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ABSTRACT

Methylphenidate (MPH), a central nervous system stimulant, is widely used for
Attention Deficit Hyperactivity Disorder (ADHD) and increasingly misused for cognitive
enhancement and physical performance in healthy individuals. Despite its prevalent
use, the effects of MPH on physiological, neurocognitive, and physical performance in
healthy adults remain unclear. This study aimed to investigate these effects in a

controlled setting.

A randomised, double-blind, placebo-controlled crossover design was employed with
28 drug-naive healthy adults (25 females, 3 males; mean age 30.2 years). Participants
received either MPH (extended release 20 mg/day) or placebo for 14 days, followed
by a washout period and crossover. Outcome measures included physiological
parameters (heart rate, blood pressure, cardiopulmonary exercise testing [CPET]
variables), neurocognitive function (CNS Vital Signs® battery), postural balance
(Biodex® Balance System), handgrip strength (Takei™ dynamometer), and cardiac
electrical activity on electrocardiogram (ECG) tracings (Customed®). Data were
analysed using ANOVA for differences and Cohen’s d for effect sizes, and significance
was set at p < 0.05.

Physiological Parameters: Resting heart rate was significantly higher at baseline
compared to placebo (p = 0.03), but no differences were observed between placebo
and MPH (p=0.06). Blood pressure and CPET variables (VO.peak, ventilatory
threshold (VT), VT1 at % VO:2 peak, oxygen pulse, standard slopes) showed no
significant changes. Neurocognitive Function: Significant improvements in reaction
time, complex attention, and executive function were noted from baseline to placebo
and MPH (p < 0.05), but no statistically significant differences between placebo and
MPH, but with large effect sizes (Cohen’s d =-2.13 and -1.89, respectively). Balance:
No significant differences were found in postural balance on firm and unstable
surfaces with eyes open and eyes closed. Physical Strength Performance: No
significant differences were found in handgrip strength across all conditions. Cardiac
Electrical Activity: No abnormalities were detected in ECG tracings during rest or with

exercise at baseline, with placebo or with MPH.

Extended-release methylphenidate did not significantly enhance physiological,
balance, or physical performance measures in healthy adults. While cognitive



improvements were observed, these were comparable to placebo effects, suggesting
limited pharmacological benefit in this population. The findings additionally highlight
the importance of controlling for practice and placebo effects in cognitive research and
support the safety of short-term MPH use in healthy individuals. Further long-term

studies are needed to assess sustained effects and risks.
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This thesis adheres to the ‘block’ format as prescribed by the University of the
Witwatersrand Style Guide for Theses and Dissertations. This structure ensures

clarity, logical progression, and alignment with institutional academic standards.

1.  CHAPTER 1 INTRODUCTION

1.1. Introduction

1.1.1 Methylphenidate and Attention Deficit Hyperactivity Disorder
Methylphenidate (MPH) is a central nervous system stimulant used in South Africa
and other regions, including the United States of America (USA) and the United
Kingdom (UK). Its main therapeutic use is for Attention Deficit Hyperactivity Disorder
(ADHD) (Challman & Lipsky, 2000).

Attention Deficit Hyperactivity Disorder is a clinically diagnosed medical condition
without pathognomonic diagnostic tests. Managing ADHD continues to be challenging
due to the lack of specific diagnostic tests or investigations, but supported by widely
used scales, symptom scores and checklists. These include self-reporting and
observer tools for adults such as the Adult ADHD Self-Report Scale (ASRS-v1.1,
2005) (Kessler, 2005) and the Conners’ Adult ADHD Rating Scales (CAARS) (Evans
& Preston, 2011). The Vanderbilt ADHD Diagnostic Rating Scale (Vanderbilt ADHD
Diagnostic Rating Scale (VADRS) - Psychology Tools, 2003) is primarily used for
children and includes both parent and teacher versions. Other tools for children and
adolescents include the Behavior Rating Inventory of Executive Function (BRIEF)
(Gioia et al., 2015) and the Swanson, Nolan, and Pelham Teacher and Parent Rating
Scale (SNSAP-1V) (ADHD_snap-lv_26.Pdf, 2014). The focus of the above
assessment tools is on behaviour and aspects of cognitive function, and the tests can

be utilised for diagnosis and evaluating treatment effectiveness.

Assessing and managing ADHD often requires a multidisciplinary approach that
combines non-pharmacological and pharmacological treatments to alleviate
symptoms (Quintero et al., 2022). Among the primary pharmacological options are
stimulants such as MPH. Despite extensive research conducted over many years,
clear guidelines for treating ADHD have yet to be established, and much remains to
be understood (Elsayed et al., 2020).



The Diagnostic and Statistical Manual of Mental Disorders — 5th edition (DSM-5)
(American Psychiatric Association & American Psychiatric Association, 2013) of the
American Psychiatric Association is primarily used for diagnosing ADHD. In South
Africa the 10™ edition of the International Statistical Classification of Diseases and
Related Health Problems (ICD-10) published by the World Health Organization
(International Statistical Classification of Diseases and Related Health Problems,
2019) (ICD-10 Version:2019, 1992) is used, despite there being an updated version
(ICD-11, 2022). This medical classification list includes specific pathology codes
based on signs, symptoms, diseases, causes of injury and similar descriptors.
Healthcare professionals use these codes to classify and then code details of
conditions being managed and treated. In many countries, including South Africa, they
are used for health insurance claims. These listings also include ADHD as a

recognised medical condition.

Attention Deficit Hyperactivity Disorder is a chronic condition usually starting in
childhood (before age 12 years) and may persist into adulthood. Although there are
no typical or characteristic features to make a definitive diagnosis, a diagnosis is
usually made by excluding other conditions, and on being associated with certain
symptoms on the above-mentioned rates and scales. A key feature is dysfunction in
social and occupational or academic activities (Weis et al., 2019).

The mainstay of treatment is pharmacological, primarily central nervous system
stimulants. Methylphenidate is, in South Africa and indeed universally, the drug of
choice and is a potent amphetamine-like stimulant drug with similarities to cocaine.
The mechanism of action of MPH is however different from that of amphetamine.
There are some similar responses observed and others that are not in individuals with
and without ADHD. Solanto suggests this is due to stimulants not specifically
addressing a unique neurobiological deficit in ADHD, but rather through having
compensatory effects (Solanto, 1998). She suggests that it enhances the functioning
of both dopaminergic and noradrenergic systems. These compensatory effects involve
increasing the activity in dopaminergic and noradrenergic pathways by enhancing the
release and inhibiting the reuptake of dopamine (DA) and norepinephrine
(noradrenaline). This mechanism assists in improving attention and control over

behaviour, thereby compensating for the deficits associated with ADHD.



Others like Volkow and Surman suggest that MPH exerts its therapeutic effects partly
by enhancing DA signals (Volkow et al., 2002; Surman et al., 2013). The variability in
individual responses is partly due to differences in DA levels, and MPH’s effects
depend on the context. Given that DA boosts task-specific neuronal signalling and
reduces noise, they also propose that MPH-induced increases in DA could enhance
attention and reduce distractibility. Furthermore, since DA influences motivation, these

increases in DA would make tasks more engaging, thereby improving performance.

Numerous studies have shown the benefit of treatment of ADHD with MPH, with the
intent of normalising the underlying central nervous system dysfunction and returning
the homeostasis of neurological and social function (Schrantee et al., 2016; Surman
et al., 2013).

Several scenarios highlight the importance of MPH use and ADHD treatment in sports.
Some athletes have a legitimate need for MPH to function normally and optimally, and
they should be allowed to compete without gaining an unfair advantage over their
peers. However, there is a possibility that other athletes may use stimulants without
an underlying ADHD condition, thus not normalising any underlying neuropathology.
In the absence of rigid data showing that MPH enhances performance in athletes
without ADHD, such use is based on the belief that a stimulant with amphetamine-like

properties will achieve the desired outcome.

1.1.2 Use of Methylphenidate in Individuals Without ADHD

The use of methylphenidate in individuals without ADHD is relevant in two primary
contexts. Firstly, athletes may use MPH to enhance performance, which contrasts with
individuals with ADHD who experience social and academic dysfunction and respond

positively to stimulant treatment that normalises their dysfunction.
1.1.2.1Methylphenidate use in healthy athletes

Healthy athletes may use MPH as a doping agent, aiming to covertly enhance
performance while avoiding detection of an adverse analytical result (positive test) or
other anti-doping rule violation. lllegally and knowingly using MPH to enhance
performance can potentially give these athletes an advantage over others due to the

different effects of MPH on individuals without ADHD. Such use violates anti-doping
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regulations while raising significant ethical concerns regarding competitive equity and
athlete welfare.

Alternatively, they might seek to legitimise its use by applying for a Therapeutic Use
Exemption (TUE) (Therapeutic Use Exemptions (TUEs), 2024). A TUE permits
athletes to use a medication or method listed on the World Anti-Doping Agency’s
(WADA) Prohibited List (The Prohibited List, 2024) due to a legitimate medical
condition. This exemption ensures athletes can receive necessary treatment without
gaining an unfair competitive edge. However, there are no data or evidence to support
the notion that there is performance enhancement in ADHD athletes on MPH with a
TUE. In theory, their use would normalise pathology and neural homeostasis and not
enhance performance beyond physiological limits.

To secure a TUE, athletes must apply through their relevant anti-doping organisation
(ADO), providing comprehensive medical documentation from their physician. The
application is then reviewed by a Therapeutic Use Exemption Committee (TUEC),
which determines whether to grant the exemption based on medical necessity and the
absence of performance enhancement and no reasonable alternative therapy. If
approved, the TUE outlines the dosage, frequency, route of administration, and
duration of the treatment. Athletes must comply with these conditions and notify the
ADO of any changes. If the TUE is denied, athletes have the right to appeal the

decision.

As a stimulant and, therefore, a substance that has the theoretical potential to enhance
sporting performance, MPH is a prohibited substance that appears on the prohibited
substance list of the World Anti-Doping Agency (The Prohibited List, 2024). This
prohibits athletes from using MPH in competition unless they have a TUE (Therapeutic
Use Exemptions (TUEs), 2024). A TUE is therefore a concession whereby a
competitive athlete is allowed to use a prohibited substance, and its issuance is reliant
on specific criteria, including that the substance will not unduly enhance performance
and is required to return health status to a premorbid state. Despite extensive research
on MPH and its psychosocial effects, there is a lack of studies on the physiological
parameters and physical effects of this medication, particularly in relation to sport or
exercise (Berezanskaya et al., 2022; Garner et al., 2018), perspectives grounded in

theoretical concepts (Reardon & Factor, 2016). A study in children indicated that MPH
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treatment in those with ADHD may have a negative impact on activities requiring
explosive movements and maximal speed (Meckel et al., 2011). In a study by Mahon
et al, results showed that MPH increases submaximal heart rate (HR) but does not
affect oxygen consumption (VOz2) and work rate or rate of perceived exertion (Mahon
et al., 2008). They reported that without medication, the physiological responses
during peak exercise are reduced in some, but not all, boys with ADHD. The Borg
Rating of Perceived Exertion (RPE) scale, created by Swedish researcher Gunnar
Borg (Borg & Dahlstrom, 1962), is a tool used to assess an individual's perceived
effort, exertion, breathlessness, and fatigue during physical activity (Williams, 2017).
The scale helps measure how hard a person feels their body is working, based on
physical sensations such as an elevated heart rate, faster breathing, increased
sweating, and muscle fatigue. The Borg Rating of Perceived Exertion is a commonly
used psychophysical tool for evaluating an individual's subjective sense of effort during
physical activity (Scherr et al., 2013).

Following the use of MPH for those diagnosed with ADHD, and in accordance with
TUE regulations, such athletes should apply for TUEs to use MPH and remain eligible
to compete. Given the clinical diagnosis and often challenging verification of ADHD,
which relies on subjective information, WADA has established expert group guidelines
to assist TUE Committees in managing these applications (WADA, TUE Physician
Guidelines - ADHD, 2023).

Data from WADA on TUE applications for MPH are not publicly available. There is
some information that circumstantially suggests that there are a high number of
applications. In 2009, it was reported that there was a substantial increase in TUES in
American baseball, with almost 8% of players using medication for ADHD (Associated
Press, 2009). In 2012, 116 Major League Baseball players in the USA had TUEs for
ADHD, comprising a substantial 9% of all League players. Australia’s anti-doping 2013
annual report lists 202 TUEs approved across 58 sports in 2012, with swimming,
cycling, American football and athletics having the most. While it shows some patterns
in prescription drug use among athletes, it lacks details on specific drugs like MPH
(Partridge, 2013). The authorities refused to disclose the number of TUEs per
substance, citing confidentiality concerns. The reported increase in ADHD stimulant

prescriptions suggests TUESs for these drugs might increase (Partridge, 2013).
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Therapeutic Uses Exemption applications to the ITA (International Testing Agency) in
2024 exceeded 1000, of which approximately 50% were for stimulants (personal
communication). Moreover, stimulants accounted for nearly 60% of TUE submissions
in Canada and the USA (personal communication). In a review of TUEs at Olympic
and Paralympic Games 2016-2022, less than 1% of Olympic athletes and less than
3% of Paralympic athletes had valid TUEs. As expected, there were differences in the
substances and methods used for various medical conditions. However, the overall
number of TUEs remained low, showing that they are not common in very elite sports
(Vernec et al., 2024). Their study aimed to examine the prevalence of TUEs among
athletes competing in four Olympic and four Paralympic Games and identify the
prohibited substances and methods associated with TUEs. Data from WADA'’s Anti-
Doping Administration and Management System were analysed in a cross-sectional
observational study, covering athletes from the Rio 2016, Pyeongchang 2018, Tokyo
2020, and Beijing 2022 Olympic and Paralympic Games. Among 28,583 Olympic
athletes, 0.9% had a TUE. Among 9,852 Paralympic athletes, 2.8% had a TUE. At the
Summer Olympics, the most common TUE substances were glucocorticoids (0.5% in
Rio) and stimulants (0.4% in Tokyo). At the Summer Paralympics, diuretics (0.8% in
Rio) and stimulants (0.8% in Tokyo) were most frequently reported. Trends in Winter
Games were similar but with lower TUE numbers. The authors concluded that the
prevalence of athletes with valid TUEs was low—Iless than 1% in the Olympics and
less than 3% in the Paralympics. While there were variations in prohibited substances
and methods used for different medical conditions, the findings suggest that TUEs are
not widely utilised in elite sports. The article underscores the need for transparency
and careful monitoring to ensure the appropriateness of TUEs for stimulants in elite
sports and a better understanding of the effects on performance and other factors,
such as health risk.

The WADA 2022 testing report, which are the latest available figures, reported that of
412 Adverse Analytical Findings (AAFs), which are ‘positive tests’ in athletes without
TUE’s, 110 were MPH-related (27% of all stimulant positives) (Anti-Doping Testing
Figures Report, 2022). The next most common was amfetamine (sic) (amphetamine),
with 69 AAFs (17%), closely followed by cocaine with 63 (15%). This was followed by
Octodrine (1,5-dimethylhexylamine) with 20 AAfs (5% of stimulants).
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It is noted that these data are disparate to figures from almost two decades ago (2006)
where out of 490 AAFs, 32 (6.5%) were for MPH (World Anti Doping Agency, 2006).
Those for MPH were the 4th highest, following amphetamine, cocaine and ephedrine.
Around the halfway time period since, in 2015, out of 528 positive stimulant tests, MPH
was the most commonly detected substance, accounting for 96 tests (18%), followed
by amphetamines with 80 tests (15%) (World Anti-Doping Agency, 2016). This
indicates that the abuse, or possibly inadvertent use, of MPH not only remains

prevalent among elite athletes, but is increasing.

Should an athlete have an AAF for MPH without a TUE, they will have several options.
Firstly they may apply for a retroactive TUE, which is granted under exceptional
circumstances (e.g. for emergency treatment, no time to apply before the doping
control, or other exceptional circumstances), but the same rules for granting a TUE
apply (“TUE” - Drug Free Sport - Drug Free Sport, 2024). Thus, this should not be
seen as a “way out”. Secondly, they may choose to have the B sample tested under
their (or appointed nominee’s) observation and have a tribunal (hearing), or thirdly,

they may accept the outcome and face sanctions.

Methylphenidate is a ‘specified substance’ on the WADA Prohibited List. It clarifies
that “specified Substances and Methods” identified in Article 4.2.2 should not in any
way be considered less important or less dangerous than other doping substances or
methods. Rather, they are simply substances and methods which are more likely to
have been consumed or used by an Athlete for a purpose other than the enhancement
of sport performance” (The Prohibited List, 2024) This may therefore influence

sanctions that may be imposed with an AAF, and be relatively lenient.

Article 10.3 of the World Anti-Doping Code (WADC) outlines the sanctions for
violations involving specified prohibited substances. For a first violation, the penalty
ranges from a minimum reprimand or warning to a maximum of one year of ineligibility
from competition and sporting activities. A second violation results in a mandatory two-
year period of ineligibility, while a third violation leads to a lifetime ban from sport (The
Prohibited List, 2024). Since MPH is a specified substance, athletes have the
opportunity to argue for a reduced sanction (The Prohibited List, 2024).

It is not known whether competitive athletes taking MPH or stimulants do have an
advantage and whether their performances are improved whilst taking the medication,
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compared to if they were not. In 2016, a Russian-based hacking group called Fancy
Bear (also known as Fancy Bears and APT28) gained access to WADA’s TUE
database. It started publicising information on international athletes worldwide (Fancy
Bears, 2016). Their actions in this regard are believed to be retaliatory for the exposure
of alleged systematic doping of Russian athletes by the Russian authorities. The
intention appears to have been one of exposing doping by athletes whom the TUE
process has legitimised. Portions of the exposed information revealed that some
athletes in various sports were granted TUE’s for stimulants. It is unclear which
medical conditions the TUE certificates provide information on, although a few may
have mentioned ADHD in the comments section of the certificates. As elite sportsmen
and women, the performances of these athletes have been exceptional, and it is

impossible to determine what role the stimulants may have had on their performances.

There are a number of scenarios for the importance of MPH use or ADHD treatment
in sports. Some athletes have a legitimate need for its use to function ‘normally’ and
optimally and should be allowed to compete but not have an unfair advantage over

peers.

There is a possible scenario in which athletes might use stimulants without having an
underlying ADHD condition and, therefore, would not ‘normalise’ the underlying
neuropathology. They may apply for a TUE under false pretence, as the diagnosis is
not simple, and try to ‘legalise’ their use. Alternatively, they may use it illegally and
knowingly to enhance performance. They potentially will have an effect different to that

in those with ADHD and therefore have a possible advantage over other athletes.

A level playing field is essential to strive for and ensure fairness in sport. If an athlete
receives a clinical diagnosis of ADHD and is granted a TUE, could that athlete

potentially have an unfair advantage in sport?

There is evidence that MPH modulates muscle strength. The study by King et al
demonstrates that MPH can affect brain connectivity during muscle-fatiguing exercise.
It further supports that the central nervous system regulates motor drive to maintain

homeostasis (King et al., 2017).

With respect to endurance activities, Swart et al demonstrated that MPH allowed for

longer exercise at higher stress levels, revealing a muscular reserve. This suggests
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that endurance performance is not solely limited by muscle fatigue but is also
regulated by the central nervous system to maintain whole-body homeostasis and

keep an emergency reserve (Swart et al., 2009).

No research was found on the effect of MPH on physiological exercise parameters in

healthy adults.

1.1.2.2Methylphenidate use for academic enhancement

There is evidence that in children and adolescents with ADHD the use of
neurocognitive stimulants can improve symptoms with some effect on academic
performance (Douglas et al., 1986; Kortekaas-Rijlaarsdam et al., 2019). This is more
so with acute effects rather than long-term effects (Carlson & Bunner, 1993) and there

are also inconclusive outcomes (de Faria et al., 2022).

Other than the scenario of the use of MPH in sports, MPH is used in healthy adults as
a neurocognitive enhancer in the academic environment. In the Netflix documentary
series "Take Your Pills" (Klayman, 2018), the use of prescription MPH stimulants like
Adderall and Ritalin among college students and professionals seeking cognitive
enhancement was explored. One key finding highlighted in the film was that while
students who used these stimulants believed their performance had improved,
objective assessments did not support this perception - suggesting a

perceived/placebo-like effect of academic or cognitive enhancement (Klayman, 2018).

Numerous studies have reported on the (mis)use of MPH in university students to
enhance academic performance (Barrett et al., 2005; Bogle & Smith, 2009; Teter et
al., 2003), including in South Africa (Constantinou & Aguiyi, 2022; Jain et al., 2017,
Steyn, 2016). Such use presents potential health risks (Steyn, 2016), and according
to a group of Brazilian authors “should be considered a serious public health problem,
especially due to risks of harm and adverse effects associated with its use.”(Candido
et al., 2019).
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1.1.3.Study rationale

This PhD study was envisaged due to its perceived relevance to the physical
performance of healthy adults in their daily activities and sports participation and its
implications for doping control regulations. It aimed to assess several physiological
parameters relevant to sports, including cognitive function, balance, and health risks
related to cardiac events such as cardiovascular incidents. The widespread use of
MPH among athletes, whether for legitimate medical purposes or as a performance-
enhancing substance, has raised concerns. This trend extends beyond sports, with
increasing use among healthy adults in academic settings for cognitive enhancement.
Additionally, there are growing concerns about the potential risk of sudden cardiac

death in athletes using MPH.

Therefore, this study further aimed to provide additional data and information on the

potential harmful effects of MPH, particularly on the cardiovascular system.

1.2 STATEMENT OF THE PROBLEM

Despite the widespread use of MPH for managing ADHD in South Africa and
elsewhere around the world, there remains a significant gap in understanding its
physiological and physical effects. While MPH is effective in normalising central
nervous system dysfunction in ADHD patients, its impact on individuals without ADHD,
especially in the context of sports and academic performance, is not well-documented.
Given that MPH is a WADA-prohibited substance in competitive sports during
competition without a TUE and its widespread use among athletes and students, there
is an urgent need to investigate its effects on physical performance, physiological
parameters, and cardiovascular health risk. The study framework explored the
implications of MPH use in healthy adults, focusing on its potential to enhance various

performance parameters, side effects and potential cardiovascular risks.
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1.3 AIMOF THE STUDY

The primary aims of the study were to determine the effects of MPH in drug-naive

healthy adults on:

® a0 T p

physiological parameters
neurocognitive function

balance

physical performance (muscle strength)

cardiovascular risk and cardiac electrical activity

1.4 OBJECTIVES OF THE STUDY

The objectives of the study were to measure the effects of MPH in healthy adults using:

a.

=~ o o o

1.5

Surveillance of medical history and habitual levels of physical activity using
guestionnaires

Anthropometric measurements, including body height, weight, BMI, waist
circumference, hip circumference and waist/hip ratios

Muscle strength tests using a handgrip dynamometer

Neurocognitive function using computerised software

Objective postural balance tests

Cardiopulmonary physiological measures, including heart rate, blood
pressure, maximum oxygen consumption, oxygen pulse and other variables
on a cardiopulmonary exercise test (CPET)

Cardiac electrical activity using electrocardiography

RESEARCH QUESTION

What are the physiological and physical effects of MPH on physical, physiological and

cardiac electrical risks in drug-naive healthy adults?

1.6  HYPOTHESIS

Methylphenidate use in drug-naive healthy adults has no significant effect on muscle

strength and physiological exercise parameters, postural balance, cognitive function

and cardiac health parameters.

18



1.7 NULLHYPOTHESIS (NO)
Methylphenidate use in drug-naive healthy adults enhances muscle strength,
physiological exercise parameters, postural balance, cognitive function and cardiac

health parameters.

1.8 ALTERNATIVE HYPOTHESIS
Methylphenidate use in healthy adults significantly enhances muscle strength and
physiological exercise parameters, postural balance, and cognitive function and

affects cardiac health risk parameters.

