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Abstract: The current study investigates the possibility that athletes have more parallel ADHD
symptoms than non-athletes. High-level youth sport athletes were compared with non-athletes in
leisure time (i.e., sport) and in the school in ADHD symptoms. Athletes and students were evaluated
by a trained psychotherapist using Adult ADHD Self-Report Scale (ASRS) on activities at school
and during activities in leisure/sports time. They also filled in the Autism Spectrum Questionnaire
(AQ) as a self-report assessment. Results showed significant differences in ASRS-scores for athletes
in school and in their sport, with high scores in school and low scores in sport. No differences
were found in AQ between the groups. The findings indicate that many athletes might display a
cognitive profile of parallel of ADHD criteria. Future research needs to further investigate potential
benefits of the cognitive profile in athletes and how they handle different contexts including sport
and school settings.
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1. Introduction

Attention deficit hyperactivity disorder (ADHD) is considered a disorder that can
cause behavioral and emotional problems for the individual [1]. Studies have shown how
the environment, as well as physical activity, can influence ADHD in a positive direction
and prevent its negative effects [1,2]. Most ADHD studies focus on the problems the indi-
vidual has developed due to the disorder. For example, motor problems, struggling socially
and academically in youth and in adulthood problems with unemployment, education
and social functioning [3–5]. In sport research, focus has been on problems with aggression
and higher prevalence of concussion [6–8]. Less focus has been on how ADHD can be
used to advantage for the individual when the cognitive profile, (i.e., hyper focusing, high
energy [9,10] and environmental factors (e.g., structure) are considered and interact [11]).

Attention deficit hyperactivity disorder involves distractibility, and difficulty with at-
tention, impulse control, and activity control, in reference to what the situation requires [12].
For an individual to meet the Diagnostic and Statistical Manual of Mental Disorders (DSM)-
V criteria (Inattention and hyperactivity are considered core symptoms of ADHD) [12],
they need to cause impairment and be exhibited, in two different settings, for example
at home and at school or work [13]. Studies show that the ADHD symptoms are part of
a spectrum, which ranges from hyperactivity/impulsivity to attentional difficulties, and
genetic studies have proposed that ADHD should be regarded as a set of behavioral traits
that are also present in the general population but in a less extreme way [1,2]. In addition
to the core symptoms of inattention and hyperactivity, one of the main deficits in ADHD,
is “selective attention,” i.e., selecting a target item while attenuating irrelevant stimuli in
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the presence of conflicting, distracting information [14,15]. This extreme form of attention
or “hyper focusing” is however, not discussed in current conceptions of ADHD symptoms.
Rather the emphasis is on problems involving symptoms like inattention. Hyper focusing
is most likely to occur in situations where the individual is goal-oriented and receives
immediate feedback from the activity in progress, i.e., the individual finds the activity
stimulating and shuts out irrelevant information [16,17].

An interesting theory is Hartmans anthropological/sociological theory where ADHD
is described as hunter in a farmer society. In this model, it is stated that ADHD traits of
hunter–gatherers would have been environmentally advantageous. This includes hyperac-
tivity, thus being energetic and tireless behaviour, and having high impulsivity, and the
ability to change the strategy quickly. Accordingly, the very attributes that render ADHD
individuals good “hunters” (e.g., constant monitoring of environment, flexibility, being
able to throw themselves into a chase on a moment’s notice), are less compatible with
modern, daily demands of the “farmer society.” The potentially advantageous traits from
hunters are easily translated into sports where being energetic, monitoring the field of play
and being ready to take action are effective in many situations and types of sports.

Difficulties in focusing and keeping attention have been well studied in ADHD.
Another area that has been researched is selective attention although few studies have
considered how selective attention can be an advantage, i.e., in terms of hyper focusing,
which has been reported as a phenomenon of ADHD [10,18]. Hyperfocusing has not
previously been defined in scientific research or examined as a symptom of ADHD, but has
been suggested as a separate dimension of adult ADHD [10,19]. The ability to focus has in
sport been considered to be key for performance [20] and for this reason “hyper focusing”
can be an asset in sport, and may even be crucial for high performance [21]. In light of this
knowledge, inattention and hyperactivity as well as selective attention do not necessarily
have to be problematic symptoms for an individual with ADHD traits, but can be regarded
in terms of hyper focusing. There are studies showing that ADHD children are more active
and involved in physical activity compared to non-ADHD children [22]. For athletes, their
activity e.g., sport, not only involves physical activity but also motivation, stimulation
and reward as well as structure, routine and social interaction. These are attributes that in
previous studies have been shown to have a positive influence on ADHD symptoms [23,24].
In adolescence, physical activity has been reported to improve the ADHD symptoms in
the individual as well as his or her academic performance and the adolescence overall
attitude [1,24,25]. It has been shown that physical activity increases levels of dopamine and
norepinephrine, which are deficient in ADHD children and adolescents [26]. Several studies
suggest that physical exercise also reduces stress, negative affect, anxiety, and depression,
as well as behavior problems, poor impulse control, and inattentiveness, and is therefore
beneficial to individuals with ADHD [1,21]. Studies have also suggested that children with
ADHD, need formal structure, supervision and guidance in sports activities [27], and that
sustained involvement in structured physical activity benefits motor, cognitive, social, and
behavioral functioning in these children [25]. Sports activities could, in other words, be
considered not only to involve physical activity that stimulates neurotransmitters, but also
to give reward and stimulation, as well as structure and routine, and consequently have a
positive effect on school performance [26].

