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ABSTRACT

Attention-deficit/hyperactivity disorder (ADHD) is frequently associated with difficulties
in executive functioning, which can interfere with the management of daily life. Prior research
suggests that aerobic exercise may elicit improvements in the inhibitory control aspect of
executive functioning among individuals with ADHD. However, all past studies on this topic
have examined the impact of acute exercise on task-based inhibitory control measures. Thus, the
purpose of the present study was to investigate the effect of weekly aerobic exercise volume on
self-reported inhibitory control in young adults who screen positive for ADHD. Additionally,
this study aimed to determine which subcomponent of exercise volume has the greatest impact
on self-reported inhibitory control among this population. Thirty-nine individuals completed a
survey consisting of an ADHD screening, questions assessing their weekly aerobic exercise
habits, and two questionnaires assessing aspects of inhibitory control. The BIS-15 and DGI-10
were used to measure impulsivity and delayed gratification, respectively.

Results showed a significant relationship between exercise volume and impulsivity scores
(r (37) =-.33, p =.042) but not delayed gratification (#(37) = .231, p = .158). Additionally,
results showed that none of the subcomponents— frequency, intensity, or time— significantly
predicted impulsivity (#(3, 35) = 1.34, p = .276). The model explained 10% of the variability in
impulsivity scores (R* = .10, Adjusted R? =.03). These findings indicate that increasing exercise
volume may be an effective strategy in improving impulsivity, but not delayed gratification, in
young adults with ADHD. Furthermore, these results suggest that total exercise volume, rather
than the individual subcomponents, may be a greater predictor of impulsivity values among this

population.
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CHAPTER 1
Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a psychiatric condition that affects an
individual’s ability to function. It is frequently characterized by impulsivity and an inability to
sustain attention (Cormier, 2008). While ADHD was once thought to be a childhood-only
disorder (Lange et al., 2010), research has shown that roughly 60% of those diagnosed
experience the persistence of symptoms into adulthood (Sibley et al., 2023). Approximately 8.7
million adults in the United States have the disorder (Schein et al., 2022), and many individuals
go undiagnosed or are misdiagnosed with other psychiatric disorders (Ginsberg et al., 2014).
Unfortunately, studies have shown that fewer than 20% of adults with the disorder seek
treatment (Retz et al., 2011). Research also indicates that adults with ADHD may experience
greater executive function deficiencies when compared to children with the disorder (Adler et al.,
2017). These difficulties often result in issues coordinating the cognitive abilities that allow one
to work, learn, and manage daily life. This data shows that ADHD is an often misdiagnosed and
undertreated disorder that impacts many adults in the United States.

Executive functions (Efs) encompass several skills that regulate feelings, thoughts, and
actions that are necessary for daily functioning (Doebel, 2020). Efs are often divided into three
domains: inhibitory control (IC), working memory (WM), and cognitive flexibility (CF;
Diamond, 2014). IC includes the ability to direct emotions, attention, behavior, and thoughts.
This set of skills allows one to use reasoning to determine appropriate responses, rather than
acting on impulse (Diamond, 2014). IC also involves delay discounting, or the ability to give up
instant pleasure for a greater long-term reward (Louie & Glimcher, 2010). WM is the ability to

work with information in the mind that is not perceptually present (Smith & Jones, 1999). This



skill allows for language comprehension, processing information, and seeing relations between
ideas (Diamond, 2014). CF is the ability to shift between thought processes and adapt to a variety
of conditions (Kehagia et al., 2010). This skill allows us to see concepts from different spatial or
interpersonal perspectives (Diamond, 2014). These subdomains allow individuals to direct
behavior, process information, and shift perspectives to complete tasks and manage daily life.

Efs are measured using various neuropsychological tasks and self-report ratings. Due to
the many subsets of Efs, no gold standard exists (Pickens et al., 2010). EF tasks are frequently
used in research and clinical settings (Faria et al., 2015). However, these tasks have shown low
ecological validity in adults (Barkley & Fischer, 2011; Torralva et al., 2013). Research has also
suggested that EF ratings are more relevant for assessing deficits in those with ADHD due to
their ability to measure declines in long-term, goal-directed behaviors (Barkley & Fischer, 2011).
Kamradt et al. (2014) found that EF ratings better accounted for variations in occupational,
relational, and daily living impairments above EF tasks among those with ADHD. Thus, self-
reported EF ratings may be most valuable when assessing Efs among this population.

Exercise volume (EV) refers to the total amount of work performed over a given period
(ACSM, 2021). EV consists of three components: intensity, duration, and frequency. Exercise
intensity is known as the rate of metabolic demand during exercise (Maclntosh et al., 2021) and
is often expressed as a percentage of one’s maximal heart rate (ACSM; 2021). Exercise duration
is the length of time of a bout of exercise and is typically expressed in minutes (ACSM; 2021).
Exercise frequency is the number of times a bout of exercise is performed and is most often
expressed in exercise sessions per week (ACSM, 2021). By assessing these three variables, the

sum of work completed over a specified period can be calculated.



A few studies have assessed the impact of aerobic exercise on EFs in adults with ADHD.
Mehren et al. (2019) evaluated the effect of a single bout of aerobic exercise on attention and Efs
in a group of adults with ADHD. Participants performed a 30-minute cycling session at a
moderate intensity, followed by a flanker task to assess IC. Individuals then completed the same
task after a sedentary control session. The exercise bout significantly improved performance on
the IC task among adults with ADHD, but not in the non-ADHD group. Additionally, Rassovsky
& Alfassi (2019) investigated the impact of aerobic exercise on the attention of adults with
ADHD. Participants completed the Conners Continuous Auditory Test of Attention twice; once
while in a seated position, and again while walking on a treadmill at a moderate intensity.
Results showed that the ADHD group had faster exercise reaction times when compared to
seated times. Interestingly, the non-ADHD group showed faster seated reaction times when
compared to exercise times. These findings imply that aerobic exercise may elicit improvements
in IC among adults with ADHD. Furthermore, Gapin et al. (2015) examined the impact of acute
aerobic exercise on Efs. Participants completed a 30-minute bout of moderate intensity walking.
Efs were measured pre- and post-exercise using the Stroop Test, Trail Making Test, and Digit
Span Test. The exercise bout improved all aspects of Efs in the non-ADHD group. However,
exercise improved only IC among the ADHD group. The literature surrounding this topic
suggests that aerobic exercise bouts can elicit improvements in the IC aspect of EF among adults
with ADHD.

A few studies have assessed the impact of acute aerobic exercise on overall EF measures
of adults with ADHD. The literature indicates that such interventions may improve IC among
this population. However, no studies have assessed the effects of self-reported weekly aerobic

EV on the IC of adults with ADHD. Additionally, all past studies on this topic have assessed



efficacy by utilizing task-based IC measures. No studies have used self-report IC ratings to
determine the real-world effectiveness of aerobic EV on adults with ADHD. Therefore, the
purpose of the present study is to investigate the effect of weekly EV on self-reported IC in
young adults who screen positive for ADHD. We hypothesize that EV will be associated with IC
improvements among this population. Additionally, this study aims to determine which
subcomponent of EV has the greatest impact on self-reported IC among young adults who screen
positive for ADHD. It is hypothesized that exercise intensity will have the greatest impact on EF

measures in the present population.



CHAPTER 2
Literature Review
ADHD
Prevalence

Attention-deficit/hyperactivity disorder (ADHD) is a psychiatric condition that affects an
individual’s ability to function. It is frequently characterized by impulsivity and an inability to
sustain attention (Cormier, 2008). ADHD is one of the most common neurodevelopmental
disorders seen in children and adolescents, with an estimated global prevalence of 8% (Ayano et
al., 2023). In the United States alone, approximately 6.1 million children and adolescents have
been diagnosed with the disorder (Danielson et al., 2018).

ADHD was once thought to be a childhood-only disorder that disappears with age (Lange
et al., 2010). However, recent research has shown that roughly 60% of those diagnosed
experience the persistence of symptoms into adulthood (Sibley et al., 2023). According to the
World Health Organization, the estimated global prevalence of adult ADHD is 2.8% (Fayyad et
al., 2017). Roughly 8.7 million adults in the United States have the disorder (Schein et al., 2022),
and research shows that this number has greatly increased in past years. Chung et al. (2019)
found that the prevalence of adult ADHD in the United States more than doubled from 2007 to
2016. Studies also suggest that adults frequently go undiagnosed, or are misdiagnosed with other
psychiatric disorders, such as anxiety disorders, major depressive disorder, and personality
disorders (Ginsberg et al., 2014). This frequent misdiagnosis, as well as the limited awareness
surrounding adult ADHD, may be responsible for underdiagnosis in this population (Johnson et
al., 2020). A qualitative study by French et al. (2020) found that general practitioners had limited

knowledge of the disorder in adults, though they are typically the first provider an individual sees



when seeking a diagnosis. It was also found that high-functioning adults with ADHD frequently
went unnoticed, as they do not meet the general practitioners’ conceptions of ADHD (French et
al., 2020). Many adults are also diagnosed late. Faraone et al. (2004) found that 75% of
participants with adult ADHD were not diagnosed during childhood. Unfortunately, studies have
shown that fewer than 20% of adults with the disorder seek treatment (Retz et al., 2011). Many
adults with ADHD are also more likely to seek treatment for comorbid disorders, rather than
ADHD itself, leading to limited effectiveness of such treatments (Ginsberg et al., 2014). In
addition to adults, females with ADHD are often overlooked. French et al. (2020) found that girls
with the disorder frequently went under the radar by GPs. In youth, the male to female ratio is
approximately 4:1, whereas in adults, the estimated ratio is 1:1 (Palladino et al., 2019). This data
shows that ADHD is an often-misdiagnosed disorder that impacts many adults in the United
States.
Etiology

Research has shown that ADHD is largely genetic, with an estimated heritability of 74%
(Faraone & Larsen, 2019). Individuals with immediate relatives who have ADHD have a two- to
eight-times greater risk of developing the disorder, compared to those who do not have
immediate relatives with ADHD (Faraone et al., 2005). The 10-repeat allele of the dopamine
transporter gene has been associated with ADHD in several studies (Cook et al., 1995; Gill et al.,
1997). The dopamine transporter gene is a protein that aids in dopamine reuptake from the
synapse, and its 10-repeat genotype is linked to decreased synaptic dopamine levels (Heinz et al.,
2000). Research has also shown significant positive associations between adult ADHD and

brain-specific angiogenesis inhibitor 1-associated protein (Bonvicini et al., 2016). Brain-specific



angiogenesis inhibitor 1-associated protein facilitates the proliferation, survival, and maturation
of neurons (Bonvicini et al., 2016).

Some studies have also determined that environmental factors are related to ADHD. Such
factors can be divided into four categories: prenatal factors, exposure to toxins, dietary
deficiencies, and psychosocial adversity (Thapar et al., 2013). Prenatal factors include smoking
and substance misuse (Langley et al., 2005), high levels of maternal stress (Glover, 2011), and
low birth weight (Bhutta et al., 2002). Environmental toxins that may relate to ADHD include
exposure to organophosphate pesticides (Marks et al., 2010), polychlorinated biphenyls (Savig et
al., 2010), and lead (Nigg et al., 2010). Studies have shown that specific nutritional deficiencies,
including magnesium (Kozielec & Starobrat-Hermelin, 1997) and zinc (Arnols & DiSilvestro,
2005) may be correlated with ADHD. The experience of adversity, such as maltreatment,
parental incarceration, single parenthood (Claussen et al., 2022), low income (Pheula et al.,
2011), and early deprivation (Rutter et al., 2007) has also been associated with the disorder.
However, many of these risk factors have small effect sizes, and there is no clear consensus on
whether they are causal (Thapar et al., 2013). Overall, the literature indicates that there is no one
factor that causes ADHD. Further research is needed to determine the causality, or lack thereof,
of the aforementioned risk factors.

Physiology

The frontal lobe is largely responsible for managing executive functions and is the
primary part of the brain affected by ADHD (Wilens & Spencer, 2010). A study by Seidman et
al. (2006) found that adults with ADHD had a smaller anterior cingulate cortex and dorsolateral
prefrontal cortex compared to adults without the disorder. The anterior cingulate cortex regulates

decision-making and emotional control, while the dorsolateral prefrontal cortex controls working



memory and the ability to process and retain information (Seidman et al., 2006). Research has
also found changes in the rate of brain development among those with ADHD. Shaw et al.
(2007) conducted a study to compare the age at which children and adolescents with and without
ADHD reach peak cortical thickness. Results showed a delay in cortical thickness and peak
development in participants with ADHD. Researchers discovered that the greatest delay was
present in the prefrontal regions (Shaw et al., 2007). Literature has also found changes in brain
activity during tasks requiring high levels of cognitive function in those with ADHD. Epstein et
al. (2007) compared brain activity among youth and adults with ADHD during completion of a
response inhibition task. It was found that both groups showed decreased activity in fronto-
striatal regions of the brain. Adults with ADHD also activated non-fronto-striatal regions more
than those without the disorder. The fronto-striatal circuit is essential in cognitive control and the
execution of goal directed behaviors. Thus, deficits in this circuit may be responsible for ADHD
related behaviors (Epstein et al., 2007). Results of these studies suggest that individuals with
ADHD may experience developmental delays, altered brain activity, and decreased size in areas
of the brain that control essential cognitive functions.
Symptoms

The American Psychiatric Association (2013) divides ADHD into three subtypes based
on signs and symptoms: predominantly inattentive, predominantly hyperactive/impulsive, and
combined inattentive and hyperactive/impulsive. Signs of inattentiveness include distractibility,
lack of attention to detail, forgetfulness, inability to concentrate or follow through in task
completion, difficulty listening to or following instructions, making careless mistakes, not
appearing to listen when spoken to, and difficulty with organization. Signs of

hyperactivity/impulsivity include excessive fidgeting, movement, or talking, difficulty waiting



one’s turn, interrupting conversations, and being always “on the go.” In those diagnosed with
ADHD, these symptoms were present before age 12, interfere with daily functioning, and are
present in two or more settings, such as work, school, or home (American Psychiatric
Association, 2013).

