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Abstract: The emerging literature reports that children with Attention-Deficit/Hyperactivity Disorder
(ADHD) show deficits in executive functioning. To date, the combination of drug therapy with certain
evidence-based non-medication interventions has been proven to be the most effective treatment for
ADHD. There is a gap in the literature regarding comparing the executive functions (EF) of treatment
naïve and medicated children with ADHD with both each other and typically developing children.
Altogether, 50 treatment naïve and 50 medicated children with ADHD and 50 typically developing
children between the ages of six and 12 were enrolled. The Mini International Neuropsychiatric
Interview for Children and Adolescents (Mini Kid) and the Test of Attentional Performance for
Children (KiTAP) measures were employed. Treatment naïve children with ADHD showed weaker
performance on most executive function measures (12 out of 15) than either the medicated ADHD
group or the controls. There were no significant differences between the medicated ADHD children
and typically developing children in most KiTAP parameters (10 out of 15). Executive function
impairments were observable in treatment naïve ADHD children, which draws attention to the
importance of treating ADHD. Future studies should focus on the specific effects of stimulant
medication on executive functions.

Keywords: attention-deficit/hyperactivity disorder; ADHD; medication; typical development;
children; executive functions; EF; attention; KiTAP

1. Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is common in childhood and adolescence with
a prevalence of 4–6% [1,2]. It is included in the Diagnostic and Statistical Manual of Mental Disorders,
5th edition (DSM-5) under “Neurodevelopmental Disorders” [3]. Although ADHD has been broadly
studied in recent decades, many aspects of its etiology are still poorly understood. Researchers have
suggested that the cause of the disorder is linked to the frontal regions of the brain (e.g., [4,5]). Several
studies have reported structural [6–8] and functional [9–11] abnormalities in the brain networks [12],
where abnormalities are suggested to be associated with impairment in the cognitive, affective, and
motor behaviors observed in ADHD [13,14]. For example, a magnetic resonance imaging (MRI)
study showed significantly smaller gray matter volume in adolescents with ADHD when compared
to the control participants within the anterior cingulate cortex (ACC), the occipital cortex, bilateral
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hippocampus/amygdala, and also in extensive cerebellar regions [15]. Furthermore, significant cortical
thinning was detected in the right rostral anterior cingulate cortex in children with ADHD when
compared with the healthy controls [16]. Furthermore, reductions in the ACC gray matter volume was
found to be related to deficits in attention in subjects with ADHD [15].

Researchers have argued that the hyperactive, impulsive, and inattentive behavior of children with
ADHD is a consequence of various executive function (EF) deficits (e.g., [17–21]). Barkley [17] specifically
indicated that ADHD is primarily characterized by a deficiency in behavioral inhibition, which results
in further impairments in four executive functions: (1) non-verbal working memory; (2) internalization
of speech (verbal working memory); (3) self-regulation of affect, motivation, and arousal; and (4)
reconstitution. Barkley’s [17] theory is supported by the results of numerous empirical studies that
demonstrate the involvement of inhibition [22–25], non-verbal and verbal working memory [22–24,26],
the internalization of speech [27,28], self-regulation [29], and planning [22,23,26,30,31] in ADHD.
In contrast, many researchers (e.g., [32–37]) have questioned the central role of executive functions
in ADHD.

Aside from EFs, other cognitive skills are also thought to be impaired in ADHD. Various studies
have shown impairment regarding alertness [38–40], an increased vulnerability to distraction [3,41–43],
difficulties with divided attention [44], cognitive flexibility [24,34,35], and inhibition [45–50] in
individuals with ADHD. In more detail, results of various neuropsychological studies displayed
impairments in alertness in ADHD [39,40], and for distractibility [41,42], which is also a key feature of
ADHD, one of its DSM-5 criteria [3]. In an effort to conduct ecologically more valid studies, Adams
et al. [43] examined distractibility in individuals with ADHD in a virtual reality classroom using
simulated ‘real-world’ auditory and visual distractors. Results indicated that distractors affected
children with ADHD significantly more, resulting in worse performance than those children without
ADHD. Divided attention has also been the focus of ADHD research [51,52], while other results have
confirmed that deficits in cognitive flexibility may be present in ADHD [24,34,35]. However, some of
these studies did not detect difficulties regarding divided attention [51,52] and cognitive flexibility [53].
Finally, moderate deficits in common paradigms measuring inhibitory control are typically observable
in children with ADHD when compared to their typically developing peers (see [45–50]).

The combination of certain non-pharmacological [54–56] and medication treatments [54,57,58] has
proven to be the most effective way of managing ADHD [59]. Some of the studies analyzing the effects
of medication on cognitive functioning found positive effects of stimulant medication on reaction time
(RT) variability [60], spatial short-term memory, spatial working memory, set-shifting and planning
ability [61], attention, response inhibition, writing, and verbal working memory [62]. In a systematic
review and meta-analysis by Coghill et al. [63] methylphenidate was found to be superior to the
placebo in its effect of enhancing executive memory, non-executive memory, response inhibition, and
in reducing reaction time and reaction time variability. However, one study found that individually
tailored doses of methylphenidate did not reduce the cognitive impairments typically associated with
ADHD [64].

Due to the contradicting results of previous findings and in order to gain more insight about
performance on a broad range of cognitive tasks, the aim of our current study was to investigate
whether children with ADHD could be distinguished by differences in their executive functioning and
attentional performances from (1) typically developing children (children without ADHD) and (2) from
children with ADHD who received adjusted medical treatment. Consequently, we hypothesized that
treatment naïve ADHD children would perform significantly worse on each of the measured parameters
(errors, omissions, reaction time, and variability of reaction time) of a widely used executive function
and attention battery than either the medicated or the typically developing group. Furthermore, we
presumed that there would be no significant differences in the measured parameters between the
medicated and the typically developing group.
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2. Materials and Methods

2.1. Participants

A total of 168 children aged between six and 12 were recruited to participate in the study
between February 2016 and February 2018. The clinical sample was recruited in the Vadaskert Child
Psychiatric Hospital and Outpatient Clinic, Budapest, Hungary. The control group consisted of
typically developing children from elementary schools in Budapest, Hungary.

For the clinical sample, the inclusion criteria were that the children had to be between six and
12 years old with a diagnosis of ADHD. ADHD diagnosis was based on a structured diagnostic
interview (see below). We specified two clinical samples: (1) treatment naïve children with ADHD and
(2) children with ADHD receiving adjusted medical treatment.

The treatment naïve ADHD group contained 40 children (80%) with combined type, eight children
(16%) with mostly inattentive type, and two children (4%) with mostly impulsive/hyperactive type
of ADHD. Regarding the medicated sample, 48 children (96%) had the diagnosis of combined type,
one child (2%) had the mostly inattentive type, and one child (2%) was diagnosed with the mostly
impulsive/hyperactive type of ADHD. We included children with the diagnosis of ADHD based on a
structured diagnostic interview (Mini Kid, see below) to the ADHD groups. This diagnostic interview
measures psychiatric diagnoses according to the DSM-IV criteria. To examine the different ADHD
subtypes between the clinical groups, three χ2 tests were conducted for the three subgroups. As for
the mostly inattentive group, the Pearson’s Chi-squared test with Yates’ continuity correction showed
barely significant results, (χ2(1) = 4.4, p = 0.04). The hyperactive-impulsive subtype did not differ at all
according to the medication (χ2(1) = 0, p = 1). The combined diagnosis differed according to group
(χ2(1) = 4.6, p = 0.03). The results were not unexpected considering that children with the most severe
symptoms (combined ADHD diagnosis) are under medication, whereas the “less severe” cases (either
inattentive or hyperactive) are not.

Children in the treatment naïve group were seeking professional help for the first time in their life
at the Vadaskert Child Psychiatric Hospital and Outpatient Clinic, Budapest, Hungary and the ADHD
diagnosis was established. We contacted these children and their parents at this time and gave them
information about our research project. We had the opportunity to conduct the study examination
processes before their regular doctor could possibly suggest medication for the treatment of ADHD.

Regarding the medicated group, 43 (86%) children received methylphenidate treatment, while
seven (14%) used atomoxetine. The average dose of methylphenidate was 15.7 mg (SD = 7.68) and
39.3 mg (SD = 15.66) for the atomoxetine. All children from the medicated group took their adjusted
medication on the day of KiTAP testing.

The inclusion criteria for the treatment naïve ADHD children was that the children had never
been treated with either methylphenidate or atomoxetine, while the medicated clinical sample had to
receive ongoing treatment with either methylphenidate or atomoxetine.

The inclusion criteria for the control group stated that participants must not have received a
psychological, psychiatric, or neurological diagnosis or associated treatment during the course of the
study or in their medical history. In addition, the structured diagnostic interview must have confirmed
the absence of ADHD.

The exclusion criteria in all study groups were intellectual disabilities and autism spectrum
disorder in the medical history. Further exclusion criterion for every group were reluctance to complete
each task; illness (for example, diarrhea, stomach ache); the use of other medications (Tiapride,
Risperidone); an incomplete diagnostic interview; retrospectively established autism or intellectual
disabilities; and former psychological, psychiatric, or neurological treatment in the case of the control
children. With one child, the diagnostic interview could not be completed as he simply refused to
continue with it, he became impatient, and without giving any explanation, he left the room.
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The study was approved by the Ethical Committee of the Medical Research Council, Hungary
(ETT-TUKEB). The parents of each child included in this study provided written informed consent
after having been informed of the nature of the study.

Ethics Approval and Consent to Participate: Ethical permission was submitted and accepted on
25 January 2016 by the ETT-TUKEB, permission number: 5677-1/2016/EKU [89/16]).