Furthermore, studies have shown that reward, in neurofeedback, has a positive
influence on ADHD and, furthermore, a positive effect on endurance, which is a difficulty
for ADHD children [14]. In sport, the involvement and engagement in vigorous physical
activity, has shown itself to be a reinforcer as it is concurrently praised [24]. Therefore, the
stimulation, the structured activity, and the continuous reward that sports participation
provides, are likely to have a positive effect on the ADHD profile. This has been confirmed
in a study where intensive sports participation was shown to be negatively related to
anxiety and depression in children with ADHD [28]. In addition, participation in sports
activities provides opportunities for social skills training, which can result in increased
social skills, self-awareness, and social status, in both ADHD and non-ADHD youths [29].
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It decreases the negative ADHD symptoms and improves the personal development,
cognitively and emotionally [30], as well as providing better social status and increasing
the person’s social skills, which results in less problematic behavior [31–33]. Accordingly,
sports participation influences not only physical development, but also social, cognitive,
and emotional development in the individual with ADHD.

Research in ADHD in athletes has mainly focused on the negative effects of ADHD.
This includes studies reporting an increased risk of injury [8], and higher levels of aggres-
sion and emotional reactivity [7]. As mentioned, there might be several positive aspects of
ADHD symptoms in the sport context. Early on, Hallowell and Ratey took a positive view
based on their clinical observations (outside sport) [34]. Though they admit that there is
no evidence for an “attention deficit disorder (ADD) personality” and “ADD personality
traits,” they stress the importance of recognizing the following abilities and attributes in
individuals with ADHD: high energy, creativity, intuitiveness, resourcefulness, tenacity,
hardworkingness, a never-say-die approach, warm-heartedness, a trusting and forgiving
attitude, sensitivity, the ability to take risks, flexibility, and a good sense of humor [34].
Many of these attributes are beneficial in sports, including hardworkingness and high
energy [35], which are essential in order to handle the high training load required to become
a high-level athlete [36,37].

Interestingly, it has been suggested that ADHD may be more common in competitive
athletes than in the general population [22,38]. In a systematic review including 17 studies,
the prevalence of ADHD varied between 4.2% and 14.1% in young athletes [39]. This can
be compared with an estimated prevalence of ADHD in the population ranging from 5% to
15% in the general population [40]. Thus on youth athletes there does not seem to higher
prevalence. However, in adult elite athletes a prevalence of 7% to 8% has been found,
compared with the general population 0.8% to 2.4% [22,41]. Albeit not fully known, the
reason ADHD may be more common in athletes than in the general population could
be due to the positive reinforcing and attentional activating effects of physical activity
including decreased symptoms and an arena to excel [22,42]. Thus, children will find
exercise rewarding and be drawn to sport.

In conclusion, some common symptoms of ADHD may enhance athletic performance.
Many children with ADHD report to ‘hyperfocus’ on their enjoyable sporting activities
without being distracted [43]. It has also been suggested that the natural impulsivity
athletes with ADHD have may provide an advantage in sports that require quick decision
making and problem solving [41]. However, positive effects of ADHD in athletes have
not to a large extent been systematically studied, and research on a cognitive profile with
ADHD criteria-like symptoms in athletes needs further examination. Few studies compare
athletes with ADHD to matched controls, and less attention has been given to the potential
differences in experiencing ADHD criteria in different contexts such as leisure activities
and school.

The aim of the current study was to compare athletes to non-athletes, both of school-
going age, in terms of Adult ADHD Self-Report Scale (ASRS) criteria [44], i.e., ADHD
symptoms, in leisure time and at school. Leisure time for the athletes was spent on their
main sports activity.

2. Materials and Methods
2.1. Participants

A total of 200 students, 112 female and 88 male (Mage 16.94 years, age range 16–19 years),
were recruited from two high schools in Sweden, one group being athletes (40 women,
69 men, Mage 16.64; SD 1.79) and another, non-athletes (48 women, 43 men, Mage 17.23;
SD 0.79). The athlete group were enrolled in the Swedish national sports talent program
(Nationell Idrottsutbildning, NIU) and intensively involved in their sport and are consid-
ered among the most talented in the country and are not having any diagnosis nor do
they have disability service at the sport academies. They competed at club/local (11.2%),
regional (23.4%), national (52.3%), and international (13.1%) level and represented a variety
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of sports including team sports (e.g., ice hockey and football: 79.8%) and individual sports
(e.g., track and field, and tennis: 20.2%). The athletes invested 12.20 (standard deviation
(SD) 4.46; range 2–24) hours per week in training and competition and had participated
in sport for a median of 9.29 (SD 2.85; 1–14) years. Both groups were matched in age and
school programs, thus studying at the same theoretical educational program.

2.2. Measurements

The most common and initial instrument used to identify ADHD is the ASRS [44]. It
was developed by the World Health Organization (WHO) for self-assessment of ADHD
symptoms. The first six questions in the ASRS can be used as a short version of the
instrument, ASRS Screening (ASRS-S) [45]. The ASRS has been designed in accordance
with DSM-IV criteria for inattention and hyperactivity and impulsivity for ADHD. There
are 18 items and the response options range from 0 = never, 1 = rarely, 2 = sometimes,
3 = often, to 4 = very often. The possible total ranges from 0 to 72 [45].

The ASRS-S is a very good tool for clinical evaluation of ADHD, if made by a trained
and experienced clinical interviewer and not as a self-report data [46]. The three-stratum
version of the scale has shown good concordance with blind clinical diagnoses and pre-
dicted probabilities of clinical diagnoses in the general population [44]. One question in the
ASRS and ARSR-S relates to hyperactivity, a core symptom in ADHD [47], with children
with ADHD reported to have a higher level of activity compared to typical children [33].
The Swedish version is validated for adolescents [46].