Recent research has also found that individuals with any subtype of the disorder often
experience social difficulties. McKay et al. (2023) discovered that adolescents with ADHD were
significantly more likely to experience issues with all measured domains of social functioning,
including social awareness, cognition, communication, motivation, and restricted
interests/repetitive behaviors, when compared to controls. This same association has been found
in adults with the disorder. Bjerrum et al. (2017) reviewed qualitative evidence on the experience
of living with adult ADHD. Researchers found that participants frequently had difficulties with
social relationships and being part of the community at one’s workplace, despite working harder
to complete tasks and striving to be accepted. Literature has also shown rejection sensitivity to be
a common ADHD symptom. Babinski et al. (2019) found that youth with greater ADHD
symptoms reported increased sensitivity to peer rejection, and decreased reactivity to peer
acceptance. Similarly, a qualitative study by Beaton (2022) found that adults with ADHD
reported particularly strong reactions to receiving criticism, including decreased self-worth and
obsessive thinking.

Comorbid disorders such as mood and anxiety disorders, personality disorders, and
substance use disorders, are frequently seen in those with ADHD, and often have overlapping
symptoms (Katzman et al., 2017). Research has shown that adults with ADHD are at least four
times as likely to have a mood disorder when compared to those without ADHD (Kessler et al.,

2006). Mood and anxiety disorders that frequently accompany ADHD include bipolar disorder,
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major depressive disorder, and generalized anxiety disorder (Kessler et al., 2006). Furthermore,
Miller et al. (2009) found that youth with ADHD had an increased risk of developing personality
disorders in late adolescence, including borderline, antisocial, avoidant, narcissistic, and
paranoid personality disorders. Additionally, this population is twice as likely to abuse or
become dependent on substances (Martinex-Raga et al., 2013). Literature suggests that
hyperactive/impulsive symptoms may be more strongly associated with substance dependence
when compared to inattentive symptoms (De Alwis et al., 2014). The frequent presence of these
comorbidities may be due to the similarities in the regions of the brain affected by multiple
psychiatric disorders (Klassan et al., 2010).

It is estimated that 60-80% of ADHD symptoms continue into adulthood (Childress &
Berry, 2012), and frequently interfere with individuals’ professional, social, and family lives
(Biederman et al., 2006). Studies have also shown that symptoms of adult ADHD rise above
many of the typical symptoms seen in children and adolescents and often consist of greater
emotional regulation difficulties (Katzman et al., 2017). Additionally, research indicates that
adults with ADHD may experience greater executive function deficiencies when compared to
children who have the disorder (Adler et al., 2017). These difficulties frequently result in issues
coordinating the cognitive abilities that allow one to work, learn, and manage daily life. Adult
ADHD has been associated with educational issues, including decreased grade point averages
and graduation rates when compared to those without ADHD (DuPaul et al., 2009). Additionally,
research has shown that adults with the disorder have significantly lower rates of full-time
employment and average incomes compared to controls (Biederman & Faraone, 2006). These
findings are likely due to the aforementioned issues with executive dysfunction that are

frequently seen in adult ADHD.
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Screening

To diagnose ADHD, mental health specialists typically conduct comprehensive
assessments utilizing various clinical instruments (Chamberlain et al., 2021). However, with
adult ADHD’s prevalence of 2.8% (Fayyad et al., 2017), the restricted understanding of the
disorder among general practitioners (French et al., 2020), and limited healthcare resources,
methods are needed to conveniently screen potential cases of ADHD (Chamberlain et al., 2021).
Validated screening tools assist clinicians in determining whether individuals need further
evaluation for ADHD (Adler et al., 2019). Additionally, these tools allow ADHD to be studied
reliably in populations who are at risk for the disorder (Chamberlain et al., 2021).

The World Health Organization Adult ADHD Self-Report Scale (ASRS) is a widely used
and validated screening tool to assess ADHD among adults (Kessler et al., 2005). This self-
report scale was designed to screen for ADHD according to the American Psychiatric
Association’s Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria
(Kessler et al., 2005). The ASRS consists of six questions that instruct individuals to rate their
symptom frequency over the past six months on a scale of 0 (never) to 5 (very often) (Kessler et
al., 2005). Several studies have found ASRS to be valid and reliable in screening adults for
ADHD (Adler et al., 2006). The ASRS has shown a high internal consistency and current
validity with the clinician administered ADHD Rating Scale (Adler et al., 2006). Additionally,
research indicates that there is agreement between screening positive for ADHD on the ASRS
and receiving a formal diagnosis (Able et al., 2007).

In summary, ADHD is a frequently misdiagnosed psychiatric condition that affects many
individuals in the United States (Ginsberg et al., 2014). Though the disorder is largely genetic

(Faraone & Larsen, 2019), research has shown that environmental factors may also play a role
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(Thapar et al., 2013). Individuals with ADHD may experience developmental delays (Shaw et
al., 2007), altered brain activity (Epstein et al., 2007), and decreased size in areas of the brain
that control essential cognitive functions (Seidman et al., 2006). Core ADHD symptoms include
hyperactivity, impulsivity, and inattention (American Psychiatric Association, 2013). Research
also suggests that adults with the disorder experience greater difficulties with executive
functioning when compared to children with ADHD (Adler et al., 2017). These deficits often
result in difficulties completing essential tasks and managing daily life. Validated screening
tools, such as the ASRS (Kessler et al., 2005), can help clinicians identify individuals

experiencing these symptoms who may need further evaluation for ADHD.

Executive Function
Definition and Domains

Executive functions (EFs) encompass several skills that facilitate the regulation of
feelings, thoughts, and actions that are necessary for daily functioning (Doebel, 2020). EFs are
often divided into three central domains: inhibitory control (IC), working memory (WM), and
cognitive flexibility (CF; Diamond, 2014).). IC includes the ability to direct emotions, attention,
behavior, and thoughts. This set of skills allows one to use reasoning to determine appropriate
behavioral responses, rather than acting on impulse (Diamond, 2014). IC also involves delay
discounting, or the ability to give up instant pleasure for a greater long-term reward (Louie &
Glimcher, 2010). Without this skill, individuals cannot complete extensive, time-consuming
tasks. Additionally, IC enables individuals to selectively place attention on what is important,
while suppressing unnecessary stimuli. This is known as attentional control (Diamond, 2014).

WM is the ability to hold and work with information in the mind that is not perceptually present
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(Smith & Jones, 1999). This skill is necessary for the completion of several daily tasks, including
making sense of language, incorporating new information into one’s plans or way of thinking,
completing actions based on instructions, and seeing relations between ideas (Diamond, 2014).
WM is typically divided into two categories: verbal and nonverbal. Verbal WM allows for the
processing of auditory information, while nonverbal WM deals with visual-spatial information
(Berenbaum et al., 2023). CF is the ability to shift between multiple thought processes and adapt
to a variety of conditions or environments (Kehagia et al., 2010). Without CF, one would
struggle to see concepts from different spatial or interpersonal perspectives (Diamond, 2014). CF
is thought to be the opposite of rigidity and thus allows for flexible thinking when new
opportunities or issues arise (Diamond, 2014). These three subdomains allow individuals to
direct behavior, process information, and shift perspectives in order to complete tasks and
manage daily life.
Measurement

EFs are measured using various neuropsychological tests and self-report scales. Due to
the many EF subsets, no gold standard exists (Pickens et al., 2010). Standardized
neuropsychological assessments are often used to assess each domain of EFs in a variety of
research and clinical settings (Faria et al., 2015). Commonly used standardized EF assessments
include the Wisconsin Card Sorting Test, Trail Making Test, Stroop Test, Arrow Flanker Task,
Digits Forward and Backwards Subtests, and the Tower of London Task (Faria et al., 2015;
Miles et al., 2021; Ridderinkhof et al., 2021; Phillips et al., 1999). The Wisconsin Card Sorting
Test and Trail Making Test measure CF (Faria et al., 2015), with the former being the most
frequently used to assess this EF domain (Miles et al., 2021). The Stroop and Arrow Flanker

Tasks are used to measure IC (Faria et al., 2015; Ridderinkhof et al., 2021), while the Digits
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Forward and Backward Subtests and the Tower of London Task measure WM (Faria et al., 2015;
Phillips et al., 1999).

Studies have shown variability between the results of EF tasks and self-reported ratings,
suggesting that these means of measurement are tapping into different constructs (Kamradt et al.,
2014). Research has shown that laboratory-based EF tasks measure moment-to-moment EF and
thus may not accurately predict an individual's performance on long-term tasks in real life
(Kamradt et al., 2014). Additionally, EF ratings have been found to be more strongly associated
with deficits in major life activities when compared to EF tasks (Barkley & Fischer, 2011).
Furthermore, EF tasks have shown low ecological validity in adults, suggesting that scores may
not translate to real life situations that require high levels of EF (Barkley & Fischer, 2011;
Torralva et al., 2013).

Research has also shown value in self-reported measures of EFs among individuals with
ADHD. Barkley & Fischer (2011) suggested that EF ratings may be more relevant for
understanding deficits in those with ADHD due to their ability to measure declines in long-term,
goal-directed behaviors and processes. Additionally, Kamradt et al. (2014) conducted a study to
compare the results of EF tasks and ratings among a group of adults with ADHD. These
researchers found that ratings of EFs better accounted for variations in occupational, relational,
and daily living impairments above EF tasks. These studies suggest that self-reported ratings of
EF may be most valuable when measuring EF deficits in individuals with ADHD.

Commonly used self-reported EF assessments include the Web-based Executive
Functioning Questionnaire (Buchanan et al., 2010), the Frontal Behavior Systems Scale (Grace
& Malloy, 2001), the Dysexecutive Questionnaire (Wilson et al., 1996), the Barkley Deficits in

Executive Functioning scale (Barkley, 2011), and the Behavior Rating Inventory of Executive
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Function for Adults (Roth et al., 2005). These self-reported assessments are typically
comprehensive and thus designed to measure each subdomain of EFs (Barkley, 2011). Though
many assessments and questionnaires have been developed to measure executive function, gold
standards have not been established. Future research should test the reliability and validity of
these methods among a variety of populations.

Questionnaires such as the Barratt Impulsiveness Scale (BIS; Patton et al., 1995) and
Delaying Gratification Inventory (DGI; Hoerger et al., 2011) have been used to measure the IC
aspect of EFs (Bartholdy et al., 2016), as decreased levels of impulsivity and the ability to delay
gratification require higher levels of IC (Diamond, 2014). The BIS is among the most widely
used tools to measure impulsivity in research and clinical settings (Stanford et al., 2009). This
self-report instrument consists of 30 items that measure non-planning, attentional, and motor
impulsivity (Patton et al., 1995). Individuals rate each item on a 4-point scale, from 1
(rarely/never) to 4 (almost always) (Patton et al., 1995). Scores range from 30 to 120, with higher
scores representing higher levels of impulsivity (Patton et al., 1995). A 15-item version of the
BIS (BIS-15) was developed by Spinella (2007). This shorter form maintains the same 3-factor
structure by including five items for each subscale (Spinella, 2007). The BIS-15 has been shown
to be valid and reliable among both general and psychiatric populations (Spinella, 2007; Meule
et al., 2020). Additionally, the BIS-15 has shown high retest-reliability among a sample of
female university students (Meule et al., 2015). Scores on the BIS-15 have been found to be
highly correlated with the BIS, suggesting that it can be utilized as a substitute for the 30-item
version (Spinella, 2007). The DGI measures five aspects of delayed gratification: food, physical
pleasure, social interaction, money, and achievement (Hoerger et al., 2011). Participants are

asked to rate each item from a scale of 1 (strongly disagree) to 5 (strongly agree) (Hoerger et al.,
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2011). Higher scores represent an increased ability to self-regulate in order to delay immediate
gratification and achieve greater long-term reward (Liang et al., 2023). This questionnaire can be
administered as a 35-item long form, or a 15-item short form (Hoerger et al., 2011). The DGI has
shown high internal consistency and test-retest reliability for both forms and for each of the five
aspects of delayed gratification (Hoerger et al., 2011). Hoerger et al. (2011) also found that DGI-
10 and DGI-35 scores correlated well with additional measures of self-control,
conscientiousness, self-discipline, and achievement striving. These findings support the construct
validity of both forms of the DGI. Results of these articles suggest that the BIS and DGI are
valid and reliable methods to assess impulsivity and delaying gratification, respectively.
Factors Impacting Executive Function

Social, emotional, and physical health have been shown to have a profound impact on
EFs. Liston et al. (2009) found that a group of adults who were exposed to psychosocial stress
had decreases in attentional control and interruptions in the network responsible for mediating
shifts in attention. However, it was found that these results were reversible. After one month of
decreased stress, the experimental group showed very little difference to the control group.
Additionally, a study by Tun et al. (2012) emphasized the importance of human connection for
the maintenance of EFs. Results showed that self-reported social strain was associated with
decreased processing speed among a sample of adults. Hirt et al. (2008) also found that adults
who exhibited positive moods had increased levels of cognitive flexibility, emphasizing the
impact of one’s emotional state on EFs. Issues with sleep quality and deprivation have also been
found to impact executive functioning. Tai et al. (2022) found that individuals who slept seven
hours per night had the highest levels of cognitive performance. It was shown that cognitive

performance decreased with each hour below and above this duration.
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Physical activity and cardiorespiratory fitness have also been associated with EFs. Wang
et al. (2022) found associations between higher levels of executive functioning, absolute physical
activity intensities, and cardiorespiratory fitness levels among a group of adults. Similarly, Stern
et al. (2019) found that a group of adults who completed a six-month aerobic exercise
intervention showed significant improvements in EFs when compared to a lighter intensity
stretching/toning group.

