime awakenings and daytime sleepiness, are the most com-
mon sleep disturbances mainly among children with ADHD and
internalizing disorders [35]. Although we have not taken into ac-
count comorbidities, our conclusions confirm that ADHD patients
with internalizing and externalizing behaviors seem to be vulner-
able to the presence of these sleep problems. Moreover, our study
underlines that children with internalizing behaviors are signifi-
cantly responsive also to the “remission” of the same sleep disor-
ders, suggesting that the trends (presence and remission) of these
sleep problems play a role on emotional modulation of these chil-
dren, even at short term. Conversely, variation of parasomnias such
as sleep walking, and sleep terrors seem to have a low effect on
internalizing and externalizing behaviors even when the presence
of these sleep problems is “maintained” over time.

Some studies reported the presence of sleep terrors and sleep
walking among patients with ADHD [36] while others referred a
prevalence of these parasomnias in children with ADHD similar to
that in the general population of the same age [37]. Although sleep
disruption in patients with ADHD does not seem to be dependent
on comorbidity, suggesting that sleep abnormalities are intrinsic to
the ADHD condition [38,39], Ming&Walters [40] observed that it is
not clear if sleep terrors and sleepwalking reported among children
with ADHD could be associated to ADHD itself. Our study does not
provide a response to this consideration but suggests longitudinal
studies with a wider time interval in order to examine if the
persistence of these sleep problems could represent a risk factor
over time for the worsening of internalizing-externalizing behav-
iors in these children [3].

4.3. Strength and limitations

The major strength of this study consists in having identified
some changes in sleep problems from a “baseline” to the lockdown
187
condition that could contribute to better define the nature of their
relationship with internalizing-externalizing behaviors in children
with ADHD. These findings should be taken into account by clini-
cians in order to modify the natural trajectories of children with
ADHD-sleep comorbidity, and for planning targeted interventions
involving both domains.

Some limitations must be acknowledged. This cross-sectional
survey was conducted a few days after the end of the lockdown,
although with still ongoing restrictions, but we cannot exclude a
memory bias by the parents. However, other Italian studies on sleep
problems of ADHD patients [21], utilizing a different survey and
sample, but a similar procedure, reported similar results. Moreover,
the questions taken into account defined the pre-pandemic and the
lockdown time frames but no specific timing of onset or remission
of specific sleep disorders. For a more accurate reliability of the
results, further studies should consider this aspect. In addition,
since findings taken in account the sleep variations linked to un-
precedented experience they couldn't reflect the sleep and mood-
behavioral functioning under normal condition, the research
model should be replicated though longitudinal studies.

Another important limitation is that the same rater (parents)
rated sleep and internalizing/externalizing behaviors therefore, the
correlation foundmight be conditioned by parents bias.We also did
not examine the relationship with the medication status, since
some parents did not answer to the specific question about the
access to medication during the lockdown. Finally, we did not
control for other factors that could play a direct or indirect role on
severity of internalizing-externalizing behaviors (for example, co-
morbid conditions, parenting and pa-rental emotion patterns).

This study offers suggestions for future investigations exploring
the relationship between sleep and internalizing-externalizing
behaviors across other neurodevelopmental disorders character-
ized by significant sleep issues (e.g. autism spectrum disorders)
[41]. These studies would increase our knowledge and help the
identification of similarities and differences between these two
developmental disorders that show common sleep problems and
important rates of comorbidity.
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