The Autism Spectrum Quotient (AQ) was selected because several studies have shown
that Autism Spectrum Disorder (ASD) symptoms coexist in individuals with ADHD [48],
especially in the core domains of ASD, such as social interaction, communication, and
repetitive behaviors, and that these symptoms may contribute to greater stability of ADHD
symptoms [49]. Greater ADHD symptoms appear to be associated with greater ASD
symptoms. It has shown that especially in core domains of ASD, such as social interaction,
communication and repetitive behaviors that these symptoms may contribute to greater
stability of ADHD symptoms [49].

The AQ is one of the most widely used measures of ASD and has been found to be
predictive of diagnosis of ASD in a clinical setting [50]. Questions in the AQ are associated
with autism spectrum and cover social skills, communications skills, imagination, attention
to detail, and attention switching/tolerance of change. There are 50 statements, and
1 point is scored for each answer that gives any indication of ASD, according to behaviors
considered being core symptoms for ASD [50,51]. In a study by Baron–Cohen et al., a
score of ≥32 is reported to indicate “clinically significant levels of autistic traits,” while the
control group is reported to have scored 16.2 [51]. AQ has been validated in Swedish and
function as an index of ASD [50].

2.3. Procedure

The Regional Ethics Review Board in Uppsala (Dnr. 2016/451) approved the study and
after informed consent participants were interviewed by a trained psychotherapist with
long experience and good knowledge of ADHD and autism spectrum disorder (ASD). In
the interview, they were estimated on ASRS regarding school activity and leisure time/their
sport activity time. The athlete themselves also filled in the AQ. The instruments were
collected by the interviewer at the end of the interview. All text on the instruments about
diagnoses was excluded and all questions were answered without mentioning of ADHD
and ASD. The purpose of the evaluations was to identify parallel criteria between the two
instruments, and not to identify a diagnosis. The instruments were named 1 and 2, in order
for the students to be less influenced by their own preconceived opinion about diagnoses.

2.4. Statistical Analysis

Data analysis was carried out to compare the two groups in terms of ASRS criteria, in
leisure time and in the school environment. The processing of data was conducted using
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IBM SPSS Statistics for Windows, Version 24.0. (IBM Corp.: Armonk, NY, USA) A two-way
analysis of variance (ANOVA) F-test was used to analyse differences between the groups
(athletes vs. non-athletes) and pair-wise post-hoc comparisons with Tukey’s HSD test was
used to compare the sport athletes during sports activities and school. Data were screened
for normality and homogeneity of variances was tested using the Levene statistic.

3. Results
3.1. Descriptive Analyis

Means and standard deviation are shown in Table 1. No significant differences were
found in the analysis of AQ scores of the athletes (M = 14.30, SE = 0.40) compared to
controls (M = 14.24, SE = 0.52). Further, there were no significant (p > 0.05) differences
between club/local, regional, national, or international levels, in terms of hours invested in
training and competitions.

Table 1. Descriptive statistics for all study variables.

Athletes Controls

M SD M SD

ASRS (school) 27.16 10.16 6.48 6.15
ASRS (leisure)

AQ
8.76

14.30
6.16
4.05

6.09
14.24

5.71
4.91

Note: ASRS = the Adult ADHD Self-Report Scale. AQ = Autism Spectrum Questionnaire (AQ).

3.2. Main Analysis

Two-way ANOVA (split-plot design) showed statistically significant between-group
differences in ADHD criteria (F(1,195) = 157.3, p < 0.001), as well as within-group differences
in school- and leisure activities (F(1,195) = 335.7, p < 0.001). Also, the interaction term for
ADHD criteria vs. school- and leisure/sport activities was significant (F(1,195) = 365.9,
p < 0.001).

Pair-wise post-hoc comparisons with Tukey’s HSD test showed the significant (p < 0.001)
difference between the groups during school activities, but not during leisure/sport activi-
ties (p > 0.05), with higher scores for the athlete group (see Figure 1). Further, comparison
between the activities in the athlete group showed statistically significant (p < 0.001) dif-
ferences between the activities, i.e., leisure/sports activities and school activities [Cohen’s
d = 2.19].
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4. Discussion

In this study, we have focused on how an ADHD profile is common among athletes,
and have demonstrated significant differences in ASRS criteria for athletes during school
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vs. leisure time, i.e., time spent on their sport activities. They scored high on the ASRS
with regard to their school activity and the school environment, and had low scores in
their sports activity. The within-group effect size between the activities (sports and school
activities in the group of athletes) was large [52]. For the control group, the scores were
low for both school and leisure activities and significantly lower than the athletes in
school. These findings are interesting and as suggested by others, in the athlete group,
sport activities offer a structured and stimulating atmosphere thereby influencing the
cognitive profile of ADHD [22]. The ADHD “symptoms” can thus be seen as a profile with
functional behaviours, as well as emotional and cognitive strengths (e.g., endurance and
goal orientation) with the ability to “hyper focus”.

In Hartmann’s sociological/anthropological theory, the ADHD cognitive profile is
described as a hunter in a farming society [53] and based on the hypothesis that the traits
associated with ADHD are better for hunters–gatherers and worse as settlers. Hartmann
describes the ADHD individual as an expert on hunting with ability to hyper focus and at
the same time scanning the environment, ready to take action (i.e., perceive information
from attended channels while also doing so from unattended channels) [14,15,53]. Hart-
mann’s theory describes this as having an attentional advantage in the nomadic society, an
advantage possibly also in a sport context and could easily be translated into describing for
example a soccer player, highly active in a football match. Thus, the findings support the
suggestions that certain aspects of ADHD might be beneficial in a sport context, as long
as the activity is interesting and stimulating [22]. In the school environment, the activity
might not be as stimulating and not as clearly goal-oriented, which might explain the high
score on the ARSR regarding the school activity of the athlete group.

