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Abstract: Attention deficit hyperactivity disorder (ADHD) is a neurobehavioral disorder character-
ized by inattention, hyperactivity, and impulsivity. Sport and physical activity have been shown to
play a major role in the development of cognition, memory, selective attention, and motor reaction
time, especially among adolescents with ADHD. In this context, the objective of this study was to
investigate the effects of a swimming exercise program on the symptoms of ADHD in an adult with a
diagnosis since childhood. The training intervention was performed for eight weeks, and the results
demonstrated that the swimming-learning program significantly alleviated the symptoms of inatten-
tion and hyperactivity, as measured by the psychometric indices used in the study. Further studies
are needed to establish and understand the association between physical activities and improved
mental performance in adults with ADHD.

Keywords: physical activity; Beck Depression Inventory; Barratt Impulsiveness Scale; hospital
anxiety and depression scale

1. Introduction

Attention deficit hyperactivity disorder (ADHD) is a neurobehavioral disorder that
typically emerges during childhood, with prevalence estimates ranging from 2 to 18%
globally and three times higher in males than females [1]. This wide range in prevalence
has been explained based on cultural variations [2] and methodological limitations, such
as the measurement of aggression, which may be expressed among girls in a different
way than among boys [3]. Moreover, it affects approximately 3 to 10% of the school-aged
population, making it the most common neurodevelopmental disorder of childhood and
often continues into adulthood.

ADHD is characterized by three primary behavioral symptoms: (i) inattention, (ii) hy-
peractivity, and (iii) impulsivity [4]. This disorder significantly impacts individuals due to
deficits in cognitive (e.g., difficulty in remembering, learning, and concentrating on new
things) and motor functions (e.g., difficulty in simple or complex activities such as writing
or competition in a sport, respectively), which can hinder their personal, social, and work
lives. Abilities such as sustaining attention, reducing distractibility, and increasing response
control are particularly important in these domains [5].

Current treatments for ADHD include pharmacological, psychotherapeutic, and psy-
choeducational interventions [6]. Nazarova et al. [7] found that almost in 20% of the
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recorded studies, there was a subscription of drugs such as central nervous system stimu-
lants (e.g., methylphenidate hydrochloride, lisdexamfetamine dimesylate, amphetamine
sulfate, mixed amphetamine salts, a combination of dexmethylphenidate hydrochloride
and serdexmethylphenidate chloride), selective noradrenaline reuptake inhibitors (atom-
oxetine, viloxazine), and alpha2 adrenergic receptor agonists (guanfacine hydrochloride,
clonidine hydrochloride). However, due to the ineffectiveness of medication in some cases,
the presence of unpleasant side effects, or personal preference and high cost, alternative
treatment approaches are constantly being explored [6,8].

Physical activity has been extensively studied in children with ADHD and has shown
positive effects on cognitive performance, ADHD symptoms, motor abilities, mental health,
cognitive functioning, and motor coordination. The mechanisms underlying the beneficial
effects of exercise are attributed to increases in arousal and catecholamine levels. These
mechanisms are associated with the functioning of the prefrontal cortex, which could
explain why executive functions appear to benefit more from exercise compared to other
cognitive functions. Additionally, there is evidence suggesting that exercise leads to
increases in cerebral blood flow (CBF), potentially affecting prefrontal brain regions or
overall CBF [9-13].

However, there is a limited body of research investigating the impact of physical
activity, specifically in adults with ADHD. Nevertheless, existing studies suggest that even
a single session of exercise can have positive effects on adult patients with ADHD [14].

Swimming is an aerobic-based activity that allows people to develop good coordi-
nation, as it requires synchronized movements with their arms and legs while providing
psychological benefits [15]. Both children and adults seem to prefer participating in swim-
ming training because it provides the opportunity to think creatively and to learn without
recurring exhausting exercises [16]. Therefore, perhaps, children with ADHD find swim-
ming sport interesting and preferable compared to other disciplines. Also, such movements
are speculated to cause alterations in brain functioning [15,17]; specifically impacting the
brain areas that underlie symptomatology, namely the prefrontal cortex and amygdala [17].