2.2. Measures

2.2.1. Mini International Neuropsychiatric Interview for Children and Adolescents (Mini Kid)

Psychiatric disorders were diagnosed with a modified version of the Hungarian Mini Kid [65–69].
The Mini Kid is a short, structured diagnostic interview, assessing 25 child psychiatric disorders
according to the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV), and
the modified version also measures subthreshold disorders [70]. Sheehan et al. [69] examined the
concurrent validity and reliability of the Mini Kid and all of the examined parameters gave acceptable
results. Balázs et al. [65] developed the Hungarian version of the Mini Kid. The high quality of
the Hungarian translation of the Mini Kid was assured by a multistep translation procedure and its
reliability was found to be good to excellent, except in the case of test–retest reliability for generalized
anxiety disorder (κ = 0.36). When the current study started, the Hungarian version of the DSM-5
based Mini Kid was not available yet. The last author of this study (J.B.) is the Hungarian developer of
Mini Kid and by now, the Hungarian version of DSM-5 has been evaluated. In our study, children
were interviewed with their parents, according to the instructions of the Mini Kid administration
procedure [65,69]. The Mini Kid was completed by one of the authors (M.M.), who is a psychologist.
She underwent Mini Kid training before the study and was continuously supervised during the study
by the last author of this manuscript (J.B.), who is a child psychiatrist.

A structured parents-rated questionnaire was specifically developed for this study to explore the
demographic characteristics of the participants such as the parents’ education and economic activity,
family structure, children’s motor development, and former and current psychological, psychiatric, or
neurological treatment.

2.2.2. Test of Attentional Performance for Children (KiTAP)

The KiTAP is a computer-based continuous performance task (CPT) and executive function (EF)
battery [71]. The KiTAP is the child version of the Tests of Attentional Performance (TAP), a test
used since the late 1990s to measure attention and EF performance in adults with different medical,
neurological, and psychiatric conditions. KiTAP was constructed by considering the same concept as
the adult version [44]. It was modified to be child-friendly by fitting the tasks to an enchanted castle
story. The reason for this was that children found the existing test batteries boring and repetitive,
and there had been problems with motivating young children to complete such test procedures at the
Clinic for Rehabilitation of Children and Adolescents in Gailingen [44]. KiTAP has been translated
to and validated in the following languages: English, French, Spanish, and Italian from its original
German [72] version. The battery contains eight subtests and in this study, we used five of them:
alertness, distractibility, divided attention, flexibility, and reaction control (inhibition) [71].

Intrinsic alertness is assessed with a simple reaction task (The witch): a witch appears at a window
and should be chased away as fast as possible by pressing the reaction key button [44].

The aim of the distractibility subtest (Happy and Sad Ghosts) is to complete a centrally presented
decision task (type go/no-go), whilst in half of the trials, a distracting stimulus emerges in the
periphery [44]. The central stimulus is either a cheerful or sad ghost and can be only differentiated
by visually focusing on their mouthline. The distractor turns up shortly before the central stimulus
(400 ms), thus one saccade to the distracting stimulus is possible before the discriminative stimulus
occurs. The appearance of the of the central stimulus is short (200 ms) and it typically already
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disappears before fixation on it is possible. The consequences of switching the orientation of attention
caused by the distractor are omissions of the crucial stimulus or false reactions.

The divided attention subtest (The Owl) is a dual task, requiring processing of an auditory
stimulus in addition to visual stimuli, and request subjects to simultaneously listen to a series of high
and low owl sounds as well as watch for target stimuli (the owl with closed eyes) [44]. Subjects must
press a button either when a sound is repeated or when the target stimulus appears.

The flexibility subtest (The Dragon’s House) demands the subjects alternate between identifying
blue and green dragons that appear on random sides of the screen by tapping one of two buttons
(numbered 1 and 2) [44]. This task analyses the ability of fast adjustment to a new condition by
recording the response to constantly changing target stimuli.

The go/no-go or inhibition subtest (The Bat) requires subjects to tap a button when the target
stimulus (a bat) appears, while not hitting the button for the non-target stimulus (a cat) [44]. It measures
the ability of control and decision making by requiring a reply for one stimulus as fast as possible,
while requiring no reply for the other.

It took approximately 30 min to complete these five KiTAP subtests. The subtests were administered
in a quasi-randomized order. During the tests, subjects were supported by a research assistant (RA).
Before the start of each subtest, the RA explained the goal of the test. The subject then took a short
pretest, allowing them to understand the task.

2.3. Statistical Analyses

Data analysis was performed using R (3.5.1 version, R Foundation for Statistical Computing,
Vienna, Austria).

The measures from each KiTAP subtest were analyzed including errors, omissions, median
reaction time, and variability (standard deviation) of reaction time. For continuous variables (median
and variability of reaction time), we ran normality (Shapiro) and homogeneity (Bartlett) tests on the
raw data. The Tukey power transformation was subsequently used if the normality assumption was
violated. An ANOVA was mainly estimated on the Tukey transformed data. After estimating the
ANOVA models, potential assumption violations were inspected by using the Global Validation of
Linear Models Assumptions (GVLMA) package [73]. In the next step, all control variables were added.
Control variables were the following: gender, age, mother’s education, father’s education, and the
number of months spent doing sports. The level of parental education seems to affect the children’s
cognition [74] and executive functioning [75]. Physical activity was found to have an effect on cognition
among typically developing (e.g., [76–79]) and children with ADHD [80–82]. After adding the control
variables, the best fitting model was selected with the stepAIC (it performs stepwise model selection
by Akaike Information Criterion) function from the MASS (contains functions and datasets to support
Venables and Ripley, “Modern Applied Statistics with S”, 4th edition, 2002) package [83]. This estimates
all models obtained by both forward and backward selection and chooses the best model fit based on
the lowest Akaike Information Criterion. In all models, we kept the group and age variables. On one
hand, the former was our focal predictor. On the other hand, we also had to address the significant
association between group membership and age, hence we controlled for the latter in all regressions.
After this, the linear model’s assumptions were assessed. Post hoc tests were carried out with Tukey’s
honest significant adjustment (HSD): both the groups were compared pairwise, and the non-medicated
group was contrasted with the mean of the medicated and control groups.

Regarding count data (errors and omissions), we used the generalized linear model. The dispersion
parameter was higher than the unity for all dependent variables, hence we preferred negative binomial
regressions over Poisson regressions. Subsequently, multiple model specifications were tested. First,
we compared the fit of the linear versus the quadratic variance functions (the overdispersion of the
variance is modeled as a linear versus quadratic function of the mean). Second, due to the large number
of zeros being observed in the dependent variable, we tested the presence of zero-inflation. Model fits
were compared based on the likelihood ratio test, in addition to the Akaike and Bayesian Information



Int. J. Environ. Res. Public Health 2019, 16, 3822 6 of 23

Criterion. Subsequently, parameters were estimated for the group variable from the best-fitting model.
This was followed by estimating the group effect and the three post hoc tests with Tukey’s HSD
correction. Finally, we contrasted the non-medicated group against the mean of the other two groups.

After estimating all 15 models, we controlled for family-wise error to decrease the risk of a Type I
error. We used the method provided by Benjaini and Yekutieli [84] for multiple reasons. On one hand,
it is a conservative test, but it still does not reduce the power of the test. On the other hand, it takes
into account the regression dependency between each of the test statistics corresponding to the true
null hypothesis.

3. Results

3.1. Sample

This paper presents data for 50 treatment naïve children with ADHD (45 boys and five girls,
age: M = 8.26 years, SD = 1.47, aged 6–11 years), a further 50 children with ADHD with ongoing
adjusted medical treatment (47 boys and three girls, age: M = 9.70 years, SD = 1.78, aged 6–12 years),
and 50 control group children (43 boys and seven girls, age: M = 8.68 years, SD = 1.41, aged 6–11 years).
Generally, the sample consisted mainly of boys (135 boys versus 15 girls). Significant age differences
were found between the groups (χ2(2) = 17.802, p < 0.001). Table 1 provides an overview of the
participants’ characteristics.

Table 1. Sample characteristics.

Variables Non-Medicated Group Medicated Group Control Group

Age (mean) 8.26 9.7 8.68
SD 1.47 1.78 1.41

Gender 45 boys and 5 girls 47 boys and 3 girls 43 boys and 7 girls

Residence (person)
Capital 27 21 45

Countryside city 11 23 3
Village 12 6 1

Countryside town 0 0 1

Accommodation
(person)

Own parents 46 47 50
Adopted 3 3 0

Foster parents 1 0 0

Father education 7 9 1
Elementary 25 25 14

Intermediate 16 13 35
Higher 2 3 0

Mother education
Elementary 8 3 0

Intermediate 15 24 11
Higher 26 22 39

N/A 1 1 0

Months spent with
sports (mean) 24.4 33.2 35.3

SD 23.1 32 27.1

N/A: Not available; SD: Standard deviation.

3.2. KiTAP Parameters

In the following section, we will present the results of the different KiTAP subtests. In the
univariate models, the ‘Group’ variable was always significant. We tested the presence of zero-inflation
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for all 15 final models, but none of them were significant. Table 2 shows the results of the post hoc tests
for each examined variable (KiTAP parameters) and the effects of the covariates. Table 3 displays the
descriptive statistics, whilst Table 4 contains the results of contrasting the non-medicated group to the
medicated and control groups.

Table 2. Post hoc tests and covariates.