This PhD thesis is presented in the traditional monograph format in accordance with
the style guidelines provided by the University of Witwatersrand. The monograph
structure has been chosen to provide a comprehensive and cohesive exploration of
the research topic, allowing for an in-depth presentation of the study's objectives,
methodology, findings, and conclusions. This format aligns with the university's

requirements and ensures clarity and consistency throughout the document.
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2. CHAPTER 2 - LITERATURE REVIEW

Methylphenidate is a central nervous system stimulant that increases dopamine in the
brain. It has been used for the treatment of ADHD for decades in both children and
adults. It is also prescribed for adult narcolepsy. Athletes with ADHD use MPH for
legitimate medical reasons but may also use it for performance enhancement. In
addition, healthy adults use MPH for academic or recreational purposes. However,
despite extensive research on ADHD, stimulant treatment and MPH, there is little
research on the effects in healthy adults. This study was designed to explore its
potential impact on physical performance. It also assessed various physiological
parameters, including muscle strength, cognitive function, balance, health risks and
cardiovascular function in healthy adults. The following literature review aligns with the
study’s objectives, methodology, and outcome measures, providing essential context

for assessing the benefits and risks of this widely used stimulant.

2.1 Health Screening

Participants who signed informed consent were scheduled to undergo a
cardiopulmonary exercise test. Before conducting exercise testing, ensuring
participant safety is paramount. The American College of Sports Medicine (ACSM), a
leading professional organisation with over 45,000 members and certified
professionals, is dedicated to advancing scientific research and translating findings
into practical applications within exercise science and sports medicine. The ACSM’s
mission emphasises the promotion of healthier lifestyles through physical activity and
exercise (source: https://www.acsm.org/). Additionally, the ACSM provides critical
resources, research and advocacy to support the fields of sports medicine and
exercise science (source: https://www.acsm.org/certification), making it a reliable

source for the following guidelines.

Before performing a maximal exercise test, it is essential to complete a pre-
participation health screening and a health history questionnaire (ACSM, 2015). These
forms gather comprehensive information about the participant’s current and past
medical conditions, medications, surgical history, and exercise training background.

The Physical Activity Readiness Questionnaire (PAR-Q+) and its electronic
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counterpart, ePARmed-X (Addendum A), are utilised to efficiently determine whether
medical clearance is required (Miller, 2023).

Methylphenidate use is associated with contraindications outlined by pharmaceutical
manufacturers, based on both established and theoretical risks. These
contraindications include thyroid disorders and cardiovascular conditions (e.g.,
hypertension, angina, cardiomyopathies, prolonged QT syndrome), among others
(Novartis, 2018). Given these potential risks, this study’s comprehensive health

screening and cardiovascular risk assessment were critical components.

To evaluate the participant’s current activity level, the Physical Activity/Exercise
Stages of Change questionnaire was administered (Addendum B). For health risk
screening and risk stratification, the ACSM Risk Stratification Screening Questionnaire
was employed (Addendum C). The PAR-Q+ was completed during the initial
assessment, while all other questionnaires were administered at the initial assessment
and repeated at testing points 2 and 3. These tools have been rigorously assessed for
reliability, sensitivity, and specificity, demonstrating high validity across all three
metrics (Warburton et al., 2011).

2.2 Methylphenidate pharmacokinetics and mechanism of action

Methylphenidate, a CNS stimulant, was first synthesised in 1944 and later marketed
by the Ciba-Geigy Pharmaceutical Company under the trade name Ritalin. Initially,
during the 1950s, Ritalin was used to treat a variety of conditions, including chronic
fatigue, depression, and narcolepsy (Leonard et al., 2004). Over time, its primary
therapeutic application shifted to the management of attention deficit disorder (ADD)
and ADHD. While ADD may include symptoms of hyperactivity in some cases, it does
not universally do so. Research has been conducted in either or both conditions, and
specific terminology will be used per the cited publications. In general contexts, ADHD

will serve as the default acronym.

Methylphenidate is a piperidine-derived CNS stimulant with a chemical structure
containing two chiral centres, resulting in four possible enantiomers. Modern
pharmacological formulations utilise a racemic mixture, excluding the four

enantiomers, as studies have shown that these enantiomers lack significant CNS

21



stimulant effects (Challman & Lipsky, 2000). Although MPH shares similarities with
amphetamines, its mechanism of action differs. Methylphenidate primarily facilitates
the release of stored DA from presynaptic vesicles and inhibits its reuptake into
presynaptic nerve terminals. In contrast, amphetamines block DA reuptake and more
selectively enhance the release of newly synthesised DA. Both compounds, however,
share the primary pharmacologic effect of increasing central DA and norepinephrine

(noradrenaline) activity (Faraone, 2018).

Methylphenidate inhibits DA and norepinephrine transporters, has agonist activity at
the serotonin type 1A receptor, and redistributes the vesicular monoamine transporter-
2 protein. Although both MPH and amphetamines affect the norepinephrine system,
research has mainly concentrated on the effects of MPH on the DA system (Scabhill et
al., 2004). Dopamine and its agonists are crucial in regulating the cardiovascular,
renal, hormonal, and central nervous systems by stimulating alpha- and beta-

adrenergic receptors and dopaminergic receptors (Horwitz et al., 1962).

The dual mechanism of MPH - promoting DA release and inhibiting its reuptake -
results in increased extracellular DA levels, particularly in the basal ganglia and cortex,
and to a lesser extent in other brain regions. However, the magnitude of DA elevation
varies among individuals (Volkow et al., 2001). When administered orally, MPH is
almost completely absorbed and is primarily metabolised into ritalinic acid via de-
esterification in the liver (Vedrenne-Gutiérrez et al.,, 2024). Peak plasma
concentrations are achieved within 1 to 3 hours after a standard oral dose, with a
plasma half-life of 1.5 to 2.5 hours. Studies involving adults and children taking 20 mg
of extended-release MPH have demonstrated rapid absorption, followed by two
distinct concentration peaks approximately 4 hours apart (Lyseng-Williamson &
Keating, 2002). Food intake enhances absorption, but MPH exhibits low protein
binding, possibly contributing to its relatively short half-life (Challman & Lipsky, 2000;
Scabhill et al., 2004).
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Using positron emission tomography (PET) scan data, Volkow et al. (2001) confirmed
in a study of healthy adults that one of the therapeutic effects of MPH may stem from
its ability to enhance DA signalling in the brain. They also noted that individual
variability in response to MPH may be attributed to differences in baseline DA levels,
suggesting that individuals with varying DA levels may experience differing effects
from the medication. Furthermore, DA enhances task-specific neuronal signalling
while reducing background noise, improving attention, and decreasing distractibility.
Since DA also modulates motivation, increased DA levels induced by MPH can make
tasks more engaging and rewarding, thereby enhancing performance (Volkow et al.,
2001).

2.3 Methylphenidate medical indications
Methylphenidate was first approved for the treatment of ADD and ADHD by a health

authority in Switzerland in 1954 (Trenque et al., 2014). Since then, it has become the

most widely prescribed medication for ADHD worldwide.

The therapeutic effects of MPH are mainly attributed to its capacity to increase the
activity of central DA and norepinephrine, which enhances executive and attentional
functions (Faraone, 2018). Executive functions are higher-order cognitive processes
that enable reasoning, planning, problem-solving, and regulating daily activities. These
functions are governed by interconnected neural networks, mainly involving the
prefrontal cortex, and are modulated by interactions with other brain regions
responsible for cognition, emotion, and behaviour (Blair, 2017). Notably, executive
function has also been linked to postural balance and gait (see Section 3.10, Postural

Balance).

The concept of attention, as described by James (James, 1890), is often summarised
by his statement, “Everyone knows what attention is.” He further elaborated that
attention encompasses the “focalization, concentration, and consciousness” of mental
processes. Attention can be analysed in greater depth by considering its task-oriented
aspects, the ability to sustain focus, and its process-oriented nature (Yantis, 2002).
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Methylphenidate is widely used for treating ADHD (Huss et al., 2017) with long-acting
formulations considered the most effective (Swanson & Hechtman, 2005; PubChem,
2025). Individual responses to MPH vary significantly, necessitating dose adjustments
to achieve optimal clinical outcomes. A review by Huss et al. on dose optimisation for
ADHD treatment highlights that long-acting MPH is both effective and well-tolerated,
with individualised dosing improving efficacy and safety. Clinical trials suggest an
effective non-extended-release dose range of 40—80 mg per day in adults, with titration

guided by symptom control and adverse effects (Huss et al., 2017).

Additionally, it is approved for treating narcolepsy in adults (Franceschini et al., 2020;
Novartis, 2018; Yoss & Daly, 1959)

Beyond its primary use in treating ADHD, MPH has been studied for other conditions,
such as traumatic brain injury, stroke, sarcopenia, and cancer (Challman & Lipsky,
2000). In South Africa, medications are categorised into different schedules under the
Medicines and Related Substances Act of 1965 (Act No. 101 of 1965) (Department of
Health, 2020). These schedules are determined by the potential risks and benefits

associated with the medications.

Schedule 0: Over-the-counter medications with minimal risk, available without a

prescription.

Schedule 1: Low-risk medications, available without a prescription but often kept

behind the counter.
Schedule 2: Medications requiring pharmacist advice but no prescription.

Schedule 3: Prescription medications requiring authorization from a healthcare

professional.
Schedule 4: Prescription medications with a higher risk of side effects or misuse.
Schedule 5: Medications with a higher potential for addiction and stricter control.

Schedule 6: Medications with a high potential for abuse and addiction, requiring strict
regulation.

Schedule 7: Controlled substances used for medical purposes under strict conditions.
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Schedule 8: Highly controlled substances, often limited to research or very specific

medical uses.

The specific rules for selling or supplying Schedule 6 medicines and substances are
outlined in Section 22A of the Act, which imposes strict regulations. According to
Section 22A(6)(i), these substances cannot be provided through repeat prescriptions,
while Section 22A(6)(0) restricts the amount dispensed to no more than a 30-day
supply based on the prescribed dosage. Additionally, direct advertising of Schedule 6

substances to the general public is prohibited.

In South Africa, Ritalin® LA 20 mg, a modified-release formulation supplied by Novartis
Pharmaceuticals, is classified as a Schedule 6 medication. It is available in dosages
of 10 mg, 20 mg, 30 mg, and 40 mg (Novartis, 2018). According to the package insert,
MPH is a CNS stimulant with more pronounced effects on mental than motor activities.
Its exact mechanism of action in humans is not fully understood, but its stimulant
effects are believed to result from inhibiting DA reuptake in the striatum without
inducing DA release. The formulation is designed to produce two concentration peaks
approximately 4 hours apart, allowing for once-daily dosing. The pharmacokinetic

profile of MPH is similar in hyperactive children and healthy adults.

The recommended starting dose for Ritalin LA® is 20 mg, with titration upward in
symptomatic individuals as needed (Haertling et al., 2015). While clinical studies have
suggested various maximum doses, no specific scientific rationale supports a
predetermined upper limit (Ching et al., 2019). Ching et al. (2019) emphasise that MPH
titration should be guided by clinical criteria rather than a fixed maximum dose, with
positive outcomes observed in practice (Pelham et al., 2001). In this study, the usual
starting dose of 20 mg of extended release (long-acting) MPH was used in the healthy

adults cohort, and not titrated as no clinical symptoms required monitoring.

2.4 Methylphenidate off-label use

The use of drugs for unapproved use is usually termed “off-label” use (Commissioner,
2019). Up until recent years, averaging within the last decade, MPH-regulated use has
been limited to ADHD and narcolepsy in children and adults (Trenque et al., 2014). In

recent years it has been used more extensively in adults who have either continued

25



its use since childhood or were diagnosed as adults with ADD (Castells et al., 2011;
Chamakalayil et al., 2021; Faraone, 2018). Other uses are, therefore, off-label.
Despite the absence of clinical trials endorsing its use for other conditions, some
clinical off-label practices have continued, including for cognitive enhancement in
students (Barrett et al., 2005; Outram, 2010), after cerebrovascular accidents (Grade
et al., 1998), autism spectrum disorder (Quintana et al., 1995; Sturman et al., 2017),
fatigue in oncology and malignant brain glioma’s for improved neurobehaviour (Meyers
et al., 1998), Alzheimer’s disease and even depression in geriatrics (Verghese et al.,
2025). In the 1980s MPH was advocated for use in oncology together with narcotics
in pain management (Cancer Treatment Reports, 1981). In a French
pharmacovigilance study of 181 adverse drug events with MPH use, more than 40%
were ascribed to off-label use (Trenque et al., 2014). In addition to use for cognitive
enhancement, MPH has the potential to be used as a recreational drug (Freese et al.,
2012), the population most likely to be the university student body. In our study, over
10% of university students indicated that cognitive- and sports performance-
enhancing substances were used for recreational purposes (Constantinou & Aguiyi,
2022).

Across the globe MPH is used for non-medical/cognitive enhancement purposes, even
though this practice is affected by social, legal, and ethical factors (Sharif et al., 2021).

2.4.1 Methylphenidate use in athletes

Athletes diagnosed with ADHD should not face unfair discrimination in competition,
even though MPH is classified as a prohibited substance in sports. The World Anti-
Doping Agency (WADA) lists MPH as prohibited during competition but not out of
competition. It is categorised as a specified stimulant under classification S6.B
(WADA, Prohibited List, 2024). Specified substances are those more likely to be used
unintentionally or for legitimate medical purposes rather than for performance
enhancement. This classification does not diminish the substance’s potential health
risks, but acknowledges the higher likelihood of inadvertent use, such as for the
treatment of ADHD. This classification also influences the sanctions imposed for an
AAF. Athletes diagnosed with ADHD or narcolepsy who are aware of doping
regulations may apply for a TUE, which, if granted, permits the use of MPH without
resulting in an AAF (WADA, Therapeutic Use Exemptions, 2024). In cases where an
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AAF occurs, a retroactive TUE application can be applied for, and if the criteria are
met, the TUE may be granted retroactively. The rationale for this process is to
normalise pathology, allowing athletes with a legitimate medical condition to compete

in a physiologically normal state.

In 2008, Eichner reported a significant increase in ADHD diagnoses among athletes
and a rise in the use of ADHD medications for performance enhancement (Eichner,
2008). Following the ban on amphetamines in Major League Baseball, the Mitchell
Report noted a nearly fourfold increase in ADHD drug exemptions, with almost 8% of
players diagnosed with ADHD by 2007. Similar trends emerged in U.S. college sports,
with a survey of a college ice hockey conference revealing that 52% of players used
stimulants, primarily pseudoephedrine (27%), along with ephedra or amphetamines
(1%) (Eichner, 2008). Recent data indicate a substantial rise in the use of MPH in
sports. WADA'’s statistics on TUE applications reveal that in 2022 there were over
1,500 TUE applications and approvals, with 70-80% of applications being approved
(Therapeutic Use Exemptions (TUEs), 2024). These statistics highlight the
transparency and fairness of the TUE process, ensuring athletes receive necessary

medical treatment while maintaining the integrity of sports.

In cases where healthy athletes without an ADHD diagnosis seek performance
enhancement through artificial means, stimulants may be used. Data from AAFs
suggest that some athletes use stimulants to boost performance. The Anti-Doping
Administration and Management System, a centralised platform managed by WADA,
coordinates anti-doping programmes, testing, and TUE processes. According to 2022
testing figures, stimulants accounted for 15% (412 occurrences) of all AAFs and 0.3%
(1 occurrence) of all atypical findings (ATFs), which indicate unusual results requiring
further investigation (Therapeutic Use Exemptions (TUES), 2024). Among all sports,
MPH was the most commonly detected stimulant (27%), followed by amphetamines
(17%) (Therapeutic Use Exemptions (TUES), 2024).

A systematic review by Berezanskaya et al. (2022) examined the impact of ADHD
medications, including MPH, on athletic performance, including in children with ADHD
and healthy athletes and healthy non-athletes, addressing concerns about their
potential for abuse. The review analysed nine studies from over 13,000 abstracts and
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found that six studies demonstrated significant improvements in athletic performance
with stimulant medications (p < 0.05), with varying effect sizes. This suggests that
stimulant medications may have a more consistent and notable effect on athletic
performance in individuals with ADHD compared to those without. However, the
chronic use of stimulant medications in the ADHD population might be a contributing
factor to these differences. A meta-analysis of two studies within the review yielded

conflicting results, highlighting the need for further research.

In a related study, Marques et al. (2021) explored the bidirectional relationship
between physical activity (PA) and DA levels in their article, "Bidirectional Association
between Physical Activity and Dopamine Across Adulthood—A Systematic Review."
They reported that most studies confirm that PA enhances DA availability, positively
influencing motivation, mood, and cognitive function. While some evidence suggests
that DA regulates exercise motivation, findings remain inconsistent. The authors
propose that PA may serve as a non-pharmacological strategy to support mental
health and manage neurodegenerative diseases, given dopamine’s role in mood
regulation. The review underscores the need for further research to elucidate the

mechanisms linking DA and PA.

2.4.2 Methylphenidate use by students

Students may use MPH to improve academic performance- (Bogle & Smith, 2009;
Steyn, 2016) or as a recreational drug (Arria & Wish, 2006; Babcock & and Byrne,
2000; DuPont et al., 2008). Arria and Wish (2006) suggest an extremely high number
of students have used prescription stimulants at least once in their lifetime without a
prescription (Arria & Wish, 2006). At a South African university, a study amongst
students living in residences revealed MPH is frequently used off-label, misused
through prescription diversion, and involved in illicit trade (Zyl et al., 2017). At yet
another South African university, the illegal users sourced it predominantly from
friends and also by using faked prescriptions, purchasing it without a prescription, or
from family (Dreyer et al., 2016). A recent South African study by Louw and Davids
(2022) revealed that postgraduate medical students specialising in various fields
engaged in MPH self-prescription practices. While some studies suggest that short-

term MPH use may enhance academic performance, the evidence remains insufficient
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to draw definitive conclusions about its benefits, even for students with ADHD (de
Faria et al., 2022Db).

The use of MPH to enhance cognitive function has been demonstrated in numerous
settings at school, and more so at higher education institutions (Clemow, 2017;
Outram, 2010). Monteiro et al (2017) reported in a systematic review that obtaining
scientific data on the true motivations for MPH use is challenging due to
methodological limitations in studies. Research on cognitive enhancement is limited,
but short-term effects like increased alertness and energy have been observed.
Combined with easy access to the drug, this has contributed to its growing use among

university students (Monteiro et al., 2017).

Methylphenidate significantly enhanced mathematics productivity and accuracy
(Kortekaas-Rijlaarsdam et al., 2019). Additionally, it increased reading speed but did
not significantly improve reading accuracy (Kortekaas-Rijlaarsdam et al., 2019). Other
studies showed increased alertness and wakefulness, without any benefits in learning
or memory (Finger et al., 2013). Outram (2010) discusses how MPH is perceived as
a cognitive enhancer or “smart drug” due to several factors, including “academic and
media speculation”, “association with academic success”, “blurring of treatment and
enhancement”, and “sociocultural desire for pharmacological solutions” (Outram,
2010). While the incentive may be to enhance academic success (dos Santos Christo

et al., 2023) the benefit in healthy students is unclear (Erasmus & Kotzé, 2020).

Barrett et al (2005) suggested that students who misuse MPH have personality traits
that increase their use of other substances compared to peers (Barrett et al., 2005). A
Brazilian study among medical students reported widespread non-medical use of MPH
and an association between its use and risky alcohol consumption (Silveira et al.,
2014). Use of MPH amongst students appears to have been most studied in medical
students (Amaral et al., 2022) and is highly prevalent (Abbasi-Ghahramanloo et al.,
2018; Silveira et al., 2014). Abbasi-Ghhramanloo’s study found that the prevalence of
prescription-type opioid, MPH , and sedative-hypnotics use among students in the past
year was 16.1%, 3.3%, and 10.3%, respectively. After controlling for other factors,
results suggested that sedative-hypnotic use in the past year (OR = 5.7) and lifetime

illicit drug use (OR = 27.6) were linked to MPH use among students.
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In their study, Silveira et al reported that 34.2% of participants had used MPH, with
23% using it without medical indication, particularly among 6th-year students
compared to 5th-year students (32.9% vs. 13.2%, p = 0.004). Non-medical MPH use
was associated with potentially hazardous alcohol use, as 33.3% of non-medical users
had an AUDIT score = 8 (p = 0.029), highlighting a significant link between these
behaviours. A study at a South African university reported that medical students
primarily use MPH for non-medical purposes. However, their overall knowledge of the
drug remains limited (Jain et al., 2017), with a similar finding in an Iranian study among
medical students (Habibzadeh et al., 2011). Students and young doctors use MPH for
either potential academic benefit, or recreational use. Many are otherwise healthy

adults, with no firm evidence of benefit or health risk.

Beyer et al (2014) questioned whether MPH provides cognitive benefits for healthy
students and doctors and whether these benefits outweigh the risks of its use. They
conclude that it is philosophically justifiable if long-term research demonstrates that
the risks are minimal and the benefits substantial (Beyer et al., 2014). On the other
hand, the side effects have been found to exceed the benefits (Javed et al., 2019).
Also, in a recent review, data indicated that non-medical use of MPH offers little
cognitive or academic advantage and may lead to academic stagnation and health
risks (Wei & Sinnott, 2023).

Numerous researchers have identified the greater potential public health risk (Acosta
etal., 2019; Onal et al., 2024; Sharif et al., 2021; Teter et al., 2003) on a broader scale.

The medical ethics in dealing with this is a significant challenge (Koren & Korn, 2021).

2.5 Effects on body composition

Anthropometry is defined as the measurement of body size, weight, and proportions.
These are measurements used in epidemiological studies and may assess nutritional

status, body composition and fat distribution (Willett, 2012).

There is little research on the effect of MPH on anthropometry or body composition in
adults compared to children and their growth projections. However, influences of MPH
on changes through normal childhood growth trajectories are documented in children
and adolescents with ADHD. Methylphenidate may influence resting and postprandial
energy expenditure (Lorello et al., 2008).
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In a drug/placebo trial involving adults without ADD/ADHD, MPH was shown to affect
eating patterns and facilitate weight loss over 60 days (Fatemi, 2018). Goldfield et al
found that MPH significantly reduced energy intake, particularly dietary fat
consumption in a randomised, double-blind, placebo-controlled crossover trial
involving 14 adults over a month. This effect was not mediated by changes in hunger
but may have been related to the reduced reinforcing value of food, supporting the DA

- related reward deficiency model of obesity (Goldfield et al., 2007).

Studies on weight loss over a very short period, like one or two weeks, are limited and
often focus on the potential risks and short-term effects rather than sustainable results.
However, some research indicates that short-term interventions (<13 weeks) involving
strict dietary changes and increased physical activity can lead to modest weight loss
(Rotunda et al., 2024).

Methylphenidate can therefore help reduce weight, appetite, and food intake
(Vedrenne-Gutiérrez et al., 2024). Although long-term (1->4 years) weight loss may
be expected from taking MPH in children with ADHD (Cevikaslan et al., 2021; Diez-
Suarez et al., 2017; Zhang et al., 2010), it may also promote weight loss in those with
overweight/obesity (Mellstrom et al., 2020). This change is associated with early fat

loss and slower increase in bone and lean tissue (Poulton et al., 2012).

A study by Davis et al involved two drug-challenge sessions (MPH and placebo)
conducted one week apart. Each session lasted two hours and occurred at the same
time of day for each participant. It was found that MPH significantly suppressed
appetite, cravings, and snack-food consumption compared to placebo (Davis et al.,
2012). The short duration of my study over 14 days on active drug may be too short
to affect weight or body composition but may have been expected to influence

appetite.

2.6 Methylphenidate Impact on Physiological Parameters

The effects of DA on various physiological parameters have been extensively studied.
Dopamine receptors are classified into D-1 and D-2 types, each with distinct roles. D-
1 receptors enhance hormone release and neurosecretory cell activity, while D-2
receptors inhibit the release of neurotransmitters and hormones. D-1 receptors
mediate vascular relaxation in the cardiovascular system, and D-2 receptors inhibit

norepinephrine release. Studies suggest that DA receptor classification is consistent
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across different physiological systems (Stoof & Kebabian, 1984). Dopamine receptors
are widely distributed in the CNS, regulating movement, cognition, emotions, and
hormone release. In the peripheral system, these receptors are primarily located in the
kidneys, blood vessels, and pituitary gland, influencing sodium balance, vascular tone,
and hormone secretion (Missale et al., 1998). Research on DA receptor signal
transduction has identified several second messengers, including cAMP, calcium,
potassium, and arachidonic acid. These receptors also indirectly modulate other
mechanisms, such as Na+/H+ exchangers, Na+-K+-ATPase, and cell growth and
differentiation pathways. However, conflicting reports in the literature regarding the
modulation of these messengers and mechanisms are likely due to the use of different
tissues or cell lines. It is now understood that many components of signal transduction
pathways, including receptors, G proteins, and effectors, have multiple isoforms with

distinct expression patterns and regulatory properties (Missale et al., 1998).