Several studies indicate that physical activity and environmental factors have a pos-
itive effect on inattention and hyperactivity, which are considered core symptoms of
ADHD [47], and also have a positive effect on stress, negative affect, anxiety, and depres-
sion, as well as decreasing bad conduct and poor impulse control [54]. Physical activity
appears to improve all ADHD symptoms, and can improve individuals’ overall attitude and
personal development, cognitively and emotionally, as well as academic performance [1,2].
For athletes, sport is motivating, stimulating, and rewarding and involves physical activity,
structure, routine, and social interaction. Being active in sport means benefiting from
rewards and stimulation as well as structure and routine.

Children/adolescents involved in sport often demonstrate discipline and commit-
ment [55], and evidence suggests that these traits carry over into school and other situations
in the community [55,56]. All these findings are evidence for an environmental influence in
children with ADHD [11,57–59] and that the brain development is highly responsive, not
only to increased levels of physical activity/exercise, but also to environmental enrichment
for cognitive development [53].

Based on the discussion above, a question for future research would be whether
we can learn from these studies and, instead of over diagnosing and overtreating chil-
dren/adults [48,60], look at the environmental factors and influence these before a diagnosis
is considered. This will probably not reduce all problems, but it might decrease some of
them and help us to better see the advantage of these children’s traits. When ADHD
appeared in the second edition of the Diagnostic and Statistical Manual for Mental Disor-
ders [61], hyperactivity was not considered an essential aspect of the disorder. The criteria
that define ADHD have changed over time [62]. A question of interest would be whether
this continuous change will continue. In 1970, the term “attention deficit disorder (ADD)”
was used; today, the condition is named ADHD and, according to Hallowell and Ratey,
the label might change again ([34,63]. Is it possible to recognize the profile, based on our
research and knowledge, and let these children develop with their profile and abilities,
before we find a need for a diagnosis? More knowledge is certainly needed, but the po-
tential for sport as a positive developmental factor for children with ADHD symptoms is
definitely promising.
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This study has focused on investigating a cognitive profile of ADHD in young athletes
and how it differs in different contexts (i.e., school and sport). There is an evident need for
more studies concerning young individuals with the cognitive profile of ADHD and how
they best develop a functional daily life in school and in leisure time. There is a need to
learn more about how sport, with its physical exercise and stimulation, structure, consistent
patterns of behavior and the positive reinforcement, can be useful in other areas such as
school [38,64].

Looking at the strength of this study, although more comprehensive evaluation has
been suggested for athletes seeking help [65], research shows the ASRS screener is a very
good tool for clinical evaluation of ADHD [44], if made by trained clinical interviewers. In
the current study the ASRS was administrated by trained clinical interviewers with experi-
ence in sport, Cognitive Behavioral Therapy (CBT) and ADHD. The participants were also
assessed in two different settings (i.e., school and leisure/sport). An important limitation
of the study was the limited information about the participant’s school performance (e.g.,
school grades) as an objective measure, which is suggested for future research. Further-
more, we did not control for school history, gender and school motivation. However, in
the National sport system, the students are enrolled in regular school programs and they
study in the same classes as non-sport students. Thus, they are less likely to be different
on school-related variables. That said, future research still needs to take potential other
variables into consideration such as gender, motivation and grades. Furthermore, in future
studies the different aspects of ADHD are of interest, such as investigating hyperactivity
and impulsivity in athletes and roles in sport participation.

In conclusion, in this study, we report that ADHD criteria are highly presented in the
athlete group in the school environment and very low during leisure time compared to
the non-athlete group. This supports the suggestion that ADHD symptoms might be more
prevalent in an athlete population [66], but importantly, it varies with contexts. ADHD is
mostly considered genetic [67], but studies show that the symptoms may be influenced by
aspects such as stimulating physical activity and structure activity in a positive direction or
can cause symptoms that cause difficulties [25–27]. Potentially these athletes are able to
inhibit the symptoms and learned to show appropriate behavior with the right training [68],
but this need to be further investigated in future research.

The ADHD criteria might turn into an advantage rather than a disadvantage for the
athletes in their sport achievement [41]. Based on the hunter vs. farmer theory, criteria
such as the ability to hyper focus, high energy, persistence, not giving up, and endurance
are of particular interest as these are abilities that are necessary for achieving success in
sports [16,22]. It is possible that, in combination with the structure in sport and the social
competence ensuing from engagement in sports, this will become a positive ability often
transferred to other areas, such as school life and academic achievement. Studies of highly
successful entrepreneurs diagnosed with ADHD found that many of them described having
higher energy levels than their peers and having the ability to stay hyper focused [35]. It is
therefore suggested that we should look at the profile as a “diversity perspective” [69] and
change from a model of “defect” to a model of “difference” and focus more on how the
environmental conditions can influence the profile of ADHD [70]. Thus, the characteristics
of a cognitive profile in athletes might possibly be an asset in the development of elite
athletes instead of seen as a disadvantage [22,41].