KiTAP Variables Non- Medicated-
Medicated

Non- Medicated-
Control

Medicated-
Control Predictors (Significance and R2 Change)

Alertness

Reaction time (RT) median

Estimate: 0 0 0 Group: F(2, 146) = 4.66,
Standard error (SE): 0 0 0 p < 0.05

t-value: t(146) = 1.37 t(146) = 1.20 t(146) = −0.25 Age: F(1, 146) = 17.25,
p-value: p > 0.05 p > 0.05 p > 0.05 p < 0.001

RT variability

Estimate: 0.01 0.01 0 Group: F(2, 146) = 12.22,
SE: 0 0 0 p < 0.001

t-value: t(146) = 3.19 t(146) = 3.66 t(146) = 0.26 Age: F(1, 146) = 8.43,
p-value: p < 0.01 p < 0.01 p > 0.05 p < 0.01

Distractibility

Total omissions

Estimate: 0.03 0.72 0.69 Group: χ2(2) = 14.23,
SE: 0.26 0.26 0.27 p < 0.001

z-value: z = 0.13 z = 2.75 z = 2.51 Age: χ2(1) = 6.37,
p-value: p > 0.05 p < 0.05 p < 0.05 p < 0.05

Months spent with sport: χ2(1) = 2.98, p >
0.05

Mother education level: χ2(1) = 9.25, p < 0.05

Omissions with distractor

Estimate: −0.03 0.67 0.7 Group: χ2(2) = 10.71,
SE: 0.26 0.27 0.29 p < 0.01

z-value: z = −0.1 z = 2.47 z = 2.42 Age: χ2(1) = 9.41,
p-value: p > 0.05 p < 0.05 p < 0.05 p < 0.01

Months spent with sport: χ2(1) = 1.73, p >
0.05

Mother’s education level: χ2(3) = 14.73, p <
0.01

Omissions without
distractor

Estimate: 0.32 1.05 0.73 Group: χ2(2) = 10.78,
SE: 0.31 0.35 0.35 p < 0.01

z-value: z = 1.03 z = 3.03 z = 2.07 Age: χ2(1) = 0.89,

p-value: p > 0.05 p < 0.01 p > 0.05
(marginally) p > 0.05

Months spent with sport: χ2(1) = 1.99, p >
0.05

Errors (total)

Estimate: 0.05 0.33 0.28 Group: χ2(2) = 18.3,
SE: 0.11 0.11 0.11 p < 0.001

z-value: z = 0.46 z = 3.04 z = 2.46 Age: χ2(1) = 38.7,
p-value: p > 0.05 p < 0.01 p < 0.05 p < 0.001

Months spent with sport: χ2(1) = 5.7, p < 0.05

Errors with distractor

Estimate: 0.14 0.35 0.21 Group: χ2(2) = 21.5,
SE: 0.11 0.11 0.12 p < 0.001

z-value: z = 1.25 z = 3.2 z = 1.79 Age: χ2(1) = 31.9,
p-value: p > 0.05 p < 0.01 p > 0.05 p < 0.001

Months spent with sport: χ2(1) = 8, p < 0.01

Errors without distractor

Estimate: −0.03 0.32 0.35 Group: χ2(2) = 12.6,
SE: 0.13 0.13 0.13 p < 0.01

z-value: z = −0.21 z = 2.59 z = 2.68 Age: χ2(1) = 35.2,
p-value: p > 0.05 p < 0.05 p < 0.05 p < 0.001

Month spent with sport: χ2(1) = 2.2, p > 0.05
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Table 2. Cont.

KiTAP Variables Non- Medicated-
Medicated

Non- Medicated-
Control

Medicated-
Control Predictors (Significance and R2 Change)

Divided attention

Omissions (total)

Estimate: 0.74 1.23 0.49 Group: χ2(2) = 45.6,
SE: 0.21 0.21 0.22 p < 0.001

z-value: z = 3.56 z = 6 z = 2.17 Age: χ2(1) = 14.1,
p-value: p < 0.01 p < 0.001 p > 0.05 p < 0.001

Errors (total)

Estimate: 0.63 0.91 0.28 Group: χ2(2) = 52,
SE: 0.19 0.19 0.2 p < 0.001

z-value: z = 3.4 z = 4.82 z = 1.38 Age: χ2(1) = 19.5,
p-value: p < 0.01 p < 0.001 p > 0.05 p < 0.001

Months spent with sport: χ2(1) = 5.7, p < 0.05
Father’s education level: χ2(3) = 9.4, p < 0.05

RT median

Estimate: 65.8 49 −16.8 Group: F(2, 146) = 13.3,
SE: 21.5 19.7 20.8 p < 0.001

t-value: t(146) = 2.51 t(146) = 2.48 t(146) = −0.81 Age: F(1, 146) = 41.7,
p-value: p < 0.05 p < 0.05 p > 0.05 p < 0.001

Flexibility

Errors (total)

Estimate: 0.32 0.54 0.22 Group: χ2(2) = 24.8,
SE: 0.14 0.14 0.15 p < 0.001

z-value: z = 2.26 z = 3.95 z = 1.46 Age: χ2(1) = 23.2,

p-value: p > 0.05
(marginally) p < 0.001 p > 0.05 p < 0.001

RT median

Estimate: −0 0 0 Group: F(2, 146) = 5.39,
SE: 0 0 0 p < 0.01

t-value: t(146) = −0.1 t(146) = 2.33 t(146) = 2.37 Age: F(1, 146) = 46.11

p-value: p > 0.05 p > 0.05
(marginally) p < 0.05 p < 0.001

Go/no-go

Errors (total)

Estimate: 0.48 0.68 0.2 Group: χ2(2) = 21.9,
SE: 0.2 0.19 0.21 p < 0.001

z-value: z = 2.43 z = 3.61 z = 0.96 Age: χ2(1) = 14,
p-value: p < 0.05 p < 0.001 p > 0.05 p < 0.001

RT median

Estimate: 0 −0 −0 Group: F(2, 146) = 4.57,
SE: 0 0 0 p < 0.05

t-value: t(146) = 0.36 t(146) = −1.2 t(146) = −1.54 Age: F(1, 146) = 23.04,
p-value: p > 0.05 p > 0.05 p > 0.05 p < 0.001

p values under 0.05 are shown in bold.

Table 3. Descriptive statistics.

KiTAP Variables Non-Medicated Medicated Control

Alertness

RT median
Mean 355.89 315.8 331.47
Median 342 306 326
Standard Deviation 82.01 57.36 62.29
Minimum 244.5 194 240
Maximum 602.5 521 491.5

RT variability
Mean 125.02 62.76 62.9
Median 86.71 57.54 60.84
Standard Deviation 133.94 29.23 24.9
Minimum 32.47 25.85 27.72
Maximum 633.06 156.11 165.63
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Table 3. Cont.

KiTAP Variables Non-Medicated Medicated Control

Distractibility

Omission
total

Mean 3.46 2.4 1.38
Median 2 1 0.5
Standard Deviation 3.47 3.96 2.07
Minimum 0 0 0
Maximum 17 18 10

with distractor
Mean 2.02 1.38 0.9
Median 1 1 0
Standard Deviation 2.13 2.28 1.5
Minimum 0 0 0
Maximum 9 10 8

without distractor
Mean 1.44 1.02 0.48
Median 1 0 0
Standard Deviation 1.96 1.89 1.01
Minimum 0 0 0
Maximum 11 8 5

Error
total

Mean 18.54 13.84 11.88
Median 19 11.5 10.5
Standard Deviation 9.45 8.58 7.24
Minimum 1 1 1
Maximum 39 31 29

with distractor
Mean 9.24 6.44 5.84
Median 9 6 5.5
Standard Deviation 4.61 4.17 3.51
Minimum 1 0 0
Maximum 18 16 12

without distractor
Mean 9.3 7.4 6.04
Median 9 6 5
Standard Deviation 5.3 4.97 4.34
Minimum 0 0 0
Maximum 21 18 17

Divided attention

Omission
Mean 6.24 2.46 1.8
Median 6 1 1
Standard Deviation 4.53 3.49 2.07
Minimum 0 0 0
Maximum 17 21 10
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Table 3. Cont.

KiTAP Variables Non-Medicated Medicated Control

Error
Mean 22 9.66 6.64
Median 14 7 5.5
Standard Deviation 22.67 11.97 5.46
Minimum 0 0 0
Maximum 118 68 20

RT median
Mean 813.66 710.24 762.05
Median 825 693 750
Standard Deviation 116.44 119.23 104.14
Minimum 492.5 493.5 599
Maximum 1121 959.5 1117

Flexibility

Error
Mean 5.92 3.42 3.34
Median 6 3 3
Standard Deviation 3.28 3 2.59
Minimum 0 0 0
Maximum 14 12 12

RT median
Mean 1069.88 999.96 930.64
Median 1012 911.5 889
Standard Deviation 246.71 413.49 251.04
Minimum 645 456 528
Maximum 1929.5 2804.5 1643

Go/No-Go

Error
Mean 4.28 2.12 2.04
Median 3 1 1
Standard Deviation 3.72 2.25 2.08
Minimum 0 0 0
Maximum 19 9 7

RT median
Mean 507.63 474.2 513.14
Median 490.5 465.75 515.25
Standard Deviation 91.65 73.31 69.38
Minimum 349.5 351 398
Maximum 734 668 690.5

The first three columns contain the results of the post hoc test after estimating an ANCOVA.
The first number shows the contrast estimate between the two groups followed by its standard error
in parentheses. Subsequently, the corresponding t-values or z-values (depending on whether we
estimated ANOVA or GLM) and p-values are shown. The last column demonstrates the significance of
the added predictors, the F-value, or χ2 value (depending on whether the ANOVA or GLM model was
estimated) of the group variable along with the significant covariates.
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Table 4. Contrasting non-medicated group with the mean of the other two groups.