Dopamine infusions, commonly used in treating heart failure, exert their effects
through peripheral receptors, significantly enhancing the cardiac index while causing
a notable increase in heart rate (Stoner et al., 1977). Dopamine influences the heart
by increasing contractility, elevating heart rate, and constricting coronary arteries
(Neumann et al., 2023). Although acute oral administration of MPH increases DA
levels primarily in the brain rather than the systemic circulation, it has been shown to
elevate heart rate in children and adults. However, this effect was not statistically
significant (Schrantee et al., 2016). Schrantee et al concluded that while no systemic
vascular effects were observed, it remains challenging to distinguish between the
effects of DA neurotransmission and direct DA actions on the microvasculature
(Schrantee et al., 2016).

Despite MPH being recognised as a CNS stimulant, warnings persist regarding its
cardiovascular effects, including elevated blood pressure and risks of myocardial
infarction and cerebrovascular accidents (Entringer, 2025). Increased heart rate is
listed as a common side effect (Entringer, 2024). It has been shown that children,
adolescents, and adults treated with MPH exhibit significant increases in heart rate
and systolic blood pressure compared to baseline, in contrast to placebo groups (Liang
et al., 2018). Untreated children with ADHD tend to have higher heart rates and
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reduced heart rate variability compared to their peers, but these differences may be
mitigated with MPH treatment (Buchhorn et al.,, 2012). Other studies have
demonstrated increased heart rates in children with ADHD treated with MPH, both at
rest and during exercise (Ballard et al., 1976; Boileau et al., 1976; Cohen et al., 1971,
Wilens et al., 2004).

A randomised, double-blind trial by Urman et al. (1995) examined the cardiovascular
effects of MPH in anxious and non-anxious children with ADHD (URMAN et al., 1995).
Results indicated dose- and time-dependent increases in heart rate and blood
pressure, with anxious children showing significantly higher diastolic blood pressure
increases, particularly one-hour post-dose. This suggests that anxiety may influence
the cardiovascular response to stimulant medications in children with ADHD.

Increases in blood pressure have been documented in children taking MPH (Wilens
et al., 2004), with Hennissen et al. (2017) reporting statistically significant increases in
systolic blood pressure. Aman and Werry (1975) also reported that MPH slightly
increased heart rate and significantly raised blood pressure. A study by Brown and
Sexson (1989) investigated the short-term effects of MPH on 11 male adolescents
with ADHD using a double-blind, crossover design. Participants received a placebo
and three doses of MPH (0.15, 0.3, and 0.5 mg/kg) for two weeks each. Results
showed significant dose-dependent increases in diastolic blood pressure. However, in
another study, MPH was associated with slight increases in blood pressure and heart
rate (Stiefel & Besag, 2010), although these changes typically remain within normal

ranges (Lamberti et al., 2015).

Adults with ADHD are at higher risk for age-related cardiovascular issues and may
experience greater sensitivity to stimulant medications than children. A review of 20
clinical trials (10 with sufficient cardiovascular data) found that CNS stimulant
treatment for adult ADHD significantly increased resting heart rate and systolic blood
pressure compared to placebo. Stimulant use also raised the risk of a resting heart
rate >90 bpm (4.2% vs. 1.7%, OR=2.75). Given the association between elevated
resting heart rate and cardiovascular morbidity, the need for further research was
identified to explore the clinical significance of these findings in adults with ADHD
(Mick et al., 2013).
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Li et al. (2017) investigated the exposure-response relationships of blood pressure
and heart rate changes in healthy adults taking MPH. Data from seven clinical trials
and a meta-database of published studies were analysed. Blood pressure and heart
rate changes were closely linked to MPH blood levels, with no observed time lag.
Immediate-release MPH formulations produced greater peak effects on blood
pressure and heart rate than extended-release formulations at equivalent doses. Yet,
despite these cardiovascular effects, MPH significantly elevates resting and
postprandial energy expenditure without causing marked increases in heart rate or
blood pressure (Lorello et al., 2008). A systematic review by Berezanskaya et al.
(2022) found that MPH administration increased heart rate, core temperature,
hormone levels, and rates of perceived exertion during athletic performance, with

effect sizes ranging from small to large.

In a PhD thesis, Van Breda (2018) proposed that the effect of MPH on heart rate is
centrally mediated rather than a direct peripheral stimulant effect. Volkow et al. (2003)
provided evidence that central dopaminergic effects partially drive MPH-induced blood
pressure increases and may involve dopamine-triggered elevations in peripheral
adrenaline levels. Methylphenidate’s cardiovascular effects on systolic blood pressure
and heart rate in healthy male adults closely align with its brain pharmacokinetics.
However, individual variability and the involvement of multiple neurotransmitters and
adaptive processes suggest that brain binding alone does not fully predict

cardiovascular responses (Volkow et al., 1996).

The Central Governor Theory, introduced by Timothy D. Noakes in 1996, posits that
the brain regulates physical performance to prevent harm, with fatigue acting as a
protective mechanism rather than a purely physiological limit (Noakes, 1998). This
theory has influenced the understanding of endurance, pacing, and the mind-body
connection in sports (Noakes, 1998; Pompeu, 2022). In line with this theory, Swart et
al. (2009) found that healthy elite cyclists taking MPH cycled 32% longer than those
on placebo before their power output dropped to 70% of the starting value. When the
placebo trial ended, those on MPH had higher power outputs, oxygen consumption,
heart rates, ventilatory volumes, and blood lactate levels, indicating that MPH allowed
longer exercise at higher stress levels, revealing a muscular reserve. The authors
concluded that the CNS regulates endurance performance to maintain whole-body

homeostasis and preserve an emergency reserve.
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A master’s thesis by Chabreck (2015) explored the impact of ADHD medications on
exercise performance, focusing on pain perception, blood lactate levels, heart rate,
and perceived exertion (Chabreck, 2015). The study found that while heart rate and
perceived exertion increased across all groups, ADHD stimulant medication did not
significantly alter these measures compared to control groups or non-medicated
individuals. The researcher recommended further research on the effects of
psychostimulants in healthy individuals to confirm these findings. Further, in my study,
in addition to measuring resting heart rate and arterial blood pressure, selected
cardiopulmonary exercise test (CPET) variables were recorded (Table 2.1). These
included gas exchange measurements, generating the standardised Wasserman 9-
panel plot (Wasserman, 2000) using a Wattbike® cycle ergometer (Woodway,
Waukesha, Wisconsin, USA). Cardiopulmonary exercise testing objectively assesses
exercise capacity, evaluating cardiovascular and respiratory efficiency,
musculocellular function, and overall fitness. It helps identify physical capabilities,

deficiencies, and areas for improvement in training regimens.

A study by Meckel et al. (2011) explored the effects of MPH on exercise performance
in adolescent boys (16-18 years old) with ADHD, focusing on endurance, using a
2000-meter run. No significant differences in endurance were found, leading the
authors to hypothesise that MPH-induced tachycardia might negatively affect aerobic
performance. Similarly, Mahon et al. (2008) reported that stimulant medication
increased heart rate during submaximal exercise but did not alter other
cardiorespiratory measurements or perceived exertion. In a study by Boileau et al.
(1976), oxygen consumption was measured using indirect calorimetry in 27
hyperactive children during rest, exercise, and recovery phases. Participants
underwent two sessions: one after ingesting MPH and another after taking a placebo.
While heart rate and blood pressure increased significantly with MPH, oxygen
consumption did not show significant changes. Similarly, a dissertation by Joyce
Elaine Ballard (1975) examined the effects of MPH on the circulorespiratory responses
of hyperactive children during rest, exercise, and recovery. Methylphenidate
significantly elevated cardiovascular strain, increasing heart rate and blood pressure,
but did not enhance exercise performance or oxygen utilisation, suggesting its primary

effects are on the CNS, improving attention and focus rather than physical capabilities.
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An extensive literature search revealed no studies on the effects of MPH on CPET
measurements in healthy adults.

A study with the stimulant lisdexamfetamine (LDX) assessed cardiopulmonary impact
in 15 adults with ADHD. Participants underwent psychiatric evaluation,
echocardiography, and exercise testing, with LDX titrated to 70 mg daily over six
weeks and follow-ups for six months. No significant changes in cardiac performance
or metabolic/ventilatory variables at maximum exertion were observed, although some
changes in heart structure and heart rate recovery were noted. The study concluded
that LDX did not cause clinically meaningful changes in heart function or exercise

capacity (Hammerness et al., 2013).

Numerous studies have investigated using MPH in various medical conditions to
enhance exercise capacity or reduce fatigue. A feasibility study on sarcoidosis-
associated fatigue found that MPH was well-tolerated and safe. However, no
significant difference in fatigue scores was observed between MPH and placebo
groups, with both showing improvement from baseline (Atkins, 2018). A review of
interventions for posttraumatic fatigue, based on 360 articles published between 2014
and 2016, identified nine studies meeting the inclusion criteria. Pharmacological
interventions, particularly dopaminergic agents, yielded mixed results (Shuman-
Paretsky et al., 2017).
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Table 2.1 Physiological parameters measured during CPET

Measurement

Description

Respiratory Exchange ratio (RER)
at maximum test

V0zpeak Ml/kg/min

VT (ml.min"t) Ventilatory Threshold

VOz2 mlkg/min at
threshold

ventilatory

VT as % of VOzpeak (VO2 at VT /
VOZpeak)

VE/VCO: slope

VO2/work rate (ml/min/watt)

Oxygen Uptake Efficiency Slope
(OUES)

VO2/VE) (ml/min 02)/L/min )

Oxygen pulse (ml/beat)

Describes ratio of CO2 output to Oz uptake (V'CO2/V°0O2) as a function of
time and reflects patient effort (RER at least = 1). Depends on rate of
lactate increase during progressive exercise.

Maximum volume of oxygen in millilitres consumed per minute per
kilogram of body weight

Point at which VCOz2 deviated from linear relationship with V02. Indicative
that oxygen-dependant energy systems are starting to contribute
relatively more to energy production with slight increase in blood lactate
levels above resting levels.

Oxygen volume consumed at VT

Metric for assessing endurance capacity. Indicates intensity at which one
can sustain exercise before experiencing significant increase in breathing
rate due to accumulation of metabolic by-products.

Volume of CO:2 expelled per litre of air ventilated. Indicates ventilatory
efficiency. Increase in slope indicates increased dead space ventilation in
lung, pulmonary vascular disease or pulmonary limiting disease.

Measure of efficiency of oxygen uptake relative to work being performed
and helps to assess efficiency of cardiovascular and respiratory systems
during exercise. The higher the value, the better the efficiency.

Parameter to assess efficiency of body’s oxygen uptake during exercise.
A higher value indicates more efficient oxygen uptake. Can also provide
insight at submaximal exercise effort.

Ratio indicates how much oxygen being consumed by body for each litre
of air ventilated and assesses efficiency of respiratory system. A higher
VO2/VE ratio suggests efficiently using oxygen taken in indicating good
respiratory and cardiovascular function.

A proxy for stroke volume and predictor for coronary artery disease and
all-cause mortality

After: (Interpreting The Cardiopulmonary Exercise Test, 2018) (Haley et al., n.d.) (Uchida, 2018)
(Respiratory Formulas, Calculations, and Equations (2025), n.d.) (Crisafulli et al., 2007) (Laukkanen
JA, Kurl S, Salonen JT, et al, 2006)
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2.7 Methylphenidate and Neurocognitive Performance

Neurocognitive function was assessed in this study using the CNS Vital Signs®
(CNSVS) software (CNS Vital Signs, North Carolina, USA), a computerised
neurocognitive test battery designed for clinical screening. The following
neurocognitive domains were evaluated: Attention, Verbal and Visual Memory (to
assess short-term and long-term memory), Executive Function (EF) (including the
Stroop Test to measure cognitive flexibility, inhibitory control, and problem-solving
skills), Processing Speed, and Psychomotor Speed. Executive function is also

associated with maintaining postural stability and walking patterns (Blair, 2017).

CNS Vital Signs® is a validated neuropsychological test battery comprising seven
tests that assess a range of cognitive functions. A 2014 study by Iverson et al.
demonstrated no significant gender differences in these domain scores among adults,

supporting its applicability across diverse populations (lverson et al., 2014).

It is widely used in clinical and research settings for conditions such as concussion,
Huntington's disease, ADD, ADHD, traumatic brain injury and other neurological
disorders (Brooks et al., 2019; Cook, 2011; Gualtieri et al., 2006; Hume et al., 2017,
Iverson et al., 2008; King et al., 2018; Lanting et al., 2012; Stafford, 2024). Key
challenges in ADHD, for example, include deficits in executive functions, which
CNSVS effectively evaluates (Alotaibi M, 2022).

The assessment, performed via an online webpage, takes approximately 30 minutes
to complete. It evaluates cognitive processes through ten standard subtests: Verbal
Memory, Visual Memory, Finger Tapping, Symbol Digit Coding, Stroop Test, Shifting
Attention Test, and Continuous Performance Test. Three additional optional tests—
Perception of Emotions, Non-Verbal Reasoning, and 4-Part Continuous Performance,
can also be administered. The test provides composite scores for the five cognitive
domains mentioned above and a “Global Neurocognitive Score”, offering a

comprehensive evaluation of cognitive function.

CNS Vital Signs® measures both single-test domains (specific cognitive abilities) and
multiple-test domains (integrated results from multiple tests), as illustrated in Figure
2.1. Gualtieri and Johnson (2006) provide detailed information on the populations for

which the assessment is normed, its reliability and validity, scoring methods, test
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procedures, clinical applications, research uses, and interpretation. DesRuisseaux et
al. (2025) further support the construct validity of CNSVS executive function tests but
suggest that modifications to the current composite scores could enhance the

prediction of EF performance.

The normative database for CNSVS was established using data from 1,069 subjects
aged 7-90 years (Gualtieri & Johnson, 2006). Test-retest reliability was evaluated in
a study of 99 participants over an average interval of 62 days, demonstrating reliability
comparable to traditional neuropsychological tests (Gualtieri & Johnson, 2006).
Concurrent validity studies involving 180 participants, including healthy individuals and
those with neuropsychiatric conditions, confirmed that CNSVS has validity similar to

conventional neuropsychological assessments.
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CNS Vital Signs Clinical Domain Description

Simgle Test Domain Multiple Test Domain

Measure: An averags score derivad from the domain scares or & general assassment of the overall neurccognitive:

Hehd lgl'll:lj status of e patient. Relevance: Summary views tend fo be most informafive when evalusiing & population, a
B condiion nalaguy and outcomes.
Compaosite Measure: How weal auh]nc:tm'l recogniza, remamber, and refriave words and geummﬁgum& Relevance:
Memory Remembering a scheduled test, recaling an appointment, taking medications, and attending dess.
Verbal Measure: How wall subject can recogniza, remember, and refrieve words. Relevance: Remembering a scheduled
Memory mmralnganapp:rmnlakngm mdamn:lngdas&
Visual Measure: How weal subject can recognize, remamber and refieve geometnic fiqures. Relevance: Remembering
Memory gnq:hr: instnuctians, nawgaurrg |:1:-E|r.atng mechinas, mcdlngmagaa andior ramember a calendar of events.
Heasure Huw wal a sutqad PETCEIVES, al:tsndi. rm;ml{t.hwsud-pﬂmﬂud rﬁmmtn:n md p-arhlms migtor
Psychomotor spead and fina molor coordination. Relevance: Ability preform simple motor skills and dexterity through cognitive
Speed fumctions i.e., use of precisian instrumentts or fools, performing mental end physical coordinafon Le., diving a car,
playm-ga musical instrument.
R ion Heasure Huw q.ld-dgl Iha suhrand{'.m read, in mlmtmda toa smpla arrd maasngrr mmm st
Time* Relevance: Driving a car, atiending fo conversafion, frecking and responding to & set of simple instructions, teiing
= hngarhdmd&uhal raspuma ta rrﬂua
Complex Measure: Ability bo freck and respond bo a veniety of stimuli over lengthy periods of fime andlor perform: mental
Attention m;raq.mng \lqimm q.n::h‘jrmd .auc:.]ramiy Relevance: Salf-rsguluuman:l behavioral comtral.
Cognitive Heasure Fhwmlmhmnﬁhmadmtm@h-dugmandmmmhmmmﬁdmm m:l.fl:rh:-
Flexibil manipulats the informeation. Relevance: Reasoning, swilching tasks, dacision-making, impulse control, strabagy
by fmmmn .aman:lng fo conrvarsafion.
P i Measurs: H:wuﬂaauhgmmu:qnmandmsasrﬁ:mumm penzaiing, Hmn:lnghsp:m:irqu:-rmrrqu
. ng infomaticn, motor speed, fine motor coondination, and visual-percepdual sbility. Relevance: Abikty o recognize and
peed respandireact ia., finess-to-drive, oocupation issues, possible danpanisk signes or isswas with accuracy end detsil.
E ; Measure: How wel 3 subject racognizes rules, cateqgories, snd manages or navigetes rapid decision making.
Functi Relevance: Abiity o saquance tasks and manage multiple tasks smultanaously &= well 2= frecking and responding
L 1o & set of instructians.
Simple Measura: Atdiylnlmdtmdmmndnnsr@adaﬁmdm&amhnﬂwpannﬁdmwhlhm
Attention viglance end response inhibifion guickly end acourately. Relevance: Salf-regulation and simple attention contral.
Mator Measure: Ability to perform movements fo produce and satisfy an intentian towards a manual action and goal.
Speed Relewance: PTapu'mm and pn:-:lummufarrpla manugl l:I-amEu'rtyI uc'.il:rrsag marlpulal:a and maneuver Dha:'.ls
Sodal Measure: Huwmlasul:munpmmma [DIDCEES, m:lmspmdlnmmmndm Relewance: Spamum
Acu screan, abiliy to recognize social cses or read facial expressions. Provides insight into inappropnste beheior,
ity da-:ﬁnz.ad rhhir:m insansitnity i social Etmdm:li. and social behawioral reguisiion.
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Figure 2.1 Clinical domain descriptions in the CNSVS (CNSVS-
BrieflnterpretationGuide.Pdf, n.d.).
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CNS Vital Signs® also showed discriminant validity in diagnosing mild cognitive
impairment, dementia, ADHD, depression, and brain injuries, and can even detect
malingering (Gualtieri et al., 2006; Gualtieri & Johnson, 2006). A study involving 40
healthy, active volunteers (16 men, 24 women; average age 21 years) examined the
psychometric properties of CNSVS across three sessions, spaced one week apart.
Participants showed improvements in six of the nine neurocognitive domains during
the second and/or third sessions compared to the first. The results suggest clinicians
should utilise reliable change indices to account for practice effects and distinguish
meaningful score changes linked to pathology (Littleton et al., 2015). Test-retest
reliability has been established elsewhere too (Jones, 2011), with baseline tests

required due to practice effects (Ikoma, 2019; van der Linden et al., 2017).

Batistela et al (2016) examined the effects of acute MPH administration on cognitive
performance in healthy young adults. Participants received 10 mg, 20 mg, 40 mg, or
a placebo and were tested on attention, episodic memory, and working memory. No
significant differences in cognitive performance were found across doses (Batistela et
al., 2016).

The question “What is the role of dopamine on psychometric tests?” was posed to

Microsoft Edge Co-Pilot Al, and the response was:

“‘Dopamine plays a significant role in various cognitive and emotional processes, which
can influence performance on psychometric tests. Here are some key points about

how dopamine affects these tests:

1. Cognitive Functions: Dopamine is crucial for executive functions such as
working memory, attention, and problem-solving. Higher dopamine levels in
certain brain regions can enhance these cognitive abilities, potentially leading

to better performance on tests measuring these skills.

2. Motivation and Reward: Dopamine is often referred to as the ‘reward
chemical” because it is involved in the brain’s reward system. It influences
motivation and the ability to experience pleasure. This can affect how
individuals approach and perform on tasks that are perceived as rewarding or

challenging.
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3. Emotional Regulation: Dopamine also plays a role in regulating mood and
emotions. Imbalances in dopamine levels can lead to mood disorders such as

depression or anxiety, which can negatively impact test performance.

4. Attention and Focus: Dopamine is essential for maintaining attention and
focus. Conditions like ADHD are associated with dopamine dysregulation,
which can lead to difficulties in sustaining attention and thus affect performance

on related psychometric tests.

5. Learning and Adaptability: Dopamine is involved in learning processes,
particularly in adapting to new information and experiences. It helps reinforce
learning by providing a sense of reward when new skills or knowledge are

acquired.

Understanding the role of dopamine can provide insights into individual differences in
test performance and help develop strategies to optimise cognitive and emotional

functioning.”

Sources: “Dopamine and Cognitive Function,” National Institute of Mental Health: “The
Role of Dopamine in Motivation and Reward,” Harvard Medical School: “Dopamine
and Emotional Regulation,” American Psychological Association: “Attention Deficit
Hyperactivity Disorder and Dopamine,” Mayo Clinic: “Dopamine and Learning,”

Journal of Neuroscience.

It states in small print at the end of the response, “Al-generated content may be

incorrect”. A comprehensive review of the literature validates the Al response.

In reviewing the uses of the CNSVS and potential enhancement effects of MPH on

neuroactive substances, the psychometric tests were included in this PhD study.

2.8 Impact of Methylphenidate on Postural Balance

In recent years the Biodex Balance System™ (Biodex Medical Systems, Shirley, New
York) has become a tool for researchers to evaluate postural stability (Balance
System™ SD - Balance - Physical Medicine, 2024). This versatile system offers
objective measurements and records an individual's ability to maintain balance at a

specific joint when subjected to dynamic stress.
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The assessment administers four tests using a Modified Clinical Test of Sensory
Interaction on Balance (mCTSIB) (Balance System™ SD - Balance - Physical
Medicine, 2024). This tests visual, vestibular and somatosensory feedback systems

under four sensory conditions. These are:

Eyes Open
Firm Surface Provides a baseline. The information is available from all three

sensory inputs: Somatosensory, visual and vestibular.

Eyes Closed
Firm Surface Visual not available: somatosensory and vestibular are
available. If the participant performs poorly, the vestibular or somatosensory

may be compromised, with an increase in visual dependency.

Eyes Open
Unstable (Foam) Surface: Somatosensory compromised; visual and vestibular
are available. If the participant performed poorly, visual or vestibular may be

compromised, with an increase in somatosensory dependency.

Eyes Closed

Unstable (Foam) Surface: Visual not available; somatosensory compromised,
only vestibular available. As an example, concussed athletes are most likely
to present problems in this condition. If performance is reduced beyond
normal or baseline readings, the vestibular system may be disrupted.

The effects of psychostimulant medications, such as MPH on postural balance remain
a topic of conflicting evidence. In children with ADHD, balance disturbances are
commonly observed (Amini et al., 2018). Some studies suggest that MPH improves
balance in children with ADHD (Bucci et al., 2016; Jacobi-Polishook et al., 2009;
Sarafpour et al., 2018), while others report no significant effects (Alotaibi et al., 2023).
Most research in this area lacks robust randomised controlled trials (RCTs), and
existing RCTs primarily examine only the immediate effects of MPH in children. The
impact of MPH on postural balance in adults with ADHD remains poorly understood
(Alotaibi et al., 2023).
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Individuals with ADHD are at an increased risk of falls and injuries, which may be
linked to balance issues associated with ankle plantarflexor spasticity (Jansen et al,
2019). While stimulant medications have been shown to improve plantarflexor
spasticity and postural control in children with ADHD, their effects on adults are less
clear. A study investigating the effects of stimulants on static balance and muscle tone
in adults with ADHD found that participants exhibited better static balance and motor
performance while on medication compared to off medication (Alotaibi M, 2022).
Jansen et al. (2019) concluded that the primary postural issue in adults with ADHD is
a disruption in stable, long-term sensorimotor behaviour, which aligns closely with the
impulsivity and hyperactivity characteristics of ADHD (Jansen et al., 2019).

In geriatric populations without ADHD, studies have demonstrated that MPH can
improve gait and executive function in healthy older adults (Shorer et al., 2013;
Stapleton, 2018). In Parkinson’s disease (PD), which is characterised by motor
symptoms such as tremor, bradykinesia, rigidity, and postural instability, as well as
non-motor symptoms like depression, cognitive impairment, and fatigue, treatment
primarily focuses on restoring DA levels. However, standard treatments do not
address the presynaptic DA transporter, a key regulator of DA availability.
Methylphenidate, which blocks both presynaptic DA and norepinephrine transporters,
has shown potential in treating severe gait disorders and non-motor symptoms in
advanced PD (Devos et al., 2013). Conversely, Espay et al. (2011) reported that MPH
did not improve gait and, in some cases, worsened motor function, sleepiness, and

quality of life in PD patients (Espay et al., 2011).