Hattabi et al. [18] and Silva et al. [19] demonstrated the beneficial effects of swimming
training, compared to control groups, on ADHD symptoms in pre-adolescent cohorts.
Specifically, in a 12-week and 8-week swimming training intervention, the participants
showed improvements in cognitive function, behavior, academic performance, cognitive
flexibility, and selective attention. Additionally, there was a reduction in depression param-
eters and stress levels. Furthermore, improvements were observed in motor coordination
and physical fitness, including coordination of lower limb laterality, flexibility, and abdomi-
nal resistance.

Despite the positive conclusions regarding the effectiveness of swimming in reducing
ADHD symptoms, the literature still lacks studies conducted on adult cohorts. Therefore,
within this theoretical framework, the aim of the present case study was to examine the
influence of an aerobic type of physical activity on ADHD symptoms. More specifically,
an intensive swimming training program was designed with the goal of potentially al-
leviating ADHD symptoms and enabling a 31-year-old female to effectively handle her
workplace responsibilities.

2. Case Presentation

The subject of this case study was a 31-year-old woman (body height: 157 cm, body
weight: 65 kg, and BMI: 26.4 kg/cm?) experiencing difficulties in concentrating and main-
taining attention on tasks of her job and daily routine activities such as house cleaning,
cooking, etc. More specifically, she had forgotten to close the oven in the kitchen while
she was trying to solve a problem with the placement of the dishes in the cupboard. This
situation made her nervous, and as a result, she felt depressed and unsuitable to deal
with this.

The first appearance of ADHD was observed when she was eight years old, and she
was diagnosed with it. A recent assessment, which was conducted before intervention,
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via Conner’s continuous performance test (CCPT) for adults [20], indicated the presence
of a combined type of ADHD (T-score > 60). The patient presented four symptoms from
the inattention list and more than four from the hyperactivity and impulsivity list of
the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) test [4]. She had not
been diagnosed with any other medical or mental disorder which could better explain
her symptoms.

During the study, she was working as a nurse; hence, the symptoms manifested more
frequently at the workplace and in intense, stressful, and emotional situations. On the
contrary, no such symptoms were observed when the patient engaged in activities she
enjoyed, such as long-distance running.

The patient followed an intense swimming training program for eight consecutive
weeks, from 10 October to 9 December 2022, with three swimming and two dryland
training sessions per week. It was held on Monday, Wednesday, and Friday from 9:00 a.m.
to 12:00 p.m. to avoid the circadian rhythm problem [16]. Each session lasted 90 min and
was divided into three stages: a 15 min warm-up, 70 min of aquatic exercises, and a 5 min
cool-down. The intensity of training was assessed using the Ratio of Perceived Exertion
(RPE) scale from 0 to 10 [16]. It was calculated for each training session to be near 7 and 8 on
the RPE scale. The program was implemented at a public 25 m, 11 lanes, open swimming
pool in Thessaloniki, Greece. The pool’s temperature was maintained at 29 + 1 °C, and
decontamination occurred at the end of each week.

As the individual did not know how to swim before the intervention, the instruction
started with simple tasks such as head immersion and exhalation under the water, flutter
kicks in the front and supine position, etc. Then, the different hand strokes and swim-
ming styles were taught and practiced. Also, the burden of the activity was increased by
combining different swimming strokes and increasing its total training volume.

In addition, each new technique was introduced once the previous one had become a
subconscious movement through repetition. Staying focused, memorizing the details of
the technique, and practicing helped the patient achieve the goals of each training session.
Moreover, the two dryland sessions included swimming technique drills, enhancing her
ability to understand the drills in swimming sessions. The volume of each exercise repeti-
tion was 25 m, while the sets per exercise varied from four to six. The content of the drills
is presented in Table A1 (Appendix A).