KiTAP Variables Estimate Significance

Alertness

RT median −0 t(146) = −1.49, p > 0.05
RT variability −0.01 t(146) = −3.94, p < 0.001

Distractibility

Total omission −0.38 z = −1.7, p > 0.05
Omission with distractor −0.32 z = −1.44, p > 0.05

Omission without distractor −0.65 z = −2.29, p < 0.05
Total error −0.19 z = −2, p < 0.05

Error with distractor −0.24 z = −2.59, p < 0.05
Error without distractor −0.15 z = −1.37, p > 0.05

Divided Attention

Total omission −0.99 z = −5.66, p < 0.001
Total error −0.77 z = −4.86, p < 0.001

RT median (raw data) −45.6 t(146) = −2.52, p < 0.05

Flexibility

Total error −0.43 z = −3.64, p < 0.001
RT median −0 t(146) = −1.24, p > 0.05

Go/no-go

Total error −0.58 z = −3.56, p < 0.001
RT median 0 t(146) = 0.46, p > 0.05

p values under 0.05 are shown in bold.

3.2.1. Alertness

With reference to task alertness, the following two measures were of interest: the median of the
reaction time and variability (standard deviation) of the reaction time. Regarding the median of the
reaction time, out of the possible control variables, the age of the participants proved to be significant
by using ANCOVA (F(1, 146) = 17.25, p < 0.001). Group membership had a significant effect (F(2, 146)
= 4.66, p = 0.01; after controlling for family-wise error p = 0.04), however, the pairwise contrasts after
Tukey correction did not show any significant differences (p > 0.05) (Table 2). Neither did contrasting
the average of the medicated and control participants result in significant differences (Table 4).

Regarding the variability of reaction time (standard deviation of reaction time) among the variables,
the age of the participants (F(1, 146) = 8.43, p = 0.004) proved to be significant using ANCOVA. Group
membership was highly significant (F(2, 146) = 12.22, p < 0.001) and also remained so after the Benjaini
and Yekutieli test (p < 0.001). The corrected contrast estimates between the non-medicated and control
(t(146) = 3.66, p = 0.001), between the non-medicated and medicated (t(146) = 3.19, p = 0.005) children
(Table 2) as well as the non-medicated group against the averaged performance of the other two groups
(t(146) = −3.94, p < 0.001) proved to be significant (Table 4).

3.2.2. Distractibility

A Generalized Linear Negative Binomial Model was used on the total number of omissions. Age
(χ2(1) = 6.37, p = 0.01), mother’s education level (χ2(3) = 9.25, p = 0.03) were significant variables,
and months spent with sports was marginally significant (χ2(1) = 2.98, p = 0.09). Group effect was
also significant (χ2(2) = 14.23, p < 0.001, after the Benjaini and Yekutieli test p = 0.005). The corrected
contrasts showed a significant difference between the non-medicated and control (z = 2.75, p = 0.02)
as well as between the medicated and control (z = 2.51, p = 0.03) participants (Table 2). Contrasting
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the two groups against non-medicated children showed a marginal significance (z = −1.7, p = 0.09)
(Table 4).

To examine the number of omissions made with a distractor, a generalized linear negative binomial
model was conducted. Age (χ2(1) = 9.41, p = 0.002), mother’s education level (χ2(3) = 14.73, p = 0.002),
and months spent with sport (χ2(1) = 1.73, p = 0.19) were the relevant control variables, and group
reached significance (χ2(2) = 10.71, p = 0.005), even after correction for family-wise error (p = 0.02).
Corrected group-wise contrasts indicated significant differences between non-medicated and control
(z = 2.47, p = 0.04) as well as between medicated and control (z = 2.42, p = 0.04) (Table 2), while
contrasting non-medicated children against the other two groups did not show significant differences
(Table 4).

Additionally, a generalized linear negative binomial model was used on the number of omissions
without a distractor. Only the group variable was significant (χ2(2) = 10.78, p = 0.005 even after the
Benjaini and Yekutieli test p = 0.02), however, to control for the effect of age differences between the
groups, we also added the age variable (χ2(1) = 0.89, p = 0.35). After applying the Tukey correction,
only non-medicated and control groups differed significantly (z = 3.03, p = 0.007), and medicated and
control groups showed a marginally significant difference (z = 2.07, p = 0.1) (Table 2). Non-medicated
children had significantly lower performance than the average of the other two groups (z = −2.92,
p = 0.02) (Table 4).

A generalized linear negative binomial model was conducted on the total number of false reactions.
Age (χ2(1) = 38.7, p < 0.001) and months spent with sports (χ2(1) = 5.7, p = 0.02) were relevant covariates,
and group effect was highly significant (χ2(2) = 18.3, p < 0.001), even after family-wise error correction
(p < 0.001). Non-medicated and medicated groups did not differ, however, both the former (z = 3.04,
p = 0.007) and the latter (z = 2.46, p = 0.04) differed from the control participants (Table 2). The mean of
controls and medicated patients showed a significant contrast against non-medicated children (z = −2,
p = 0.05) (Table 4).

Focusing on the number of errors with a distractor, a generalized linear negative binomial model
was conducted including age (χ2(1) = 31.9, p < 0.001) and months spent doing sports (χ2(1) = 8,
p = 0.005). Group effect was highly significant (χ2(2) = 21.5, p < 0.001, after the Benjaini and Yekutieli
test p < 0.001). After the Tukey correction, only non-medicated and control participants were proven
to perform differently (z = 3.2, p = 0.004) (Table 2), however, when grouping together the medicated
and control participants, they had a significant contrast with the non-medicated children (z = −2.59,
p = 0.01) (Table 4).

Finally, a generalized linear negative binomial model was also used on the number of errors
without a distractor. Age (χ2(1) = 35.2, p < 0.001) and months spent with sports (χ2(1) = 2.2, p = 0.14)
were relevant controls, and group effect was significant (χ2(2) = 12.6, p = 0.002), even after the correction
for family-wise error (p = 0.01). Non-medicated and medicated groups showed similar performance,
but both the first group (z = 2.59, p = 0.03) and the second group (z = 2.68, p = 0.02) differed from the
control participants (Table 2). Contrasting the non-medicated group against the other two did not
show relevant differences (Table 4).

3.2.3. Divided Attention

A generalized linear negative binomial model was conducted on the total number of omissions
(number of missed signals). Among the variables, the age of the participants (χ2(1) = 14.1, p < 0.001)
and group effect (χ2(2) = 45.6, p < 0.001, after family-wise error correction p < 0.001) proved to be
significant. After the Tukey correction, a significant difference was found between the medicated and
non-medicated (z = 3.56, p = 0.001), and also between the non-medicated and control (z = 6, p < 0.001)
groups (Table 2). Non-medicated children performed significantly different than the average of the
medicated and control group children (z = −5.66, p < 0.001) (Table 4).

A generalized linear negative binomial model was conducted on the total number of false reactions
(errors). Age (χ2(1) = 19.5, p < 0.001), father’s education level (χ2(3) = 9.4, p = 0.03), and months spent
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doing sports (χ2(1) = 5.7, p = 0.02) were significant covariates. Group effect was found to be highly
significant (χ2(2) = 52, p < 0.001), even after the Benjaini and Yekutieli test (p < 0.001). After applying
Tukey correction, significant differences were yielded between the medicated and non-medicated
children (z = 3.4, p = 0.002), and between the non-medicated and control children (z = 4.82, p < 0.001)
(Table 2). There was no significant difference between the medicated and control group. Comparison
between the average of the non-medicated group versus the average of the medicated and control
group indicated a significant difference (z = −4.86, p < 0.001) (Table 4).

Regarding the median reaction time, age (F(1, 146) = 41.7, p < 0.001) and group effect (F(2,
146) = 13.3, p < 0.001, after family-wise error correction p < 0.001) were significant by using ANCOVA
on the raw data of the median of reaction time. Corrected group-wise contrasts resulted in a significant
difference for the non-medicated group when compared with the medicated (t(146) = 2.51, p = 0.01)
and control group (t(146) = 2.48, p = 0.01) (Table 2). The non-medicated group against the averaged
performance of the other two groups proved to be significant (t(146) = −2.52, p = 0.01) (Table 4).

3.2.4. Flexibility

A generalized linear negative binomial model was used for false reactions. Among the variables,
age (χ2(1) = 23.2, p < 0.001) and group effect (χ2(2) = 24.8, p < 0.001, after the Benjaini and Yekutieli
test p < 0.001) proved to be significant. Only the difference between the non-medicated and control
group (z = 3.95, p < 0.001) was found to be significant (Table 2). A marginally significant difference
was yielded between the non-medicated and medicated children (z = 2.26, p = 0.06). The comparison
between the medicated and control group did not result in a significant difference. Additionally,
when grouping together the medicated and control children, it gave a significant contrast with the
non-medicated children (z = −3.64, p < 0.001) (Table 4).

Using transformed data of the median reaction time, the results of Bartlett’s test of homogeneity
of variances were significant (Bartlett’s K-squared = 10.6, df = 2, p = 0.005). Among the variables that
were applied, the age of the participants (F(1, 146) = 46.11, p < 0.001) and the group effect (F(2, 146)
= 5.39, p = 0.006, after family-wise error correction p = 0.02) proved to be significant by ANCOVA.
However, when including the age variable, we removed the heteroscedasticity in the error term, hence
we used regular standard errors. The only significant difference occurred between the medicated and
control group (t(146) = 2.37, p = 0.05). A marginally significant difference was detected between the
non-medicated and control group (t(146) = 2.33, p = 0.06), whereas the difference was not significant
between the medicated and non-medicated group (Table 2). Contrasting the non-medicated group
against the medicated and control group did not result in relevant differences (Table 4).