Author Contributions: Conceptualization, E.E., H.G. and A.H.; methodology, E.E.; software, A.H.;
validation, E.E., H.G. and A.H.; formal analysis, A.H. and H.G.; investigation, E.E. and H.G.; re-
sources, E.E.; data curation, E.E.; writing—original draft preparation, E.E.; writing—review and
editing, E.E., H.G. and A.H.; visualization, A.H.; supervision, A.H.; project administration, E.E.;
funding acquisition, E.E. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Sports 2021, 9, 61 8 of 10

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Regional Ethics Review Board in Uppsala (Dnr.
2016/451).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

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

References
1. Nazeer, A.; Mansour, M.; Gross, K.A. ADHD and adolescent athletes. Front. Public Health 2014, 2, 1–7. [CrossRef]
2. Archer, T.; Kostrzewa, R.M. Physical exercise alleviates ADHD symptoms: Regional deficits and development trajectory.

Neurotoxiciy Res. J. 2012, 21, 95–209. [CrossRef]
3. Goulardins, J.B.; Marques, J.C.; De Oliveira, J.A. Attention deficit hyperactivity disorder and motor impairment: A critical review.

Percep. Motor Skills 2017, 124, 425–440. [CrossRef]
4. Mahone, E.M.; Denckla, M.B. Attention-Deficit/Hyperactivity Disorder: A historical neuropsychological perspective. J. Int.

Neuropsychol. Soc. 2017, 23, 916–929. [CrossRef] [PubMed]
5. Safren, S.A.; Otto, M.W.; Sprich, S.; Winett, C.L.; Wilens, T.E.; Biederman, J. Cognitive-behavioral therapy for ADHD in

medication-treated adults with continued symptoms. Behav. Res. Ther. 2005, 43, 831–842. [CrossRef] [PubMed]
6. Alonso, M.L.; Fedor, A.F.; Gunstad, J. Attention deficit hyperactivity disorder as a risk factor for concussions in NCAA division-I

athletes. Brain Injury 2014, 28, 472–474.
7. Johnson, R.C.; Rosen, L.A. Sports behavior of ADHD children. J. Atten. Disord. 2000, 4, 150–160. [CrossRef]
8. Nelson, L.D.; Guskiewicz, K.M.; Marshall, S.W.; Hammeke, T.; Barr, W.; Randolph, C.; McCrea, M.A. Multiple self-reported

concussions are more prevalent in athletes with ADHD and learning disability. Clin. J. Sport Med. 2016, 26, 120–127. [CrossRef]
9. Bush, G. Attention-deficit/hyperactivity disorder and attention networks. Neuropsychopharmacol. Rev. 2010, 35, 278–300.

[CrossRef] [PubMed]
10. Ozel-Kizil, E.T.; Kokurcan, A.; Aksoy, U.M.; Kanat, B.B.; Sakarya, D.; Bastug, G.; Oncu, B. Hyperfocusing as a dimension of adult

attention deficit hyperactivity disorder. Res. Dev. Disabil. 2016, 59, 351–358. [CrossRef]
11. Fabiano, G.A.; Pelham, W.E., Jr.; Gnagy, E.M.; Burrows-MacLean, L.; Coles, E.K.; Chacko, A.; Robb, J.A. The Single and Combined

Effects of Multiple Intensities of Behavior Modification and Methylphenidate for Children with Attention Deficit Hyperactivity
Disorder in a Classroom Setting. School Psychol. Rev. 2007, 36, 95–216. [CrossRef]

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

13. Tharpar, A.; Langle, K.; Owen, M.J.; O’Donovan, M.C. Advances in genetic findings on attention deficit hyperactivity disorder.
Psychol. Med. 2007, 37, 1681–1692. [CrossRef]

14. Glickman, M.M.; Dodd, D.K. GUTI: A measure of urgent task involvement among adults with attention-deficit hyperactivity
disorder. Psychol. Rep. 1998, 8, 592–594. [CrossRef] [PubMed]

15. Grossman, E.S.; Hoffman, Y.S.G.; Berger, I.; Zivotofsky, A.Z. Beating Their Chests: University students with ADHD demonstrate
greater attentional abilities on an inattentional blindness paradigm. Neuropsychology 2015, 29, 882–887. [CrossRef] [PubMed]

16. Brown, T.E. Attention Deficit Disorder: The Unfocused Mind in Children and Adults; Yale University Press: New Haven, CT, USA,
2005.

17. Conner, M.L. Attention deficit disorder in children and adults: Strategies for experiential educators. In Experiential Education:
A Critical Resource for the 21st Century, Proceedings Manual of the Annual International Conference of the Association for Experiential
Education, Austin, TX, USA, 3–6 November 1994; 1994; Volume 22, pp. 177–182. Available online: https://files.eric.ed.gov/fulltext/
ED377013.pdf (accessed on 5 February 2021).

18. Hupfeld, K.E.; Abagis, T.R.; Shah, P. Living “in the zone”: Hyperfocus in adult ADHD. ADHD Atten. Deficit Hyperact. Disord.
2019, 11, 191–208. [CrossRef] [PubMed]

19. Adler, L.; Cohen, J. Diagnosis and evaluation of adults with attention-deficit/hyperactivity disorder. Psychiatr. Clin. N. Am. 2004,
27, 187–201. [CrossRef]

20. Sklar, R.H. Hyperfocus in adult ADHD: An EEG Study of the Differences in Cortical Activity in Resting and Arousal States. Ph.D.
Thesis, University of Johannesburg, Johannesburg, South Africa, 2013.

21. Moran, A.; Toner, J.; Campbell, M. Attention and concentration. In Sport, Exercise, and Performance Psychology; Mugford, A.,
Cremades, J., Eds.; Routledge: London, UK; New York, NY, USA, 2018; pp. 233–250.