Research on the effects of MPH on postural balance in healthy younger adults is
limited, with most studies focusing on older populations or individuals with specific
medical conditions. Further investigation is needed to clarify the impact of MPH on

balance in this demographic.

2.9 Muscle Strength Tests (handgrip strength) - Effects of
Methylphenidate

The combined findings of a systematic review and meta-analysis indicate that

handgrip strength assessment is a reliable and accurate method for evaluating both
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healthy individuals and diverse clinical populations (Bobos et al., 2020). It is also a
valid prognostic indicator for general health, early mortality (all-cause and
cardiovascular) (Soysal et al., 2021). This method is quick, simple to administer, highly
reproducible, and yields easily recordable results. Handgrip strength testing is
commonly used to establish baseline performance measures and track changes over
time (Innes, 1999).

A study by King et al. (2017) investigated the effects of MPH on force output and brain
connectivity during a fatiguing handgrip task. Methylphenidate is known to enhance
force output, and the study explored the underlying neural mechanisms using
functional MRI (King et al, 2017). The results demonstrated that MPH increases grip
force and alters brain connectivity, particularly between the insular cortex, hand motor
cortex, and orbital frontal cortex. These findings support the hypothesis that the central
nervous system regulates motor drive to maintain homeostasis during fatigue (King et
al., 2017).

In a separate study, Meckel et al. (2011) examined the impact of MPH on upper body
strength in children with ADHD, using the number of completed pull-ups as a measure
of strength. The findings revealed that MPH treatment did not significantly improve
pull-up performance compared to non-medicated controls, suggesting that MPH may

not enhance upper body strength in this population (Meckel et al., 2011).

2.10. Physical Activity Effects of MPH

King and colleagues (2018) further explored how individual characteristics, such as
habitual physical activity levels and age, influence the performance-enhancing effects
of MPH. Their findings suggest that individuals with lower levels of physical activity
and younger age exhibit a more pronounced ergogenic response to MPH, potentially

due to differences in dopaminergic function (King et al., 2018).

A systematic review by Hirschbeck et al. (2022) examined the effects of psychiatric
medications, including stimulants, on physical performance. The review identified 36
studies analysing various psychotropic drugs, such as antidepressants,
antipsychotics, sedatives, and stimulants. Most studies were randomised controlled
trials with small sample sizes and single-dose designs. The findings indicate that

stimulants, including MPH, can enhance physical performance. However, due to
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methodological limitations, drawing definitive conclusions remains challenging
(Hirschbeck et al., 2022).

2.11. Cardiac electrical activity

The use of pharmacological treatments for ADHD has risen significantly in recent
years (Danielson et al., 2018). While these medications are generally effective, safe,
and well-tolerated, concerns remain about rare but serious cardiovascular adverse
events, including sudden cardiac death, in children, adolescents, and adults. Martinez-
Raga et al. (2013) critically reviewed the evidence on the potential link between ADHD
medications and serious cardiovascular risks, such as corrected QT interval (QTc)
prolongation and sudden cardiac death. There is some evidence suggesting an
increased risk of cardiovascular events associated with the use of stimulant
medications. Theoretically, stimulants may elevate cardiovascular risks by increasing
blood pressure, heart rate, and inflammation, as well as prolonging the cardiac QT
interval (Westover & Halm, 2012). In response to these concerns, pharmaceutical
companies and the U.S. Food and Drug Administration (FDA) (2018) have issued
warnings about potential cardiovascular risks, leading to the withdrawal of some
stimulant medications due to safety concerns (Aggarwal et al, 2015). While the
evidence is not definitive, stimulant use in adults may be associated with increased
cardiovascular risks. Given the inconsistent findings from population-based safety
studies, Zito and Burcu (2017) emphasise the importance of conducting baseline and

continuous cardiac monitoring for individuals using stimulants.

Numerous arrhythmias have been reported with non-methylphenidate stimulants such
as cocaine, which affect the DA transporter (Dominic et al., 2022). These negative
effects may manifest in the short term, and over the long term stimulants like MPH
may increase cardiovascular risks as cardiovascular disease prevalence rises with
age (Groff et al., 2025). Topriceanu et al. (2022) suggest that MPH is arrhythmogenic
due to its direct and indirect sympathomimetic effects, although this remains a

theoretical claim without empirical evidence.

A review of MPH cardiovascular risks utilising a comprehensive search of databases
(PubMed, EMBASE, PsychINFO) identified relevant studies up to July 2012, including
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clinical reports and population-based studies (Martinez-Raga et al., 2013). The review
concluded that stimulant medications, including MPH, are generally safe, with minor,
transient, and clinically insignificant increases in blood pressure and heart rate across
age groups. There is no evidence linking ADHD medications in adults to sudden
cardiac death, serious cardiovascular events, or torsades de pointes at therapeutic
doses (Fay & Alpert, 2019; Habel et al., 2011; Martinez-Raga et al., 2013; Zhang et
al., 2010) nor to QTc prolongation (Rodgers, 2022).

A study by Schelleman et al. (2012) investigated whether MPH use in children and
adults for ADHD increases the risk of serious cardiovascular events compared to non-
use. Researchers analysed Medicaid and commercial insurance data, comparing new
MPH users to matched non-users. While the study found a 1.8-fold increased risk of
sudden death or ventricular arrhythmia in MPH users, they noted an inverse
relationship between dosage and risk, and the lack of a clear dose-response
relationship suggests that this association may not be causal. The risk of stroke and
myocardial infarction was not statistically different between the two groups.

In another systematic review, Westover and Halm (2012) found no increased risk of
myocardial infarction, stroke, or sudden cardiac death in stimulant users. However,
one study reported a higher risk of transient ischaemic attacks in stimulant users, and
another noted an increased risk of sudden death or ventricular arrhythmia with MPH
use but no elevated risk for stroke or myocardial infarction (Westover & Halm, 2012).
In older individuals (>66 years), there is a 40% increased risk of cardiac events
(defined as myocardial infarction, stroke, transient ischaemic attack, or ventricular
arrhythmia) within 30 days of stimulant initiation, but this attenuates over time (Tadrous
et al., 2021).

In an in vivo and in vitro study using various very high doses, Wakamatsu et al. (2009)
suggested that MPH is unlikely to influence ventricular repolarisation at therapeutically
recommended doses in individuals with ADHD. Awudu and Besag (2014) reported that
while small heart rate and blood pressure increases have been observed with MPH,
most studies report no statistically significant findings and face methodological
limitations. They concluded that large studies have not shown a clear link between
MPH treatment and sudden death in children with ADHD.
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Short-term MPH treatment for ADHD in children caused no abnormal blood pressure
or QT interval changes based on age, height, and gender. While blood pressure and
QTc interval increased, these remained within normal ranges, and no significant
changes were found in echocardiographic parameters or QT interval (Omidi et al.,
2021). Even an overdose of MPH is unlikely to significantly affect the QRS or QT
intervals (Hill et al., 2010).

In a study investigating the acute effects of MPH on ECG parameters in children with
ADHD, no significant changes were observed in QTc or T-peak to T-end (TpTe) values
after MPH administration. However, a slight increase in the TpTe/QTc ratio was noted.
The findings suggest that MPH has minimal impact on ECG parameters, with
TpTe/QTc ratios potentially serving as an additional evaluation metric in borderline
cases (Lamberti et al., 2015). In a double-blind crossover study of hyperactive
children, MPH did not cause any ECG changes (Aman & Werry, 1975).

In an editorial in the British Medical Journal, Jackson (2016) examined the
cardiovascular risks associated with MPH, highlighting mixed findings from different
studies. The author concluded that while MPH poses a measurable triggering risk for
acute cardiovascular events in vulnerable subgroups, its overall safety profile in the
general ADHD population appears favourable, provided clinicians adhere to screening
and monitoring protocols. A self-controlled case series analysis conducted in South
Korea using national health insurance data to investigate the acute cardiovascular
risks associated with methylphenidate initiation in children and adolescents with ADHD
concluded there was an increased risk of arrhythmias, particularly within the first few
days of use and in children with congenital heart disease (Shin et al., 2016). In
contrast, U.S.-based cohort studies found no significant difference in cardiovascular
event rates between children using MPH and non-users. The variation in results may
stem from the studies addressing different aspects, with case-only studies focusing on
short-term triggers and cohort studies assessing long-term cumulative risks. The

overall risk of severe cardiovascular events is low in both types of studies.

The haemodynamic effects of acute MPH administration were evaluated by Kelly et
al. (2005). They emphasised the need, based on clinical acumen, to carefully monitor
blood pressure, heart rate, and overall cardiovascular responses, particularly in

patients with pre-existing cardiovascular risks.
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In a letter to the editor, Aggarwal et al. (2015) state that while stimulant medications
for ADHD can cause minor cardiovascular changes, there is no strong evidence linking
them to an increased risk of sudden cardiac death. They conclude that routine ECG
screening is not recommended, but careful patient evaluation and monitoring are

essential to ensure the safe use of these medications (Aggarwal et al., 2015).

In a recent retrospective, population-based cohort analysis (>26 000 patients) by
Garcia-Argibay et al. (2024) the potential cardiovascular risks associated with short-
term MPH use in individuals aged 12—-60 years was evaluated. Using data from a
Swedish national registry, they compared rates of ischaemic heart disease, venous
thromboembolism, heart failure, or tachyarrhythmias one year before and six months
after MPH treatment initiation. The study found a small increased risk of cardiovascular
events in individuals taking MPH (1.51 per 10,000 person-weeks) compared to
matched controls (0.77 per 10,000 person-weeks). However, the risk was not

significantly influenced by preexisting cardiovascular conditions.

The literature underscores MPH as a potent CNS stimulant with well-documented
effects on DA and norepinephrine neurotransmission, primarily used for ADHD and
narcolepsy (Faraone, 2018; Volkow et al., 2002). However, its off-label use—
particularly among healthy adults for cognitive enhancement, athletic performance, or
recreational purposes—remains understudied, with conflicting evidence on its
physiological and cognitive impacts (Berezanskaya et al., 2022; Monteiro et al., 2017).
Critically, gaps persist in understanding MPH’s acute and chronic effects on
cardiovascular function, neuromuscular performance, and neurocognition in healthy

populations, necessitating rigorous investigation.
Key findings from the literature:

1) Cardiovascular Effects:
a. Methylphenidate is associated with transient increases in heart rate and
blood pressure, particularly during initial use (Liang et al., 2018; Mick et
al., 2013).
b. Case-only studies report elevated arrhythmia risk in vulnerable
subgroups (e.g., congenital heart disease) (Shin et al., 2016), while
cohort studies show no cumulative cardiovascular risk in general

populations (Martinez-Raga et al., 2013).
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2) Cognitive function:

a. Methylphenidate enhances executive function (e.g., attention, working
memory) in ADHD patients (Blair, 2017), but its efficacy in healthy adults
is debated (Batistela et al., 2016). Dopaminergic modulation may
improve task-specific focus but not necessarily memory or learning
(Kortekaas-Rijlaarsdam et al., 2019).

3) Muscle Strength and Physical Performance:

a. Methylphenidate may enhance motor drive via CNS-mediated
mechanisms (King et al., 2017) but does not uniformly improve strength
or endurance (Meckel et al., 2011). Handgrip dynamometry is a robust
prognostic marker for overall health and neuromuscular function (Bobos
et al., 2020; Soysal et al., 2021).

4) Postural Balance:

a. Conflicting evidence exists on MPH’s impact on balance, with
improvements noted in ADHD populations (Bucci et al., 2016) but limited
data for healthy adults.

5) Safety and Risk Stratification:
a. ACSM pre-participation screening (PAR-Q+, risk stratification) mitigates

risks for vulnerable participants (Miller, 2023).

In light of prevailing knowledge and opinion, and in keeping with this study’s objectives,
the study set out to determine the effects of MPH on the topics covered in the literature
review. To evaluate the participants’ current physical activity level, the Physical
Activity/Exercise Stages of Change questionnaire was administered (Addendum B).
For health risk screening and risk stratification, the ACSM Risk Stratification Screening
Questionnaire was employed (Addendum A). This study integrates multidimensional
assessments—cardiovascular (ECG, CPET), neurocognitive (CNSVS),
neuromuscular (handgrip, balance), and metabolic (energy expenditure)—to address
critical gaps. There is clinical relevance in that despite widespread off-label use, no
study has comprehensively evaluated MPH’s effects on physical and cognitive
performance in healthy adults. Validated tools (e.g., CPET, Biodex) and controlled

dosing (20 mg MPH LA) align with translational research standards. Findings will
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inform guidelines for MPH use in non-clinical contexts (e.g., sports, academia) and
highlight potential risks (e.g., cardiovascular strain).

Various assessment tools were used to measure outcomes and electrocardiography
tracings were used to assess cardiac electrical changes. This approach aligns with the
ethical principles of research as outlined by the University of the Witwatersrand and
the Helsinki Declaration (“World Medical Association Declaration of Helsinki. Ethical

Principles for Medical Research Involving Human Subjects.,” 2001).

This study’s design is grounded in a critical synthesis of existing literature, targeting
understudied yet high-impact domains. The measurements chosen are empirically
justified, ethically sound, and poised to yield actionable insights into MPH’s off-label

applications.
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3. CHAPTER 3 - METHODS

3.1 RESEARCH DESIGN
This was a prospective, descriptive, interventional, randomised, double-blind cross-
over, placebo-controlled study of the effect of Methylphenidate in drug-naive healthy

adults.

Due to the nature of the cross-over design, the participants were their own controls.

3.2 STUDY POPULATION
The study population was comprised of participants based in the greater
Johannesburg, Ekurhuleni and Tshwane (Pretoria) metropolitan areas in Gauteng
Province, South Africa. The study site was selected to ensure the study was conducted
in a controlled lab setting to minimise environmental variability. It also ensured that the
laboratory that prepared the standardised capsule formulation was accessible and
under adequate quality control. The participants were all consenting healthy adults
who were drug-naive for MPH. The methodologically robust approach utilised a
crossover randomised study design, making it highly appropriate for investigating

current trends in MPH use among young adults.

In 2004, prescription and dispensed medication records from the suburban
Johannesburg area indicated that over 13,000 patients were receiving stimulant
medication for ADHD. However, these figures did not confirm ADHD diagnoses, as
they were not reliant on ICD-10 coding (Truter, 2009). There are no recent data, but it

would be reasonable to expect that the figures have increased over time.

3.2.1 Participant recruitment
Due to the nature of the study, purposive sampling was considered appropriate for
selection of individuals. Further, snowball sampling was implemented to reach a larger
and more specific population, as current participants can help recruit others who meet

the criteria.
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Purposive Sampling

Purposive sampling, also known as judgmental or selective sampling, is a non-random
method where researchers choose participants based on specific characteristics
needed for the study (Wang & Luo, 2015). The types of purposive sampling was
initially used were to target individuals with ADHD, and included homogeneous
sampling (focusing on this patient group), typical case sampling (targeting typical

cases), and critical case sampling (targeting cases crucial for the research question).

Snowball Sampling
Snowball sampling, also known as chain-referral sampling, is useful for studying hard-

to-reach or hidden populations (Parker et al., 2019). In this method, current
participants recruit future participants from their acquaintances, continuing until the

desired sample size is achieved.

In an initial effort to recruit participants, direct approaches were made to 49 psychiatric,
paediatric, general practice and psychology practices that treat ADHD. These were
identified through personal communications, online searches which included practice
websites, the Health Professions Council of South Africa (HPCSA) i-register, hospital
websites, and the Attention Deficit Hyperactivity Disorder Support Group of South
Africa (ADHASA). The plan was for information brochures (addendum A) and posters
(Addendum B) to be emailed (as electronic media) or printed hard copies to be

delivered to interested practitioners and/or participants.

Despite an intensive recruitment process over 11 months, and notwithstanding
interest shown by the approached healthcare professionals, following the onset of the
COVID-19 pandemic and its restrictive national and international regulations, no

participants were actually recruited.

An alternate approach was taken, and potential participants were targeted through
social media (Facebook, Instagram), email databases of known healthcare
professionals, posters at the University of Witwatersrand (Wits), university
newsletters, and emails sent to the Wits student body. The latter followed a detailed
process of permission from various offices and registrars, eventuating in a single email
release to 40, 093 students. This prolonged the recruitment process by 10 months,
attracting drug-naive healthy individuals. The study design was then adjusted to

include only this group, without a cohort of ADHD-diagnosed and treated individuals.
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The cross-over, double-blind methodology was therefore used in these healthy
individuals to address the above aims and objectives of the study.

3.2.2 Sample size

To calculate the sample size for studying the effect of MPH on muscle strength, the
parameters of expected effect size, desired power of the study, and significance level
(alpha) were considered. For muscle strength studies, a moderate effect size (d = 0.5)
is often used if no prior data is available. For the probability of detecting an effect if
there is one, a power of 0.8 (80%) was used. The significance level (a) to avoid the
probability of a Type | error (false positive or rejecting a true null hypothesis.) was set
at 0.05.

Beta (B) represents the probability of making a Type Il error in hypothesis testing or
failing to reject a false null hypothesis. This is the risk of concluding that there is no

effect or difference when there is in fact an effect.

Using a sample size formula, for a two-sample t-test (comparing MPH group vs.

placebo group), the sample size was calculated using the following formula:

(@app+Zp)o\’
n = A

Where:

e (Z_{\alpha/2}) is the critical value of the normal distribution at /2 (e.g., 1.96
for a = 0.05).

e (Z_{\beta}) is the critical value of the normal distribution at 3 (e.g., 0.84 for 3
=0.2).

e (\sigma) is the standard deviation of the outcome measure.
o (\Delta) is the expected difference in means between the two groups.

Using this formula, the calculated sample size was 62.72 (63) participants to detect a

moderate effect size with 80% power at a 0.05 significance level. To adjust for
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dropouts, using a 10% dropout rate, an increase of sample size of 10% was adjusted
to approximately 70.

A similar sample size of 64 was determined using G*Power, an online software
programme (Faul et al., 2007). For a cross-over study in which participants act as
their own controls, this required sample size would equate to 32-35 participants.
However, there is reduced within-subject variation as a result of repeated measures,

and therefore a slightly lower sample size can be used.

The final sample size using the cross over study was 30, where saturation of
recruitment was achieved. Final complete data sets were available in 28 participants.
Other studies assessing strength and exercise performance have used fewer
(approximately half) the number of participants (Meckel et al., 2011; Wilkison et al.,
1995).

3.2.3 Inclusion and Exclusion Criteria

Healthy adult individuals, using the below criteria:

Inclusion criteria

o Healthy individuals who after being informed of the study were willing
to participate

o Ages between 14- 50 years

o Participants willing to accept that both active MPH and placebo/inactive
formulation would be administered for 4 weeks

o Participants willing to undergo a series of non-invasive investigations

and assessments

Exclusion criteria

o The use of any other medication that could affect physical or cognitive
performance, electrocardiogram tracings or balance

o Any physical or other affliction that could affect the successful
completion of the physical performance tests
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Following the above-mentioned extensive period of purposive and snowballing
sampling, saturation was reached when no more participants were recruited for a

period of two months.

3.3.3.Study location
The study was carried out at the University of the Witwatersrand Department of
Exercise Science and Sports Medicine’s Exercise Laboratory, Wits Education

Campus, Parktown, Johannesburg

3.3.4 Study Design

This study utilised a randomised, double-blind, placebo-controlled cross-over design.
The study involved drug-naive healthy adults who were randomly assigned to either
the Methylphenidate (MPH) group or the placebo group after the baseline tests (Figure
3.1).
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3.4 Study Registration

The study was registered with the Pan African Clinical Trials Registry (PACTR) (Trial
#: PACTR202011697726048) (Pan African Clinical Trials Registry (PACTR), 2022)>
The PACTR is a WHO International Clinical Trials Registry Platform primary register,

catering for clinical trials conducted in Africa.

3.5 Participation procedure

After the potential participants were provided with information about the study
(Addendum C) and had any questions answered, they had the free choice to
participate or not. If they agreed to be included, they were required to sign an informed
consent document after any queries were answered (Addendum D). Participants were

reimbursed for their time and travel for each visit.

They were then allocated a file, on which a 4-numbered random code was written. The
first code was randomly generated e.g. 4321 via a computer random number
generator, and thereafter numbers were used sequentially e.g. 4322, 4323 as they

enrolled in the study.

3.6 Randomisation and substance crossover

After signing informed consent, participants were randomly allocated to one of two
groups: either allocated to start with taking capsule A or capsule B. In order to avoid
bias, the randomisation process used was a simple random sampling approach with
no deciphering possible, and with each participant having an equal chance of being
assigned to either group. By combining randomisation, counterbalancing, washout
periods, blinding, and statistical controls, sequence effects were minimised, improving

the internal validity of the study.

3.7 Randomisation process

3.7.4 Preparation of the letters

Thirty pieces of paper had either A or B written on them and folded into equal sized

sqguares.
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3.7.5 Mixing the Numbers

All the labelled slips were placed into a cardboard box container. The box was shaken
to ensure the slips of paper were thoroughly mixed.

3.7.6 Random Selection

Each participant inserted their hand into the box, was free to further mix the slips and
then select one without looking. The researcher was present when this occurred and,
on most occasions, so was a research assistant. Only one piece of paper was
selected. The capsule letter (A or B) written on the selected slip was recorded on a
separate coded sheet that had been coded with the participant’s code. A different
coded sheet (kept separately) had the participants code and name for later
deciphering. This was kept away from the study file throughout the study and would
only be accessed under exceptional circumstances such as severe side effects, or to

decode at the conclusion of the study.

Figure 1 has the study design, illustrating flow from recruitment of participants,
randomisation, outcome measures at baseline, capsules, outcome measure testing

then washout and crossover with final testing.

3.8 Study procedure
After participants had signed informed consent, had files created, they underwent the

baseline test battery.

The Department of Pharmacy and Pharmacology assisted in the study by creating
similar looking capsules which contained either placebo (sucrose) or active ingredient
(Methylphenidate) (Figures 3.2-3.5). The MPH source was Ritalin™ LA 20mg
capsules, purchased from a pharmaceutical wholesaler after completing the required
forms and providing legal prescription for the schedule medication. These were given
to the Department of Pharmacy and Pharmacology which was also provided with
empty opaque capsules. The Department provided the placebo sucrose and assisted
in decanting the Ritalin and re-encapsulating into unmarked empty capsules. The
same procedure was followed with the sucrose, so providing two batches of capsules
labelled either A or B. These were dispensed via pharmacy packaging, and marked
either as A or B. The Head of Department assigned two highly qualified technicians—
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one holding a doctorate degree and the other a doctoral candidate—to process the
capsules. To ensure accuracy and reliability, they conducted mutual quality control
checks throughout the procedure. The Department was the custodian of the coding,
which was only revealed when data analysis was undertaken (Addendum E), thus

maintaining the double-blind chain until completion of the data collection.

Figure 3.2: Capsules A provided by Department of Pharmacy and Pharmacology,
University of the Witwatersrand
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Figure 3.3: Capsules B provided by Department of Pharmacy and Pharmacology,

University of the Witwatersrand
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Figure 3.4: Mechanism for dispensing
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Figure 3.5: Packaging for dispensing of capsules

At the end of the baseline tests, the participants were provided with the capsules they
had randomly selected, either A or B. They were instructed to take one capsule daily
at a similar time before noon for a period of 14 uninterrupted days. A second visit was
scheduled for the second test battery to coincide with the day taking the last of the

capsules.

If there were any delays for the second test (or subsequent third), additional capsules
of the same ingredient were proved to allow uninterrupted supply before the next test.

This occurred with 3 participants with maximum 4 days additional capsules required.
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Using pharmacodynamic information, half-life data and clinical trials data, it was
deemed that taking the capsules for 2 weeks was adequate for clinical responses.

The start and end dates of the study were different for each individual participant as
their entry into the programme varied. However, all followed the duration of 2 weeks
taking the first capsule, followed by a washout of 2 days and then taking the alternate

capsule for two weeks.

All tests were repeated at a similar time of day to avoid any diurnal physiological
variations. The process was sequentially followed, starting with resting heart rate,
blood pressure and anthropometry. The computer psychometric test was then done,
followed by the balance test. The last test was the cardiopulmonary exercise test with

electrocardiography.