Impacts of Executive Dysfunction

Declines in EFs are associated with difficulties with several aspects of one’s life,
including school, work, mental health, and physical health. Research has suggested that EFs are
more predictive of school readiness than reading or math skill-level (Blair & Razza, 2007).
Issues with EFs can also lead to difficulties with productivity and job stability (Bailey, 2007).
Research has also associated impairments in EF with a variety of mental disorders, including
ADHD, addiction, depression, obsessive compulsive disorder, and schizophrenia (Esmaili et al.,
2023). Additionally, Crescioni et al. (2011) found that self-control, an aspect of EF, was
predictive of health behaviors in a group of adults following a weight-loss program. Similarly, a
study by Miller & Beaver (2011) found that adolescents with low self-control had significantly
greater chances of experiencing adverse health outcomes. EF deficits have also been associated
with decreased quality of life in individuals with and without ADHD. Brown & Landgraf (2010)
found that declines in EFs were correlated with decreased health-related quality of life in a group
of adults with ADHD. Overall, research suggests that EF deficits are associated with decreased

school readiness, mental and physical health, productivity, job stability, and quality of life.
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Exercise Volume
Definition and Components

Exercise volume (EV) refers to the total amount of work performed over a given training
period (ACSM, 2021). EV consists of three components: intensity, duration, and frequency.
Exercise intensity is known as the rate of metabolic demand during exercise (Maclntosh et al.,
2021). Intensity is often expressed in absolute terms, such as oxygen uptake, heart rate (HR),
metabolic equivalents (METSs), or power output. Relative terms can also be utilized to indicate
intensity by expressing measures as relative to one’s maximal heart rate, maximal oxygen
uptake, or heart rate reserve (Maclntosh et al., 2021). According to the American College of
Sports Medicine (ACSM; 2021), light intensity exercise is reached at 50-63% of one’s age
predicted maximal heart rate (MHR). Moderate intensity exercise is achieved at 64%-76% of age
predicted MHR, while vigorous intensity exercise is considered 77%-93% of age predicted MHR
(ACSM, 2021). The talk test is also frequently used to measure intensity, particularly when HR
readings are not feasible. The talk test gauges intensity by monitoring one’s ability to carry on a
conversation. According to ACSM (2021), during moderate intensity aerobic exercise, the
individual can hold a conversation but cannot sing. During vigorous intensity aerobic exercise,
only a few words are typically sustainable (ACSM, 2021). Research has suggested the talk test to
be a surrogate of one’s ventilatory threshold (Foster et al., 2008), and thus is likely a valid,
reliable, and practical means of assessing exercise intensity in both special and healthy
populations (Reed & Pipe, 2014). Exercise duration is the length of time of a bout of exercise,
and is typically expressed in minutes (ACSM, 2021). Exercise frequency is the number of times
a bout of exercise is performed. This is most commonly expressed in exercise sessions per week

(ACSM, 2021).
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By assessing these three variables, the sum of work completed over a specified period can be
calculated.
Impact of Aerobic Exercise Volume on Executive Function

Aerobic EV has been shown to be associated with EF improvements in a variety of
populations. A meta-analysis by Moreau & Chou (2019) reviewed the literature on the impact of
high-intensity exercise on EFs. It was found that high-intensity aerobic exercise had a significant
facilitating effect on EFs when compared to rest. However, this effect was insignificant when
compared to low-to-moderate intensity exercise, suggesting that these exercise intensities
improve EFs in a similar way. Additionally, a study by Chen et al. (2018) found that a 20-
minute moderate-intensity aerobic exercise session resulted in greater EF improvements among a
group of older adults when compared to both a 10-minute session and a control group (who
completed a 30-minute reading session). No significant differences in EF measures were found
between 45-minute sessions and the other three sessions. These results suggest that a greater
duration of exercise, to a certain point, may result in greater performance on EF tasks.
Furthermore, a systematic review by Lin et al. (2022) assessed the impact of exercise
interventions on the EF of older adults with mild cognitive impairment. It was found that
moderate frequency exercise (3-4 times/week) improved task switching performance and had a
greater effect size when compared to low frequency exercise (1-2 times/week). The authors
conclude that exercise improves each subdomain of EF in this population. Findings of these
studies indicate that aerobic EV is associated with improved EFs. However, further research
must be conducted to determine the exact intensity, duration, and frequency needed to maximize

these improvements.
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Impact of Aerobic Exercise on ADHD

Research has generally shown that aerobic exercise is associated with positive cognitive
outcomes in individuals with ADHD. This association has been frequently found in children and
adolescents. Hattabi et al. (2022) conducted a study to determine the impact of a 12-week
swimming intervention on the cognitive function and academic performance of school children
with ADHD. The intervention consisted of three 90-minute exercise sessions per week at a
moderate-to-vigorous intensity. Results showed significant improvements in ADHD induced
behaviors, inhibitory processes, and academic performance among the intervention group
compared to the control group. These results suggest that aerobic exercise may improve overall
cognitive function and reduce symptoms of ADHD in children, which likely results in an
increase in student achievement.

Acute exercise has also been shown to improve symptoms of ADHD among children.
Huang et al. (2020) intended to assess the impact of acute aerobic exercise on sustained attention
and discerning ability among children with and without learning disabilities, including ADHD.
The experimental group completed a 30-minute session of moderate-intensity aerobic exercise,
while the control group watched a running-related video. It was found that the exercise group
had significantly higher scores on determination and sustained attention tests when compared to
the control group. Furthermore, results showed that participants in the exercise group who had a
learning disability had significantly higher improvements between pre- and post- intervention
scores on both tests. These findings suggest that acute aerobic exercise can improve attentional
control and discriminatory function in the present population. Additionally, these results show

that children with learning disabilities, such as ADHD, may experience greater improvements in
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cognitive function measures after acute aerobic exercise when compared to children without
learning disabilities.

Though the majority of literature on this topic focuses on children and adolescents, a few
studies have shown associations between aerobic exercise interventions and improved
functioning in adult populations. Fritz & O’Connor (2016) aimed to investigate the impact of
moderate-intensity, acute aerobic exercise on ADHD symptoms among a group of adult men.
Results showed significantly increased motivation and energy following a 20-minute bout of
moderate-intensity cycling. Significantly decreased feelings of fatigue, depression, and confusion
were also found. Additionally, Svedell et al. (2023) assessed the tolerability of a 12-week
moderate-intensity aerobic, strength, and mobility exercise intervention in a group of adults with
ADHD. Participants completed three 50-minute exercise sessions per week. Results showed that
the intervention was practical among this population, and statistically significant improvements
in several ADHD symptoms were found. Findings of this study also indicated potential benefits
in quality of life, sleep, body awareness, and cognitive functioning among the participants.
However, further research is needed to determine whether the aerobic component of this program
was responsible for these improvements. Though studies on the present topic in adult populations
are limited, the results of the literature suggest that aerobic exercise may improve cognitive

function and overall quality of life in adults with ADHD.

Impact of Exercise on Executive Function in ADHD
Research has shown that aerobic exercise may improve EFs in individuals with ADHD.
A study by Liang et al. (2022) assessed the impact of a 12-week aerobic and neurocognitive

exercise program on EFs and quality of sleep among children with ADHD. The intervention
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consisted of three 60-minute moderate-intensity acrobic and neurocognitive exercise sessions per
week. Three tests were utilized to measure each core component of EFs: the Arrow Flanker Task
(IC), the Trail Making Test (CF), and the Tower of London (WM). These tests were completed
at baseline, post-intervention, and 12 weeks following the intervention. Results showed
improvements in each component of EFs and quality of sleep among participants with ADHD.
12-week follow-up measures showed that improvements were consistent with post-intervention
measures. Similarly, Memarmoghaddam et al. (2016) investigated the impact of an exercise
program on EFs of children with ADHD. The intervention lasted eight weeks and consisted of
three 90-minute moderate-intensity aerobic and goal-directed exercise sessions per week. Pre-
and post-measurements were collected using the Stroop task for cognitive inhibition and the go-
no-go task for behavioral inhibition. Results showed significant increases in cognitive and
behavioral inhibition measures among children with ADHD when compared to the control
group, who continued normal activities. Additionally, Jiang et al. (2022) used functional
magnetic resonance imaging (fMRI) to examine possible mechanisms of exercise-related
improvements in EFs among children with ADHD. The intervention consisted of eight weeks of
moderate-intensity rope skipping aerobic exercise. Participants completed three 30-minute
sessions per week. Measurements were taken at baseline and post-intervention and consisted of
fMRIs and the Arrow Flanker Task to assess IC. Results showed significantly improved
performance on the Flanker task. Furthermore, significant increases in activity were found in the
left middle frontal gyrus and right superior frontal gyrus. These findings indicate that aerobic
exercise may improve IC in children with ADHD. Additionally, this fMRI data suggests that

increases in spontaneous prefrontal lobe activity may be the mechanism for these changes.
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A few studies have assessed the impact of aerobic exercise on EFs in adults with ADHD.
Mehren et al. (2019) evaluated the effect of a single bout of aerobic exercise on attention and
EFs in a group of adults with ADHD. Participants performed a 30-minute cycling session at a
moderate intensity, followed by a flanker task to assess EF. Functional MRI images were also
collected. Individuals then completed the same flanker task after a control session, which
consisted of watching a movie. Results showed that the exercise bout significantly improved
reaction times among adults with ADHD, but not in the non-ADHD control group. MRI images
did not show changes in brain activation among either condition or group. These findings
suggest that adults with ADHD may experience improvements in attention, processing speed,
and IC after a single bout of aerobic exercise. Additionally, Rassovsky & Alfassi (2019)
investigated the impact of aerobic exercise on attention among adults with ADHD. Participants
completed the Conners Continuous Auditory Test of Attention twice; once while in a seated
position, and again while walking on a treadmill at a moderate intensity. The order of completion
was counterbalanced among each group. Results showed that the ADHD group had faster
reaction times during exercise when compared to seated times. Interestingly, the non-ADHD
control group showed faster reaction times while seated when compared to exercise times. These
findings imply that aerobic exercise may elicit improvements in attention, auditory processing,
and IC among adults with ADHD. Furthermore, Gapin et al. (2015) aimed to determine
differences in cognitive function in college students with and without ADHD. Additionally, these
researchers examined the impact of acute aerobic exercise on EFs. Participants completed a 30-
minute bout of moderate intensity walking. EFs were measured before and after the exercise bout
using the Stroop Test, Trail Making Test, and Digit Span Test. The exercise bout improved all

aspects of EFs in the non-ADHD group. However, acute exercise improved only inhibitory
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performance among the ADHD group. Results of this study imply that acute exercise may
improve the IC aspect of EFs among college-aged adults with ADHD. The literature surrounding
this topic suggests that aerobic exercise bouts can elicit improvements in some, or all, domains
of EF among adults with ADHD. Specifically, the results of each of these studies show
improvements in the IC aspect of EF.

A few studies have assessed the impact of acute aerobic exercise on overall EF measures
of adults with ADHD. The literature indicates that such interventions may improve IC among
this population. However, no research has been found assessing the effects of self-reported
weekly aerobic EV on the IC of adults with ADHD. Additionally, all past studies on this topic
have assessed efficacy by utilizing task-based IC measures. Research suggests that EF ratings are
more strongly associated with deficits in real life activities when compared to EF tasks (Barkley
& Fischer, 2011). However, no studies have used self-report IC ratings to determine the real-
world effectiveness of aerobic EV on adults with ADHD.