22. Han, D.H.; McDuff, D.; Thompson, D.; Hitchcock, M.E.; Reardon, C.L.; Hainline, B. Attention-deficit/hyperactivity disorder in
elite athletes: A narrative review. Br. J. Sports Med. 2019, 53, 741–745. [CrossRef]

23. Hoza, B.; Martin, C.P.; Pirog, A.; Shoulberg, E.K. Using physical activity to manage ADHD Symptoms: The state of the evidence.
Curr. Psychiatry Rep. 2016, 18, 113. [CrossRef] [PubMed]

http://doi.org/10.3389/fpubh.2014.00046
http://doi.org/10.1007/s12640-011-9260-0
http://doi.org/10.1177/0031512517690607
http://doi.org/10.1017/S1355617717000807
http://www.ncbi.nlm.nih.gov/pubmed/29198277
http://doi.org/10.1016/j.brat.2004.07.001
http://www.ncbi.nlm.nih.gov/pubmed/15896281
http://doi.org/10.1177/108705470000400302
http://doi.org/10.1097/JSM.0000000000000207
http://doi.org/10.1038/npp.2009.120
http://www.ncbi.nlm.nih.gov/pubmed/19759528
http://doi.org/10.1016/j.ridd.2016.09.016
http://doi.org/10.1080/02796015.2007.12087940
http://doi.org/10.1017/S0033291707000773
http://doi.org/10.2466/pr0.1998.82.2.592
http://www.ncbi.nlm.nih.gov/pubmed/9621734
http://doi.org/10.1037/neu0000189
http://www.ncbi.nlm.nih.gov/pubmed/25730730
https://files.eric.ed.gov/fulltext/ED377013.pdf
https://files.eric.ed.gov/fulltext/ED377013.pdf
http://doi.org/10.1007/s12402-018-0272-y
http://www.ncbi.nlm.nih.gov/pubmed/30267329
http://doi.org/10.1016/j.psc.2003.12.003
http://doi.org/10.1136/bjsports-2019-100713
http://doi.org/10.1007/s11920-016-0749-3
http://www.ncbi.nlm.nih.gov/pubmed/27807701


Sports 2021, 9, 61 9 of 10

24. Azrin, N.H.; Ehle, C.T.; Beaumont, A.L. Physical Exercise as a Reinforcer to Promote Calmness of an ADHD Child. Behav. Mod.
2006, 30, 564–570. [CrossRef] [PubMed]

25. Smith, A.L.; Hoza, B.; Linnea, K.; McQuade, J.D.; Tomb, M.; Vaughn, A.J.; Hook, H. Pilot physical activity intervention reduces
severity of ADHD symptoms in young children. J. Atten. Disord. 2013, 17, 70–82. [CrossRef]

26. Suarez-Manzano, S.; Ruiz-Ariza, A.; De La Torre-Cruz, M.; Martinez-Lopez, E.J. Acute and chronic effect of physical activity on
cognition and behaviour in young people with ADHD: A systematic review of intervention studies. Res. Dev. Disabil. 2018, 77,
12–23. [CrossRef]

27. Shimoni, M.; Engel-Yeger, B.; Tirosh, E. Participation in leisure activities among boys with attention deficit hyperactivity disorder.
Res. Dev. Disabil. 2010, 31, 1234–1239. [CrossRef]

28. Kiluk, B.D.; Weden, S.; Culotta, V.P. Sport Participation and Anxiety in Children with ADHD. J. Atten. Dis. 2009, 12, 499–506.
[CrossRef]

29. Lufi, D.; Parish-Plass, J. Sport-Based Group Therapy Program for Boys with ADHD or with Other Behavioral Disorders. Child Fam.
Behav. Ther. 2011, 33, 217–230. [CrossRef]

30. Young, C.F.; Skorga, P. Collaborative care for depression and anxiety problems: Summaries of Nursing Care-Related Systematic
Reviews from the Cochrane Library. Int. J. Evid. Based Healthc. 2013, 11, 341–343. [CrossRef]

31. Gapin, J.I.; Labban, J.D.; Etnier, J.L. The effects of physical activity on attention deficit hyperactivity disorder symptoms: The
evidence. Prev. Med. 2011, 52, 70–74. [CrossRef] [PubMed]

32. Ko, I.G.; Kim, S.E.; Kim, T.W.; Ji, E.S.; Shin, M.S.; Kim, C.J.; Hong, M.H.; Bahn, G.H. Swimming exercise alleviates the symptoms of
attention-deficit hyperactivity disorder in spontaneous hypersensitive rats. Mol. Med. Rep. 2013, 8, 393–400. [CrossRef] [PubMed]

33. Lin, C.-Y.; Yang, A.-L.; Su, C.T. Objective measurement of weekly physical activity and sensory modulation problems in children
with attention deficit hyperactivity disorder. Res. Dev. Disabil. 2013, 34, 3477–3486. [CrossRef] [PubMed]

34. Hallowell, E.M.; Ratey, J. Answers to Distraction; Pantheon Books: New York, NY, USA, 1994.
35. Wiklund, J.; Patzelt, H.; Dimoy, D. Entrepreneurship and psychological disorders: How ADHD can be productively harnessed.

J. Bus. Ventur. Insights 2016, 6, 14–20. [CrossRef]
36. Durand-Bush, N.; Salmela, J.H. The development and maintenance of expert athletic performance: Perceptions of world and

Olympic champions. J. App. Sport Psychol. 2002, 14, 154–171. [CrossRef]
37. Ericsson, K.A.; Krampe, R.T.; Tesch-Römer, C. The role of deliberate practice in the acquisition of expert performance. Psychol Rev.