During the study period, the participants were advised to continue their usual exercise/

physical activities and dietary habits, with no guidance or interference.

3.9 Outcome Measurements / Measuring Tools

All outcome measures were performed at baseline and repeated following the taking
of the respective capsules (test 2 and test 3) except for the Physical Activity Readiness
Questionnaire (PAR-Q) and ACSM Risk Stratification Screening Questionnaire which
were completed once only at the baseline assessment stage. Data were manually
recorded on a data recording sheet and filed in the participant’s file. All data were
electronically captured by the researcher, with some assistance from a research

intern. The latter was quality-checked by the researcher.

3.9.1 Questionnaires
Several questionnaires were completed by the participants to assess habitual physical
activity levels and risk with exercise. These included:
3.9.1.1 Physical Activity Readiness Questionnaire (PAR-Q) (Addendum F)(The
New PAR-Q+ and ePARmed-X+, 2016)

The PAR-Q is considered the international standard for pre-participation exercise

screening. In this context it was utilised as a health screen before the maximal
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cardiopulmonary exercise testing to ensure its safety. It was completed once at the
beginning of the study and before taking active/placebo capsule.

3.9.1.2 Physical Activity/Exercises Stages of Change (PARMed) (Addendum
G)(The Maximal Ramp Test, 2023)

This questionnaire was used with the new PAR-Q to also assess exercise risk and
provide clearance for participation. It also establishes current physical activity levels.
For the latter it was used initially and at the two testing points after placebo/ active
capsule to determine if there were any changes in the participant’s physical activity
levels that would potentially confound the test results. It also allowed to inquire and
record any reported side or adverse effects.

3.9.1.3 ACSM Risk Stratification Screening Questionnaire (Addendum H)

This was completed initially to delve deeper into any health risks identified, and to
stratify them.

3.9.2 Anthropometry
To better characterise participants and enable a more in-depth analysis of results
e.g. examining the relationship between BMI and MPH, anthropometric
measurements were performed, including stature (body height), weight, body mass

index (BMI), waist circumference, hip circumference and waist/hip ratios.
3.9.2.1 Height and Weight

Body weight was measured using a Seca Scale (Seca 787, Seca GmbH & Co.
Hamburg, Germany) (Figure 3.6). The scale was checked and calibrated. Participants
were asked to remove footwear and wore gym/athletic clothing, avoiding heavy
clothing. Participants stood centrally on the scale, ensuring even distribution of weight.

The participant’s weight in kilograms (kg) was recorded to the nearest decimal place.

Height was measured using a stadiometer (Seca 213, Seca GmbH & Co, Hamburg,
Germany) (Figure 3.7). The stadiometer is permanently located on a flat and stable

surface. The participants stood with their back against the stadiometer, bare feet flat
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with heels together against the built-in vertical surface. The participant’'s head was
held straight in the Frankfort horizontal plane (where a line from the lower border of
the eye socket to the upper border of the ear canal should be horizontal). The
headpiece was lowered manually until it made firm contact with the crown of the
participant’s head. Height in centimetres (cm) was recorded to the nearest decimal

place.
Body Mass Index (BMI) was calculated using the formula:

BMI = weight (kg)/ height(m)?2

3.9.2.2 Waist and Hip ratio

A non-elastic, flexible measuring tape was used to measure the waist and hip
circumferences (Figure 3.8). Participants wore minimal clothing around these areas to
ensure accurate measurements. They stood upright with their feet together and arms
relaxed at their sides. The narrowest part of the torso, located just above the iliac crest
and below the rib cage, was identified using anatomical landmarks. The measuring
tape was placed around the waist at this point, kept parallel to the floor and held snugly
without compressing the skin. After a normal exhalation, measurements were

recorded in centimeters (cm) to the nearest decimal.

For measuring hip circumference, the patient stayed in the same standing position.
The widest part of the buttocks was identified, and the tape measure was placed
around the hips at this point, keeping it parallel to the floor and snug without
compressing the skin. The hip circumference was recorded in centimeters (cm) to the

nearest decimal. The Waist/Hip ratio was then calculated and documented.
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Figure 3.6 Seca® body weight scale
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Figure 3.7 Seca® stadiometer
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Figure 3.8 Inelastic flexible tape measure
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3.10 Physiological parameters

The rationale for inclusion of the outcome measures which, as per the study objectives,
included heart rate (HR), blood pressure (BP) and other cardiovascular indices derived
from the cardiopulmonary exercise test (CPET) including oxygen uptake kinetics, and
ventilatory thresholds, was that these are commonly included in studies examining
performance effects and the effects of MTH due to its potential cardiovascular and

physiological impacts.
The reasons for incorporating these measures are:

1. Cardiovascular Effects: MPH is a stimulant that increases sympathetic nervous
system activity, potentially leading to elevated HR and BP. Monitoring these
parameters helps assess acute and chronic cardiovascular risks.

2. Exercise Performance and Safety: CPET evaluates aerobic capacity, oxygen
consumption (VO,max), and ventilatory efficiency. Methylphenidate may
influence exercise tolerance, endurance, and metabolic responses. Changes in
HR, BP, and CPET parameters help determine whether MPH alters
performance metrics, which is essential for understanding its effects on physical
activity and athletic performance.

Including these measures ensures a comprehensive evaluation of MPH's impact on

both cardiovascular function and exercise performance.

Therefore, the physiological measurements were resting heart rate, arterial blood
pressure and selected measurements from the cardiopulmonary exercise test (CPET)
battery.

Brachial blood pressure (systolic and diastolic mmHg) was measured on the left arm
after 5 minutes rest using a Medinox mx™ electronic measuring cuff (Medinox,
Germiston, South Africa), which is SAHPRA (South African Health Products
Regulatory Authority) certified (Figure 3.9). Three readings were taken and the
average recorded.
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Figure 3.9 Medinox mx™ sphygmomanometer

The CPET system (Metalyzer RB-R3), Cortex, Leipzig, Germany) was used to
measure gas exchange, generating the standardised Wasserman 9-panel plot.
Participants wore a well-fitted facemask which monitored oxygen and carbon dioxide
levels as well as gas flow. The exercise used a ramp test on a Wattbike® cycle
ergometer (Woodway, Waujesha, Wisconsin, USA) (Figures 3.10-3.12). After inputting
age, gender and weight, the Maximum Ramp Test (The Maximal Ramp Test, 2023)
involved an increase in resistance by a set amount every minute until exhaustion. The
incremental amount was determined by the level of fithess/physical activity of the

participant, and the same parameters were used for each of the repeat tests.

Participants exercised to the point of volitional exhaustion. Medical monitoring was

sustained throughout the test in case of any abnormal features on the
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electrocardiogram (ECG) or symptoms that would necessitate termination of the test
according to criteria of the American College of Sports Medicine (ACSM) (ACSM,
2023).

Of the measurements measured and/or calculated, Table 3.1 lists the measurements

and the descriptors for each.
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Table 3.1 Physiological parameters measured during CPET

Measurement

Description

Respiratory Exchange ratio (RER)
at maximum test

V0zpeak Ml/kg/min

VT (ml.min"t) Ventilatory Threshold

VOz2 mlkg/min at
threshold

ventilatory

VT as % of VOzpeak (VO2 at VT /
VOZpeak)

VE/VCO: slope

VO2/work rate (ml/min/watt)

Oxygen Uptake Efficiency Slope
(OUES)

VO2/VE) (ml/min 02)/L/min )

Oxygen pulse (ml/beat)

Describes ratio of CO2 output to Oz uptake (V'CO2/V°0O2) as a function of
time and reflects patient effort (RER at least = 1). Depends on rate of
lactate increase during progressive exercise.

Maximum volume of oxygen in millilitres consumed per minute per
kilogram of body weight

Point at which VCOz2 deviated from linear relationship with V02. Indicative
that oxygen-dependant energy systems are starting to contribute
relatively more to energy production with slight increase in blood lactate
levels above resting levels.

Oxygen volume consumed at VT

Metric for assessing endurance capacity. Indicates intensity at which one
can sustain exercise before experiencing significant increase in breathing
rate due to accumulation of metabolic by-products.

Volume of CO:2 expelled per litre of air ventilated. Indicates ventilatory
efficiency. Increase in slope indicates increased dead space ventilation in
lung, pulmonary vascular disease or pulmonary limiting disease.

Measure of efficiency of oxygen uptake relative to work being performed
and helps to assess efficiency of cardiovascular and respiratory systems
during exercise. The higher the value, the better the efficiency.

Parameter to assess efficiency of body’s oxygen uptake during exercise.
A higher value indicates more efficient oxygen uptake. Can also provide
insight at submaximal exercise effort.

Ratio indicates how much oxygen being consumed by body for each litre
of air ventilated and assesses efficiency of respiratory system. A higher
VO2/VE ratio suggests efficiently using oxygen taken in indicating good
respiratory and cardiovascular function.

A proxy for stroke volume and predictor for coronary artery disease and
all-cause mortality

After: (Interpreting The Cardiopulmonary Exercise Test, 2018) (Haley et al., n.d.) (Uchida, 2018)
(Respiratory Formulas, Calculations, and Equations (2025), n.d.) (Crisafulli et al., 2007) (Laukkanen
JA, Kurl S, Salonen JT, et al, 2006)
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Figure 3.10 WattBike®

Figure 3.11 and Figure 3.12 Participants undergoing CPET on Wattbike® cycle
ergometer and connected to CPET Metalyzer system
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3.11 Neurocognitive function
Neurocognitive function was assessed using psychometric computer-based software

CNS Vital Signs (CNSVS) (CNS Vital Signs, North Carolina, USA) (Figures 3.13 and
3.14).

CNS CNS Vital Signs Academic Research Users (888) 750-6941 =
support@ensvs com

" Vital Signs in

‘Home Clinical Practice Clinical Trials. Academic Research

New Fourth Generation
Assessment Platform

-a Free Upgrade is now Available
Register and Start Now!

' ‘Broad-Spectrum’ N n Ry
#" Computerized Neurocognitive
Testing with Embedded
Performance Validity Measures
Global Reach...60 Languages
used in 52 countries

y - TN Learn about Telehealth
Y \’ > Remote Testing
c

in Testing Today

Y

Figure 3.13: Homepage of the CNS Vital Signs website

CNS
~Vital Signs—

Do You See the Signs™

User Name:
“s J

Password: jsse=ee——— —

Figure 3.14: Login page for the CNS Vital Signs® test
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The CNS Vital Signs ADHD software suite was used. This includes a comprehensive
battery of tests completed on a computer, designed to measure various cognitive
functions and behavioural symptoms usually associated with ADHD including reaction
time, memory, psychomotor speed, complex attention, and processing speed. This
suite of tests was included in this study as the mechanism of action of MPH as a central
stimulant associated with increased dopamine levels, potentially enhances these
functions. A key example of MPH use in healthy populations is university students
taking it for cognitive enhancement (Finger et al., 2013). Methylphenidate has indeed
been shown to have an effect in some cognitive domains in healthy volunteers
(Linssen et al., 2014).

The following neurocognitive tests were assessed(Stafford, 2024) as below. Details of

what the test entailed are contained in Addendum |I.

= Attention: Continuous Performance Test (CPT) to measure sustained and

selective attention.

= Memory: Verbal and Visual Memory Tests to evaluate short-term and long-

term memory.

= Executive Function: Tests such as the Stroop Test to assess cognitive
flexibility, inhibitory control, and problem-solving skills.

= Processing Speed: Symbol Digit Coding Test to measure the speed of

information processing.

= Psychomotor Speed: Finger Tapping Test to assess motor speed and

coordination.

The CNS Vital Signs software was installed and operational on a computer accessible
to participants, with password access and used solely for the study. The participants
used their randomly allocated code as their ID for the tests. There was input of
demographic information and baseline data required for data interpretation which
included age, gender and relevant medical history, but excluded specific identifiers.

The test was date stamped at each of the three repeat test dates.

The tests were scheduled at optimal times to ensure participants were alert and

focused, usually on the same day as the other test batteries. They were conducted

75



alone in a quiet closed room with no access to other people but with the researcher
available in an office close-by for any assistance. Clear instructions on the testing
process were provided, and participants verbally confirmed they understood the
required tasks. The testing is not limited in time duration and provides examples for

the participants before they voluntarily press the space bar to proceed.

Data of the tests were analysed by the CNS Vital Signs software to score the tests
and generate comprehensive reports (Addendum J). These scores were used in the
study results management. The CNSVS tests have demonstrated strong construct
validity, as evidenced by their ability to differentiate between healthy controls and
individuals with cognitive impairments (Gualtieri & Johnson, 2006). Test-retest
reliability for the CNSVS domains is high, with intraclass correlation coefficients (ICCs)
ranging from 0.80 to 0.95. The Standard Error of Measurement (SEM) for the Memory
Composite score is X, indicating the range within which an individual's true score is
likely to fall. Additionally, the Smallest Worthwhile Change (SWC) for the Processing
Speed score was calculated as 0.2 x SD, resulting in a value of Y, which represents

the minimal clinically important difference.

3.12 Postural Balance

Methylphenidate has been shown to positively affect postural balance in adults with
ADHD (Alotaibi, 2022; Alotaibi et al., 2023) and in healthy elderly adults (Ben-ltzhak
et al., 2008; Shorer et al., 2013). No studies have explored similar effects, if any, in

healthy (younger) adults.

The Biodex Balance System™ (Biodex Medical Systems, Shirley, New York) (Figures
3.15-3.20) was used to measure balance. The procedure for the test started with
participant height, weight and age required for system calibration.

The test was conducted without wearing shoes. A detailed explanation of the
procedure was followed by baseline calibration using the coordinates of the feet
placements on the standing platform. A trial was performed to familiarise the

participant with the test before measurements were recorded.

The test was then sequentially performed as per the testing protocol, measuring sway

with open and closed eyes on a firm and foam surface. The system’s display monitored
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the participant’s balance performance in real-time, which was then recorded and report

generated (Figure 3.20).

The assessment administered four tests using a Modified Clinical Test of Sensory
Interaction on Balance (mMCTSIB). This tests visual, vestibular and somatosensory

feedback systems under four sensory conditions. These are:

Eyes Open
Firm Surface Provides a baseline. The information is available from all three

sensory inputs: Somatosensory, visual and vestibular

Eyes Closed
Firm Surface Visual not available: somatosensory and vestibular are
available. If the participant performs poorly, the vestibular or somatosensory

may be compromised, with an increase in visual dependency.

Eyes Open
Unstable (Foam) Surface: Somatosensory compromised; visual and vestibular
are available. If the participant performed poorly, visual or vestibular may be

compromised, with an increase in somatosensory dependency.

Eyes Closed

Unstable (Foam) Surface: Visual not available; somatosensory compromised,
only vestibular available. As an example, concussed athletes are most likely
to present problems in this condition. If performance is reduced beyond

normal or baseline readings, the vestibular system may be disrupted.
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Figure 3.16 Participant on Biodex Balance System
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Figure 3.17 Biodex Balance home screen
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Figure 3.18 Test selection screen
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Figure 3.20 Biodex™ Balance report example

3.13 Muscle Strength
Grip strength is a useful indicator of muscular strength and endurance, with a positive
correlation between handgrip strength and total muscle strength (Artero et al., 2011).
There is a strong link between handgrip strength and both neuromuscular and

cardiovascular aspects of physical fithess (Artero et al., 2011). This indicates that
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handgrip strength may serve as a highly reliable standalone predictor of overall

physical fitness.

There is ongoing debate about whether a consistent difference exists between
dominant and non-dominant handgrip strength. The "10% rule" suggests that the
dominant hand is about 10% stronger, but findings are inconsistent. While some
studies support this rule in right-handed individuals, it does not hold for left-handed
individuals, whose grip strength is often similar in both hands. Other studies report
smaller or insignificant differences. Variability in study populations and external factors
such as work and leisure activities further complicate conclusions. Due to this
inconsistency, the 10% rule is not considered a reliable measure for assessing
disability (Innes, 1999).

Considering the above, in this study the dominant hand strength was measured.

Reliability and validity is ensured when using the same instrument (Innes, 1999).

Muscle strength tests were conducted using a handgrip dynamometer (Grip-D grip
strength dynamometer, Takei™ Scientific Instruments Company, Japan) (Figure
3.21). Espafa-Romero et al (2010) examined the impact of elbow position on
handgrip strength in adolescents and evaluated the clinimetric properties of various
dynamometers, including the Takei™. Testing with the elbow fully extended yielded
the highest handgrip strength, particularly with the Takei™ dynamometer, which
demonstrated superior criterion-related validity (systematic bias: 0.49 kg, p < 0.05)
and reliability (systematic bias: 0.02 kg, p > 0.05) compared to others. These findings
suggest that using the Takei™ dynamometer with the elbow extended is optimal for
assessing maximal handgrip strength. As shown by Marion and Niebuhr (1992),
activity-specific warm-ups, like submaximal grips, can significantly increase grip
strength with gains of about 1 standard deviation. This clinically significant
improvement highlights the importance of consistency in testing conditions when
tracking progress. Measurements were standardised at each test, without warm-ups,
at similar time of day, with participants standing with feet shoulder width apart. The
dominant arm holding the dynamometer was held at the side with elbow slightly flexed
and not touching the body. The dynamometer handle was held to fit the participant’s

hand size, with the second joint of the index finger forming a right angle.
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The dynamometer was zeroed before the test. The participant was instructed to exert
maximal grip force on the dynamometer for a duration of 3-5 seconds, whilst breathing
normally. The test was performed three times with a 30 second rest between each test

to mitigate fatigue. All three measurements were recorded in kilograms and the

average was calculated and recorded.
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Figure 3.21 Takei™ grip-D handgrip dynamometer

3.14 Cardiac electrical activity
An electrocardiogram (ECG) was utilised to assess cardiac risk in the participants as
stimulant medications may have cardiovascular effects. Methylphenidate can lead to
modest increases in heart rate and blood pressure. While these changes are typically
insignificant, certain individuals may have pre-existing cardiac conditions that could be
exacerbated by stimulant use. An ECG can help identify underlying heart abnormalities
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such as structural cardiac defects or arrhythmias, which may contraindicate stimulant
therapy or necessitate closer monitoring.

Additionally, some medications have been associated with QT interval prolongation, a
measure of delayed ventricular repolarisation that can increase the risk of a specific
type of arrhythmia known as torsades de pointes. Although studies have found that
commonly prescribed stimulants like methylphenidate do not significantly prolong the
QT interval, assessing the QT interval via ECG remains a precautionary measure,
especially in patients with other risk factors for QT prolongation (Zorn, 2015).

Clinical guidelines suggest that obtaining an ECG may be reasonable before initiating
stimulant therapy in patients with a history of cardiac disease, significant family history
of sudden cardiac death, or when clinical evaluation suggests potential cardiac issues.
This approach was adopted in this study to ensure the safe use of a stimulant
medication by identifying individuals who may be at increased risk for adverse cardiac

events.

A 12-lead ECG Customed Cardio 300 (custo med GmbH (sic), Ottobrunn, Germany)
(Figure 3.22) Bluetooth system was integrated with the Metalyzer CPET system
(Figure 3.23) and used to monitor and record resting and exercise ECG during the
CPET.

Post-test the ECG tracings were scrutinised for rate, rhythm and pattern parameters

for normality as per accepted physiological or pathological features.

Figure 3.22 Customed ECG system
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Figure 3.23 Simultaneous CPET and ECG monitoring

The ECG tracings were screened by the researcher, who has competency in
reviewing these, and if any showed abnormalities, would have been reviewed by a

specialist cardiologist.

4 Data analysis

Data (Appendix J) were captured on a Microsoft Excel® spreadsheet, with coding to
prevent identification of individual participants. Data were analysed using the Excel
XL Miner Analysis Toolpak (Excel, Microsoft Corporation. (2016) and STATISTICA
V13 software package (INC StatSoft - Tulsa, USA, 2001). Statistical significance was
set at P <0.05.

Data are presented in the results section as follows:
a) Physiological Parameters:

Descriptive statistics: Mean and standard deviation were used to summarise the
physiological data.
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Inferential statistics: ANOVA was employed to compare groups. Effect sizes were
calculated using Cohen’s d to quantify the magnitude of differences between groups.

b) Neurocognitive Function:

Descriptive statistics: Measures of central tendency and variability (e.g., mean,

median, standard deviation) were reported.

Inferential statistics: Repeated measures ANOVA was used to analyse differences
between groups. Effect sizes were reported using Cohen’s d to indicate the strength

of the observed effects.
c) Balance:

Descriptive statistics: Balance data were summarised using means and standard

deviations.

Inferential statistics: Paired t-tests and MANOVA were used to assess the effects of
interventions on balance. Effect sizes were calculated using Cohen’s d to evaluate

the practical significance of the findings.
d) Physical Performance (Muscle Strength):

Descriptive statistics: Means, standard deviations, and ranges were reported for

muscle strength measurements.

Inferential statistics: ANCOVA was used to evaluate the impact of placebo and MPH
on muscle strength. Effect sizes were reported using Cohen’s d to quantify the

magnitude of the intervention effects.

Cohen’s d: Used for t-tests, ANOVA, and pairwise comparisons, with values

interpreted as small (0.2), medium (0.5), and large (0.8).

e) Cardiac Electrical Activity:

Descriptive narrative summarises the data in the results
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5. Ethical considerations

Ethical clearance for this study was obtained from the HREC (Human Research Ethics
Committee-Medical, of the University of Witwatersrand, Johannesburg, South Africa)
before the start of the study (clearance number 180611, Addendum K) and further
permission to extend recruitment (Addendum L). Each participant was provided with
an information document, and any queries addressed before signing informed

consent.

The study was conducted following standard ethical guidelines related to
confidentiality, privacy and anonymity. Participants were assigned a code, and
outcome measures were captured using the code and non-identifiable information.

Codes were kept separate in a secure location.

Data will be stored safely in a secure environment by the researcher for a period of

five years after which all information will be destroyed.

6. Budget and Funding:

A detailed budget was formulated, encompassing expected expenditures. This was
partially funded by a grant from the National Lottery Distribution Trust Fund (Grant
number: 19011). The balance of the budget was self-funded.
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4. CHAPTER 4 - RESULTS

Data analysis involved consolidating the data into the three test collection periods’:
baseline, with placebo and with MPH. The results present the findings from the
descriptive and inferential analyses of the data. Observations with missing values were

excluded from the analysis.

4.1Demographic characteristics

The participants were mostly female (n=27, male=3). Of the 30 participants, 28
completed all data sets at baseline, after capsules A and after capsules B. Data
analysis was performed where there were complete data sets. The mean age of all
was 30.2 years (M 40.0 years [27-53], F 29.1 [19-54]). Males tended to be taller (M
168.0+6.0; F 161.8+8.0cm) and weighed more than the females (M 82.0+18; F
68.8+13.0kg) with greater BMI's (Table 1). There were no significant changes in
weight/BMI’s during the study period (p=0.99).

Data for age and sex were aggregated for analyses.

Table 4.1: BMI data for females (n=25) and males (n=3) Data are presented as

means and standard deviation (SD).

Females (n=25) Males (n=3)
Baseline Placebo MPH Baseline Placebo MPH
MeanzSD MeanzSD Mean=SD Mean=SD MeanzSD MeanzSD
BMI
(kg/m?) 26.3%5.0 26.2+4.9 26.2+4.8 29.1#4.0 29.0£4.0 29.2+4.0

SD standard deviation. MPH methylphenidate

4.2Physiological Parameters

4.2.1 Heart Rate
The mean resting heart rate at baseline was 79 + 12 bpm. The mean + SD after

placebo was 73 + 14 bpm, and after MPH it was 74 £ 14 bpm. A few baseline resting
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HR measures were noted to be higher than those with placebo or MPH, which may
have been related to anxiety.

There was a significant difference between baseline and placebo (1(28)=2.22,
p=0.034), with the baseline resting heart rate higher. There was a tendency for the
baseline to be higher than that of the MPH group, but not significantly different.
(t(28)=1.57, p=0.064). No significant difference was noted between placebo and MPH
readings (p=0.7) (Table 4.2).