3.2.5. Go/No-Go

A generalized linear negative binomial model was used on the false reactions data. Among the
variables, the age of the participants (χ2(1) = 14, p < 0.001) and group effect (χ2(2) = 21.9, p < 0.001, after
correction for family-wise error p < 0.001) were found to be significant. After applying the correction,
significant differences were yielded between the non-medicated and medicated (z = 2.43, p = 0.04), and
also between the non-medicated and control group (z = 3.61, p < 0.001) (Table 2). The difference was
not significant between the medicated and control children. The comparison between the average of
the non-medicated children and the average of both the other groups revealed a significant difference
(z = −3.56, p < 0.001) (Table 4).

Among the control variables, the age of the participants (F(1, 146) = 23.04, p < 0.001) and the
effect of the group (F(2, 146) = 4.57, p = 0.01, after the Benjaini and Yekutieli test p = 0.04) proved
to be significant using ANCOVA on the transformed data of the median of reaction time. Although
this was the last significant group effect, the group-wise contrasts after Tukey correction did not
display any significant differences (p > 0.05) (Table 2). It did not result in significant differences
either, when contrasting the average of the medicated and control participants with the average of the
non-medicated children (Table 4).
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4. Discussion

The present study set out to investigate whether (1) the presence of ADHD symptoms was linked
to impairment in EF compared to typically developing children, and (2) whether medication attenuated
this association. The variables with the strongest relationship to the EF measures were the diagnosis of
ADHD, receiving medication, age, physical activity, and parents’ education level.

4.1. Alertness: Reaction Time and ADHD

Regarding the median of reaction time, the effect of the group was significant; however,
the post hoc tests revealed no significant differences among the three groups (ADHD-medicated,
ADHD-non-medicated, and control). Descriptive parameters displayed considerably higher means and
standard deviations of median reaction time for the group of treatment naïve children with ADHD than
both the medicated and control groups. In contrast with this nonsignificant result, Cao et al. [39] found
deficits in alerting functions in children with ADHD, where deficits were associated with abnormal
activities in the frontal and parietal regions. Similarly, Bolfer et al. [85] found that children with ADHD
showed reaction times higher than typically developing controls, while Coghill et al.’s [63] study
displayed the effect of methylphenidate over the placebo in reducing reaction time. Somewhat in line
with our results, few effects of methylphenidate were found on reaction time speed [60] and its use did
not affect the attention skills in children with ADHD [64].

Regarding the variability (standard deviation) of reaction time, our models showed significant
differences between the non-medicated and control, and between the non-medicated and medicated
children. However, there was no significant difference between the medicated and control group
children. In line with our results, the literature points out that children with ADHD exhibit increased
reaction time variability relative to nonclinical groups [86], and that medication has positive effects on
the variability of reaction time [60]. Accordingly, there is strong evidence that stimulant treatment
reduces reaction time variability during a range of cognitive tasks [63,86,87].

In the inattention symptoms from the DSM-5 [3], several items specify poor sustained attention,
suggesting that impairments in sustained attention is an essential clinical aspect for ADHD. The concept
of inattention is not expressed in cognitive terms in the DSM-5 [3], nevertheless neuropsychological
studies could detect abnormalities in basic attentional processes regarding ADHD [88,89]. The intensity
of attention includes alertness and sustained attention, which might be necessary for attentional
selectivity [90,91]. Based on the previous research, we considered using the KiTAP task testing
sustained attention, but the duration of this test was much longer than the test for alertness, and
children were not willing to complete the 10-min-long task. Therefore, we chose the alertness
task instead.

4.2. Distractibility: Omissions and Errors in ADHD

A low degree of distractibility is an important prerequisite of concentrated work and therefore
is important for academic achievement [44]. Regarding omissions only, there was a high proportion
of zeros across all three groups, however, the statistical test did not detect zero-inflation. Treatment
naïve ADHD children made the most omissions and errors in both the presence and absence of
distractors. Medicated ADHD children made less omissions and errors, and the least omissions
and errors were made by the control group. The difference was always significant between the
non-medicated ADHD and control group, but was never significant between the non-medicated and
medicated group. Regarding the total number of omissions, these results implicate that ADHD children
without medication perform significantly worse than typically developing children. Additionally,
medication does not seem to help them perform “better” (making less omissions), hence resulting in
significant differences with the typically developing children. The same outcome was found concerning
the omissions made when distractors were presented, implicating less help from medication to focus
when the distractor appeared. Regarding the number of total errors and errors without distractors,
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a significant difference was yielded between the medicated and control group. Medication did not
seem to help regarding the aforementioned parameters, indicating significantly more mistakes, and
interestingly, more errors when the distractor was not presented. However, no significant difference
was found between the medicated and non-medicated, and between the medicated and control group
as for the errors with the distractor. Furthermore, by all error types (total, with and without distractor),
a significant difference occurred between the non-medicated and control group, but not between the
non-medicated and medicated group. Partly supporting our findings, previous studies have shown
that psychostimulant medication alters performance on EF tests in children with ADHD [61,92,93].
As a key feature, in line with the DSM-5 criteria [3], a higher level of distractibility could be detected
by our treatment naïve group when compared to typically developing children. Elevated levels of
distractibility in ADHD could result from several elements, alone or in combination, like failing to
maintain focus on a task, higher degree of orientating to novel stimulus [94], and deficits in inhibition
about incoming sensory stimuli [95]. Van Mourik et al. [94] used novel sounds and standard sounds
while recording event-related potentials while children with and without ADHD completed a visual
two-choice reaction time task. The results of this study were contradictory to ours, since despite the
elevated orienting response to novel sound, the distraction could facilitate the performance of ADHD
children temporarily, perhaps by increasing arousal to an optimal level, as it was indicated by the
reduced omission rate. The results of this study implies that the presence of distractors might not
always potentially have a beneficial effect on children with ADHD [94].

4.3. Divided Attention: Omissions, Errors, and Reaction Time in ADHD

In everyday life, it is natural to pay attention to a number of events and things simultaneously [44].
For omissions and errors, there was a high number of values close to zero, but zero-inflation did
not occur. Treatment naïve ADHD children made the most omissions and errors, followed by
medicated ADHD children. Control group children made the least omissions and errors. Significant
differences were found in both cases between the non-medicated and medicated group and between the
non-medicated and control group. In our sample, no significant differences arose between the medicated
ADHD and control group. These outcomes support our expectations, namely treatment naïve ADHD
children perform significantly worse by making more omissions and errors than medicated and control
group children. These results contrast Lajoie et al.’s [96] findings, in which the authors found that
comparisons between on–off medication conditions generally disclosed few differences as for sustained
and selective attention measures and simple processing speed. On the contrary, concerning higher-level
attention domains including shifting and divided attention, children on medication demonstrated
a speed–accuracy trade-off, exhibiting greater accuracy, but slower completion times. When the
ADHD group was compared to the controls, ADHD children in the medication condition were more
accurate across all attention domains on all measures. Our results are also in contrast with the study of
Elosúa, Del Olmo, and Contreras [51], where children with ADHD displayed less impairments when
completing a test measuring divided attention than the participants in the typically developing group.

Regarding the median of reaction time, the medicated group exhibited the best performance.
Based on the descriptive statistics, treatment naïve ADHD children had the highest median of reaction
time, followed by the control children, but with the medicated group showing the best performance.
Among these, two differences reached significance: between the non-medicated and medicated, and
between the non-medicated and control group. A possible explanation for the results of the median
reaction time might be that medication did indeed affect reaction time, resulting in significantly shorter
reaction times for medicated ADHD children than non-medicated ones. Furthermore, the fact that
control participants were largely examined in the afternoons could have resulted in a slightly longer
mean of the median reaction time observed, possibly due to their tiredness. In a study by [97], 35
children with ADHD (between the age of nine and 12) and 35 healthy control children were examined.
Contrary to our findings, comparisons with the control group showed that ADHD children reacted
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significantly faster on all of the measured attention tests including a divided attention test, where they
also had fewer errors.

A proper functioning of divided attention is essential in most everyday situations, since one
needs to process multiple information coming from multiple sources and often multiple modalities
simultaneously. The following DSM-5 [3] ADHD criteria could be related to a malfunctioning of
divided attention: often losing personal belongings and appearing not to pay attention when someone
talks directly to the person.

4.4. Flexibility: Errors and Reaction Time in ADHD

During the flexibility task, non-medicated children made the most errors, followed by medicated
children. Control children made the least number of errors in the flexibility task. However, only the
difference between the non-medicated and the control groups reached significance in the post hoc
tests. In a study, Etchepareborda and Mulas [98] investigated a group of 50 children diagnosed with
ADHD (8 to 21 years old) and 50 typically developing children. Their attentional functions, inhibitory
control mechanisms, and cognitive flexibility of the subjects were tested. At least 38% of the patients in
the study displayed impaired cognitive flexibility. Patients with poor cognitive flexibility also had
difficulties with attentional discrimination, as well as impulse and interference control. The authors
noticed that the group that was characterized by cognitive rigidity, in addition to attentional disorder,
could correspond to a complex subtype not sensitive to stimulants. In line with our outcomes, cognitive
flexibility was found to correlate significantly and negatively with the level of hyperactivity/inattention,
although in typically developing children [99]. In another study stimulant medication had a positive
effect on cognitive flexibility among other measured cognitive abilities [61].

With regards to the mean of the median reaction times, non-medicated children were the slowest
followed by the medicated ones. Children in the control group were the fastest. Only the difference
between the medicated and the control children reached significance on the post hoc tests, indicating
that the reaction time performance of the medicated children did not reach that of the control group.
Although treatment naïve children had the greatest mean of median reaction time, they had the smallest
standard deviation of this parameter.

Summing up these results, this task is likely to have been challenging for the medicated ADHD
children; even though they made the same number of errors as the control group, they took significantly
longer to respond. As demonstrated earlier, few effects have been measured on reaction time speed
across multiple cognitive tasks, when using methylphenidate [60].