1993, 100, 363–406. [CrossRef]
38. Stewman, C.G.; Liebman, C.; Fink, L.; Sandella, B. Attention deficit hyperactivity disorder: Unique considerations in athletes.

Sports Health 2018, 10, 40–46. [CrossRef] [PubMed]
39. Poysophon, P.; Rao, A.L. Neurocognitive deficits associated with ADHD in athletes: A systematic review. Sports Health 2018, 10,

317–326. [CrossRef]
40. Visser, S.N.; Danielson, M.L.; Bitsko, R.H.; Holbrook, J.R.; Kogan, M.D.; Ghandour, R.M.; Perou, R.; Blumberg, S.J. Trends in the

parent-report of health care provider-diagnosed and medicated attention-deficit/hyperactivity disorder: United States, 2003–2011.
J. Am. Acad. Child Adol. Psychiatry 2014, 53, 34–46. [CrossRef]

41. Parr, J.W. Attention-deficit hyperactivity disorder and the athlete: New advances and understanding. Clin. Sports Med. 2011, 30,
591–610. [CrossRef]

42. Putukian, M.; Kreher, J.B.; Coppel, D.B.; Glazer, J.L.; McKeag, D.B.; White, R.D. Attention deficit hyperactivity disorder and the
athlete: An American Medical Society for Sports Medicine position statement. Clin. J. Sport Med. 2011, 2, 392–400. [CrossRef]
[PubMed]

43. Ashinoff, B.K.; Ahmad, A.A. Hyperfocus: The forgotten frontier of attention. Psych. Res. 2019, 85, 1–19. [CrossRef]
44. Kessler, R.C.; Adler, L.; Ames, M.; Demler, O.; Faraone, S.; Hiripi, E.; Walters, E.E. The World Health Organization adult ADHD

self-report scale (ASRS): A short screening scale for use in the general population. Psychol. Med. 2005, 35, 245–256. [CrossRef]
[PubMed]

45. Sjölander, L.; Vadlin, S.; Olofsdotter, S.; Sonnby, K. Validation of the parent version of the World Health Organization Adult
ADHD Self-Report Scale for adolescents. Nord. J. Psychiatry 2016, 70, 255–261. [CrossRef]

46. Sonnby, K.; Skordas, K.; Olofsdotter, S.; Vadlin, S.; Nilsson, K.W.; Ramklint, M. Validation of the World Health Organization
Adult ADHD Self-Report Scale for adolescents. Nord. J. Psychiatry 2015, 69, 216–223. [CrossRef] [PubMed]

47. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 4th ed.; American Psychiatric Association:
Washington, DC, USA, 2000.

48. Nylander, L.; Holmqvist, M.; Gustafson, L.; Gillberg, C. Attention-deficit/hyperactivity disorder (ADHD) and autism spectrum
disorder (ASD) in adult psychiatry. A 20-year register study. Nord. J. Psychiatry 2013, 67, 344–350. [CrossRef]

49. Green, L.J.; Rinehart, N.; Anderson, V.; Nicholson, J.M.; Jongeling, B.; Sciberra, E. Autism spectrum disorder symptoms in
children with ADHD: A community-based study. Res. Dev. Disabil. 2015, 47, 175–184. [CrossRef] [PubMed]

50. Lundqvist, L.O.; Lindner, H. Is the Autism-Spectrum Quotient a Valid Measure of Traits Associated with the Autism Spectrum? A
Rasch Validation in Adults with and Without Autism Spectrum Disorders. J. Autism Dev. Disord. 2017, 47, 2080–2091. [CrossRef]
[PubMed]

51. Baron-Cohen, S.; Hoekstra, R.A.; Knickmeyer, R.; Wheelwright, S. The Autism-Spectrum Quotient (AQ): Adolescent Version.
J. Autism Dev. Dis. 2006, 36, 343–350. [CrossRef]

http://doi.org/10.1177/0145445504267952
http://www.ncbi.nlm.nih.gov/pubmed/16894230
http://doi.org/10.1177/1087054711417395
http://doi.org/10.1016/j.ridd.2018.03.015
http://doi.org/10.1016/j.ridd.2010.07.022
http://doi.org/10.1177/1087054708320400
http://doi.org/10.1080/07317107.2011.596000
http://doi.org/10.1111/1744-1609.12043
http://doi.org/10.1016/j.ypmed.2011.01.022
http://www.ncbi.nlm.nih.gov/pubmed/21281664
http://doi.org/10.3892/mmr.2013.1531
http://www.ncbi.nlm.nih.gov/pubmed/23779147
http://doi.org/10.1016/j.ridd.2013.07.021
http://www.ncbi.nlm.nih.gov/pubmed/23927990
http://doi.org/10.1016/j.jbvi.2016.07.001
http://doi.org/10.1080/10413200290103473
http://doi.org/10.1037/0033-295X.100.3.363
http://doi.org/10.1177/1941738117742906
http://www.ncbi.nlm.nih.gov/pubmed/29144831
http://doi.org/10.1177/1941738117751387
http://doi.org/10.1016/j.jaac.2013.09.001
http://doi.org/10.1016/j.csm.2011.03.007
http://doi.org/10.1097/JSM.0b013e3182262eb1
http://www.ncbi.nlm.nih.gov/pubmed/21892014
http://doi.org/10.1007/s00426-019-01245-8
http://doi.org/10.1017/S0033291704002892
http://www.ncbi.nlm.nih.gov/pubmed/15841682
http://doi.org/10.3109/08039488.2015.1085092
http://doi.org/10.3109/08039488.2014.968203
http://www.ncbi.nlm.nih.gov/pubmed/25348323
http://doi.org/10.3109/08039488.2012.748824
http://doi.org/10.1016/j.ridd.2015.09.016
http://www.ncbi.nlm.nih.gov/pubmed/26433184
http://doi.org/10.1007/s10803-017-3128-y
http://www.ncbi.nlm.nih.gov/pubmed/28425021
http://doi.org/10.1007/s10803-006-0073-6