Table 4.2 Participant Heart Rates (bpm)

Participants

Code
Sex Baseline Placebo MPH
8188 F 84 73 81
8191 F 84 85 85
8193 F 78 77 78
8194 F 58 64 90
8198 F 110 110 105
8199 F 77 78 82
8200 M 71 74 63
8201 F 73 76 78
8202 F 65 76 85
8203 F 93 89 100
8205 F 73 84 84
8206 M 81 70 72
8207 F 75 71 70
8208 F 83 80 78
8209 M 65 58 77
8213 F 78 84 86
8214 F 77 83 64
8212a F 79 84 75
8189 F 84 54 55
8190 F 65 65 65
8192 F 92 89 87
8195 F 66 60 60
8196 F 85 53 54
8197 F 100 48 48
8204 F 94 58.8 60
8210 F 90 48 49
8212b F 85 71 71
8213b F 61 69 71
Mean+SD 7912 7314 74%14

MPH methylphenidate, M male, F female, SD standard deviation
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4.2.2 Blood pressure
There were no significant differences in systolic blood pressure between baseline and
placebo ((t(28)=1.41, p=0.17) and MPH groups (t(28)=0.63, p=0.54) respectively and
between the groups (p=0.66). (Table 4.3).

There were no significant differences in diastolic blood pressure between baseline and
placebo (baseline vs placebo (1(28)=0.7, p=0.49) and MPH groups (t(28)=0.65,
p=0.52) respectively and between the groups (p=0.69). (Table 4.3).

Table 4.3 Participant Blood Pressure (mmHQ)

Participants Baseline Placebo MPH

Code

Sex SBP DBP SBP DBP SBP DBP

8188 F 127 79 117 83 118 82
8191 F 115 79 120 86 116.5 75
8193 F 134 94 128 92 130 90
8194 F 140 98 134 99 129 102
8198 F 115 82 116 83 105 75
8199 F 123 72 119 75 119 72
8200 M 131 92 133 96 118 87
8201 F 123 89 110 90 123 95
8202 F 125 86 120 84 118 100
8203 F 120 87 134 90 144 93
8205 F 105 72 105 76 108 71
8206 M 129 83 110 81 130 82
8207 F 114 83 102 80 101 70
8208 F 110 73 108 70 104 72
8209 M 131 91 137 99 147 84
8213 F 116 73 109 77 106 77
8214 F 122 81 109 79 100 77
8212a F 108 78 125 86 137 88
8189 F 113 80 111 70 118 76
8190 F 118 88 110 77 122 80
8192 F 112 80 121 85 119 85
8195 F 124 82 109 72 124 78
8196 F 115 85 113 78 98 66
8197 F 117 83 120 68 112 80
8204 F 114 81 92 69 108 77
8210 F 113 74 114 76 117 80
8212b F 113 72 115 74 117 78
8213b F 113 72 127 71 114 73
Mean+SD 119+8 82+7 11711 81+9 118+12 819

MPH methylphenidate, M male, F female, SBP systolic blood pressure, DBP diastolic blood pressure, SD standard deviation
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4.2.3 Cardiopulmonary Exercise Testing (CPET)

As part of the study objectives, cardiovascular responses were assessed using
cardiopulmonary exercise testing (CPET). This approach was chosen because such
measures are frequently incorporated in research investigating effects on
cardiovascular and physiological functions, and, in this study, the effect of
methylphenidate (a stimulant) has the potential to influence these parameters. Table
2.1 from the literature review chapter is also shown here for easy reference and
outlines the parameters along with their explanations.
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Table 2.1 Physiological parameters measured during CPET

Measurement

Description

Respiratory Exchange ratio (RER)
at maximum test

V0zpeak Ml/kg/min

VT (ml.min"t) Ventilatory Threshold

VOz2 mlkg/min at
threshold

ventilatory

VT as % of VOzpeak (VO2 at VT /
VOZpeak)

VE/VCO: slope

VOz/work rate (ml/min/watt)

Oxygen Uptake Efficiency Slope
(OUES)

VO2/VE) (ml/min 02)/L/min )

Oxygen pulse (ml/beat)

Describes ratio of CO2 output to Oz uptake (V'CO2/V'02) as a function of
time and reflects patient effort (RER at least = 1). Depends on rate of
lactate increase during progressive exercise.

Maximum volume of oxygen in millilitres consumed per minute per
kilogram of body weight

Point at which VCO:2 deviated from linear relationship with V0. Indicative
that oxygen-dependant energy systems are starting to contribute
relatively more to energy production with slight increase in blood lactate
levels above resting levels.

Oxygen volume consumed at VT

Metric for assessing endurance capacity. Indicates intensity at which one
can sustain exercise before experiencing significant increase in breathing
rate due to accumulation of metabolic by-products.

Volume of CO: expelled per litre of air ventilated. Indicates ventilatory
efficiency. Increase in slope indicates increased dead space ventilation in
lung, pulmonary vascular disease or pulmonary limiting disease.

Measure of efficiency of oxygen uptake relative to work being performed
and helps to assess efficiency of cardiovascular and respiratory systems
during exercise. The higher the value, the better the efficiency.

Parameter to assess efficiency of body’s oxygen uptake during exercise.
A higher value indicates more efficient oxygen uptake. Can also provide
insight at submaximal exercise effort.

Ratio indicates how much oxygen being consumed by body for each litre
of air ventilated and assesses efficiency of respiratory system. A higher
VO2/VE ratio suggests efficiently using oxygen taken in indicating good
respiratory and cardiovascular function.

A proxy for stroke volume and predictor for coronary artery disease and
all-cause mortality

After: (Interpreting The Cardiopulmonary Exercise Test, 2018) (Haley et al., n.d.) (Uchida, 2018) (Respiratory
Formulas, Calculations, and Equations (2025), n.d.) (Crisafulli et al., 2007) (Laukkanen JA, Kurl S, Salonen JT, et
al, 2006)
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The following data were extracted from the CPET: VO2 peak, First Ventilatory Threshold
Deflection Point (VT1), VT1 as % of VO:2 peak, VE/VCO: slope, VO2 Work Rate
(ml/min/watt), and Oxygen Uptake Efficiency Slope (OUES) and Oxygen Pulse
(ml/beat)

The VO2 peak (Figure 4.1) and oxygen pulse did not significantly differ between the
groups (Table 4.4). The VT1 between groups did not differ significantly (p=0.22) with
wide variability (Figure 4.2), although the numbers may suggest a trend towards an
MPH effect, with a small effect size of 0.23 (Cohen’s d). The VO: at the first VT
deflection point, indicating oxygen consumption at the point where increasing oxygen-

dependant energy systems are activated, were similar (Figure 4.3).

Table 4.4 Oxygen-related CPET parameters

Baseline Placebo MPH p
Parameter
VOzpeak (Ml/kg/min) 25.9+5.5 26.9+6.1 26.5+6.1 0.82
VT1 16.1+4.6 16.9+4.3 18.246.1 0.34
VT1 % VOzpeak 62.0+15.8 62.9+16.5 67.1+165  0.52
Oz Pulse (ml/beat) 10.542.7 11+3.3 10.5+3.2 0.85

Data are presented as means + SD. SD standard deviation. MPH methylphenidate
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VO, ,c.x Measurements During CPET:
Individual Variability and Trends
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Figure 4.1 VOzpeak Individual Variation

VT1 Measurements During CPET:
Individual Variability and Trends
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Figure 4.2 First Ventilatory Threshold Deflection Individual Distribution

Similarly, VT1 as a percentage of VO2z peak did not significantly differ between groups
(Figure 4.4); however, there were variations in this parameter when differentiated for
zones at baseline (i.e. up to 50% of VO3, 51-75% and >75%) differed for individuals
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(data by individual code) with placebo and MPH (Figure 4.4). However, VT1 as a
percentage of VO2 between groups was not significantly different (p=0.52) (Figure 4.4)
and Cohen’s d test indicates a small effect size (0.26). No differences were noted in

the slopes (Table 4.5), indicating no differences in ventilatory or respiratory efficiency.
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Figure 4.3 Oxygen Consumption Means at First Ventilatory Threshold Deflection
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Table 4.5 CPET Slopes

Baseline Placebo MPH p
Parameter
VE/VCO, slope 43.2+11.5 45.5+13.8 46.2+12.0 0.66
VO,/work rate slope 11.7+3.8 12.0+3.2 10.8+3.2 0.47
(mU/min/watt)
Oxygen uptake 1.9+0.7 1.9+0.7 1.8+0.7 0.73

efficiency slope
(OUES) VO,/VE)
(mU/min 0,)/L/min))

Data are presented as means = SD. SD standard deviation. MPH methylphenidate

4.2.4 Neurocognitive Function

The CNS Vital Signs test is a non-invasive and adaptable computerised
neurocognitive assessment tool that objectively measures brain function during
cognitive stress with millisecond-level accuracy (CNSVS-
BriefinterpretationGuide.Pdf, 2024). It evaluates a wide range of cognitive domains
quickly and effectively, incorporating over 50 evidence-based rating tools to detect
clinical symptoms, behaviours, and coexisting conditions. It enables repeated

assessments to track neurocognitive changes over time.

CNS Vital Signs is a computerised cognitive assessment tool that evaluates various
brain functions, including memory, attention, processing speed, and executive
function. Test results are presented as raw scores, standard scores, and
percentiles, which provide insight into cognitive performance compared to normative
data. CNS Vital Signs generates raw scores for each cognitive function tested. These
raw scores reflect an individual’s performance on reaction time, accuracy, and memory
recall tasks. However, raw scores alone lack context, so they are converted into

standard scores and percentiles for meaningful interpretation.
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Standard scores are calculated from raw scores and adjusted to fit a normal
distribution with a mean of 100 and a standard deviation of 15. This system allows for
easy comparison across different cognitive domains and age groups. Thus, 115 and
above (=21 SD above the mean) indicates superior cognitive performance; 85-115
(within £1 SD of the mean) falls within the normal range, and 70-84 (1-2 SD below
the mean) suggests below-average cognitive performance. Below 70 (22 SD below
the mean) indicates significantly impaired cognitive function, which may require further

assessment.

The percentiles provide a ranking system that compares an individual’s performance
to a normative reference group. The percentile value indicates the percentage of
people in the normative group who scored lower than the individual. Thus, the 50th
Percentile represents the median, or average, performance; the 75th Percentile
Means the individual scored better than 75% of the reference group; and the 25th
Percentile Indicates performance higher than only 25% of the reference group. As an

example of interpretation, suppose an individual receives the following results for:

Memory:

e Standard Score: 92
« Percentile: 30

What This Means:

o A standard score of 92 falls within the 85-115 range, indicating average

cognitive function.

o A percentile rank of 30 suggests the individual performed better than 30% of

the reference group, which is still within the normal range.

Considerations and Limitations

« Normative Comparison: Results are benchmarked against a reference

population, so interpretation depends on the quality and relevance of that data.

« Context Matters: Factors like age, education, medical history, and other

personal variables should be considered when evaluating results.

The following scores and indices were analysed (Table 4.9) and presented in a report
(Figure 6.1).
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neurocognitive index standard score
neurocognitive index percentile
composite memory participant index
composite memory standard score
composite memory percentile
verbal memory participant score
verbal memory standard score
verbal memory percentile

visual memory participant score
visual memory standard score
visual memory percentile
psychomotor speed participant score
psychomotor speed standard score
psychomotor speed percentile
reaction time participant score
reaction time standard score
reaction time percentile

complex attention participant score
complex attention standard score
complex attention percentile
cognitive flexibility

processing speed participant
processing speed standard
processing speed percentile
executive function participant
executive function standard
executive function percentile
simple attention participant

simple attention standard

simple attention percentile

motor speed
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Table 4.9: Description of CNS Vital Signs Clinical Domain

CNS Vital Signs Clinical Domain Description

Single Test Domain

Multiple Test Domain

Meurocognitive '

Index (NCI)

Measure: An average score dertvad from the domain scores or a ganeral assassment of the overall neunscognitive
status of fhe patient. Relevance: Summarny views tend §o be most informa@ve when avaluading & population, a
m-:lil:nmhgcry and outcomes.

Measure: How wel auh;act-:m recognize, remamiber, end rersve words end gacﬂmﬁ;um& Relewancea:
Ramembering a schaduled test, recaling an appointment, faking medications, and attending class.

Measure: How well subject can recogniza, remamiber, and retrieve words. Relevance: Reamembering a schaduled
test, rsfalnganapq:-:lrmrr. lalmg medicetions, and umn:lng cess.

Measure: How wel subject can recognize, remamiber and retrieve gammigjras Relevance: Hmramha‘ng
grm:hr: mnstnactions, na‘vr;ahng |:||:-E|ra1ng machinas, m:dlng I'nagaa andior remember a calendar of avents.

Heasure Huw wal a Eul:nrad peEives, attanda resmnwsud-patmplud nfmnmtu:ﬂ md |:-E|ri:|m1s miator
spead and fine motor coordination. Relevance: Ability preform simple: motor skils and dexterity through cognitive
funcdions i.e., use of precision instruments or tools, peroming mental end physical coordinadion iLe., diwing a car,
playing a musical instrument.

Measure: How quickly the subject can readd, in millsacands, 1o a simple and inoeasingly complex direction set
Relewance: Driving a car, ettending fo corversation, frecking and responding to & set of simple instructions, Eking

bngarhdaut:l&nhalraspm‘mb:rrﬂa

Measure: Abiity to treck and respond to a veniety of stimuli over lengthy periods of fime andlor perferm mental
tesks requiring viglanca quickly and accurately. Relevance: Selfregulation and behavioral comtral.

Measure: How wel subject is able to adapt o repidly changing and increasingly complex sai of directions endlor o
manipulata the information. Relevance: Reasoning, switching fasks, decision-making, impulse control, strategy
foemnation, attending i conwarsation.
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Table 4.9 Cont’d: Description of CNS Vital Signs Clinical Domain

Measure: How wal subject is sble 1o adegt to repidly changing and increasingly complex sat of directions end/or o

mﬁe manipulata tha information. Relevance: Reasoning, switching tasks, decision-making, impulse confrol, strategy
Iy formation, attending 1o convarsatian.
P i Meazsure: How well & subject recognizes and procasses indormation ie., percaiing, etfendingrespanding to incoming
g ne information, mator spesd, fine mobtor coondination, and visual-percepiual sbility. Relevance: Abilty fo recognize and
poed respondireact ie., filness-fo-drive, oocupation issues, possible dangarfisk signs or issuss with accuracy end detsil.
£ i Measure: How wal a subject recognizes nules, cateqonas, end manages or navigeies rapid decision making.
Eunction Relevance: Abiity to saquance tasks and manage muliple tasks smultanaously &= well &5 trecking and responding

1o a set of instnuctions.

Simple Measure: Abilily to frack and respond o & single defined stimulus over lkangiy pariods of fme whils performing

Attention vigilance and response inhibifion quickdy end accurately. Relevance: Sali-egulation and simple attention comtrol.
Maotor Measure: Abiity o perform movements fo produce and safisfy an intenfion towands a manuwal action and goal.
Speed Relewance: Praparation end production of simple manual dexterity scions e.g. manipulaba nd maneuver objacts.
Sodial Measure: How wall a subject can perceive, process, and respond fo emobional cues. Relevance: Specium
Acu screan, ahility fo recognize social cues or read facial espressions. Provides insight into inapproonate baheior,

ity decreesad inhibition, insansiiivity fo social stendards, and social behawiaral reguiation.

Reasoni Measure: How weal is subject sble o recognize, reason and respond to non-werbal visual-absiract stmul

ne Relewance: Problem solving skills, ability to forge insights, discern meaning, and ability io parceive ralationships.

Sustained Measure: How wal a subject can direct and focus cognitive activity an spaciiic stimull. Relevance: How well

Attention subjecd can focus end complede tesk ar activity, sequence action, and focus during complex Shought

Waorki Measure: How wall a subject can perceive and attend bo symbols using shark-term memony processas (4PCPT).

ne Relevance: Abiity to camy out short-tesm memory tesks that support decision making, problem sching, planning,

Memory and execution.  Enables “right-now” respanses.
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CNS Vital Signs Test Report Example ..Current Cognitive Status View

-..is outo-scored from computerized versions of VENERABLE NEUROPSYCHOLOGICAL TESTS. The results measures the MILUSECOND
PRECISE SPEED and ACCURACY of a patient’s responise. TOTAL TESTING TIME depends on the number of tests and rating instruments sefected.

CNS Vital Signs Clinical Report Test Date: July 23 2012 10:48:38

Subject Reference ID: Case Study Example Administrator: Technician

Age: 27 Language: English (United States)

Total Test Time: 29:40 (min:secs) Version 3,2,0,34

Percenthe Range >74 25-74 9-24 | 2-8 <2

] Patient Profile: Standard Score Range 3 1 > 109 90 109 "o - 69 0 19 <0

Domain Scores Sabject | Standard | percentile | vI** Above | Average | ,Low Low | VeryLow
| Newrocognition Index (NCT) KA L5 16 Yes *

Compasite Memaory 102 103 58 Yes x

Verbal Memory 51 Yes -
| Visual Momory 51 Yeou

Psychomotor Speed 174 Yes x . 2 .
 Reaction Tinwe* 555 68 Yes = -
| Complex Attention* 21 1 | Yes

Cognitive Flexibilty 26 1 Yes
| Processing Speed 48 8 Yes

Fxmcutive §Function e 5 You

Seenple Attention 40 108 70 Yes x

Motor Speed 124 105 63 Yes x

Domain Dashboard: Above average doman scores ndcate a standard score (SS5) greates thas 10901 a Percontie R PR) greater than 74, indicatng a hgh
funcoonng test subject. Average & 3 55 90.1090r PR 2574, ndcating nommal function. Low Average & a 55 80.89 <24 ndcatung a sight defice or
rmpaimant, Beow Avernge i 0 55 70-79 0r PR 2-8, ndcabng » modenste level of de

ndicasng » defiot and rmparmest, Reacton trmes are n miseconds. An * denotes

e by e e e 1ot the enaitty o ws 4 The CNS Vital Signs Neurocognitive
ot not the test subnpect indearstood the u-u put forth lhnv bext uﬂ’nr‘ or has » dneal Assﬁmt Repon is designed to pfesent the

ki ’:""'”"“m Soore 9'-.':‘ M:" | testing results in a SUMMARY DOMAIN
crect His imnuthate : | Verbal Me a n . nn
I’.‘oluxlhn‘u Immudate 14 o5 37 field of 15 DASH - - and a on.‘luo Rm
e messures S format immediately following the testing
Cnuuiﬂu D-hy ° 85 16 of attend & ) 2
ooy = 53| meiwordy session. Thg CN.S. Vital Signs reports are
Viswad Memary Test (VIM) Sirs | Stnaded | Parcaniis !oglcal and. intuitive mal;mg the reports
Coerwet Hits - Immadata | 13 107 55 vismal Menf INtErpretation by a qualified health
ComectPasses - Immedate | 14 17 | a7 | wemnaid professional relatively straightforward. All

- - - - 4 Test measy . -
Comectivts ~Delry | 13 |WININ 77| rowns <5 1 assessment results should be considered with

T the number

Corect Passes - Delay [ 11 ) 32 other relevant clinical information such as
Finger Tappng Test (FIT) | Score | Standard | Percentite | history, physical examination, other
Rot Tapsavernge | 64 [N S ens ] psychological or neuropsychological tests,
Lot Taps Aversgn | 60 105 8 el lab results, imaging studies, etc., in
Symibol Digit Codng (SDC) | Score | Standard | Percentibe | accordance with good clinical practice
Cornwet Risporus | | SO & 9 e soc ef Standards.
Evtors' 2 92 » . f:mr\c‘:?:::otu'
Stroop Test (S1) Score | Standard | Percentile
Smple Reaction Time* 23 108 7 The ST meq
Complex Reacton Trne Comect® | 542|100 s fewwiw e N Serial administered  Longitudinal View
Stroop Rescbon Trme Cormmet® | 568 79| ndeate cooff peurocognitive tests .
Streop Commason Ernon® 8 -1: ] can also be M——
Shilting Attention Test (SAT) | Score | Standard | Percentile :

Correct Responses a7

Comect Reaction Time*

presented in a

(ce1)

] Cnmxt knpomn

1003
Continuous Performance Test Score Standard | Percentile
40

Commasontmors® | O

82 12 The SAT me
o[> | ] LORSTUOINAL
97 | wncorex | REPORT format to
stacosael track disease
progression,

104 41| e cor mf] OUtCOMeS, of
208 a1 | rmoms sull treatment effects. { —— — B

——— 4 Seggest g
108 70 | dncaly sy

Choke Reacuon Time Correct® 400

Figure 4.5 CNS Vital Signs Report (CNSVS-BrieflnterpretationGuide.Pdf, n.d.)
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Several statistically significant differences were observed between baseline and
placebo, as well as between baseline and MPH at the 0.05 significance level (Table
4.10). The effect sizes for these comparisons were large, with d = -2.13 for Baseline
vs. Placebo and d = -1.89 for Baseline vs. MPH. However, no significant difference

was found between Placebo and MPH, with a small effect size (d = 0.15).
Moderate effects were observed in:

o Reaction Time (Participant Score): Reduced in MPH group.

o Reaction Time (Standard Score): Higher in placebo and MPH groups.
o Complex Attention (Percentile): Higher in placebo and MPH groups.
o Executive Function (Percentile): Higher in placebo and MPH groups.

Small-to-moderate effects were seen in:
o Processing Speed (Percentile): Higher in placebo, lower in MPH.

No statistically significant differences were found across the majority of conditions for

cognitive parameters.