Flexibility is also an essential aspect of attentional performance [44]. It promotes controlling and
redirecting the focus of attention. It manifests through a large group of activities such as adapting
our attitude in an environment that frequently produces changes in order to reach our goals, or when
alteration is needed regarding our goal, because the chosen activity does not lead to the destined
outcome. Consequently, any difficulties in flexibility can potentially result in a substantial deterioration
in everyday performance [44]. Therefore, understandably, several results indicate and confirm that
deficits in cognitive flexibility are possible indicators of ADHD [24,34,35].

4.5. Go/No-Go: Errors and Reaction Time

Control processes contain our ability to control our reactions and behavior [44]. A considerable
proportion of children made either zero or one error, but it did not lead to zero-inflation models. The
results met our previous expectations, namely that the mean of errors was almost identical for the
control and medicated groups, while unmedicated children with ADHD made significantly more errors
than both the medicated and the control groups. Supporting our results, Koschack et al. [97], found
that ADHD subjects made significantly more errors on a go/no-go task than their typically developing
peers. In line with our findings, Wodka et al. [100] found a significant effect of diagnosis on errors of
commission in go/no-go tests. That is, children with ADHD made significantly more errors than the
controls. In children with ADHD, response inhibition appears to be a primary deficit that is observable



Int. J. Environ. Res. Public Health 2019, 16, 3822 17 of 23

even when the EF demand of the task is minimal. Although increasing working memory demand
appears to obstruct response inhibition, this influence is similar in ADHD and typically developing
children [100]. Several studies support that there is an impairment in inhibition in children with ADHD
compared to their typically developing peers [50–55] and that methylphenidate treatment improves
inhibitory control [85] or response inhibition [62,63].

Concerning reaction time, the control group reached a greater mean of the median reaction time
when compared with the other two ADHD groups, but without significance. Non-medicated ADHD
children had the greatest standard deviation of median reaction time, but medicated ADHD children
ranked higher than the control group in this measure. In line with these results, we found no significant
difference between the groups for the median reaction time in the post hoc tests, although the group
effect was significant. In contrast, Koschack et al.’s [97] results revealed that reaction times of children
with ADHD were faster on all attentional tasks when compared to typically developing children.
Furthermore, also contrary to our results, Epstein et al.’s [60] study demonstrated limited effects of
methylphenidate on reaction time speed, and implies that stimulant medication primarily influences
reaction time variability during multiple cognitive tasks.

Impulsive behavior is also one of the distinctive aspects of the different types of ADHD (primary
inattentive, primary hyperactive/impulsive, and combined type) in accordance with DSM-5 [3] and can
be regularly observed in children with behavioral impairments. Symptoms describing hypermotility
(e.g., fidgeting, running around, climbing on everything, etc.) or those defining interruption and
difficulties regarding waiting also refer to impairments in inhibition. As Barkley [17] stated earlier,
behavioral inhibition is a key feature of ADHD.

5. Limitations

The results of this study should be interpreted in the context of its limitations. First, there were
significant differences in the ages and hometowns of the different groups, which could be a possible
confounding factor in our study.

The next limitation is that the control children were mainly examined in the afternoon due to the
fact that they could not be absent from school, while members of the clinical samples were available in
the morning.

Another limitation is that although we excluded those children from the control group who had
the diagnoses of autism spectrum disorder and intellectual disability and/or psychological, psychiatric,
or neurological treatment in their medical history, and a further exclusion criterion in the control group
was if the structural diagnostic interview could establish the diagnosis of ADHD, however, we did not
exclude those children from any study groups who met the criteria or subthreshold criteria for any
other psychiatric disorders after completing the Mini Kid.

Children from all study groups were excluded if intellectual disability was stated in their medical
history, however, during the research process we did not test the level of intelligence.

The next limitation is about symptom severity. All children from the medicated group were
receiving adjusted medication and were under this type of treatment at the time of the study. Children
were taking either methylphenidate or atomoxetine. Therefore, symptom severity could not be assessed
without medication because it would have raised even more ethical questions as for withdrawing
atomoxetine treatment just to conduct the study.

The next limitation includes a significant difference between the medicated and non-medicated
children regarding the combined ADHD subtype.

Finally, although our study groups included 50 participants each, so that we had enough power
in the study, it would be necessary to also replicate our results in bigger sample size.

6. Conclusions

In summary, we would like to highlight that non-medicated ADHD children generally performed
worse at different EF tasks than their typically developing peers. The means of the medicated group
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was closer to the means of the control groups rather than to the treatment naïve group in more cases,
with the exception of the omissions made without a distractor in the distractibility test, and of the
median reaction time in the go/no-go task. Medication seems to have had the strongest measurable
effect on the children’s performance in the go/no-go (inhibition), the alertness, and the divided attention
tasks. Treatment naïve ADHD children performed worse than the medicated and control group in
almost all parameters, suggesting that ADHD is characterized by impaired EF. Future studies should
focus on the effect of various medications on the EF in different ADHD subtypes.

Author Contributions: Conceptualization, M.M., J.F., and J.B.; Methodology, M.M., J.F., and J.B.; Formal analysis,
D.K.; Investigation, M.M.; Resources, J.B.; Data curation, M.M.; Writing—original draft preparation, M.M.;
Writing—review and editing, all authors; Visualization, D.K.; Supervision, J.B.; Project administration, M.M.;
Funding acquisition, J.B. All authors provided final approval of the version of the manuscript for publication and
agreed to be accountable for all aspects of the work.

Funding: This work was funded by the Hungarian Scientific Research Fund (Hungarian abbreviation: OTKA,
No: K-108336). Judit Balázs was supported by the János Bolyai Research Scholarship of the Hungarian Academy
of Sciences.

Acknowledgments: We wish to thank the patients, their parents, and the staff of Vadaskert Psychiatric Hospital,
Budapest for the collaboration with the data collection.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Brown, R.T.; Freeman, W.S.; Perrin, J.M.; Stein, M.T.; Amler, R.W.; Feldman, H.M.; Pierce, K.; Wolraich, M.R.
Prevalence and Assessment of Attention- Deficit/Hyperactivity Disorder in Primary Care Setting. Pediatrics
2001, 107, E43. [CrossRef] [PubMed]

2. Goldman, L.S.; Genel, M.; Bezman, R.J.; Slanetz, P.J. Diagnosis and treatment of attention-deficit/hyperactivity
disorder in children and adolescents. Council on Scientific Affairs, American Medical Association. JAMA
1998, 279, 1100–1107. [CrossRef] [PubMed]

3. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; APA:
Arlington, VA, USA, 2013.

4. Benton, A. Prefrontal injury and behavior in children. Dev. Neuropsychol. 1991, 7, 275–282. [CrossRef]
5. Heilman, K.M.; Voeller, K.K.S.; Nadeau, S.E. A possible pathophysiological substrate of attention deficit

hyperactivity disorder. J. Child Neurol. 1991, 6, 74–79. [CrossRef]
6. Valera, E.M.; Faraone, S.V.; Murray, K.E.; Seidman, L.J. Meta-analysis of Structural Imaging Findings in

Attention-Deficit/Hyperactivity Disorder. Biol. Psychiatry 2007, 61, 1361–1369. [CrossRef] [PubMed]
7. Gehricke, J.G.; Kruggel, F.; Thampipop, T.; Alejo, S.D.; Tatos, E.; Fallon, J.; Muftuler, L.T. The brain anatomy

of attention-deficit/hyperactivity disorder in young adults—A magnetic resonance imaging study. PLoS
ONE 2017, 12, e0175433. [CrossRef] [PubMed]

8. Fordl, T.; Skokauskas, N. Meta-analysis of structural MRI studies in children and adults with attention deficit
hyperactivity disorder indicates treatment effects. Acta Psychiatr. Scand. 2012, 125, 114–126. [CrossRef]

9. Rubia, K.; Alegría, A.A.; Brinson, H. Brain abnormalities in attention/deficit hyperactivity disorder: A review.
Rev. Neruol. 2014, 58, S3–S16.

10. Arnsten, A.F.; Rubia, K. Neurobiological circuits regulating attention, cognitive control, mitovation, and
emotion: Disruptions in neurodevelopmental psychiatric disorders. J. Am. Acad. Child Adolesc. Psychiatry
2012, 51, 356–367. [CrossRef]

11. Norman, L.J.; Carlisi, C.; Lukito, S.; Hart, H.; Mataix-Cols, D.; Radua, J.; Rubia, K. Structural and Functional
Brain Abnormalities in Attention-Deficit/Hyperactivity Disorder and Obsessive-Compulsive Disorder: A
Comparative Meta-analysis. JAMA Psychiatry 2016, 73, 815–825. [CrossRef]

12. De La Fuente, A.; Xia, S.; Branch, C.; Li, X. A review of attention-deficit/hyperactivity disorder from the
perspective of brain networks. Front Hum. Neurosci. 2013, 7, 192. [CrossRef] [PubMed]

13. Bush, G.; Valera, E.M.; Seidman, L.J. Functional neuroimaging of attention attention-deficit/hyperactivity
disorder: A review and suggested future directions. Biol. Psychiatry 2005, 57, 1273–1284. [CrossRef]
[PubMed]

http://dx.doi.org/10.1542/peds.107.3.e43
http://www.ncbi.nlm.nih.gov/pubmed/11230624
http://dx.doi.org/10.1001/jama.279.14.1100
http://www.ncbi.nlm.nih.gov/pubmed/9546570
http://dx.doi.org/10.1080/87565649109540495
http://dx.doi.org/10.1177/0883073891006001S09
http://dx.doi.org/10.1016/j.biopsych.2006.06.011
http://www.ncbi.nlm.nih.gov/pubmed/16950217
http://dx.doi.org/10.1371/journal.pone.0175433
http://www.ncbi.nlm.nih.gov/pubmed/28406942
http://dx.doi.org/10.1111/j.1600-0447.2011.01786.x
http://dx.doi.org/10.1016/j.jaac.2012.01.008
http://dx.doi.org/10.1001/jamapsychiatry.2016.0700
http://dx.doi.org/10.3389/fnhum.2013.00192
http://www.ncbi.nlm.nih.gov/pubmed/23720619
http://dx.doi.org/10.1016/j.biopsych.2005.01.034
http://www.ncbi.nlm.nih.gov/pubmed/15949999