While participating in this sport, she discovered that her ADHD symptoms were more
manageable, and she attributed this to her rigorous exercise routine. However, after the
eight-week intervention, she was forced to discontinue the sport due to an injury. As a
result, she experienced an increase in ADHD symptoms, which significantly impacted the
quality of her work.

The patient underwent evaluation using the following validated psychometric scales
after obtaining informed consent: (i) the Beck Depression Inventory (BDI-II), (ii) the Barratt
Impulsiveness Scale (BIS-11) [21], and (iii) the Hospital Anxiety and Depression Scale
(HADS-14) [22]. The measurements were conducted prior to the intervention, in the
middle (fourth week), and at the end of it (eighth week). Unfortunately, BIS-11 was not
answered by the patient because she was not in the mental condition to answer all the
questions. Therefore, we avoided putting pressure on her. BDI-II [23] (Supplementary
Material Document S1) is a self-report questionnaire consisting of 21 sets of statements
designed to discriminate subtypes of depression and differentiates depression from anxiety
(e.g., guilt, low self-worth, irritability, and suicidal ideation). Each set is ranked in terms of
severity and scored from 0 to 3. Scores of 0-9 fall into the normal range, 10-18 indicate the
presence of mild to moderate depression, 19-29 indicate moderate to severe depression,
and 30-63 indicate severe depression. The BDI-II demonstrates high internal consistency,
with alpha coefficients of 0.86 and 0.81 for psychiatric and non-psychiatric populations,
respectively. The test offers a reliable and valid index to discriminate between depressed
and non-depressed subjects portraying depressive symptoms and attitudes which can be
used effectively to document changes brought about in therapy. Also, the BDI-Il is a cost-
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effective questionnaire for measuring the severity of depression, with broad applicability for
research and clinical practice [24]. The BIS [25,26] (Supplementary Material Document S2)
is a self-report test used to evaluate the personality /behavioral construct of impulsiveness.
It is a questionnaire with 30 items that are scored on a 4-point scale (Rarely/Never =1,
Occasionally = 2, Often = 3, Almost Always/Always = 4). Scores of 4 indicate the most
impulsive response. The higher the summed score for all items, the higher the level
of impulsiveness. Items include statements such as “I do things without thinking or I
concentrate easily”. Its psychometric properties have been determined in both clinical
and non-clinical subjects [27], showing its usefulness in psychiatric, scientific, and clinical
conditions, evaluating the impulsivity construct in different ethnicities [28].

The HADS-14 [20] (Supplementary Material Document S3) is also a self-assessment
questionnaire that detects states of anxiety and depression. The questionnaire has seven
items each for depression and anxiety subscales, respectively. Scoring for each item ranges
from zero to three, with three denoting the highest anxiety or depression level. A total
subscale score of more than 8 points out of a possible 21 denotes considerable symptoms of
anxiety or depression. HADS-14 shows significant diagnostic validity and reliability and is
suggested to be used in clinical monitoring of the psychiatric and psychological status of
different kinds of patients [29].

The patient’s psychometric tests showed a significant percentage reduction. Specif-
ically, BDI-II scores, prior to the intervention until immediately after it, dropped from
mild depression to normal, respectively, showing a 100% reduction. Also, the BIS-11 score
decreased by almost 50% compared to the beginning of the intervention, indicating an
individual that is extremely over-controlled. Concluding, the score in HADS-14 revealed
that the patient, from a situation highly likely for a mental disorder, reached a lack of it at
the end of the intervention with a reduction near 33% (Table 1).

Table 1. BDI-II, BIS-11, and HADS-14 self-reporting scores prior to, during, and immediately after
the intervention (intensive swimming exercise program).

Score
Psychometric Test
Prior Intervention (0 Week) During Intervention (4th Week) = Immediately after Intervention (8th Week)
BDI-IT 12 0 0
BIS-11 57 (Not performed) 27
HADS-14 21 7 7

BDI-II: Beck Depression Inventory; BIS-11: Barratt Impulsiveness Scale; HADS-14: Hospital Anxiety and Depres-
sion Scale.