Sports 2021, 9, 61 10 of 10

52. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Psychology Press: New York, NY, USA, 1988.
53. Hartmann, T. Attention Deficit Disorder: A Different Perception; Underwood Books: Grass Valley, CA, USA, 1993.
54. Halperin, J.H.; Healey, D.M. The influences of environmental enrichment, cognitive enhancement, and physical exercise on brain

development: Can we alter the developmental trajectory of ADHD? Neurosci. Biobehav. Rev. 2011, 35, 621–634. [CrossRef]
55. Scanlan, T.K.; Carpenter, P.J.; Simons, J.P.; Schmidt, G.W.; Keeler, B. The Sport Commitment Model: Measurement Development

for the Youth-Sport Domain. J. Sport Exerc. Psychol. 1993, 15, 16–38. [CrossRef]
56. Marsh, H.W. The effects of participation in sport during the last two years of high school. Soc. Sport J. 1993, 10, 18–43. [CrossRef]
57. Abramowitz, A.J.; O’Leary, S.G.; Rosén, L.A. Reducing off-task behavior in the classroom: A comparison of encouragement and

reprimands. J. Abnorm. Child Psychol. 1987, 15, 153–163. [CrossRef]
58. Hoffman, J.A.; DuPaul, G.J. Psychoeducational interventions for children and adolescents with Attention-Deficit/Hyperactivity

Disorder. Child Adolesc. Psychiatr. Clin. N. Am. 2000, 9, 647–661. [CrossRef]
59. Pelham, W.E., Jr.; Wheeler, T.; Chronis, A. Empirically supported psychosocial treatments for attention deficit hyperactivity

disorder. J. Clin. Psychiatry 1998, 27, 190–205. [CrossRef]
60. Chaim-Avancini, T.M.; Doshi, J.; Zanetti, M.V.; Erus, G.; Silva, M.A.; Duran, F.L.S.; Busatto, G.F. Neurobiological support to the

diagnosis of ADHD in stimulant-naıve adults: Pattern recognition analyses of MRI data. Acta Psychiatr. Scand. 2017, 136, 623–636.
[CrossRef] [PubMed]

61. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 2nd ed.; DSM-II; American Psychiatric
Association: Washington, DC, USA, 1968.

62. Baumeister, A.A.; Henderson, K.J.L.; Advokat, C. The Early History of the Neuroscience of Attention-Deficit/Hyperactivity
Disorder. J. Hist. Neurosci. 2012, 21, 263–279. [CrossRef] [PubMed]

63. Hallowell, E.M.; Ratey, J. Driven to Distraction; Anchor Books: New York, NY, USA, 2011.
64. McKune, A.J.; Pautz, J.; Lomjbard, J. Behavioural response to exercise in children with attention-deficit/hyperactivity disorder.

S. Afr. J. Sports Med. 2003, 15, 17–21. [CrossRef]
65. Haugen, E.N.J.; Thome, J.; Pietrucha, M.E.; Levin, M.P. Mental health screening: Identifying clinical issues. In Assessment in

Applied Sport Psychology; Human Kinetics: Champaign, IL, USA, 2017; pp. 59–71.
66. Burton, R.W. Mental illness in athletes. In Sport Psychiatry; Begel, D., Burton, R.W., Eds.; Norton: New York, NY, USA, 2000;

pp. 61–81.
67. Zayats, T.; Neale, B.M. Recent advances in understanding of attention deficit hyperactivity disorder (ADHD): How genetics are

shaping our conceptualization of this disorder. F1000Res 2019, 8. [CrossRef]
68. Rommelse, N.; Bunte, T.; Matthys, W.; Anderson, E.; Buitelaar, J.; Wakschlag, L. Contextual variability of ADHD symptoms:

Embracement not erasement of a key moderating factor. Eur. Child Adolesc. Psychiatry 2015, 24, 1–4. [CrossRef]
69. Armstrong, T. The Myth of the Normal Brain: Embracing Neurodiversity. AMA J. Ethics 2015, 17, 348–352.
70. Manos, M.J. Nuances of Assessment and Treatment of ADHD in Adults: A Guide for Psychologists. Prof. Psychol. Res Pract. 2010,

41, 511–517. [CrossRef]

http://doi.org/10.1016/j.neubiorev.2010.07.006
http://doi.org/10.1123/jsep.15.1.16
http://doi.org/10.1123/ssj.10.1.18
http://doi.org/10.1007/BF00916345
http://doi.org/10.1016/S1056-4993(18)30110-X
http://doi.org/10.1207/s15374424jccp2702_6
http://doi.org/10.1111/acps.12824
http://www.ncbi.nlm.nih.gov/pubmed/29080396
http://doi.org/10.1080/0964704X.2011.595649
http://www.ncbi.nlm.nih.gov/pubmed/22724488
http://doi.org/10.17159/2078-516X/2003/v15i3a223
http://doi.org/10.12688/f1000research.18959.1
http://doi.org/10.1007/s00787-014-0665-1
http://doi.org/10.1037/a0021476

	Introduction 
	Materials and Methods 
	Participants 
	Measurements 
	Procedure 
	Statistical Analysis 

	Results 
	Descriptive Analyis 
	Main Analysis 

	Discussion 
	References