Int. J. Environ. Res. Public Health 2019, 16, 3822 19 of 23

14. Konrad, K.; Eickhoff, S.B. Is the ADHD brain wired differently? A review on structural and functional
connectivity in attention deficit hyperactivity disorder. Hum. Brain. Mapp. 2010, 6, 904–916. [CrossRef]
[PubMed]

15. Bonath, B.; Tegelbeckers, J.; Wilke, M.; Flechtner, H.H.; Krauel, K. Regional Gray Matter Volume Differences
Between Adolescents with ADHD and Typically Developing Controls: Further Evidence for Anterior
Cingulate Involvement. J. Atten. Disord. 2018, 7, 627–638. [CrossRef]

16. Bledsoe, J.C.; Semrud-Clikeman, M.; Pliszka, S.R. Anterior cingulate cortex and symptom severity in
attention-deficit/hyperactivity disorder. J. Abnorm. Psychol. 2013, 122, 558–565. [CrossRef]

17. Barkley, R.A. Behavioral inhibition, sustained attention, and executive functions: Constructing a unifying
theory of ADHD. Psychol. Bull. 1997, 121, 65–94. [CrossRef]

18. Douglas, V.I. Cognitive control processes in Attention-Deficit/Hyperactivity Disorder. In Handbook of
Disruptive Behavior Disorders; Quay, H.C., Hogan, A.E., Eds.; Kluwer Academic/Plenum Publishers: New
York, NY, USA, 1991; pp. 105–138.

19. Pennington, B.F.; Ozonoff, S. Executive functions and developmental psychopathology. J. Child Psychol.
Psychiatry 1996, 37, 51–87. [CrossRef]

20. Savci, U.; Tufan, A.E.; Öztürk, Y.; Cansiz, M.A. Executive Function Problems and Treatment in Children and
Adolescents with Attention Deficit and Hyperactivity Disorder. Curr. Approaches Psychiatry 2019, 11, 223–238.
[CrossRef]

21. Craig, F.; Margari, F.; Legrottaglie, A.R.; Palumbi, R.; de Giambattista, C.; Margari, L. A review of executive
function deficits in autism spectrum disorder and attention-deficit/hyperactivity disorder. Neuropsychiatr.
Dis. Treat. 2016, 12, 1191–1202. [CrossRef]

22. Frazier, T.W.; Demaree, H.A.; Youngstrom, E.A. Meta-analysis of intellectual and neuropsychological test
performance in attention-deficit/hyperactivity disorder. Neuropsychology 2004, 18, 543–555. [CrossRef]

23. Rapport, M.D.; Alderson, R.M.; Kofler, M.J.; Sarver, D.E.; Bolden, J.; Sims, V. Working Memory Deficits in
Boys with Attention-deficit/ Hyperactivity Disorder (ADHD): The Contribution of Central Executive and
Subsystem Processes. J. Abnorm. Child Psychol. 2008, 36, 825–837. [CrossRef] [PubMed]

24. Hervey, A.S.; Epstein, J.N.; Curry, J.F. Neuropsychology of adults with attention- deficit/hyperactivity
disorder: A meta-analytic review. Neuropsychology 2004, 18, 485–503. [CrossRef] [PubMed]

25. Sounga-Barke, E.J.S.; Dalen, L.; Daley, D.; Remington, B. Are planning, working memory, and inhibition
associated with individual differences in preschool ADHD symptoms? Dev. Neuropsychol. 2002, 21, 255–272.
[CrossRef] [PubMed]

26. Khaledi, A.; Hashemi-Razini, H.; Abdollah, M.H. Comparison of different components of executive functions
in children with attention-deficit/hyperactivity disorder, children with specific learning disorders, and
normal children. Chron. Dis. J. 2019, 7, 28–34. [CrossRef]

27. Berk, L.E.; Potts, M.K. Development and functional significance of private speech among attention-deficit
hyperactivity disordered and normal boys. J. Abnorm. Child Psychol. 1991, 19, 357–377. [CrossRef] [PubMed]

28. Winsler, A.; Diaz, R.M.; Atencio, D.J.; McCarthy, E.M.; Chabay, L.A. Verbal self-regulation over time in
preschool children at risk for attention and behavior problems. J. Child Psychol. Psychiatry 2000, 41, 875–886.
[CrossRef] [PubMed]

29. Barkley, R.A. (Ed.) Executive Functioning and Self-Regulation: Extended Phenotype, Synthesis, and Clinical
Implications; Guilford: New York, NY, USA, 2012.

30. Clark, C.; Prior, M.; Kinsella, G.J. Do executive function deficits differentiate between adolescents with
ADHD and oppositional defiant/conduct disorder? A neuropsychological study using the Six Elements Test
and Hayling Sentence Completion Test. J. Abnorm. Child Psychol. 2000, 28, 403–414. [CrossRef] [PubMed]

31. Klorman, R.; Hazel-Fernandez, L.A.; Shaywitz, S.E.; Fletcher, J.M.; Marchione, K.E.; Holahan, J.M.;
Stuebing, K.K.; Shaywitz, B.A. Executive functioning deficits in attention- deficit/hyperactivity disorder are
independent of oppositional defiant or reading disorder. J. Am. Acad. Child Adolesc. Psychiatry 1999, 38,
1148–1155. [CrossRef]

32. Doyle, A.E.; Biederman, J.; Seidman, L.J.; Weber, W.; Faraone, S.V. Diagnostic efficiency of neuro-psychological
test scores for discriminating boys with and without attention deficit-hyperactivity disorder. J. Consult. Clin.
Psychol. 2000, 68, 477–488. [CrossRef]

33. Nigg, J.T.; Casey, B.J. An integrative theory of attention-deficit/ hyperactivity disorder based on the cognitive
and affective neurosciences. Dev. Psychopathol. 2005, 17, 785–806. [CrossRef]

http://dx.doi.org/10.1002/hbm.21058
http://www.ncbi.nlm.nih.gov/pubmed/20496381
http://dx.doi.org/10.1177/1087054715619682
http://dx.doi.org/10.1037/a0032390
http://dx.doi.org/10.1037/0033-2909.121.1.65
http://dx.doi.org/10.1111/j.1469-7610.1996.tb01380.x
http://dx.doi.org/10.18863/pgy.424793
http://dx.doi.org/10.2147/NDT.S104620
http://dx.doi.org/10.1037/0894-4105.18.3.543
http://dx.doi.org/10.1007/s10802-008-9215-y
http://www.ncbi.nlm.nih.gov/pubmed/18317920
http://dx.doi.org/10.1037/0894-4105.18.3.485
http://www.ncbi.nlm.nih.gov/pubmed/15291727
http://dx.doi.org/10.1207/S15326942DN2103_3
http://www.ncbi.nlm.nih.gov/pubmed/12233938
http://dx.doi.org/10.22122/cdj.v7i1.373
http://dx.doi.org/10.1007/BF00911237
http://www.ncbi.nlm.nih.gov/pubmed/1865050
http://dx.doi.org/10.1111/1469-7610.00675
http://www.ncbi.nlm.nih.gov/pubmed/11079430
http://dx.doi.org/10.1023/A:1005176320912
http://www.ncbi.nlm.nih.gov/pubmed/11100915
http://dx.doi.org/10.1097/00004583-199909000-00020
http://dx.doi.org/10.1037/0022-006X.68.3.477
http://dx.doi.org/10.1017/S0954579405050376


Int. J. Environ. Res. Public Health 2019, 16, 3822 20 of 23

34. Willcutt, E.G.; Doyle, A.E.; Nigg, J.T.; Faraone, S.V.; Pennington, B.F. Validity of the executive function theory
of attention-deficit/hyperactivity disorder: A meta-analytic review. Biol. Psychiatry 2005, 57, 1336–1346.
[CrossRef] [PubMed]

35. Boonstra, A.M.; Oosterlaan, J.; Sergeant, J.A.; Buitelaar, J.K. Executive functioning in adult ADHD:
A meta-analytic review. Psychol. Med. 2005, 35, 1097–1108. [CrossRef] [PubMed]

36. Wodka, E.L.; Loftis, C.; Mostofsky, S.H.; Prahme, C.; Larson, J.C.; Denckla, M.B.; Mahone, E.M. Prediction of
ADHD in boys and girls using the D-KEFS. Arch. Clin. Neuropsychol. 2008, 23, 283–293. [CrossRef] [PubMed]

37. Trani, M.D.; Casini, M.P.; Capuzzo, F.; Gentile, S.; Bianco, G.; Menghini, D.; Vicari, S. Executive and intellectual
functions in attention-deficit/hyperactivity disorder with and without comorbidity. Brain Dev. 2011, 33,
462–469. [CrossRef] [PubMed]

38. Van Zomeren, A.H.; Bouwer, W.H. Clinical Neuropsychology of Attention; Oxford University Press: New York,
NY, USA, 1994.