The purpose of the present study is to investigate the effect of weekly aerobic EV on self-
reported IC in young adults who screen positive for ADHD. We hypothesize that EV will be
associated with improvements in IC measures among this population. Additionally, this study
aims to determine which subcomponent of EV has the greatest impact on self-reported IC among
young adults who screen positive for ADHD. It is hypothesized that exercise intensity will have

the greatest impact on EF measures in the present population.
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CHAPTER 3
Methodology

Participants

All participants in the present study were between 18 and 30 years of age and screened
positive for ADHD according to the World Health Organization Adult ADHD Self-Report Scale
(ASRS; Kessler et al., 2005). The ASRS has been shown to be valid and reliable in screening
adults for ADHD (Adler et al., 2006), with research showing agreement between screening
positive for ADHD on the ASRS and receiving a formal diagnosis (Able et al., 2007).
Individuals were excluded from participation if they do not screen positive for ADHD or were
outside of the specified age range. Participants were recruited through email, social media, and
various online communities for individuals with ADHD. Approval from the Institutional Review
Board was obtained prior to beginning the study.
Protocol

Participants received an email containing a survey with questions assessing their weekly
aerobic exercise volume and inhibitory control.
Aerobic Exercise Volume
Aerobic exercise volume was measured by collecting data on intensity, frequency, duration,

and exercise type(s). Intensity was measured in metabolic equivalents (METs) and was assessed
by asking individuals to provide details associated with each type of aerobic exercise they
reported performing weekly. Respondents were first asked to indicate how easily they can carry
on a conversation during their selected type(s) of aerobic exercise. Answer options were
associated with light, moderate, or vigorous intensity levels, as seen in the talk test (ACSM,

2021). Participants who reported running weekly were asked to provide their average pace and
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specify particular aspects of their usual running routine, such as cross country running,
running/walking intervals, running during team practice, etc. Those who reported cycling weekly
were asked to provide their average speed and indicate if their usual cycling activities consist of
variables such as mountain cycling, road cycling, competitive cycling training, etc. Participants
who reported walking for exercise weekly were asked to indicate where they most frequently
walk, as well as average treadmill speed and grade, if applicable. Individuals who engaged in
other forms of aerobic exercise weekly were asked to provide any additional details that they
believe may help researchers understand how they perform each type of exercise. This may
include perceived effort levels, sub-categories of exercise types, additional weights or equipment
used, etc. The Compendium of Physical Activities (Ainsworth et al., 2011) was then utilized to
find the associated METs based on the reported information. A pilot test was run to determine
the feasibility of assessing METs from these questions. To assess frequency, participants were
asked to report how many days per week, on average, they perform each type of aerobic
exercise. Duration was measured by asking respondents how many minutes they typically spend
performing each type of exercise on these days.
Total aerobic EV was then calculated using the below equation.
EV = frequency (days) x duration (minutes) x intensity (METS)

Individuals who reported performing multiple types of aerobic exercise each week had their EV
calculated separately for each activity. The sum of EV for each exercise type represents the total
EV for each individual.
Inhibitory Control

Inhibitory Control was assessed by measuring delaying gratification and impulsivity. The

short form of the Delaying Gratification Inventory (DGI-10; Hoerger et al., 2011) was used to
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assess delaying gratification. The DGI-10 has been shown to be valid and reliable in measuring
each of the five aspects of delayed gratification: food, physical pleasure, social interaction,
money, and achievement (Hoerger et al., 2011). Individuals were asked to rate how well each
item describes them on a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).
The sum of responses was then calculated to determine the score. Higher scores represent an
increased ability to self-regulate in order to delay immediate gratification and achieve greater
long-term reward (Liang et al., 2023). A 15-item version of the Barratt Impulsivity Scale (BIS-
15; Spinella, 2007) was used to assess impulsivity. This questionnaire has been shown to be
valid and reliable in assessing impulsivity among both general and psychiatric populations
(Spinella, 2007; Meule et al., 2020). Participants were instructed to rate how well each item
describes them on a 4-point Likert scale from 1 (rarely/never) to 4 (almost always). Responses
were summed up to calculate the score. Higher scores represent higher levels of impulsivity
(Patton et al., 1995).
Data Analysis
Data analysis was conducted using IBM SPSS Statistics Version 29 (IBM, New York). A
Pearson correlation was run to explore the relationship between aerobic exercise volume and
impulsivity. An additional Pearson correlation was conducted to determine the relationship
between aerobic exercise volume and delaying gratification. A regression analysis was then
conducted for any significant relationships found to determine the predictability of the model.
Additional regression analyses were then run to determine the predicted values of impulsivity
and delaying gratification based on each sub-component of exercise volume (frequency,
intensity, and duration). Regression analyses were conducted only for variables that showed

significant relationships with exercise volume. Data was also collected to assess whether this
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population is taking psychotropic medications, experiencing sleep quality issues, meeting
guidelines for heavy caffeine or alcohol consumption, or regularly using drugs that may impact
inhibitory control to assess whether further analyses should be implemented to control for these

variables. However, due to the limited sample size, no further analyses were conducted.

CHAPTER 4
Results

A total of 84 survey responses were collected for the present study. Eight participants
were excluded for being outside of the required age range, 15 were removed for not completing
the survey, and 20 responses were omitted due to negative ADHD screenings based on ASRS
results. Additionally, one response was excluded due to inconsistent survey responses, and one
participant was excluded due to being an outlier. Thus, the final sample consisted of 39
individuals (see Table 1).

Table 1. Participant Characteristics (N=39)

Characteristic M + SD

Age (years) 2433 £3.06
Exercise Volume (MET-min/wk) 1446.62 £ 1715.41
Frequency (sessions/wk) 5.87+4.26
Intensity (Weighted Average METs) 5.18£2.31

Time (minutes/wk) 252.32 +293.69
BIS-15 37.69 + 4.80
DGI-10 34.59+5.77

Note. BIS-15 = Barratt Impulsivity Scale, DGI-10 = Delaying Gratification Index.

A Pearson correlation was conducted to examine the relationship between exercise
volume and delayed gratification. Results showed a weak positive relationship that was not
significant (7(37) =.231, p = .158), indicating that aerobic exercise volume was not significantly

associated with improvements in delayed gratification. An additional Pearson correlation was
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conducted to examine the relationship between exercise volume and impulsivity. Results
indicated a significant but weak negative relationship (» (37) =-.33, p = .042), suggesting that
increases in aerobic exercise volume were significantly associated with a decrease in impulsivity

in this sample (see Figure 1).
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Figure 1. Relationship Between Exercise Volume and (A) Impulsivity and (B) Delayed

Gratification. Higher delayed gratification values indicate a greater ability to self-regulate and
delay immediate gratification, while high impulsivity values represent higher levels of

impulsivity. A: r=-.33, p=.042; B: r =231, p = .158.
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A linear regression was then used to determine whether aerobic exercise volume predicts
impulsivity. A regression was conducted exclusively for these variables, as this was the only
relationship found to be statistically significant. The model was a significant predictor (F(1, 37)
=4.43, p =.042), explaining 11% of the variability in impulsivity scores (R*> =.11). Exercise
volume was a significant predictor of impulsivity (B = 0.00, SE = 0.00, p=-0.33, #(37) =-2.10, p
=.042), suggesting that increased weekly aerobic exercise volume is associated with decreased
impulsivity scores.

A multiple regression analysis was then conducted to determine whether exercise
intensity, frequency, and time, predict impulsivity values. A regression was conducted solely for
these subcomponents and impulsivity as a significant relationship between delayed gratification
and exercise volume was not found. Mean and standard deviations for the subcomponents
included in the multiple regression are displayed in Table 1. The model was not significant, (¥(3,
35) =1.34, p = .276), explaining 10% of the variability in impulsivity scores (R* = .10, Adjusted
R*=.03). None of the subcomponents of exercise volume were statistically significant,
indicating that frequency (B = .16, SE = .32, f = .15, #(35) = .51, p = .610), intensity (B =-.07,
SE = .37, p=-.03, (35)=-.18, p = .861), and time (B = -.01, SE = 0.00, f =-42, t(35)=-1.59 p =
.120) did not have a significant impact on the model (see Figure 2). These results suggest that
these individual subcomponents may not be as impactful as total exercise volume for improving

impulsivity.
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CHAPTER 5
Discussion

The purpose of the present study was to investigate the effect of weekly aerobic EV on self-
reported IC (i.e., impulsivity and delayed gratification) in young adults who screen positive for
ADHD. Additionally, this study aimed to determine which subcomponent of EV has the greatest
impact on self-reported IC among young adults who screen positive for ADHD. Results showed
a nonsignificant relationship between EV and delayed gratification scores, indicating that EV
was not significantly associated with changes in this measure. Additionally, results showed a
significant relationship between EV and impulsivity scores, suggesting that EV was significantly
associated with improvements in impulsivity. Furthermore, results found that none of the
subcomponents— frequency, intensity, or time— were found to significantly predict impulsivity.
Instead, the results of this study indicate that total EV may be a greater predictor of impulsivity
values among young adults who screen positive for ADHD.

No studies were found that have used self-reported exercise habits and IC ratings to
determine the real-world effectiveness of aerobic EV on adults with ADHD. However, the
present study can be compared to past studies on this topic, which have primarily used task-
based IC measures and experimental designs. Mehren et al. (2019) conducted a study to evaluate
the effect of a single bout of cycling on attention and EFs in a group of adults with ADHD.
Results showed that the exercise bout significantly improved reaction times among adults with
ADHD, but not in the non-ADHD control group. These results suggest that adults with ADHD
may experience improvements in IC after a single bout of aerobic exercise. These findings align
with those of the present study, which also found improvements in one aspect of IC with

increased EV. However, Mehren and colleagues used a flanker task to analyze IC as a single
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construct, rather than breaking it down into subcomponents such as impulsivity and delayed
gratification. Furthermore, these researchers used an experimental design to assess the impact of
a single exercise bout, while the present study utilized self-reported data to analyze participants’
exercise habits at a single point in time. The differing designs of these studies make direct
comparisons difficult. However, both studies found associations between aerobic exercise and at
least one aspect of IC.

Additionally, Rassovsky & Alfassi (2019) investigated the impact of aerobic exercise on
attention among adults with and without ADHD. Participants had their attention assessed twice;
once while in a seated position, and again while walking on a treadmill. Results showed that the
ADHD group had faster reaction times during exercise when compared to seated times.
Conversely, the non-ADHD control group showed faster reaction times while seated when
compared to exercise times. These findings indicate that aerobic exercise may elicit
improvements in IC among adults with ADHD. These results can be compared to those of the
current study, which found that EV was significantly associated with improvements in
impulsivity, an aspect of IC. However, these researchers assessed IC as a single measure, rather
than analyzing different subcomponents, as was done in the present study. The current study also
utilized self-report measures, while Rassovsky & Alfassi implemented an experimental design.
Though the study designs differ, both studies suggest that there is an association between
exercise and improved IC in adults with ADHD.

Furthermore, Gapin et al. (2015) examined the impact of acute aerobic exercise on EFs in
college students with and without ADHD. Participants had each domain of EF measured before
and after a bout of aerobic exercise. The exercise bout improved all aspects of EFs in the non-

ADHD group. However, exercise improved only inhibitory performance among the ADHD
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group. Results of this study imply that acute exercise may improve the IC aspect of EFs among
college-aged adults with ADHD. These results agree with those of the present study, which also
found improvements in one aspect of IC with greater EV. Similar to the previous studies, Gapin
et al. used an experimental design rather than the self-reported measures collected in the present
study. Furthermore, Gapin and colleagues analyzed IC as a single construct instead of assessing
individual components. This study also used pre- and post-measurements to allow researchers to
measure changes over time, while the present study analyzed exercise habits at one moment in
time. Despite these differences, both studies found that exercise was associated with
improvements in at least one aspect of IC among the present population.

There are a few potential mechanisms that may be responsible for the improvement in
impulsivity levels seen with increased EV. Wigal et al. (2012) found that EF improvements
associated with exercise may be caused by a similar mechanism to that of stimulant medications
for ADHD, which increase dopamine and norepinephrine in the prefrontal cortex (Rubia et al.,
2014). Research has shown that aerobic exercise stimulates the release of several
catecholamines, including dopamine, serotonin, epinephrine, and norepinephrine (Anish, 2005).
Therefore, exercise may allow catecholamine levels to be regulated in individuals with ADHD,
which may improve EFs such as attention and impulse control (Wigal et al., 2013). Similarly,
Chang et al. (2012) found that the improvements in EFs associated with exercise may occur due
to an increase in dopamine release. These researchers also suggest that exercise activates the
dorsolateral prefrontal cortex, which is an area of the brain that often can be functionally and
structurally different in those with ADHD. This study also suggests that exercise can improve
impulse control, thus helping individuals better direct their attention (Chang et al., 2012). This

indicates that the release of catecholamines, specifically dopamine, and the activation of the
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dorsolateral prefrontal cortex may serve as two potential mechanisms for IC improvements
through exercise.

Conversely, the lack of a significant association between EV and delayed gratification scores
suggests that other factors may be involved in this aspect of IC. While impulsivity entails
immediate attention and decision making, delayed gratification involves longer-term decision
making and cognitive processes (Hoerger et al., 2011). Thus, while impulsivity may be improved
by the release of catecholamines and prefrontal cortex activation associated with acute exercise
(Chang et al., 2012), a more structured, long-term intervention might be necessary to observe
improvements in delayed gratification. Future research should examine the impact of aerobic
exercise on delayed gratification among this population by utilizing an experimental design
where improvements are monitored over time. Additionally, studies could examine the impact of
specific factors such as frequency, intensity, and time on delayed gratification in adults with
ADHD.

Furthermore, while total EV was shown to be a significant predictor of impulsivity scores, its
subcomponents— frequency, intensity, and time— were not. It is possible that the interaction
between these subcomponents is what drives the improvement in impulsivity. Thus, it may be
more important that individuals are consistent with weekly aerobic exercise, rather than aiming
for specific intensity, time, and frequency goals. Further research is needed to examine the
interaction between these variables and their combined impact on impulsivity among this
population.