In addition to Table 4.10, results are displayed in histogram figures for ease of visual
perception. They provide a clear way to represent data distributions, making it easier
to visually see patterns, trends, and outliers (Figures 4.6-4.37). They show means and

standard deviation bars to show the precision of the means.
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Table 4.10 Neurocognitive Performance Metrics Across Conditions

Mean+SD p-value Cohen’sd Cohen’s” Cohen’sd
(Baseline Effect Size
Parameter (Baseline (Baseline (Baseline vs VS (Baseline vs .
Interpretation
Placebo S placebo, placebo, placebo,
MPH) placebo, baselinevs baseline baseline vs
baseline MPH, vs MP MPH,
vs MPH, Placebo vs H, Placebo vs
Placebo MPH) Placebo MPH)
vs MPH) vs MPH)
Neurocognitive 68.6+29.1 0.41
Index (Standard 77.4+34.6 0.61 -0.27 -0.17 0.11 No effect
Score) 73.7+31.5 0.74
Neurocognitive 17.9+23.1 0.53
Index el 04 019 024 oos  Noeffect
(Percentile) e ) '
Composite 93.3114.1 0.82
Memory 92.1+16.3 ' 0.15
(Participant 89.7+15.7 0.46 0.07 0.24 No effect
0.64
Index)
. 73.5+28.1
Composite 0.57
Memory ;g%ﬁg? 0.55 -0.19 -0.19 0003 N effect
(Standard Score) e 0.99
Composite 21.04£28.1 0.62 0.13
Memory 26.0+£32.3 0.94 -0.16 -0.03 No effect
(Percentile) 21.7£30.7 0.68
Verbal Memory jggfgé 0.59 0.57
(Participant 4208 7 0.96 -0.18 0.02 No effect
Score) e 0.57
Verbal Memor 76.8127.1 0.97 0.68
(Standard Sco);e) 77.1+32.3 0.94 -0.02 -0.06 No effect
76.1+£30.7 0.92
20.0+28.1 0.92 0.13
Verbal Memory 26.0+32.3 ' } 0.11 No effect
. 0.74 0.03
(Percentile) 21.7430.7
0.68
41.847.1
Visual Memory 43.5+8.3 0.49 0.00
(Participant 43.5+7.7 0.47 -0.22 -0.23 : No effect
Score) 1.00
_ 89.2+19.1 054
Visual Memory 93.3+22.3 0-71 -0.20 -0.12 0.08 No effect
(Standard Score) 91.6+21.7 0'81 ) '
. 25.0+29.1 0.31 0.09
Vp|sua| Ntl_elmory 35.1+32.3 0.45 -0.33 -0.24 No effect
(Percentile) 32.3+30.7 0.79
Psychomotor 140.1+59.1 0.72 0.20
Speed 146.5+54.3 ' ) 0.09
(Participant 134.9+62.7 %‘283 0.11 No effect
Score) '
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Mean+SD p-value Cohen’sd Cohen’s” Cohen’sd

. . . (Baseline . Effect Size
Parameter (Baseline (Baseline (Baseline vs Vs (Baseline vs .
Interpretation
Placebo S placebo, placebo, placebo,
MPH) placebo, baselinevs baseline baseline vs
baseline MPH, vs MP MPH,
vs MPH, Placebo vs H, Placebo vs
Placebo MPH) Placebo MPH)
vs MPH) vs MPH)
Psychomotor 65.4+39.1 0.46 0.16
Speed (Standard 73.7+34.3 0.86 -0.23 -0.05 No effect
Score) 67.6+£42.7 0.61
Psychomotor 22.7+29.1 0.57
Speed 28.3+34.3 0.77 -0.18 -0.09 0.09 No effect
(Percentile) 25.4+30.7 0.77 '
Reaction Time 750.5+£209.0 0.26 0.09
(Participant 681.5+174.3  0.21 0.36 0.40 No effect
Score) 663.3+230.7 0.78
Baseline vs
i i -0.16 placebo borderline
Reaction Time 62.0£34.1 0.05 ’ significant.
(Standard Score) 81.8+29.3 0.04 0.62 0.66 Baseline vs MPH
87.5+42.7 0.63 statistically
significant.
19.0+29.1 0.56 -0.06
Reaction Time 24.7+32.3 ’ -0.18 -0.26
(Percentile) 26.7+30.7 0.42 Small effect
0.84
Complex 24.5+32.7 0.71 -0.17
Attention 20.5+41.2 ) 0.11 -0.08
(Participant 27.8+45.7 0.77 No effect
0.54
Score)
Complex 24.9+106.2 0.58 0.08
Attention 43.3+123.5 081 0.16 -0.07 No effect
(Standard Score) 33.2+129.9 0.78
Complex 24.8+27.5 0.10 0.13 Moderate increase
Attention 39.6+32.7 023 049 -0.35 with MPH
(Percentile) 35.6+32.5 0.66
Coghnitive 26.0+27.2 <0.001 0.15
Flexibility 86.9+29.5  <0.001 2.1 -1.89 No effect
(Standard) 82.3+31.2 0.61
Cognitive 19.1+26.2 0.04 0.29
Flexibility 35.7+30.5 0.44 -0.59 -0.22 No effect
(Percentile) 26.0£35.2 0.30
Processing Speed  47.1+17.2 0.15 0.15
(Participant 53.8+16.5 0.38 -0.41 -0.25 No effect
Score) 51.3+16.8 0.60
. 83.1+22.3 0.23 0.30
Processing Speed 90.1+20.5 0.90 -0.34 -0.040 No effect
(Standard Score) 83.9+20.8 0.29
No statistically
0.16 S|_gn|f|cant
Processing Speed 0.19 differences Small-
(Percentile) 23.8+28.2 0.48 -0.37 -0.20 moderate effect
34.8+31.5 0.58 between baseline
29.9+32.3 and placebo, lower

effect with MPH
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Mean+SD p-value Cohen’sd Cohen’s” Cohen’sd

(Baseline Effect Size
Parameter (Baseline (Baseline (Baseline vs Vs (Baseline vs Interpretation
Placebo S placebo, placebo, placebo,
MPH) placebo, baselinevs baseline baseline vs
baseline MPH, vs MP MPH,
vs MPH, Placebo vs H, Placebo vs
Placebo MPH) Placebo MPH)
vs MPH) vs MPH)
Statistically
significant
differences
Executive 251+263  0.02 oot piasate
. .1+26. . and both placebo
(F;;rfité?;an t 39.7t165 004  -0.67 -0.59 0.01 and MPH, with
Score) 39.5+20.8 0.97 moderate effect
sizes. No
differences
between placebo
and MPH.
Executive 68.1+32.2 0.01 0.10
Function 89.1+23.5 0.04 -0.76 -0.61 No effect
(Standard Score) 86.5+26.8 0.72
Executive 18.7+25.2 0.04 0.17 Moderate increase
Function 35.1+30.5 0.23 -0.59 -0.34 ith MPH
(Percentile) 29.3+35.2 0.53 wi
Simple Attention 30.9+24.2 0.51 -0.01
(Participant 25.1+32.5 0.54 0.20 0.18 No effect
Score) 25.3+35.2 0.98
. . -0.15+316.2  0.66 0.00
Simple Attention 50.7+4325  0.71 0.14 0.11 No effect
(Standard Score) g4 7,5355  1.00
. . 30.4+27.2 0.45 -0.12
Simple Attentlon 36.8+30.5 0.27 -0.22 -0.34 No effect
(Percentile) 4074323  0.67
77.7£45.2 042 0.36
Motor Speed 87.1+37.5 0.58 -0.23 0.15 No effect

70.5+50.4 0.19
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Figure 4.9 Psychometric Composite Memory Standard Scores
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Figure 4.12 Psychometric Verbal Memory Standard Scores
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Figure 4.15 Psychometric Visual Memory Standard Scores
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Figure 4.17 Psychometric Speed Participant Scores
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Figure 4.22 Psychometric Complex Attention Participant Scores

70
60
50
40
30

Score means

20
10

Complex attention standard

56.6
I 49.9
Complex attention Complex attention Complex attention
standard baseline standard placebo standard MPH

Complex attention standard by group

Figure 4.23 Psychometric Complex Attention Standard Scores

115



Complex attention percentile

60
43.6
50 40.6
2 40 {
o 25.9
E 30
o
3
& 20
10
0
complex attention complex attention complex attention
pecentile baseline pecentile placebo pecentile MPH

Complex attention percentile by group
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Figure 4.27 Psychometric Processing Speed Standard Scores
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Figure 4.28 Psychometric Processing Speed Percentile Scores
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Figure 4.29 Psychometric Executive Function Participant Scores
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Figure 4.31 Psychometric Executive Function Percentile Scores
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Figure 4.33 Psychometric Simple Attention Standard Scores
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4.2.5 Balance

Methylphenidate has been shown to enhance postural balance in adults with ADHD
(Alotaibi et al., 2022; Alotaibi et al., 2023) and in healthy older adults (Ben-ltzhak et
al., 2008; Shorer et al., 2013). However, its potential effects on postural balance in

healthy younger adults remain unexamined.

The Modified Clinical Test of Sensory Interaction on Balance (mCTSIB) was used to
measure postural balance using four scenarios: Eyes open on an (i) unstable (foam)
surface and (ii) stable (firm) surface, and with eyes closed on an (iii) unstable (foam)

surface and (iv) stable (firm) surface.

There were no significant differences between the groups with eyes open on a firm
surface (p=0.74), eyes closed on a firm surface (p=0.98), eyes open foam surface
(p=0.78), and eyes closed on foam surface (p=0.55) (Figure 4.38, Figure 4.43).

Individual differences were likewise similar, with no differences on placebo or MPH
relative to baseline tests, as depicted in radar graphs (Figures 4.39 - 4.42). One outlier
was noted with eyes open on an unstable surface in the MPH group (Figure 4.38 and
Table 4.6).

Postural balance

Individual scores

Figure 4.38 Composite Graphic of Postural Balance Tests
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Figure 4.40 Postural Balance Eyes Closed Firm Surface for Individuals
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Figure 4.41 Postural Balance Eyes Open Unstable (foam) Surface for Individuals
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Table 4.6: Postural Balance Scores for Individuals

Eyes Eyes Eyes Eyes Eyes Eyes Eyes Eyes Eyes Eyes Eyes

Closed Open Closed Open Closed Open Closed Open Closed Open Closed
g Firm Foam Foam Firm Firm Foam Foam Firm Firm Foam Foam
:g Baseline Baseline Baseline Placebo Placebo Placebo Placebo MPH MPH MPH MPH
g
1 0.73 1.44 3.06 0.71 1.01 0.94 2.26 0.61 0.90 1.10 2.80
2 0.71 1.20 2.40 0.43 0.90 1.10 3.18 0.47 0.71 1.01 4.00
3 0.82 1.10 3.20 0.71 1.20 1.30 3.40 0.71 1.72 1.99 3.66
4 0.59 0.91 3.33 0.64 0.70 1.10 3.10 0.70 0.68 1.00 3.10
5 0.61 0.82 2.53 0.48 0.69 1.06 1.99 0.51 0.63 1.10 2.01
6 0.63 0.78 2.19 0.51 0.65 0.81 2.00 0.39 0.58 0.77 1.99
7 0.67 1.23 2.54 0.42 0.82 1.07 3.26 0.46 0.66 0.99 4.00
8 0.87 1.38 3.30 0.61 1.18 1.40 3.55 0.68 1.67 2.04 3.88
9 1.08 1.21 4.28 0.44 0.86 0.93 2.20 0.42 0.87 1.01 2.57
10 0.64 0.81 2.01 0.45 0.63 0.77 2.19 0.42 0.58 0.89 2.20
11 2.10 1.14 3.71 0.51 0.87 1.10 3.09 0.58 0.99 1.10 3.21
12 0.43 1.52 2.28 0.48 0.51 1.32 2.18 0.44 0.61 0.79 2.04
13 0.59 1.10 3.78 0.40 0.85 0.98 3.70 0.56 1.00 0.79 3.01
14 1.04 1.21 3.43 1.23 1.01 1.32 3.40 1.10 1.20 1.41 3.10
15 1.03 1.15 3.05 0.68 1.05 1.30 3.40 1.40 0.98 1.21 3.72
16 1.12 1.12 4.03 0.62 1.01 1.30 4.10 0.79 1.07 1.12 3.12
17 0.82 1.27 3.30 1.15 0.75 1.00 2.42 0.94 0.78 1.22 2.36
18 1.01 0.90 4.52 0.51 0.97 0.89 4.61 0.61 0.70 0.96 3.72
19 0.95 1.32 2.68 1.42 1.10 121 2.60 1.10 1.32 1.10 3.10
20 0.82 0.84 231 1.30 0.92 0.78 2.30 1.10 0.87 0.92 2.20
21 1.30 1.60 2.40 1.80 1.44 1.42 2.90 1.70 1.34 1.20 2.60
22 1.20 1.30 2.20 0.90 1.62 1.24 2.70 0.67 1.40 1.60 2.60
23 3.05 3.17 7.24 1.20 1.60 2.30 2.15 0.77 0.95 1.08 2.15
24 1.11 1.43 2.72 1.40 1.20 1.20 2.50 0.90 1.20 1.52 2.40
25 0.76 0.96 251 1.04 0.75 1.19 3.03 0.83 1.20 0.99 2.84
26 1.02 1.72 3.84 0.78 1.08 1.35 3.92 0.76 1.12 1.55 481
27 0.49 1.14 2.06 0.57 0.95 121 1.62 0.89 1.07 111 2.73
28 1.28 1.20 3.14 1.09 1.13 1.65 3.54 0.98 1.32 1.79 3.23
Mean 0.98 1.27 3.18 0.74 0.98 1.16 2.96 0.73 1.00 1.19 3.07
+SD +0.56 +0.56 +1.14 +0.32 +0.29 +0.23 +0.77 +0.29 +0.35 +0.33 +0.89
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Table 4.7: Postural Balance Means, Standard Deviations, Effect Sizes, and
Confidence Intervals

. Mean+SD Mean+SD
Condition Cohen’s d 95% CI (Placebo) 95% CI (MPH)
(Placebo) (MPH)

Eyes Open Firm 0.64+0.3 0.64+0.25 0.01 (0.551, 0.719) (0.554, 0.720)
Eyes Closed Firm  0.89+0.27 0.91+0.29 0.06 (0.796, 0.981) (0.808, 1.003)
Eyes Open Foam 1.11+0.28 1.11+0.28 0.00 (1.016, 1.205) (1.018, 1.206)
Eyes Closed Foam 2.99+0.73 3.03+0.72 0.05 (2.746, 3.239) (2.783, 3.272)

MPH methylphenidate, SD standard deviation, Cohen’s d effect size, Cl confidence intervals

Postural Balance Scores
(Placebo vs. MPH)

299 3.03
3
2
1.11 1.11
. 0.91
0.64 0.64 0.89

Eyes Open Firm Eyes Closed Firm  Eyes Open Foam Eyes Closed Foam
Condition

Biodex Balance postural score

B Mean Placebo ® Mean MPH

Figure 4.43 Postural Balance Scores

The means for the MPH and placebo groups are very similar across all conditions,
suggesting a minimal impact of MPH on postural balance (Table 4.7). Cohen’s d
values are close to zero, indicating a negligible effect size. Confidence intervals
overlap significantly, reinforcing that there is no meaningful difference between the two
conditions. Although statistical significance was not reached, it is important to consider
whether the magnitude of change observed in balance measures could be clinically

meaningful. Thus, the effect size measure (Cohen’s d) was calculated to provide
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additional insight into whether any subtle balance improvements with MPH could be
relevant in a real-world setting. This is not apparent.

4.2.6 Physical Performance (Muscle strength)

Handgrip strength (kg) measures using a digital hand dynamometer with the dominant
hand did not show any significant difference between the groups (p=0.52) (Table 4.8).
An analysis of variance (ANOVA) was performed to assess differences in handgrip
strength between males and females across three conditions: baseline, placebo, and
methylphenidate (MPH). The results revealed no statistically significant differences

between groups in any condition:

e Baseline: F(1, 26) =1.88, p=0.18
e Placebo: F(1, 26) = 3.02, p = 0.09
« MPH: F(1, 26) =0.77, p = 0.39
Despite the lack of statistical significance, effect sizes (Cohen’s d) suggested medium

to large effects:

e Baseline: d =0.93

e Placebo: d=1.20

e MPH:d=0.58
These findings, summarised in Table 4.8, indicate that while group differences were
not statistically significant, the observed effect sizes were substantial.
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Table 4.8. Handgrip Strength (Total and by Gender)

Parameter 10tal Females (n=25) Males (n=3) p.yalue Cohen’s d
(Mean + SD) (Mean + SD) (Mean + SD)

Baseline 27.1+6.6 26.5%+6.6 30.9+6.4 0.18 0.93

Placebo 27.99+7.8 275+75 33.3+£57 0.09 1.20

MPH 28.3+7.6 275479 30.7£8.7 0.39 0.58

MPH = methylphenidate; data are presented as means + SD. Cohen’s d effect size

4.2.7 Cardiac electrical activity

Resting and effort ECG morphological and electrical parameters were reviewed for
any abnormalities. These included P Waves, PR interval, QRS complex, ST segments,
T Waves, PR interval, QT intervals (and QT corrected (QTc), and RR intervals. The
amplitude (height), duration (width), and shapes of the P Waves, T Waves and QRS

complexes were reviewed. In addition, the rhythm and axes were analysed.

Clinical assessment of the ECG tracings at baseline and with placebo and MPH at
rest, during exercise and in recovery did not reveal any differences (Appendix M).

Therefore, none were secondarily reviewed by specialist cardiologists.
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5. CHAPTER 5 - DISCUSSION

5.1 Overview of Findings

This study investigated the effects of methylphenidate (MPH) on physiological,
neurocognitive, postural balance, and physical performance (muscle strength)
parameters in drug-naive healthy adults using a randomised, double-blind, placebo-
controlled crossover design. It further evaluated cardiovascular risk side effects using

physiological responses and electrocardiogram changes.

The results revealed several key findings:

5.1.1 Physiological Parameters:
Resting heart rate was significantly higher at baseline compared to placebo, but no
significant differences were observed between placebo and MPH. Blood pressure

(both systolic and diastolic) remained stable across all conditions.

Cardiopulmonary exercise testing (CPET) showed no significant differences in VO,
peak, first ventilatory threshold (VT1) inflexion point, or oxygen pulse between
baseline, placebo, and MPH conditions. However, small effect sizes suggested a small

trend toward improved oxygen utilisation with MPH.

5.1.2 Neurocognitive Function:
Significant improvements were observed in reaction time, complex attention, and
executive function when comparing baseline to both placebo and MPH. However, no
significant differences were found between placebo and MPH, suggesting that the
observed improvements may be due to practice effects or placebo responses rather
than MPH itself. Effect sizes for cognitive flexibility were large (Cohen's d = -2.13 for
baseline vs. placebo and -1.89 for baseline vs. MPH), indicating substantial
improvements in cognitive performance from baseline, but between placebo and MPH

a very small effect size was noted (Cohen’s d 0.17).
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5.1.3 Balance:
No significant differences were observed in postural balance across the four sensory
conditions (eyes open/closed on firm/foam surfaces) between baseline, placebo, and
MPH. Effect sizes were negligible, suggesting that MPH has no impact on postural

balance in healthy adults.

5.1.4 Physical Performance (Muscle Strength):
Handgrip strength did not differ significantly between placebo and MPH. However,
medium to large effect sizes were observed when comparing males and females, with

males consistently demonstrating greater strength.

5.1.5 Cardiovascular risk and cardiac electrical activity
No abnormalities were detected in resting or exercise ECG tracings across all
conditions and no significant changes in resting heart rate or blood pressure, indicating

that MPH did not adversely affect cardiac risk or electrical activity in this healthy cohort.

5.2 Interpretation of Findings

The study involved 28 participants, and there might have been individual variations in

response to MPH as illustrated in presented figures.

5.2.1 Physiological Parameters
The lack of significant changes in heart rate and blood pressure aligns with previous
studies suggesting that MPH, at therapeutic doses, does not exert substantial
cardiovascular effects in healthy individuals (Gualtieri & Johnson, 2006). The small
effect sizes observed in CPET parameters (e.g. VT1, oxygen pulse) suggest subtle
trends toward improved oxygen utilisation with MPH, although these did not reach
statistical significance. However, these findings should be interpreted cautiously, as
they did not reach statistical significance and may be influenced by individual
variability. While statistically marginal, a 1-3% change in VO, kinetics could be
physiologically meaningful in elite athletic performance, where marginal gains are

often pursued. However, for most healthy adults, such minor improvements likely lack
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clinical relevance, reinforcing that MPH’s ergogenic potential in this population is
limited.

5.2.2 Neurocognitive Function
The observed improvements in reaction time, complex attention, and executive
function from baseline to MPH conditions (Cohen's d = -1.89) are neurobiologically
plausible, given MPH's known action as a DA and norepinephrine reuptake inhibitor in
prefrontal-striatal circuits (Arnsten, 2006) and with the known cognitive-enhancing
effects of MPH in clinical and healthy populations (Finger et al., 2013). However, the
parallel improvements seen with placebo (d = -2.13) and the absence of significant
MPH-placebo differences (d = 0.17) suggest these enhancements suggest that these

effects may not be robust enough to be clinically meaningful in healthy adults.
They primarily reflect either:

1. Practice effects from test repetition, as the CNS Vital Signs battery shows

significant learning effects across administrations, or
2. Expectation-driven placebo responses mediated by prefrontal DA release.

While the large effect sizes for cognitive flexibility might suggest MPH's potential to

enhance higher-order functions, three critical considerations emerge:

1. Clinical meaningfulness: The minimal clinically important difference for
cognitive tests typically requires d = 0.5 (Borland et al., 2022) making the
observed MPH-placebo difference (d = 0.17) functionally negligible.

2. Neurochemical ceilings: Healthy adults may have limited capacity for further
dopaminergic enhancement due to baseline receptor occupancy (Volkow et al.,

2002), unlike ADHD populations with pre-existing hypodopaminergia.

3. Task specificity: The improvements may have been most pronounced in timed
tasks potentially reflecting increased arousal rather than true cognitive

enhancement.
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5.2.3.Balance
The absence of significant differences in postural balance across all conditions is
consistent with the limited literature on MPH's effects on balance in healthy adults.
While MPH has been shown to improve balance in individuals with ADHD and older
adults (Alotaibi et al., 2022; Ben-ltzhak et al., 2008), these effects do not appear to
extend to healthy younger adults. This may be due to ceiling effects, as healthy
individuals already exhibit optimal balance performance, leaving little room for
improvement. The dissociation between cognitive trends (medium effects) and null
findings in balance/physical performance suggests MPH'’s actions are domain-
specific, primarily modulating CNS pathways governing attention rather than
peripheral neuromuscular function. This aligns with PET evidence showing MPH’s

preferential binding to striatal dopamine transporters (Volkow et al., 2001).

5.2.4.Physical Performance (Muscle Strength)
The lack of significant differences in handgrip strength between placebo and MPH
conditions suggests that MPH does not enhance muscle strength in healthy adults.
However, the medium-to-large effect sizes observed when comparing males and
females highlight the importance of considering gender differences in physical
performance studies. Males consistently demonstrated greater handgrip strength,
which is consistent with established norms (Espafia-Romero et al., 2010).

5.2.5.Cardiac Electrical Activity
The absence of ECG abnormalities across all conditions is reassuring and aligns with
previous research indicating that MPH does not significantly alter cardiac electrical
activity in healthy individuals (Shorer et al., 2013). This finding supports the safety of

MPH use in healthy populations, at least in the short term.

5.3 Integrated Interpretation of Cross-Domain Findings

It was shown in the literature review how variable results have been reported on the

effects of MPH in those with ADHD and although the study focused on drug-naive
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healthy adults one should consider how results might differ from those in individuals

with ADHD. There were also varying results between the outcome measures.

The dissociation between MPH'’s effects across physiological, neurocognitive, and

physical domains underscores its system-specific mechanisms of action and

highlights critical considerations for its off-label use in healthy adults:

e Central vs. Peripheral Effects: A Neurochemical Dichotomy

Neurocognitive Enhancement (Central):

The observed directional improvements in executive functioning are consistent
with MPH's well-characterised pharmacological action of potentiating
dopaminergic neurotransmission in cortico-striatal pathways (Arnsten, 2006).
The absence of statistically significant differences between MPH and placebo
conditions likely reflects neurobiological saturation effects in healthy
individuals, where intact dopaminergic tone limits further cognitive optimisation
- in contrast to ADHD populations characterised by pre-synaptic dopamine
deficiency (Volkow et al., 2002). This neurochemical ceiling effect suggests
fundamental differences in MPH's mechanism of action between clinical and
non-clinical populations.

Null Effects on Physical Performance (Peripheral):

The absence of improvements in handgrip strength or postural balance implies
MPH does not augment peripheral neuromuscular or vestibular function. This
contrasts with its efficacy in ADHD-related motor control deficits (Bucci et al.,

2016), further supporting its CNS-specificity in non-clinical users.

2. Cardiovascular-Physiological Coupling

Stable Haemodynamics Despite Cognitive Trends:

While MPH increased cognitive arousal (reflected in reaction time), it did not
significantly alter heart rate, blood pressure, or ECG parameters. This
dissociation suggests that cognitive enhancement in healthy adults may occur
independently of cardiovascular strain at therapeutic doses—a critical safety
insight for off-label use.

CPET Implications:
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The small, non-significant improvements in oxygen utilisation (VT1, O, pulse)
lacked concordance with cognitive or physical outcomes. This may reflect
MPH’s limited ergogenic potential in healthy populations, as aerobic capacity is
more tightly coupled to peripheral (e.g., muscular, vascular) than central

adaptations.

3. Translational Implications

e For Athletic Performance:

The lack of meaningful improvements in physical or aerobic metrics challenges
the perception of MPH as a "universal enhancer" in sports. Its utility may be
restricted to sports requiring sustained attention (e.g., endurance events) rather

than strength or power.
e For Cognitive Enhancement:

The modest, placebo-matched cognitive effects question the risk-benefit

ratio of off-label MPH use in healthy adults

5.3 Implications of the Study

This study contributes to the growing body of literature on the effects of MPH in healthy
adults. The findings suggest that while MPH may enhance certain cognitive functions,
these effects are not significantly different from those observed with a placebo. Our
findings in healthy adults suggest a ceiling effect, where intact dopaminergic systems
limit further enhancement. This dichotomy highlights the importance of diagnosis-
specific risk/benefit assessments for MPH use. This has important implications for the
use of MPH as a cognitive enhancer in healthy populations, as the benefits may be

modest and potentially outweighed by the risks of long-term use.

The study also highlights the importance of considering practice effects and placebo
responses in cognitive research. Future studies could incorporate larger sample sizes
to better isolate the pharmacological effects of MPH from practice and placebo effects.

Due to the possibility of varying outcomes over time, longitudinal research designs
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should be emphasised to clarify causal relationships, monitor developmental

pathways, and address within-individual variability. These studies would generate

strong evidence of long-term effects and ensure the reliability of findings in exploring

complex phenomena.

5.4 Limitations

Several limitations should be acknowledged:

1.

Sample Size: The study included a relatively small sample size (n=28), which
may have limited the ability to detect small but meaningful differences between
conditions.

Practice Effects: The crossover design, while methodologically robust, may
have introduced practice effects, particularly in the neurocognitive
assessments.

Healthy Population: The findings may not generalise to clinical populations or
individuals with pre-existing conditions.

Short-Term Use: The study assessed the effects of MPH over a short period
(14 days), acknowledging the short term effects and half-life of MPH. Longer-
term studies are needed to evaluate MPH use's sustained effects and potential
risks in healthy adults.