39. Cao, Q.; Zang, Y.; Zhu, C.; Cao, X.; Sun, L.; Zhou, X.; Wang, Y. Alerting deficits in children with attention
deficit/hyperactivity disorder: Event-related fMRI evidence. Brain Res. 2008, 1219, 159–168. [CrossRef]
[PubMed]

40. Abramov, D.M.; Cunha, C.Q.; Galhanone, P.R.; Alvim, R.J.; de Oliveira, A.M.; Lazarev, V.V.
Neuropsychological and behavioral correlates of alertness impairment and compensatory processes in
ADHD evidenced by the Attention Network Test. PLoS ONE 2019, 14, e0219472. [CrossRef]

41. Gumenyuk, V.; Korzyukov, O.; Escera, C.; Hämäläinen, M.; Huotilainen, M.; Häyrinen, T.; Oksanen, H.;
Näätänen, R.; von Wendt, L.; Alho, K. Electrophysiological evidence of enhanced distractibility in ADHD
children. Neurosci. Lett. 2005, 374, 212–217. [CrossRef] [PubMed]

42. Fassbender, C.; Zhang, H.; Buzy, W.M.; Cortes, C.R.; Mizuiri, D.; Beckett, L.; Schweitzer, J.B. A lack of
default network suppression is linked to increased distractibility in ADHD. Brain Res. 2009, 1273, 114–128.
[CrossRef]

43. Adams, R.; Finn, P.; Moes, E.; Flannery, K.; Rizzo, A.S. Distractibility in Attention/Deficit/Hyperactivity
Disorder (ADHD): The virtual reality classroom. Child. Neuropsychol. 2009, 15, 120–135. [CrossRef]

44. Zimmermann, P.; Gondan, M.; Fimm, B. Test of Attentional Performance for Children, Version 1.5; Part
1—Description; Herzogenrath: Psychologische Testsysteme. Available online: www.psytest.net (accessed on
9 October 2019).

45. Alderson, R.M.; Rapport, M.D.; Kofler, M.J. Attention-deficit/hyperactivity disorder and behavioral inhibition:
A meta-analytic review of the stop-signal paradigm. J. Abnorm. Child. Psychol. 2007, 35, 745–758. [CrossRef]

46. Lijffijt, M.; Kenemans, J.L.; Verbaten, M.N.; van Engeland, H. A meta-analytic review of stopping performance
in attention-deifict/hyperactivity disorder: Deficient inhibitory motor control? J. Abnorm. Psychol. 2005, 114,
216–222. [CrossRef] [PubMed]

47. Lipszyc, J.; Schachar, R. Inhibitory control and psychopathology: A meta-analysis of studies using the stop
signal task. J. Int. Nerupsychol. Soc. 2010, 16, 1064–1076. [CrossRef] [PubMed]

48. Wright, L.; Lipszyc, J.; Dupuis, A.; Thayapararajah, S.W.; Schachar, R. Response inhibition and
psychopathology: A meta-analysis of go/no-go task performance. J. Abnorm. Psychol. 2014, 123, 429–439.
[CrossRef] [PubMed]

49. Iftita, R.; Supra, W. Inhibition in ADHD and non-ADHD children ages 6-12 years. Int. J. Res. Stud. Psychol.
2018, 7, 73–85. [CrossRef]

50. Skogan, A.H.; Zeiner, P.; Egeland, J.; Rohrer-Baumgartner, N.; Urnes, A.G.; Reichborn-Kjennerud, T.;
Aase, H. Inhibition and working memory in young preschool children with symptoms of ADHD and/or
oppositional-defiant disorder. Child Neuropsychol. 2014, 20, 607–624. [CrossRef] [PubMed]

51. Elosúa, M.R.; Del Olmo, S.; Contreras, M.J. Differences in Executive Functioning in Children with Attention
Deficit and Hyperactivity Disorder (ADHD). Front. Psychol. 2017, 8, 976. [CrossRef] [PubMed]

52. Linterman, I.; Weyandt, L. Divided Attention Skills in College Students with ADHD: Is it Advantageous to
have ADHD? ADHD Rep. 2001, 9, 1–6. [CrossRef]

53. Irwin, L.N.; Kofler, M.J.; Soto, E.F.; Groves, N.B. Do children with attention-deficit/hyperactivity disorder
(ADHD) have set shifting deficits? Neuropsychology 2019, 33, 470–481. [CrossRef] [PubMed]

54. Chronis, A.M.; Jones, H.A.; Raggi, V.L. Evidence-based psychosocial treatments for children and adolescents
with attention-deficit/hyperactivity disorder. Clin. Psychol. Rev. 2006, 26, 486–502. [CrossRef]

http://dx.doi.org/10.1016/j.biopsych.2005.02.006
http://www.ncbi.nlm.nih.gov/pubmed/15950006
http://dx.doi.org/10.1017/S003329170500499X
http://www.ncbi.nlm.nih.gov/pubmed/16116936
http://dx.doi.org/10.1016/j.acn.2007.12.004
http://www.ncbi.nlm.nih.gov/pubmed/18243646
http://dx.doi.org/10.1016/j.braindev.2010.06.002
http://www.ncbi.nlm.nih.gov/pubmed/20692779
http://dx.doi.org/10.1016/j.brainres.2008.04.028
http://www.ncbi.nlm.nih.gov/pubmed/18534567
http://dx.doi.org/10.1371/journal.pone.0219472
http://dx.doi.org/10.1016/j.neulet.2004.10.081
http://www.ncbi.nlm.nih.gov/pubmed/15663965
http://dx.doi.org/10.1016/j.brainres.2009.02.070
http://dx.doi.org/10.1080/09297040802169077
www.psytest.net
http://dx.doi.org/10.1007/s10802-007-9131-6
http://dx.doi.org/10.1037/0021-843X.114.2.216
http://www.ncbi.nlm.nih.gov/pubmed/15869352
http://dx.doi.org/10.1017/S1355617710000895
http://www.ncbi.nlm.nih.gov/pubmed/20719043
http://dx.doi.org/10.1037/a0036295
http://www.ncbi.nlm.nih.gov/pubmed/24731074
http://dx.doi.org/10.5861/ijrsp.2018.2008
http://dx.doi.org/10.1080/09297049.2013.838213
http://www.ncbi.nlm.nih.gov/pubmed/24053105
http://dx.doi.org/10.3389/fpsyg.2017.00976
http://www.ncbi.nlm.nih.gov/pubmed/28676771
http://dx.doi.org/10.1521/adhd.9.5.1.19059
http://dx.doi.org/10.1037/neu0000546
http://www.ncbi.nlm.nih.gov/pubmed/30945912
http://dx.doi.org/10.1016/j.cpr.2006.01.002


Int. J. Environ. Res. Public Health 2019, 16, 3822 21 of 23

55. Young, S.; Amarasinghe, J.M. Practitioner review: Non-pharmacological treatments for ADHD: A lifespan
approach. J. Child. Psychol. Psychiatry 2010, 51, 116–133. [CrossRef]

56. Jones, H.A.; Chronis-Tuscano, A. Efficacy of teacher in-service training for attention deficit/hyperactivity
disorder. Psychol. Schools 2008, 45, 918–929. [CrossRef]

57. Wernicke, J.F.; Kratochvil, C.J. Safety profile of atomoxetine in the treatment of children and adolescents with
ADHD. J. Clin. Psychiatry 2002, 63, 50–55. [PubMed]

58. Brown, K.A.; Samuel, S.; Patel, D.R. Pharmacologic management of attention deficit hyperactivity disorder
in children and adolescents: A review for practitioners. Transl. Pediatr. 2018, 7, 36–47. [CrossRef] [PubMed]

59. Hinshaw, S.P.; Owens, E.B.; Wells, K.C.; Kraemer, H.C.; Abikoff, H.B.; Arnold, L.E.; Conners, C.K.; Elliott, G.;
Greenhill, L.L.; Hechtman, L.; et al. Family processes and treatment outcome in the MTA: Negative/ineffective
parenting practices in relation to multimodal treatment. J. Abnorm. Child Psychol. 2000, 28, 555–568. [CrossRef]
[PubMed]

60. Epstein, J.N.; Brinkman, W.B.; Froehlich, T.; Langberg, J.M.; Narad, M.E.; Antonini, T.N.; Shiels, K.; Simon, J.O.;
Altaye, M. Effects of Stimulant Medication, Incentives, and Event Rate on Reaction Time Variability in
Children With ADHD. Neuropsychopharmacology 2011, 36, 1060–1072. [CrossRef] [PubMed]

61. Kempton, S.; Vance, A.; Maruff, P.; Luk, E.; Costin, J.; Pantelis, C. Executive function and attention deficit
hyperactivity disorder: Stimulant medication and better executive function performance in children. Psychol.
Med. 1999, 29, 527–538. [CrossRef] [PubMed]

62. Semrud-Clikeman, M.; Pliszka, S.; Liotti, M. Executive functioning in children with
attention-deficit/hyperactivity disorder: Combined type with and without a stimulant medication
history. Neuropsychology 2008, 22, 329–340. [CrossRef] [PubMed]

63. Coghill, D.R.; Seth, S.; Pedroso, S.; Usala, T.; Currie, J.; Gagliano, A. Effects of methylphenidate on
cognitive functions in children and adolescents with attention-deficit/hyperactivity disorder: Evidence from
a systematic review and a meta-analysis. Biol. Psychiatry 2014, 76, 603–615. [CrossRef] [PubMed]

64. Hellwig-Brida, S.; Daseking, M.; Keller, F.; Petermann, F.; Goldbeck, L. Effects of methylphenidate on
intelligence and attention components in boys with attention-deficit/hyperactivity disorder. J. Child. Adolesc
Psychopharmacol. 2011, 21, 245–253. [CrossRef] [PubMed]

65. Balázs, J.; Bíró, A.; Dálnoki, D.; Lefkovics, E.; Tamás, Z.; Nagy, P.; Gádoros, J. A Gyermek, M.I.N.I kérdőív
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