3. Discussion

The aim of the present case study was to investigate the effect of swimming, a closed
motor skills sport, on the symptoms of ADHD in an adult who had been diagnosed with
the condition since childhood and was not taking any medication. It is generally well-
established that closed motor skills are beneficial for hyperactive/impulsive symptomes,
while open motor skills are beneficial for attention problems [30].

According to our results, it was found that the psychological condition of the subject
improved during and after the exercise program. In fact, her scores on all three psychome-
tric scales (BDI-1I, BIS-11, HADS-14) used depleted to levels indicative of someone with
no ADHD, demonstrating a decrement from 33 to 100%. Ahmadi et al. [31] showed that
female students who participated in swimming sports for four weeks showed a drop in
their mean depression scores (BDI-II) from 10.5 to 6.5, demonstrating the beneficial role of
exercise. Similarly, in our study, BDI-II scores dropped from 12 to 0 in the first four weeks
of the intervention and remained low until the end of it (eighth week).

Different results were observed in the BIS-11 scores compared to the literature. Specifi-
cally, in our case report, the participant significantly reduced her scores at the end of the
exercise intervention from 57 to 27. Lee et al. [32] showed that the physical exercise group
increased their BIS-11 score from 49.23 to 51.18, compared with a self-management and
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liberal arts group, concluding that a self-management course ameliorates this index more
effectively in groups of adults. The given explanation for this contradiction focused on the
intensity of the exercise. Lee et al. [32] suggested that the intensity of activities, which were
resistance and cardio exercises, were not high enough to show a significant difference. In
contrast, in our study, certain parts of the training were conducted at a high intensity. As a
result, this difference is reflected in the lower BIS-11 score.

Last but not least, the HADS-14 scores decreased during and after the intervention
program, indicating a lower depression and anxiety profile. Similarly, de Oliveira et al. [33]
demonstrated a correlation between high levels of physical activity and a lack of symp-
toms of anxiety and depression in an elderly sample. Specifically, in our study, the score
decreased from 21 to 7, while in the elderly sample, the HADS-A and D scores decreased
from 5.23 and 5.81 to 3.78 and 3.01, respectively. However, the HADS scores in de Oliveira’s
study were already low at the beginning of the intervention. Also, the sample consisted of
older adults, which suggests that the influence of exercise is likely greater when compared
to our younger participants.

Regarding the participant’s personality, her dedication to focusing on the required
tasks and her commitment to practicing diligently to achieve her goal of learning to swim
and training as a long-distance swimmer contributed to her successful performance in
her professional responsibilities as a nurse. Furthermore, as reported by the participant,
engaging in physical activity helped alleviate her intense ADHD symptoms and deal with
her professional responsibilities more effectively.

In particular, the patient approached swimming training not just as a hobby but
as a form of therapy to help manage her ADHD symptoms. This decision was based
on her previous experience with sports, where engaging in vigorous physical activities
during childhood had proven beneficial in controlling her ADHD symptoms. Therefore, it is
plausible that a closed motor skill activity like swimming can have positive effects on ADHD
symptoms like hyperactivity /impulsiveness, confirming the literature [18]. Additionally,
the patient experienced a reduction in attention problems, which is contradictive according
to the literature, which suggests that patients benefitted from attention problems only in
open motor skills [19].

Perhaps the repeatability of movements involved in closed motor skills, such as swim-
ming, can be beneficial for ADHD patients. These skills provide precise movements that are
repeatedly practiced, making them easier to learn and concentrate on specific stuff. Open
motor skills, on the other hand, may be more challenging for patients due to the require-
ment of multiple movements, which can lead to confusion and distraction. Therefore, our
finding presents another point for discussion and a perspective that warrants exploration.

In our case, the patient’s questionnaire scores indicated an improvement in her mental
health. Furthermore, by observing her swimming ability and reported behavior, it was
assumed that this swimming intervention had a positive influence on cognitive functioning,
motor coordination, and physical fitness. However, it is challenging to generalize our
results due to the necessity of larger cohorts in order to assess the impact of swimming
activity on ADHD.