The present study has a few limitations. First, this study may have been limited by the sample
size. A greater sample may have improved statistical power and produced findings with greater

reliability. Additionally, variables such as sleep quality, psychotropic medication status, caffeine
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intake, and alcohol and drug intake were not accounted for. Given that these behaviors are
prevalent among those with ADHD (Cusick et al., 2020; Lee et al., 2021; Martinex-Raga et al.,
2013), excluding these participants would have significantly limited our sample size. Another
possible limitation has to do with the self-reported nature of the data. Participants’ reports of
their weekly exercise habits may not have been entirely accurate, potentially due to response bias
or difficulties recalling aspects of their exercise habits. An additional limitation is that most
participants resided in the southeast, which may have resulted in findings that are less
representative of a broader ADHD population. Lastly, because this study collected participants’
EV and IC data at a single point in time, potential fluctuations in behavior could not be
accounted for. Future studies should be conducted using a longitudinal design to analyze changes
in EV and IC over a longer period of time.

The findings of the present study can be applied within several research or clinical scenarios
involving the treatment of individuals with ADHD. The present study found that increased EV
was associated with improvements in impulsivity but not delayed gratification. These results
suggest that increasing one’s weekly aerobic EV may be an effective non-pharmacological
intervention to improve impulsivity levels. Researchers, clinicians, and fitness professionals can
apply these findings by recommending that patients with ADHD increase their total aerobic EV
to potentially decrease impulsivity. However, the nonsignificant relationship between EV and
delayed gratification suggests that alternate treatments or interventions may be necessary to
improve this aspect of IC. Further research should examine the impact of different training
interventions on delayed gratification among individuals with ADHD. A longitudinal study
design may be particularly beneficial in determining the effect of long-term exercise habits on

delayed gratification measures. Additionally, the results of the present study found that
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frequency, intensity, and time did not significantly impact impulsivity scores, suggesting that
increasing total aerobic EV may be more beneficial in improving impulsivity among this
population. Clinicians and researchers can apply these results by advocating for increased overall
aerobic EV, focusing on promoting individuals’ enjoyment of their exercise habits to maintain
consistency. Fitness professionals can also utilize these findings by designing training programs
that help individuals with ADHD increase their total EV, rather than primarily emphasizing the
specific subcomponents.

The present study suggests that aerobic exercise may improve impulsivity levels, but not
delayed gratification, among young adults who screen positive for ADHD. Additionally, results
of this study indicate that total aerobic EV may be more important than frequency, intensity, or
time when aiming to decrease impulsivity. Future studies should utilize structured interventions
over a longer period of time to determine whether aerobic exercise can improve delayed
gratification among this population. Furthermore, future research should examine the combined
impact of frequency, intensity, and time to explore potential mechanisms behind the

improvement in impulsivity with the combination of these variables.



38

References

Able, S. L., Johnston, J. A., Adler, L. A., & Swindle, R. W. (2007). Functional and psychosocial
impairment in adults with undiagnosed ADHD. Psychological Medicine, 37(1), 97-107.
https://doi.org/10.1017/S0033291706008713

Adler, L. A., Faraone, S. V., Sarocco, P., Atkins, N., & Khachatryan, A. (2019). Establishing US
norms for the Adult ADHD Self-Report Scale (ASRS-v1.1) and characterising symptom
burden among adults with self-reported ADHD. International Journal of Clinical
Practice, 73(1), €13260. https://doi.org/10.1111/ijcp.13260

Adler, L. A., Faraone, S. V., Spencer, T. J., Berglund, P., Alperin, S., & Kessler, R. C. (2017).
The structure of adult ADHD. International Journal of Methods in Psychiatric Research,
26(1), e1555. https://doi.org/10.1002/mpr.1555

Adler, L. A., Spencer, T., Faraone, S. V., Kessler, R. C., Howes, M. J., Biederman, J., & Secnik,
K. (2006). Validity of pilot Adult ADHD Self- Report Scale (ASRS) to rate adult ADHD
symptoms. Annals of Clinical Psychiatry, 18(3), 145-148.
https://doi.org/10.1080/10401230600801077

Ainsworth, B. E., Haskell, W. L., Herrmann, S. D., Meckes, N., Bassett, D. R., Jr, Tudor-Locke,
C., Greer, J. L., Vezina, J., Whitt-Glover, M. C., & Leon, A. S. (2011). 2011
Compendium of Physical Activities: a second update of codes and MET values. Medicine
and Science in Sports and Exercise, 43(8), 1575-1581.
https://doi.org/10.1249/MSS.0b013e31821ecel2

American College of Sports Medicine. (2021). ACSM’s Guidelines for Exercise Testing and

Prescription. 11th ed. Philadelphia, PA: Wolters Kluwer.


https://doi.org/10.1080/10401230600801077

39

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th
ed. Washington, DC: American Psychiatric Association; 2013

Amorim Oliveira, G. T., Elsangedy, H. M., Pereira, D. C., de Melo Silva, R., Campos Faro, H.
K., Bortolotti, H., Costa, E. C., & Fontes, E. B. (2022). Effects of 12 weeks of high-
intensity interval, moderate-intensity continuous and self-selected intensity exercise
training protocols on cognitive inhibitory control in overweight/obese adults: A
randomized trial. European Journal of Sport Science, 22(11), 1724—1733.
https://doi.org/10.1080/17461391.2021.1969433

Anish E. J. (2005). Exercise and its effects on the central nervous system. Current Sports
Medicine Reports, 4(1), 18-23. https://doi.org/10.1097/01.csmr.0000306066.14026.77

Arnold, L. E., & DiSilvestro, R. A. (2005). Zinc in attention-deficit/hyperactivity disorder.
Journal of Child and Adolescent Psychopharmacology, 15(4), 619-627.
https://doi.org/10.1089/cap.2005.15.619

Ayano, G., Demelash, S., Gizachew, Y., Tsegay, L., & Alati, R. (2023). The global prevalence of
attention deficit hyperactivity disorder in children and adolescents: An umbrella review
of meta-analyses. Journal of Affective Disorders, 339, 860—-866.
https://doi.org/10.1016/j.jad.2023.07.071

Babinski, D. E., Kujawa, A., Kessel, E. M., Arfer, K. B., & Klein, D. N. (2019). Sensitivity to
Peer Feedback in Young Adolescents with Symptoms of ADHD: Examination of
Neurophysiological and Self-Report Measures. Journal of Abnormal Child Psychology,

47(4), 605-617. https://doi.org/10.1007/s10802-018-0470-2


https://doi.org/10.1080/17461391.2021.1969433
https://doi.org/10.1097/01.csmr.0000306066.14026.77

40

Bailey C. E. (2007). Cognitive accuracy and intelligent executive function in the brain and in
business. Annals of the New York Academy of Sciences, 1118, 122—141.
https://doi.org/10.1196/annals.1412.011

Barkley, R. A. (2011). Barkley Deficits in Executive Functioning Scale. Guilford Press.

Barkley, R. A., & Fischer, M. (2011). Predicting impairment in major life activities and
occupational functioning in hyperactive children as adults: Self-reported executive
function (EF) deficits versus EF tests. Developmental Neuropsychology, 36(2), 137-161.
https://doi.org/10.1080/87565641.2010.549877

Bartholdy, S., Cheng, J., Schmidt, U., Campbell, I. C., & O'Daly, O. G. (2016). Task-based and
questionnaire measures of inhibitory control are differentially affected by acute food
restriction and by motivationally salient food stimuli in healthy adults. Frontiers in
Psychology, 7, 1303. https://doi.org/10.3389/fpsyg.2016.01303

Beaton, D. M., Sirois, F., & Milne, E. (2022). Experiences of criticism in adults with ADHD: A
qualitative study. PloS one, 17(2), €0263366.
https://doi.org/10.1371/journal.pone.0263366

Berenbaum, J. G., Nadkarni, P. A., & Marvel, C. L. (2023). An fMRI analysis of verbal and non-
verbal working memory in people with a past history of opioid dependence. Frontiers in
Neuroscience, 17, 1053500. https://doi.org/10.3389/fnins.2023.1053500

Bhutta, A. T., Cleves, M. A., Casey, P. H., Cradock, M. M., & Anand, K. J. (2002). Cognitive
and behavioral outcomes of school-aged children who were born preterm: a meta-
analysis. JAMA, 288(6), 728—737. https://doi.org/10.1001/jama.288.6.728

Biederman, J., & Faraone, S. V. (2006). The effects of attention-deficit/hyperactivity disorder on

employment and household income. Medscape General Medicine, §(3), 12.


https://doi.org/10.1080/87565641.2010.549877
https://doi.org/10.3389/fpsyg.2016.01303

41

Biederman, J., Faraone, S. V., Spencer, T. J., Mick, E., Monuteaux, M. C., & Aleardi, M. (2006).
Functional impairments in adults with self-reports of diagnosed ADHD: A controlled
study of 1001 adults in the community. The Journal of Clinical Psychiatry, 67(4), 524—
540. https://doi.org/10.4088/jcp.v67n0403

Bjerrum, M. B., Pedersen, P. U., & Larsen, P. (2017). Living with symptoms of attention deficit
hyperactivity disorder in adulthood: a systematic review of qualitative evidence. JBI
Database of Systematic Reviews and Implementation Reports, 15(4), 1080—1153.
https://doi.org/10.11124/JBISRIR-2017-003357

Blair, C., & Razza, R. P. (2007). Relating effortful control, executive function, and false belief
understanding to emerging math and literacy ability in kindergarten. Child Development,
78(2), 647-663. https://doi.org/10.1111/j.1467-8624.2007.01019.x

Bonvicini, C., Faraone, S. V., & Scassellati, C. (2016). Attention-deficit hyperactivity disorder in
adults: A systematic review and meta-analysis of genetic, pharmacogenetic and
biochemical studies. Molecular Psychiatry, 21(7), 872—-884.
https://doi.org/10.1038/mp.2016.74

Brown, T. E., & Landgraf, J. M. (2010). Improvements in executive function correlate with
enhanced performance and functioning and health-related quality of life: evidence from 2
large, double-blind, randomized, placebo-controlled trials in ADHD. Postgraduate
Medicine, 122(5), 42-51. https://doi.org/10.3810/pgm.2010.09.2200

Buchanan T., Heffernan T., Parrott A.C., Ling J., Rodgers J., Scholey A.B. (2010). A Short self-
report measure of problems with executive function suitable for administration via the

internet. Behaviour Research Methods, 42, 709-714.



42

Chamberlain, S. R., Cortese, S., & Grant, J. E. (2021). Screening for adult ADHD using brief
rating tools: What can we conclude from a positive screen? Some caveats.
Comprehensive O\Psychiatry, 106, 152224.
https://doi.org/10.1016/j.comppsych.2021.152224

Chang, Y. K., Liu, S., Yu, H. H., & Lee, Y. H. (2012). Effect of acute exercise on executive
function in children with attention deficit hyperactivity disorder. Archives of Clinical
Neuropsychology: The official journal of the National Academy of
Neuropsychologists, 27(2), 225-237. https://doi.org/10.1093/arclin/acr094

Chen, F. T., Etnier, J. L., Wu, C. H., Cho, Y. M., Hung, T. M., & Chang, Y. K. (2018). Dose-
response relationship between exercise duration and executive function in older adults.
Journal of Clinical Medicine, 7(9), 279. https://doi.org/10.3390/;cm7090279

Childress, A. C., & Berry, S. A. (2012). Pharmacotherapy of attention-deficit hyperactivity
disorder in adolescents. Drugs, 72(3), 309-325. https://doi.org/10.2165/11599580-
000000000-00000

Christiansen, L., Beck, M. M., Bilenberg, N., Wienecke, J., Astrup, A., & Lundbye-Jensen, J.
(2019). Effects of exercise on cognitive performance in children and adolescents with
ADHD: Potential mechanisms and evidence-based recommendations. Journal of Clinical
Medicine, 8(6), 841. https://doi.org/10.3390/;cm8060841

Chung, W., Jiang, S. F., Paksarian, D., Nikolaidis, A., Castellanos, F. X., Merikangas, K. R., &
Milham, M. P. (2019). Trends in the prevalence and incidence of Attention-
Deficit/Hyperactivity Disorder among adults and children of different racial and ethnic

groups. JAMA, 2(11), e1914344. https://doi.org/10.1001/jamanetworkopen.2019.14344


https://doi.org/10.1016/j.comppsych.2021.152224
https://doi.org/10.1093/arclin/acr094

43

Claussen, A. H., Holbrook, J. R., Hutchins, H. J., Robinson, L. R., Bloomfield, J., Meng, L.,
Bitsko, R. H., O'Masta, B., Cerles, A., Maher, B., Rush, M., & Kaminski, J. W. (2022).
All in the family? A systematic review and meta-analysis of parenting and family
environment as risk factors for Attention-Deficit/Hyperactivity Disorder (ADHD) in
children. Prevention Science, 1-23. https://doi.org/10.1007/s11121-022-01358-4

Cook, E. H., Jr, Stein, M. A., Krasowski, M. D., Cox, N. J., Olkon, D. M., Kieffer, J. E., &
Leventhal, B. L. (1995). Association of attention-deficit disorder and the dopamine
transporter gene. American Journal of Human Genetics, 56(4), 993-998.

Cormier E. (2008). Attention deficit/hyperactivity disorder: A review and update. Journal of
Pediatric Nursing, 23(5), 345-357. https://doi.org/10.1016/j.pedn.2008.01.003

Cusick, C. N., Langberg, J. M., Breaux, R., Green, C. D., & Becker, S. P. (2020). Caffeine use
and associations with sleep in adolescents with and without ADHD. Journal of Pediatric
Psychology, 45(6), 643—653. https://doi.org/10.1093/jpepsy/jsaa033

Danielson, M. L., Bitsko, R. H., Ghandour, R. M., Holbrook, J. R., Kogan, M. D., & Blumberg,
S. J. (2018). Prevalence of parent-reported ADHD diagnosis and associated treatment
among U.S. children and adolescents, 2016. Journal of Clinical Child and Adolescent
Psychology, 47(2), 199-212. https://doi.org/10.1080/15374416.2017.1417860

De Alwis, D., Lynskey, M. T., Reiersen, A. M., & Agrawal, A. (2014). Attention-
deficit/hyperactivity disorder subtypes and substance use and use disorders in NESARC.
Addictive behaviors, 39(8), 1278—1285. https://doi.org/10.1016/j.addbeh.2014.04.003

DeBattista C. (2005). Executive dysfunction in major depressive disorder. Expert Review of

Neurotherapeutics, 5(1), 79-83. https://doi.org/10.1586/14737175.5.1.79


https://doi.org/10.1016/j.pedn.2008.01.003
https://doi.org/10.1093/jpepsy/jsaa033

44

Diamond A. (2013). Executive functions. Annual Review of Psychology, 64, 135—-168.
https://doi.org/10.1146/annurev-psych-113011-143750

Doebel S. (2020). Rethinking executive function and its development. Perspectives on
Psychological Science, 15(4), 942-956. https://doi.org/10.1177/1745691620904771

DuPaul, G. J., Weyandt, L. L., O'Dell, S. M., & Varejao, M. (2009). College students with
ADHD: Current status and future directions. Journal of Attention Disorders, 13(3), 234—
250. https://doi.org/10.1177/1087054709340650

Epstein, J. N., Casey, B. J., Tonev, S. T., Davidson, M. C., Reiss, A. L., Garrett, A., Hinshaw, S.
P., Greenhill, L. L., Glover, G., Shafritz, K. M., Vitolo, A., Kotler, L. A., Jarrett, M. A.,
& Spicer, J. (2007). ADHD- and medication-related brain activation effects in
concordantly affected parent-child dyads with ADHD. Journal of Child Psychology and
Psychiatry, 48(9), 899-913. https://doi.org/10.1111/j.1469-7610.2007.01761.x

Esmaili, M., Farhud, D. D., Poushaneh, K., Baghdassarians, A., & Ashayeri, H. (2023).
Executive functions and public health: A Narrative Review. lranian Journal of Public
Health, 52(8), 1589—-1599. https://doi.org/10.18502/ijph.v5218.13398

Faraone, S. V., & Larsson, H. (2019). Genetics of attention deficit hyperactivity disorder.
Molecular Psychiatry, 24(4), 562—575. https://doi.org/10.1038/s41380-018-0070-0

Faraone, S. V., Biederman, J., & Mick, E. (2006). The age-dependent decline of attention deficit
hyperactivity disorder: A meta-analysis of follow-up studies. Psychological Medicine,
36(2), 159-165. https://doi.org/10.1017/S003329170500471X

Faraone, S. V., Perlis, R. H., Doyle, A. E., Smoller, J. W., Goralnick, J. J., Holmgren, M. A., &
Sklar, P. (2005). Molecular genetics of attention-deficit/hyperactivity disorder. Biological

Psychiatry, 57(11), 1313—1323. https://doi.org/10.1016/j.biopsych.2004.11.024



45

Faraone, S. V., Spencer, T. J., Montano, C. B., & Biederman, J. (2004). Attention-
deficit/hyperactivity disorder in adults: A survey of current practice in psychiatry and
primary care. Archives of Internal Medicine, 164(11), 1221-1226.
https://doi.org/10.1001/archinte.164.11.1221

Faria, C. A., Alves, H. V. D., & Charchat-Fichman, H. (2015). The most frequently used tests for
assessing executive functions in aging. Dementia & Neuropsychologia, 9(2), 149—155.
https://doi.org/10.1590/1980-57642015DN92000009

Fayyad, J., Sampson, N. A., Hwang, I., Adamowski, T., Aguilar-Gaxiola, S., Al-Hamzawi, A.,
Andrade, L. H., Borges, G., de Girolamo, G., Florescu, S., Gureje, O., Haro, J. M., Hu,
C., Karam, E. G., Lee, S., Navarro-Mateu, F., O'Neill, S., Pennell, B. E., Piazza, M.,
Posada-Villa, J., ... WHO World Mental Health Survey Collaborators (2017). The
descriptive epidemiology of DSM-IV Adult ADHD in the World Health Organization
World Mental Health Surveys. Attention Deficit and Hyperactivity Disorders, 9(1), 47—
65. https://doi.org/10.1007/s12402-016-0208-3

Foster, C., Porcari, J. P., Anderson, J., Paulson, M., Smaczny, D., Webber, H., Doberstein, S. T.,
& Udermann, B. (2008). The talk test as a marker of exercise training intensity. Journal
of Cardiopulmonary Rehabilitation and Prevention, 28(1), 24-32.
https://doi.org/10.1097/01.HCR.0000311504.41775.78

French, B., Perez Vallejos, E., Sayal, K., & Daley, D. (2020). Awareness of ADHD in primary
care: Stakeholder perspectives. BMC Family Practice, 21(1), 45.

https://doi.org/10.1186/s12875-020-01112-1



46

Fritz, K. M., & O'Connor, P. J. (2016). Acute Exercise Improves Mood and Motivation in Young
Men with ADHD Symptoms. Medicine and Science in Sports and Exercise, 48(6), 1153—
1160. https://doi.org/10.1249/MSS.0000000000000864

Gapin, J. I, Labban, J. D, Bohall, S. C., Wooten, J. S., Chang, Y. (2015). Acute exercise is
associated with specific executive functions in college students with ADHD: A
preliminary study. Journal of Sport and Health Science, 4(1), 89-96.
https://doi.org/10.1016/;.jshs.2014.11.003

Gill, M., Daly, G., Heron, S., Hawi, Z., & Fitzgerald, M. (1997). Confirmation of association
between attention deficit hyperactivity disorder and a dopamine transporter
polymorphism. Molecular Psychiatry, 2(4), 311-313.
https://doi.org/10.1038/sj.mp.4000290

Ginsberg, Y., Quintero, J., Anand, E., Casillas, M., & Upadhyaya, H. P. (2014). Underdiagnosis
of attention-deficit/hyperactivity disorder in adult patients: A review of the literature. The
Primary Care Companion for CNS Disorders, 16(3), PCC.13r01600.
https://doi.org/10.4088/PCC.13r01600

Glover V. (2011). Annual Research Review: Prenatal stress and the origins of psychopathology:
an evolutionary perspective. Journal of Child Psychology and Psychiatry, 52(4), 356—
367. https://doi.org/10.1111/1.1469-7610.2011.02371 .x

Grace, J., & Malloy, P. H. (2001). Frontal systems behavior scale (FrSBe): Professional manual.

Hattabi, S., Forte, P., Kukic, F., Bouden, A., Have, M., Chtourou, H., & Sortwell, A. (2022). A
randomized trial of a swimming-based alternative treatment for children with attention
deficit hyperactivity disorder. International Journal of Environmental Research and

Public Health, 19(23), 16238. https://doi.org/10.3390/ijerph192316238



47

Heinz, A., Goldman, D., Jones, D. W., Palmour, R., Hommer, D., Gorey, J. G., Lee, K. S.,
Linnoila, M., & Weinberger, D. R. (2000). Genotype influences in vivo dopamine
transporter availability in human striatum. Neuropsychopharmacology, 22(2), 133—139.
https://doi.org/10.1016/S0893-133X(99)00099-8

Hirt, E. R., Devers, E. E., & McCrea, S. M. (2008). I want to be creative: Exploring the role of
hedonic contingency theory in the positive mood-cognitive flexibility link. Journal of
Personality and Social Psychology, 94(2), 214-230. https://doi.org/10.1037/0022-
3514.94.2.94.2.214

Hoerger, M., Quirk, S. W., & Weed, N. C. (2011). Development and validation of the Delaying
Gratification Inventory. Psychological Assessment, 23(3), 725-738.
https://doi.org/10.1037/a0023286

Huang, C. J., Tu, H. Y., Hsueh, M. C., Chiu, Y. H., Huang, M. Y., & Chou, C. C. (2020). Effects
of acute aerobic exercise on executive function in children with and without learning
disability: A randomized controlled trial. Adapted Physical Activity Quarterly, 37(4),
404-422. https://doi.org/10.1123/apaq.2019-0108

Imboden, C., Gerber, M., Beck, J., Holsboer-Trachsler, E., Piihse, U., & Hatzinger, M. (2020).
Aerobic exercise or stretching as add-on to inpatient treatment of depression: Similar
antidepressant effects on depressive symptoms and larger effects on working memory for
aerobic exercise alone. Journal of Affective Disorders, 276, 866—876.
https://doi.org/10.1016/j.jad.2020.07.052

Jiang, K., Xu, Y., Li, Y., Li, L., Yang, M., & Xue, P. (2022). How aerobic exercise improves
executive function in ADHD children: A resting-state fMRI study. International Journal

of Developmental Neuroscience, 82(4), 295-302. https://doi.org/10.1002/jdn.10177


https://doi.org/10.1037/0022-3514.94.2.94.2.214
https://doi.org/10.1037/0022-3514.94.2.94.2.214
https://doi.org/10.1037/a0023286

48

Johnson, J., Morris, S., & George, S. (2020). Attention deficit hyperactivity disorder in adults:
What the non-specialist needs to know. British Journal of Hospital Medicine, 81(3), 1—
11. https://doi.org/10.12968/hmed.2019.0188

Kamradt, J. M., Ullsperger, J. M., & Nikolas, M. A. (2014). Executive function assessment and
adult attention-deficit/hyperactivity disorder: Tasks versus ratings on the Barkley deficits
in executive functioning scale. Psychological Assessment, 26(4), 1095-1105.
https://doi.org/10.1037/pas0000006

Katzman, M. A., Bilkey, T. S., Chokka, P. R., Fallu, A., & Klassen, L. J. (2017). Adult ADHD
and comorbid disorders: Clinical implications of a dimensional approach. BMC
Psychiatry, 17(1), 302. https://doi.org/10.1186/s12888-017-1463-3

Kehagia, A. A., Murray, G. K., & Robbins, T. W. (2010). Learning and cognitive flexibility:
Frontostriatal function and monoaminergic modulation. Current Opinion in
Neurobiology, 20(2), 199-204. https://doi.org/10.1016/j.conb.2010.01.007

Kessler, R. C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi, E., Howes, M. J., Jin, R.,
Secnik, K., Spencer, T., Ustun, T. B., & Walters, E. E. (2005). The World Health
Organization Adult ADHD Self-Report Scale (ASRS): A short screening scale for use in
the general population. Psychological Medicine, 35(2), 245-256.
https://doi.org/10.1017/s0033291704002892

Kessler, R. C., Adler, L., Barkley, R., Biederman, J., Conners, C. K., Demler, O., Faraone, S. V.,
Greenhill, L. L., Howes, M. J., Secnik, K., Spencer, T., Ustun, T. B., Walters, E. E., &
Zaslavsky, A. M. (2006). The prevalence and correlates of adult ADHD in the United
States: Results from the National Comorbidity Survey Replication. The American

Journal of Psychiatry, 163(4), 716—723. https://doi.org/10.1176/ajp.2006.163.4.716



49

Klassen, L. J., Katzman, M. A., & Chokka, P. (2010). Adult ADHD and its comorbidities, with a
focus on bipolar disorder. Journal of Affective Disorders, 124(1-2), 1-8.
https://doi.org/10.1016/j.jad.2009.06.036

Kozielec, T., & Starobrat-Hermelin, B. (1997). Assessment of magnesium levels in children with
attention deficit hyperactivity disorder (ADHD). Magnesium Research, 10(2), 143—148.

LaCount, P. A., Hartung, C. M., Vasko, J. M., Serrano, J. W., Wright, H. A., & Smith, D. T.
(2022). Acute effects of physical exercise on cognitive and psychological functioning in
college students with Attention-Deficit/Hyperactivity Disorder. Mental Health and
Physical Activity, 22, 100443. https://doi.org/10.1016/j.mhpa.2022.100443

Lange, K. W., Reichl, S., Lange, K. M., Tucha, L., & Tucha, O. (2010). The history of attention
deficit hyperactivity disorder. Attention deficit and hyperactivity disorders, 2(4), 241—
255. https://doi.org/10.1007/s12402-010-0045-8

Langley, K., Rice, F., van den Bree, M. B., & Thapar, A. (2005). Maternal smoking during
pregnancy as an environmental risk factor for attention deficit hyperactivity disorder
behaviour. A review. Minerva Pediatrica, 57(6), 359-371.