Considering the literature, it is indicated that physical activity has a positive impact
on mental health, cognitive functioning, motor coordination, and physical fitness in indi-
viduals with ADHD [34] as well as in patients with other diseases [35]. Also, meta-analyses
of two group control studies have further confirmed that physical activity interventions
significantly improve inattentive symptoms [30] and can be used as a strategy to support
adults [14] and children [30] in overcoming ADHD deficiencies. The present case report
sheds light on an unexplored condition primarily studied in children. However, further
studies need to be conducted to demonstrate the beneficial role of physical activity and
determine whether aerobic is superior to non-aerobic types of exercise on ADHD symp-
toms [36]. According to Stein et al. [36], both aerobic and non-aerobic groups benefitted
significantly, reducing self-reported depression in comparison to the controls. Also, it is
noted that the non-aerobic was superior to the aerobic exercise for enhancing self-concept.
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Therefore, future intervention studies that incorporate a combination of aerobic and non-
aerobic exercises will provide clearer insights into the precise exercise prescription for
children and adults with ADHD.

4. Conclusions

An eight-week vigorous swimming intervention appears to alleviate symptoms of
inattention and hyperactivity on all three psychometric scales, BDI-II, BIS-11, and HADS-
14, improving the mental health of a 31-year-old female patient. However, based on
the limitations of our study, it is concluded that further intervention studies are needed
to establish and understand the association between physical activities and improved
mental performance in larger adult cohorts with ADHD, utilizing more psychometric and
performance measurements.

5. Study’s Limitations

In the present case, the intervention of an ADHD adult patient was not found in any
other study. Thus, the evaluation of mental health and the observation of her behavior is
novel. Despite this, there are some limitations in the study that probably affect the results.

e  We required additional measurements related to physical performance and cognitive
function. The reason behind this decision was to minimize disturbances and potential
anxiety that these tests could cause by using a reduced number of measurements;

e  Wedid not use the BIS-11 questionnaire in the middle measurement of the intervention
because she was not in the mental condition to answer all the questions. Therefore, we
avoided putting pressure on her.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/healthcare11141999/s1.
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Appendix A

Table A1l. Drills of the training intervention used.

Swimming Drills * Repetitions

=)}

Grabbing the wall of the pool, sinking the body in the water, working on exhalations

Butterfly kicks with a kickboard

Flutter kicks with a kickboard

Flutter kicks tombstone drill swimming **

Flutter kicks, body positioning drill swimming ***

Breathing exercise, swimming with a kickboard, and changing the breathing side from left to right every 25 m
Freestyle swimming using a single hand, a kickboard, and a snorkel. The hand changed from left to right every 25 m
Freestyle swimming using a single hand, a kickboard, without a snorkel. The hand changed every 25 m

Freestyle swimming without a snorkel

Freestyle swimming with a snorkel

[*)Ne N e N Mo Ne) Ne) e e



https://www.mdpi.com/article/10.3390/healthcare11141999/s1
https://www.mdpi.com/article/10.3390/healthcare11141999/s1

Healthcare 2023, 11, 1999 70f8

Table Al. Cont.

Swimming Drills * Repetitions
Freestyle swimming with a snorkel and focusing on hand recovery 4
Freestyle swimming exercise involving touching the armpit without a snorkel 4
Freestyle swimming without a snorkel while focusing on hand recovery and breathing 4
Backstroke swimming 4

* The included drills were utilized in 25 m with 15 sec and 1 min intervals between each repetition and exercise,
respectively. ** This drill is performed by holding the kickboard upright in front of the body, resembling a
tombstone coming out of the water. It is a drill that helps with balance, as the swimmer focuses on holding
the kickboard out of the water while swimming using the legs, which is quite challenging and requires energy.
*** This drill is performed by placing the hands on the ends of the kickboard with arms fully extended. The head
is placed between the arms and into the water, and breaths are taken by lifting the head straight out of the water.
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