Lee, S. M., Cheong, H. K., Oh, I. H., & Hong, M. (2021). Nationwide rate of adult ADHD
diagnosis and pharmacotherapy from 2015 to 2018. International Journal of
Environmental Research and Public Health, 18(21), 11322.
https://doi.org/10.3390/ijerph182111322

Liang, X., Qiu, H., Wang, P., & Sit, C. H. P. (2022). The impacts of a combined exercise on
executive function in children with ADHD: A randomized controlled trial. Scandinavian
Journal of Medicine & Science in Sports, 32(8), 1297-1312.

https://doi.org/10.1111/sms.14192


https://doi.org/10.3390/ijerph182111322
https://doi.org/10.1111/sms.14192

50

Liang, Z., Delvecchio, E., Lis, A., & Mazzeschi, C. (2023). Italian validation of the Delaying
Gratification Inventory in adolescents. International Journal of Environmental Research
and Public Health, 20(15), 6527. https://doi.org/10.3390/ijerph20156527

Lin, M., Ma, C., Zhu, J., Gao, J., Huang, L., Huang, J., Liu, Z., Tao, J., & Chen, L. (2022).
Effects of exercise interventions on executive function in old adults with mild cognitive
impairment: A systematic review and meta-analysis of randomized controlled trials.
Ageing Research Reviews, 82, 101776. https://doi.org/10.1016/j.arr.2022.101776

Liston, C., McEwen, B. S., & Casey, B. J. (2009). Psychosocial stress reversibly disrupts
prefrontal processing and attentional control. Proceedings of the National Academy of
Sciences of the United States of America, 106(3), 912-917.
https://doi.org/10.1073/pnas.0807041106

Louie, K., & Glimcher, P. W. (2010). Separating value from choice: Delay discounting activity
in the lateral intraparietal area. The Journal of Neuroscience, 30(16), 5498-5507.
https://doi.org/10.1523/JINEUROSCI.5742-09.2010

Maclntosh, B. R., Murias, J. M., Keir, D. A., & Weir, J. M. (2021). What is moderate to vigorous
exercise intensity? Frontiers in Physiology, 12, 682233.
https://doi.org/10.3389/fphys.2021.682233

Marks, A. R., Harley, K., Bradman, A., Kogut, K., Barr, D. B., Johnson, C., Calderon, N., &
Eskenazi, B. (2010). Organophosphate pesticide exposure and attention in young
Mexican-American children: The CHAMACOS study. Environmental Health
Perspectives, 118(12), 1768—1774. https://doi.org/10.1289/ehp.1002056

Martinez-Raga, J., Szerman, N., Knecht, C., & de Alvaro, R. (2013). Attention deficit

hyperactivity disorder and dual disorders. Educational needs for an underdiagnosed



51

condition. International Journal of Adolescent Medicine and Health, 25(3), 231-243.
https://doi.org/10.1515/ijjamh-2013-0057

McKay, E., Kirk, H., Martin, R., & Cornish, K. (2023). Social difficulties in adolescent attention
deficit hyperactivity disorder: Social motivation, social anxiety and symptom severity as
contributing factors. Journal of Clinical Psychology, 79(4), 1113—-1129.
https://doi.org/10.1002/jclp.23462

Mehren, A., Ozyurt, J., Lam, A. P., Brandes, M., Miiller, H. H. O., Thiel, C. M., & Philipsen, A.
(2019). Acute effects of aecrobic exercise on executive function and attention in adult
patients with ADHD. Frontiers in Psychiatry, 10, 132.
https://doi.org/10.3389/fpsyt.2019.00132

Memarmoghaddam, M., Torbati, H. T., Sohrabi, M., Mashhadi, A., & Kashi, A. (2016). Effects
of a selected exercise program on executive function of children with attention deficit
hyperactivity disorder. Journal of Medicine and Life, 9(4), 373-379.

Meule, A., Mayerhofer, M., Grundel, T., & Baker, J. (2015). Half-year retest-reliability of the
Barratt Impulsiveness Scale-Short Form (BIS-15). SAGE Open, 5(1).
https://doi.org/10.1177/2158244015576548

Meule, A., Michalek, S., Friederich, H. C., & Brockmeyer, T. (2020). Confirmatory factor
analysis of the Barratt Impulsiveness Scale-short form (BIS-15) in patients with mental
disorders. Psychiatry Research, 284, 112665.
https://doi.org/10.1016/j.psychres.2019.112665

Miles, S., Howlett, C. A., Berryman, C., Nedeljkovic, M., Moseley, G. L., & Phillipou, A.

(2021). Considerations for using the Wisconsin Card Sorting Test to assess cognitive


https://doi.org/10.1177/2158244015576548
https://doi.org/10.1016/j.psychres.2019.112665

52

flexibility. Behavior Research Methods, 53(5), 2083—-2091.
https://doi.org/10.3758/s13428-021-01551-3

Miller, C. J., Flory, J. D., Miller, S. R., Harty, S. C., Newcorn, J. H., & Halperin, J. M. (2008).
Childhood attention-deficit/hyperactivity disorder and the emergence of personality
disorders in adolescence: a prospective follow-up study. The Journal of Clinical
Psychiatry, 69(9), 1477—1484. https://doi.org/10.4088/jcp.v6In0916

Miller, H. V., Barnes, J. C., & Beaver, K. M. (2011). Self-control and health outcomes in a
nationally representative sample. American Journal of Health Behavior, 35(1), 15-27.
https://doi.org/10.5993/ajhb.35.1.2

Moreau, D., & Chou, E. (2019). The acute effect of high-intensity exercise on executive
function: A meta-analysis. Perspectives on Psychological Science, 14(5), 734-764.
https://doi.org/10.1177/1745691619850568

Nigg, J. T., Nikolas, M., Mark Knottnerus, G., Cavanagh, K., & Friderici, K. (2010).
Confirmation and extension of association of blood lead with attention-
deficit/hyperactivity disorder (ADHD) and ADHD symptom domains at population-
typical exposure levels. Journal of Child Psychology and Psychiatry, 51(1), 58—65.
https://doi.org/10.1111/5.1469-7610.2009.02135.x

Palladino, V. S., McNeill, R., Reif, A., & Kittel-Schneider, S. (2019). Genetic risk factors and
gene-environment interactions in adult and childhood attention-deficit/hyperactivity
disorder. Psychiatric Genetics, 29(3), 63—78.

https://doi.org/10.1097/YPG.0000000000000220


https://doi.org/10.1097/YPG.0000000000000220

53

Patton, J. H., Stanford, M. S., & Barratt, E. S. (1995). Factor structure of the Barratt
impulsiveness scale. Journal of Clinical Psychology, 51(6), 768-774.
https://doi.org/10.1002/1097-4679(199511)51:6<768::aid-jclp2270510607>3.0.co;2-1

Pheula, G. F., Rohde, L. A., & Schmitz, M. (2011). Are family variables associated with ADHD,
inattentive type? A case-control study in schools. European Child & Adolescent
Psychiatry, 20(3), 137-145. https://doi.org/10.1007/s00787-011-0158-4

Phillips, L. H., Wynn, V., Gilhooly, K. J., Della Sala, S., & Logie, R. H. (1999). The role of
memory in the Tower of London task. Memory, 7(2), 209-231.
https://doi.org/10.1080/741944066

Pickens, S., Ostwald, S. K., Murphy-Pace, K., & Bergstrom, N. (2010). Systematic review of
current executive function measures in adults with and without cognitive impairments.
International Journal of Evidence-Based Healthcare, 8(3), 110—125.
https://doi.org/10.1111/j.1744-1609.2010.00170.x

Rassovsky, Y., & Alfassi, T. (2019). Attention improves during physical exercise in individuals
with ADHD. Frontiers in Psychology, 9, 2747. https://doi.org/10.3389/fpsyg.2018.02747

Reed, J. L., & Pipe, A. L. (2014). The talk test: A useful tool for prescribing and monitoring
exercise intensity. Current Opinion in Cardiology, 29(5), 475-480.
https://doi.org/10.1097/HCO.0000000000000097

Retz, W., Retz-Junginger, P., Thome, J., & Rdsler, M. (2011). Pharmacological treatment of
adult ADHD in Europe. The World Journal of Biological Psychiatry, 12 Suppl 1, 89-94.
https://doi.org/10.3109/15622975.2011.603229

Ridderinkhof, K. R., Wylie, S. A., van den Wildenberg, W. P. M., Bashore, T. R., Jr, & van der

Molen, M. W. (2021). The arrow of time: Advancing insights into action control from the


https://doi.org/10.1002/1097-4679(199511)51:6%3c768::aid-jclp2270510607%3e3.0.co;2-1

54

arrow version of the Eriksen flanker task. Attention, Perception & Psychophysics, 83(2),
700-721. https://doi.org/10.3758/s13414-020-02167-z

Roth, R. M., Isquith, P. K., & Gioia, G. A. (2005). Behavior Rating Inventory of Executive
Function - Adult Version. Archives of Clinical Neuropsychology.

Rubia, K., Alegria, A. A., Cubillo, A. 1., Smith, A. B., Brammer, M. J., & Radua, J. (2014).
Effects of stimulants on brain function in attention-deficit/hyperactivity disorder: A
systematic review and meta-analysis. Biological Psychiatry, 76(8), 616—628.
https://doi.org/10.1016/j.biopsych.2013.10.016

Rutter M, Beckett C, Castle J, Colvert E, Kreppner J, Mehta M, Sonuga-Barke E. Effects of
profound early institutional deprivation: An overview of findings from a UK longitudinal
study of Romanian adoptees. European Journal of Developmental Psychology.
2007;4:332-350.

Sagiv, S. K., Thurston, S. W., Bellinger, D. C., Tolbert, P. E., Altshul, L. M., & Korrick, S. A.
(2010). Prenatal organochlorine exposure and behaviors associated with attention deficit
hyperactivity disorder in school-aged children. American Journal of Epidemiology,
171(5), 593-601. https://doi.org/10.1093/aje/kwp427

Schein, J., Adler, L. A., Childress, A., Gagnon-Sanschagrin, P., Davidson, M., Kinkead, F.,
Cloutier, M., Guérin, A., & Lefebvre, P. (2022). Economic burden of attention-
deficit/hyperactivity disorder among adults in the United States: A societal perspective.

Journal of Managed Care & Specialty Pharmacy, 28(2), 168—179.
https://doi.org/10.18553/jmcp.2021.21290
Seidman, L. J., Valera, E. M., Makris, N., Monuteaux, M. C., Boriel, D. L., Kelkar, K., Kennedy,

D. N., Caviness, V. S., Bush, G., Aleardi, M., Faraone, S. V., & Biederman, J. (2006).



55

Dorsolateral prefrontal and anterior cingulate cortex volumetric abnormalities in adults
with attention-deficit/hyperactivity disorder identified by magnetic resonance imaging.
Biological Psychiatry, 60(10), 1071-1080.
https://doi.org/10.1016/j.biopsych.2006.04.031

Shaw, P., Eckstrand, K., Sharp, W., Blumenthal, J., Lerch, J. P., Greenstein, D., Clasen, L.,
Evans, A., Giedd, J., & Rapoport, J. L. (2007). Attention-deficit/hyperactivity disorder is
characterized by a delay in cortical maturation. Proceedings of the National Academy of
Sciences of the United States of America, 104(49), 19649—-19654.
https://doi.org/10.1073/pnas.0707741104

Shi, B., Mou, H., Tian, S., Meng, F., & Qiu, F. (2022). Effects of acute exercise on cognitive
flexibility in young adults with different levels of aerobic fitness. International Journal of
Environmental Research and Public Health, 19(15), 9106.
https://doi.org/10.3390/ijerph19159106

Sibley, M. H., Swanson, J. M., Arnold, L. E., Hechtman, L. T., Owens, E. B., Stehli, A., Abikoff,
H., Hinshaw, S. P., Molina, B. S. G., Mitchell, J. T., Jensen, P. S., Howard, A. L., Lakes,
K. D., Pelham, W. E., & MTA Cooperative Group (2017). Defining ADHD symptom
persistence in adulthood: Optimizing sensitivity and specificity. Journal of Child
Psychology and Psychiatry, 58(6), 655—662. https://doi.org/10.1111/jcpp.12620

Smith, E. E., & Jonides, J. (1999). Storage and executive processes in the frontal lobes. Science,
283(5408), 1657-1661. https://doi.org/10.1126/science.283.5408.1657

Spinella M. (2007). Normative data and a short form of the Barratt Impulsiveness Scale. The
International Journal of Neuroscience, 117(3), 359-368.

https://doi.org/10.1080/00207450600588881


https://doi.org/10.1126/science.283.5408.1657
https://doi.org/10.1080/00207450600588881

56

Stanford, M.S., Mathias, C.W., Dougherty, D.M., Lake, S.L., Anderson, N.E., & Patton, J.H.
(2009). Fifty years of the Barratt Impulsiveness Scale: An update and review. Personality
and Individual Differences, 47(5), 385-395. https://doi.org/10.1016/j.paid.2009.04.008

Stern, Y., MacKay-Brandt, A., Lee, S., McKinley, P., McIntyre, K., Razlighi, Q., Agarunov, E.,
Bartels, M., & Sloan, R. P. (2019). Effect of aerobic exercise on cognition in younger
adults: A randomized clinical trial. Neurology, 92(9), €905—916.
https://doi.org/10.1212/WNL.0000000000007003

Svedell, L. A., Holmgqvist, K. L., Lindvall, M. A., Cao, Y., & Msghina, M. (2023). Feasibility
and tolerability of moderate intensity regular physical exercise as treatment for core
symptoms of attention deficit hyperactivity disorder: A randomized pilot study. Frontiers
in Sports and Active Living, 5, 1133256. https://doi.org/10.3389/fspor.2023.1133256

Tai, X. Y., Chen, C., Manohar, S., & Husain, M. (2022). Impact of sleep duration on executive
function and brain structure. Communications Biology, 5(1), 201.
https://doi.org/10.1038/542003-022-03123-3

Thapar, A., Cooper, M., Eyre, O., & Langley, K. (2013). What have we learnt about the causes
of ADHD?. Journal of Child Psychology and Psychiatry, 54(1), 3—16.
https://doi.org/10.1111/5.1469-7610.2012.02611.x

Torralva, T., Gleichgerrcht, E., Lischinsky, A., Roca, M., & Manes, F. (2013). "Ecological" and
highly demanding executive tasks detect real-life deficits in high-functioning adult
ADHD patients. Journal of Attention Disorders, 17(1), 11-19.
https://doi.org/10.1177/1087054710389988

Tun, P. A., Miller-Martinez, D., Lachman, M. E., & Seeman, T. (2013). Social strain and

executive function across the lifespan: the dark (and light) sides of social engagement.



57

Neuropsychology, Development, and Cognition. Aging, Neuropsychology and Cognition,
20(3), 320-338. https://doi.org/10.1080/13825585.2012.707173

Wang, R., Ekblom, M. M., Arvidsson, D., Fridolfsson, J., Borjesson, M., & Ekblom, O. (2022).
The interrelationship between physical activity intensity, cardiorespiratory fitness, and
executive function in middle-aged adults: An observational study of office workers.
Frontiers in Public Health, 10, 1035521. https://doi.org/10.3389/fpubh.2022.1035521

Wigal, S. B., Emmerson, N., Gehricke, J. G., & Galassetti, P. (2013). Exercise: Applications to
childhood ADHD. Journal of Attention Disorders, 17(4), 279-290.
https://doi.org/10.1177/1087054712454192

Wilens, T. E., & Spencer, T. J. (2010). Understanding attention-deficit/hyperactivity disorder
from childhood to adulthood. Postgraduate Medicine, 122(5), 97-109.
https://doi.org/10.3810/pgm.2010.09.2206

Will Crescioni, A., Ehrlinger, J., Alquist, J. L., Conlon, K. E., Baumeister, R. F., Schatschneider,
C., & Dutton, G. R. (2011). High trait self-control predicts positive health behaviors and
success in weight loss. Journal of Health Psychology, 16(5), 750-759.
https://doi.org/10.1177/1359105310390247

Wilson, B. A., Alderman, N., Burgess, P.W., Emslie, H., & Evans, J. J. (1996). Behavioural
assessment of the Dysexecutive Syndrome (BADS). Bury St. Edmunds, U.K: Thames

Valley Test Company


https://doi.org/10.3389/fpubh.2022.1035521

58

Appendix A
Participant Questionnaire

Study Title: The Effect of Aerobic Exercise Volume on Inhibitory Control in Young Adults with
ADHD

Protocol Number: IRB-FY2024-266

Approval Date: 9/30/2024

Principal Investigator: Caroline Mull

Institution: Middle Tennessee State University

You are being asked to participate in a research project. The following information is provided to
inform you about the research project and your participation in it.

1. Purpose of the study: The purpose of this study is to investigate the effect of weekly aerobic
exercise volume on self-reported inhibitory control in young adults who screen positive for
ADHD. Additionally, this study aims to determine which subcomponent of exercise volume
(frequency, intensity, or duration) will have the greatest impact on self-reported inhibitory
control among this population.

2. Description of procedures to be followed and approximate duration of the study: Read each
survey question carefully and select the appropriate answer choice. Survey completion will take
approximately 5-10 minutes.

3. Compensation for participation: No compensation will be provided for participation.

Here are your rights as a participant:

a) Your participation in this research is voluntary.

b) You may skip any item that you don't want to answer, and you may stop the research at any
time. Note that if you leave an item blank, you will be warned that you missed one, just in case it
was an accident. You can still click that you don't want to answer. Some items may be required
in order to accurately present the study.

c¢) There are no risks associated with your participation besides possible discomfort with some of
the questions.

d) There are no real benefits to you from participating besides possibly learning something about
the research.

e) You will NOT be asked to provide any identifiable personal information.

f) All efforts, within reason, will be made to keep the personal information in your research
record private, but total privacy cannot be promised. Your information may be shared with
people at MTSU (such as the MTSU Institutional Review Board) or other agencies (such as the
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Federal Government Office for Human Research Protection) if you or someone else is in danger
or if we are required to do so by law.

Contact Information: If you should have any questions about this research study please contact:
Principal Investigator: Caroline Mull

Contact Information: cgm4b@mtmail.mtsu.edu

Faculty Advisor: Dr. Vaughn Barry Contact Information: vaughn.barry(@mtsu.edu

For additional information about giving consent or your rights as a participant in this study,
please contact the Middle Tennessee State University (MTSU) Office of Compliance at 615-494-
8918 or via email at irb_information@mtsu.edu. (http:/www.mtsu.edu/irb)

If you're ready to get started, please make your choice below before clicking the arrow button.
Thanks again for volunteering your time to this project!

I have read the information above. I am at least 18 years old. I believe I understand the purpose,
risks, and benefits of the research, and I know what I will be expected to do as a study
participant.

I consent to participate

I decline to participate

How old are you?

Have you experienced a significant trauma in the past 6 months?
Yes
No

Unsure


mailto:cgm4b@mtmail.mtsu.edu
mailto:vaughn.barry@mtsu.edu
http://www.mtsu.edu/irb

Select the option that best describes how you have felt and conducted yourself over the past 6

months.

How often do
you have
trouble
wrapping up
the final
details of a
project, once
the
challenging
parts have
been done?

How often do
you have
difficulty

getting things

in order when
you have to
do a task that
requires
organization?

How often do
you have
problems

remembering

appointments
or
obligations?

Never

Rarely

Sometimes

Often

Very Often
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When you
have a task
that requires a
lot of
thought, how
often do you
avoid or
delay getting
started?

How often do
you fidget or
squirm with
your hands or
feet when you
have to sit
down for a
long time?

How often do
you feel
overly active
and
compelled to
do things,
like you were
driven by a
motor?

61



What type(s) of aerobic exercise do you typically engage in each week? (i.e., cardio-type
exercise using large muscle groups in a repetitive and rhythmic manner)

Running

Cycling

Walking

Dancing

Stair climber

Elliptical

Yoga

Other (enter here)
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None



On average, how many days per week do you run?

1 2 3 4 5 6

On average, how many minutes do you spend running on these days?

At the intensity you typically run, how difficult would it be to carry on a conversation?

I could easily carry on a conversation
I could carry on a conversation, but it would be somewhat difficult

Difficult, I could likely only sustain a few words

On average, what is your pace while running? (in min/mile)
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Does your USUAL running consist of any of the following?

Cross country running

Running during team practice

Running up stairs

Jogging in place

Combination of jogging/walking

Pushing a wheelchair/baby carrier

None of the above

Please enter any additional details that may help researchers understand how you perform this
type of exercise, such as intensity or effort levels, sub-categories of this exercise type (e.g.,
different types of yoga, running, or dancing), additional weights or equipment used, or any other
important factors.

On average, how many days per week do you cycle?
1 2 3 4 5 6 7




On average, how many minutes do you spend cycling on these days?

At the intensity you typically cycle, how difficult would it be to carry on a conversation?

I could easily carry on a conversation
I could carry on a conversation, but it would be somewhat difficult

Difficult, I could likely only sustain a few words

Do you know your average cycling speed? (in mph)

Yes (enter here)

No

Does your USUAL cycling consist of any of the following?

Mountain cycling

Training for competitive cycling/racing

Road cycling

Cycling leisurely/for pleasure

BMX

None of the above
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Please enter any additional details that may help researchers understand how you perform this
type of exercise, such as intensity or effort levels, sub-categories of this exercise type (e.g.,
different types of yoga or dancing), additional weights or equipment used, or any other important
factors.

On average, how many days per week do you walk for exercise?
1 2 3 4 5 6 7

On average, how many minutes do you spend walking on these days?

At the intensity you typically walk, how difficult would it be to carry on a conversation?
I could easily carry on a conversation

I could carry on a conversation, but it would be somewhat difficult

Difficult, I could likely only sustain a few words
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Where do you MOST frequently walk?

On a treadmill
Outside on a paved path
On an indoor track

Other (enter here)

What is your average speed when walking on a treadmill? (in mph)

What is your average grade (or incline) when walking on a treadmill?

Please enter any additional details that may help researchers understand how you perform this
type of exercise, such as intensity or effort levels, sub-categories of this exercise type (e.g.,
different types of yoga or dancing), additional weights or equipment used, or any other important
factors.

On average, how many days per week do you dance for exercise?
1 2 3 4 5 6 7
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On average, how many minutes do you spend dancing on these days?

At the intensity you typically dance, how difficult would it be to carry on a conversation?
I could easily carry on a conversation

I could carry on a conversation, but it would be somewhat difficult

Difficult, I could likely only sustain a few words

Please enter any additional details that may help researchers understand how you perform this
type of exercise, such as intensity or effort levels, sub-categories of this exercise type (e.g.,
different types of yoga or dancing), additional weights or equipment used, or any other important
factors.

On average, how many days per week do you exercise on the elliptical?
1 2 3 4 5 6 7
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On average, how many minutes do you spend exercising on the elliptical on these days?

At the intensity you typically exercise on the elliptical, how difficult would it be to carry on a
conversation?

I could easily carry on a conversation
I could carry on a conversation, but it would be somewhat difficult

Difficult, I could likely only sustain a few words

On average, how many days per week do you exercise on the stair climber?
1 2 3 4 5 6 7

On average, how many minutes do you spend exercising on the stair climber on these days?
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At the intensity you typically exercise on the stair climber, how difficult would it be to carry on a
conversation?

I could easily carry on a conversation
I could carry on a conversation, but it would be somewhat difficult

Difficult, I could likely only sustain a few words

On average, how many days per week do you practice yoga?
1 2 3 4 5 6 7

On average, how many minutes do you spend practicing yoga on these days?

At the intensity you typically practice yoga, how difficult would it be to carry on a conversation?
I could easily carry on a conversation
I could carry on a conversation, but it would be somewhat difficult

Difficult, I could likely only sustain a few words

Please enter any additional details that may help researchers understand how you perform this
type of exercise, such as intensity or effort levels, sub-categories of this exercise type (e.g.,
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different types of yoga or dancing), additional weights or equipment used, or any other important
factors.

Please answer the following questions for the type of exercise you indicated as "other."

On average, how many days per week do you perform this type of exercise?
1 2 3 4 5 6 7

On average, how many minutes do you spend performing this type of exercise on these days?

At the intensity you typically perform this type of exercise, how difficult would it be to carry on
a conversation?

I could easily carry on a conversation
I could carry on a conversation, but it would be somewhat difficult

Difficult, I could likely only sustain a few words
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Please enter any additional details that may help researchers understand how you perform this
type of exercise, such as intensity or effort levels, sub-categories of this exercise type (e.g.,
different types of yoga or dancing), additional weights or equipment used, or any other important
factors.




Rate how well each statement describes you on average.

Strongly
disagree

I would have
a hard time
sticking with
a special,
healthy diet.

I try to spend
my money
wisely.

I have given
up physical
pleasure or
comfort to
reach my
goals.

[ try to
consider how
my actions
will affect
other people
in the long-

term.

I cannot be
trusted with
money.

I do not
consider how
my behavior
affects other

people.

I cannot
motivate
myself to

accomplish

Somewhat
disagree

Neither agree
nor disagree

Somewhat
agree

Strongly
agree



long-term
goals.

I have always
tried to eat
healthy
because it
pays off in

the long run.

When faced
with a
physically
demanding
chore, I
always tried
to put off

doing it.

I have always
felt like my
hard work

would pay off
in the end.

74



Rate how well each statement describes you on average.

I act on impulse

I act on the spur
of the moment.

I do things
without
thinking.

I say things
without
thinking.

I buy things on
impulse.

I plan for job
security.

I plan for the
future.
I save regularly.
I plan tasks
carefully.

I am a careful
thinker.

I am restless at
lectures or talks.

I squirm at plays
or lectures.

I concentrate
easily.

Rarely/Never

Occasionally

Often
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Almost
always/Always
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I don't pay
attention.

I am easily
bored solving
thought
problems.

How many hours do you typically sleep each night?
1 23 456 7 8 910111213 14

On a scale of 1-10, how would you rate your overall quality of sleep?
Poor Excellent




How many days per week do you typically consume caffeine?

Less than once per week
1-2 days per week
3-4 days per week
5-6 days per week

Every day

On days you consume caffeine, approximately how much caffeine do you consume?

Less than 100mg
100-200mg
200-300mg
300-400mg

More than 400mg

Unsure

Are you currently taking any psychotropic medications? (i.e., antidepressants, anti-anxiety
medications, stimulants, antipsychotics, mood stabilizers)

Yes

No
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On average, how many alcoholic drinks do you have each week? (i.e., 12 oz beer, 5 0oz wine, 1.5
oz distilled spirits)
0 2 4 6 8 10 12 14 16 18 20

Excluding alcohol, have you used recreational drugs or substances in the past year? (responses
will be kept confidential)

Yes

No

Excluding alcohol, how often do you typically use recreational drugs or substances? (responses
will be kept confidential)

Daily

Weekly

Monthly

Once every few months
Once every year

Less than once a year

Never



What country do you currently reside in?

What is your sex?
Male
Female
Intersex

Prefer not to say
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