Gender Imbalance: The female-predominant sample (25F:3M) limits
generalisability, given known sex differences in DA receptor and MPH
metabolism density (Andersen & Teicher, 2000).

Fixed-Dose Design: A single 20 mg/day dose may overlook dose-response
relationships.

Ecological Validity: While CNS Vital Signs is validated, its computerised tasks
may not capture real-world cognitive demands (e.g., multitasking under stress).
Dietary/Activity Confounders: Uncontrolled variables (e.g., nutrition, exercise
fluctuations) may have introduced noise, particularly given MPH’s appetite-
suppressant effects (Goldfield et al., 2007).

136



9. Drug-Naive Status: While focusing on drug-naive individuals is a strength for
understanding baseline effects, it means the results might not directly apply to
individuals who have been using MPH chronically.

10. Measurement Timing: The timing of the outcome measurements after the 14-
day treatment period might have captured steady-state effects but might have
missed peak drug effects or any potential acute changes that occurred earlier

5.5 Future Research Directions

Future research should aim to:

1. Address Individual Variability: future research could explore factors
contributing to this variability.

2. Increase Sample Size: Larger studies would provide more statistical power to
detect subtle differences between conditions.

3. Extend Duration: Longer-term studies are needed to assess the sustained
effects of MPH and potential risks associated with prolonged use.

4. Control for Practice Effects: Incorporating longer crossover periods or
alternative study designs could help mitigate practice effects and better isolate
the pharmacological effects of MPH.

5. Personalised Dosing Trials: Investigate dose optimisation based on
pharmacogenomics and baseline cognition.

6. Real-World Cognitive Testing: Use ambulatory assessments (e.g.,
smartphone-based tasks) to enhance ecological validity.

7. Longitudinal Safety: Monitor cardiovascular/metabolic outcomes in chronic
users, leveraging wearable technology.

5.6 Conclusion

In conclusion, this study provides evidence that MPH does not significantly enhance

cardiovascular physiological, postural balance, or physical performance (muscle
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strength) parameters in healthy adults. While improvements in certain cognitive
functions were observed, these effects were not significantly different from those seen
with placebo, suggesting that the benefits of MPH as a cognitive enhancer in healthy
populations may be limited. The study further demonstrated no significant increases
in cardiovascular parameters or cardiac electrical activity changes, suggesting an
absence of short-term risks associated with the intervention. The findings underscore
the importance of considering practice effects and placebo responses in cognitive
research and highlight the need for further investigation into the long-term effects of

MPH use in both healthy populations.

Performance

Physical performance Cognitive improvement
showed no significant suggests potential for

enhancement with MPH. enhanced mental
performance.

Mo sm:mw? significant changes, but small

to moderate effect size

Mo Effect

Cardiac Safety

Cardiac safety indicates no - Physiological effects were
adverse effects on heart minimal, ensuring safety in
activity. use.

Figure 5.1 Infographic summarising study findings

138



REFERENCES

1.

10.

11.

12.

Abbasi-Ghahramanloo, A., Khodadost, M., Moradpour, F., Karimirad, M. R., Kamali, R.,
& Ziarati, F. (2018). Prevalence of nonmedical use of prescription-type opioids,
methylphenidate, and sedative-hypnotics among university students in the south of
Iran: Aregression analysis. Electronic Physician, 10(6), 6981-6987.
https://doi.org/10.19082/6981

Acosta, D. L., Fair, C. N., Gonzalez, C. M., Iglesias, M., Maldonado, N., Schenkman, N.,
Valle, S. M, Velez, J. L., & Mejia, L. (2019). Nonmedical use of d-Amphetamines and
Methylphenidate in Medical Students. Puerto Rico Health Sciences Journal, 38(3),
Article 3. https://prhsj.rcm.upr.edu/index.php/prhsj/article/view/1790

ACSM. (2023). ACSM’s Exercise Testing and Prescription 2nd Edition. Wolters Kluver.
https://shop.lww.com/ACSM-s-Exercise-Testing-and-Prescription/p/9781975197070
Age-Dependent Effects of Methylphenidate on the Human Dopaminergic System in
Young vs Adult Patients With Attention-Deficit/Hyperactivity Disorder: A Randomized
Clinical Trial | Attention Deficit/Hyperactivity Disorders | JAMA Psychiatry | JAMA
Network. (n.d.). Retrieved March 29, 2025, from
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/2538518

Aggarwal, V., Aggarwal, A., & Khan, D. (2016). Electrocardiogram before starting
stimulant medications: To order or not? Cardiology in the Young, 26(1), 216-219.
https://doi.org/10.1017/S1047951115001274

Allen, J. (2018, January 8). Interpreting The Cardiopulmonary Exercise Test. What I've
Learned As A Hospital Medical Director.
https://hospitalmedicaldirector.com/interpreting-the-cardiopulmonary-exercise-test/
Alotaibi, M. M_, Stavrinos, D., Motl, R. W., Bell, M., Snyder, S. W., Hurt, C. P., Singh, H., &
Lein Jr, D. H. (2023). Effect of psychostimulant medications on functional balance

performance in persons with Attention-Deficit/Hyperactivity Disorder: A systematic
review. Gait & Posture, 102, 146-158. https://doi.org/10.1016/j.gaitpost.2023.03.019
Aman, M. G., & Werry, J. S. (1975). The effects of methylphenidate and haloperidol on
the heart rate and blood pressure of hyperactive children with special reference to time
of action. Psychopharmacologia, 43(2), 163-168. https://doi.org/10.1007/BF00421019
Amaral, N. A., Tamashiro, E. M., Celeri, E. H. R. V., Santos Junior, A. dos, Dalgalarrondo,
P., & Azevedo, R. C. S. de. (2022). We need to talk about the use of methylphenidate by
medical students—Review of the literature. Revista Brasileira de Educagdo Médica, 46,
€060. https://doi.org/10.1590/1981-5271v46.2-20200233.ING

American Psychiatric Association & American Psychiatric Association (Eds.). (2013).
Diagnostic and statistical manual of mental disorders: DSM-5 (5th ed). American

Psychiatric Association.

Amini, B., Hosseini, S. A., & Akbarfahimi, N. (2018). Balance Performance Disorders and
Sway of the Center of Gravity in Children With ADHD. Journal of Modern Rehabilitation,
12(1), 3-12.

Andersen, S. L., & Teicher, M. H. (2000). Sex differences in dopamine receptors and their
relevance to ADHD. Neuroscience & Biobehavioral Reviews, 24(1), 137-141.
https://doi.org/10.1016/S0149-7634(99)00044-5

139


https://doi.org/10.19082/6981
https://prhsj.rcm.upr.edu/index.php/prhsj/article/view/1790
https://shop.lww.com/ACSM-s-Exercise-Testing-and-Prescription/p/9781975197070
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/2538518
https://doi.org/10.1017/S1047951115001274
https://hospitalmedicaldirector.com/interpreting-the-cardiopulmonary-exercise-test/
https://doi.org/10.1016/j.gaitpost.2023.03.019
https://doi.org/10.1007/BF00421019
https://doi.org/10.1590/1981-5271v46.2-20200233.ING
https://doi.org/10.1016/S0149-7634(99)00044-5

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Anti-Doping Testing Figures Report. (2022). World Anti Doping Agency.
https://www.wada-ama.org/en/resources/anti-doping-stats/anti-doping-testing-
figures-report

Arnsten, A. F. T. (2006). Stimulants: Therapeutic Actions in ADHD.
Neuropsychopharmacology, 31(11), 2376-2383.
https://doi.org/10.1038/sj.npp.1301164

Arria, A. M., & Wish, E. D. (2006). Nonmedical Use of Prescription Stimulants Among
Students. Pediatric Annals, 35(8), 565-571. https://doi.org/10.3928/0090-4481-
20060801-09

Artero, E. G., Ruiz, J. R., Ortega, F. B., Espafna-Romero, V., Vicente-Rodriguez, G.,
Molnar, D., Gottrand, F., Gonzalez-Gross, M., Breidenassel, C., Moreno, L. A., Gutiérrez,
A., & Group, on behalf of the H. S. (2011). Muscular and cardiorespiratory fitness are
independently associated with metabolic risk in adolescents: The HELENA study.
Pediatric Diabetes, 12(8), 704-712. https://doi.org/10.1111/j.1399-5448.2011.00769.x
Associated Press. (2009, January 9). ADHD exemptions on the rise in major leagues.
ESPN.Com. https://www.espn.com/mlb/news/story?id=3822193

Atkins, C., Fordham, R., Clark, A. B., Stockl, A., Jones, A. P., & Wilson, A. M. (2017).
Feasibility study of a randomised controlled trial to investigate the treatment of

sarcoidosis-associated fatigue with methylphenidate (FaST-MP): A study protocol.
https://doi.org/10.1136/bmjopen-2017-018532

Autonomic Correlates at Rest and during Evoked Attention in Children with Attention-
Deficit/Hyperactivity Disorder and Effects of Methylphenidate | Neuropsychobiology |
Karger Publishers. (n.d.). Retrieved March 29, 2025, from
https://karger.com/nps/article-abstract/63/2/82/233434/Autonomic-Correlates-at-
Rest-and-during-Evoked?redirectedFrom=fulltext

Awudu, G. A. H., & Besag, F. M. C. (2014). Cardiovascular Effects of Methylphenidate,
Amphetamines and Atomoxetine in the Treatment of Attention-Deficit Hyperactivity
Disorder: An Update. Drug Safety, 37(9), 661-676. https://doi.org/10.1007/s40264-014-
0201-8

Babcock, Q., & and Byrne, T. (2000). Student Perceptions of Methylphenidate Abuse at a
Public Liberal Arts College. Journal of American College Health, 49(3), 143-145.
https://doi.org/10.1080/07448480009596296

Balance System™ SD - Balance—Physical Medicine. (2024). Biodex.
https://biodexrehab.com/products/balance-system-sd/

Ballard, J. E. (1975). The Effects of Methylphenidate During Rest, Exercise, and Recovery
Upon the Circulorespiratory Responses of Hyperactive Children. [Ph.D., University of

Ilinois at Urbana-Champaign].
https://www.proquest.com/docview/302732135/citation/9657083E7AC548D9PQ/1
Ballard, J. E., Boileau, R. A., Sleator, E. K., Massey, B. H., & Sprague, R. L. (1976).
Cardiovascular Responses of Hyperactive Children to Methylphenidate. JAMA, 236(25),
2870-2874. https://doi.org/10.1001/jama.1976.03270260026021

Barrett, S. P., Darredeau, C., Bordy, L. E., & Pihl, R. O. (2005a). Characteristics of
Methylphenidate Misuse in a University Student Sample. The Canadian Journal of
Psychiatry, 50(8), 457-461. https://doi.org/10.1177/070674370505000805

140


https://www.wada-ama.org/en/resources/anti-doping-stats/anti-doping-testing-figures-report
https://www.wada-ama.org/en/resources/anti-doping-stats/anti-doping-testing-figures-report
https://doi.org/10.1038/sj.npp.1301164
https://doi.org/10.3928/0090-4481-20060801-09
https://doi.org/10.3928/0090-4481-20060801-09
https://doi.org/10.1111/j.1399-5448.2011.00769.x
https://www.espn.com/mlb/news/story?id=3822193
https://doi.org/10.1136/bmjopen-2017-018532
https://karger.com/nps/article-abstract/63/2/82/233434/Autonomic-Correlates-at-Rest-and-during-Evoked?redirectedFrom=fulltext
https://karger.com/nps/article-abstract/63/2/82/233434/Autonomic-Correlates-at-Rest-and-during-Evoked?redirectedFrom=fulltext
https://doi.org/10.1007/s40264-014-0201-8
https://doi.org/10.1007/s40264-014-0201-8
https://doi.org/10.1080/07448480009596296
https://biodexrehab.com/products/balance-system-sd/
https://www.proquest.com/docview/302732135/citation/9657083E7AC548D9PQ/1
https://doi.org/10.1001/jama.1976.03270260026021
https://doi.org/10.1177/070674370505000805

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Barrett, S. P., Darredeau, C., Bordy, L. E., & Pihl, R. O. (2005b). Characteristics of
Methylphenidate Misuse in a University Student Sample. The Canadian Journal of
Psychiatry, 50(8), 457-461. https://doi.org/10.1177/070674370505000805

Batistela, S., Bueno, O. F. A.,Vaz, L. J., & Galdurédz, J. C. F. (2016). Methylphenidate as a
cognitive enhancer in healthy young people. Dementia & Neuropsychologia, 10, 134~
142. https://doi.org/10.1590/S1980-5764-2016DN1002009

Ben-ltzhak, R., Giladi, N., Gruendlinger, L., & Hausdorff, J. M. (2008). Can
Methylphenidate Reduce Fall Risk in Community-Living Older Adults? A Double-Blind,
Single-Dose Cross-Over Study. Journal of the American Geriatrics Society, 56(4), 695-
700. https://doi.org/10.1111/j.1532-5415.2007.01623.x

Berezanskaya, J., Cade, W., Best, T. M., Paultre, K., & Kienstra, C. (2022). ADHD
Prescription Medications and Their Effect on Athletic Performance: A Systematic Review
and Meta-analysis. Sports Medicine - Open, 8(1), 5. https://doi.org/10.1186/s40798-
021-00374-y

Beyer, C., Staunton, C., & Moodley, K. (2014). The implications of Methylphenidate use
by healthy medical students and doctors in South Africa. BMC Medical Ethics, 15(1), 20.
https://doi.org/10.1186/1472-6939-15-20

Blair, C. (2017). Educating executive function. WIREs Cognitive Science, 8(1-2), e1403.
https://doi.org/10.1002/wcs.1403

Bobos, P., Nazari, G., Lu, Z., & MacDermid, J. C. (2020). Measurement Properties of the
Hand Grip Strength Assessment: A Systematic Review With Meta-analysis. Archives of
Physical Medicine and Rehabilitation, 1071(3), 553-565.
https://doi.org/10.1016/j.apmr.2019.10.183

Bogle, K. E., & Smith, B. H. (2009). Illicit methylphenidate use: A review of prevalence,

availability, pharmacology, and consequences. Current Drug Abuse Reviews, 2(2), 157-
176. https://doi.org/10.2174/1874473710902020157

Boileau, R. A., Ballard ,Joyce E., Sprague ,Robert L., Sleator ,Esther K., & and Massey, B.
H. (1976). Effect of Methylphenidate on Cardiorespiratory Responses in Hyperactive
Children. Research Quarterly. American Alliance for Health, Physical Education and
Recreation, 47(4), 590-596. https://doi.org/10.1080/10671315.1976.10616715

Borg, G., & Dahlstrom, H. (1962). The Reliability and Validity of a Physical Work Test.
Acta Physiologica Scandinavica, 55(4), 353-361. https://doi.org/10.1111/j.1748-
1716.1962.tb02449.x

Borg Rating of Perceived Exertion (RPE) scale | Occupational Medicine | Oxford
Academic. (2017). https://academic.oup.com/occmed/article-
abstract/67/5/404/3975235?redirectedFrom=fulltext

Borland, E., Edgar, C., Stomrud, E., Cullen, N., Hansson, O., & Palmqvist, S. (2022).
Clinically Relevant Changes for Cognitive Outcomes in Preclinical and Prodromal
Cognitive Stages. Neurology, 99(11), e1142-e1153.
https://doi.org/10.1212/WNL.0000000000200817

Brooks, B. L., Plourde ,Vickie, Fay-McClymont ,Taryn B., MacAllister ,William S., & and
Sherman, E. M. S. (2019a). Factor structure of the CNS Vital Sighs computerized
cognitive battery in youth with neurological diagnoses. Child Neuropsychology, 25(7),
980-991. https://doi.org/10.1080/09297049.2019.1569609

141


https://doi.org/10.1177/070674370505000805
https://doi.org/10.1590/S1980-5764-2016DN1002009
https://doi.org/10.1111/j.1532-5415.2007.01623.x
https://doi.org/10.1186/s40798-021-00374-y
https://doi.org/10.1186/s40798-021-00374-y
https://doi.org/10.1186/1472-6939-15-20
https://doi.org/10.1002/wcs.1403
https://doi.org/10.1016/j.apmr.2019.10.183
https://doi.org/10.2174/1874473710902020157
https://doi.org/10.1080/10671315.1976.10616715
https://doi.org/10.1111/j.1748-1716.1962.tb02449.x
https://doi.org/10.1111/j.1748-1716.1962.tb02449.x
https://academic.oup.com/occmed/article-abstract/67/5/404/3975235?redirectedFrom=fulltext
https://academic.oup.com/occmed/article-abstract/67/5/404/3975235?redirectedFrom=fulltext
https://doi.org/10.1212/WNL.0000000000200817
https://doi.org/10.1080/09297049.2019.1569609

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Brooks, B. L., Plourde ,Vickie, Fay-McClymont ,Taryn B., MacAllister ,William S., & and
Sherman, E. M. S. (2019b). Factor structure of the CNS Vital Signs computerized
cognitive battery in youth with neurological diagnoses. Child Neuropsychology, 25(7),
980-991. https://doi.org/10.1080/09297049.2019.1569609

Brown, R. T., & Sexson, S. B. (1989). Effects of methylphenidate on cardiovascular
responses in attention deficit hyperactivity disordered adolescents. Journal of
Adolescent Health Care, 10(3), 179-183. https://doi.org/10.1016/0197-0070(89)90229-
5

Bucci, M. P., Stordeur, C., Acquaviva, E., Peyre, H., & Delorme, R. (2016). Postural
Instability in Children with ADHD Is Improved by Methylphenidate. Frontiers in
Neuroscience, 10. https://doi.org/10.3389/fnins.2016.00163

Buchhorn, R., Conzelmann, A., Willaschek, C., Stork, D., Taurines, R., & Renner, T. J.
(2012a). Heart rate variability and methylphenidate in children with ADHD. ADHD
Attention Deficit and Hyperactivity Disorders, 4(2), 85-91.
https://doi.org/10.1007/s12402-012-0072-8

Buchhorn, R., Conzelmann, A., Willaschek, C., Stork, D., Taurines, R., & Renner, T. J.
(2012b). Heart rate variability and methylphenidate in children with ADHD. ADHD
Attention Deficit and Hyperactivity Disorders, 4(2), 85-91.
https://doi.org/10.1007/s12402-012-0072-8

Cancer Treatment Reports. (1981). U.S. Department of Health, Education, and Welfare,
Public Health Service, National Institutes of Health.

Candido, R. C. F., Perini, E., Padua, C. M. de, & Junqueira, D. R. (2019). Prevalence of
and factors associated with the use of methylphenidate for cognitive enhancement
among university students. Einstein (Sao Paulo, Brazil), 18, eAO4745.
https://doi.org/10.31744/einstein_journal/2020A04745

Cardiovascular safety of methylphenidate among children and young people with

attention-deficit/hyperactivity disorder (ADHD): Nationwide self controlled case series
study | The BMJ. (n.d.). Retrieved March 29, 2025, from
https://www.bmj.com/content/353/bmj.i2550

Carlson, C. L., & and Bunner, M. R. (1993). Effects of Methylphenidate on the Academic
Performance of Children with Attention-Deficit Hyperactivity Disorder and Learning
Disabilities. School Psychology Review, 22(2), 184-198.
https://doi.org/10.1080/02796015.1993.12085646

Castells, X., Ramos-Quiroga, J. A., Rigau, D., Bosch, R., Nogueira, M., Vidal, X., & Casas,
M. (2011). Efficacy of Methylphenidate for Adults with Attention-Deficit Hyperactivity
Disorder. CNS Drugs, 25(2), 157-169. https://doi.org/10.2165/11539440-000000000-
00000

Cevikaslan, A., Parlak, M., Ellidag, H. Y., Kulaksizoglu, S. C., & Yilmaz, N. (2021). Effects
of methylphenidate on height, weight and blood biochemistry parameters in

prepubertal boys with attention deficit hyperactivity disorder: An open label prospective
study. Scandinavian Journal of Child and Adolescent Psychiatry and Psychology, 9(1),
163-173. https://doi.org/10.21307/sjcapp-2021-018

Chabreck, C. N. (2015). Effects of attention-deficit hyperactivity disorder (ADHD)
medications on exercise performance, pain perception, and perceived exertion [M.A.,

142


https://doi.org/10.1080/09297049.2019.1569609
https://doi.org/10.1016/0197-0070(89)90229-5
https://doi.org/10.1016/0197-0070(89)90229-5
https://doi.org/10.3389/fnins.2016.00163
https://doi.org/10.1007/s12402-012-0072-8
https://doi.org/10.1007/s12402-012-0072-8
https://doi.org/10.31744/einstein_journal/2020AO4745
https://www.bmj.com/content/353/bmj.i2550
https://doi.org/10.1080/02796015.1993.12085646
https://doi.org/10.2165/11539440-000000000-00000
https://doi.org/10.2165/11539440-000000000-00000
https://doi.org/10.21307/sjcapp-2021-018

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Southeastern Louisiana University].
https://www.proquest.com/docview/1758702474/abstract/BCFO30EFOFFD4607PQ/1
Challman, T. D., & Lipsky, J. J. (2000). Methylphenidate: Its Pharmacology and Uses.
Mayo Clinic Proceedings, 75(7), 711-721. https://doi.org/10.4065/75.7.711
Chamakalayil, S., Strasser, J., Vogel, M., Brand, S., Walter, M., & Dursteler, K. M. (2021).
Methylphenidate for Attention-Deficit and Hyperactivity Disorder in Adult Patients With
Substance Use Disorders: Good Clinical Practice. Frontiers in Psychiatry, 11.
https://doi.org/10.3389/fpsyt.2020.540837

Checklist for Therapeutic Use Exemption (TUE) Application—Attention Deficit
Hyperactivity Disorder (ADHD). (2023). World Anti Doping Agency. https://www.wada-
ama.org/en/resources/therapeutic-use-exemption/checklist-therapeutic-use-

exemption-tue-application-attention

Chen, L.-Y., Crum, R. M., Strain, E. C., Alexander, G. C., Kaufmann, C., & Mojtabai, R.
(2016). Prescriptions, nonmedical use, and emergency department visits involving
prescription stimulants. The Journal of Clinical Psychiatry, 77(3), €297-304.
https://doi.org/10.4088/JCP.14m09291

Ching, C., Eslick, G. D., & Poulton, A. S. (2019). Evaluation of Methylphenidate Safety
and Maximum-Dose Titration Rationale in Attention-Deficit/Hyperactivity Disorder: A
Meta-analysis. JAMA Pediatrics, 173(7), 630-639.
https://doi.org/10.1001/jamapediatrics.2019.0905

Clemow, D. B. (2017). Misuse of Methylphenidate. In S. Nielsen, R. Bruno, & S. Schenk
(Eds.), Non-medical and illicit use of psychoactive drugs (pp. 99-124). Springer
International Publishing. https://doi.org/10.1007/7854_2015_426

Cohen, N. J., Douglas, V. |., & Morgenstern, G. (1971). The effect of methylphenidate on
attentive behavior and autonomic activity in hyperactive children.
Psychopharmacologia, 22(3), 282-294. https://doi.org/10.1007/BF00401790
Conners, C. K., Erhardt, D., & Sparrow, E. (2012). Conners’ Adult ADHD Rating Scales
[Dataset]. https://doi.org/10.1037/t04961-000

Constantinou, D., & Aguiyi, I. (2022). Use, Perceptions and Attitudes of Cognitive and
Sports Performance Enhancing Substances Among University Students. Frontiers in
Sports and Active Living, 4, 744650. https://doi.org/10.3389/fspor.2022.744650
Cook, J. F. (2011). The Utility of CNS Vital Signs as an Indicator of Adult Attention-
Deficit/Hyperactivity Disorder [Text]. Appalachian State University.
https://libres.uncg.edu/ir/asu/listing.aspx?id=6971

Crisafulli, A., Piras, F., Chiappori, P., Vitelli, S., Caria, M. A, Lobina, A., Milia, R., Tocco,
F., Concu, A., & Melis, F. (2007). Estimating stroke volume from oxygen pulse during
exercise. Physiological Measurement, 28(10), 1201. https://doi.org/10.1088/0967-
3334/28/10/006

Dafoe, W. (2007). Principles of Exercise Testing and Interpretation. The Canadian
Journal of Cardiology, 23(4), 274.

Dalsgaard, S., Kvist, A. P., Leckman, J. F., Nielsen, H. S., & Simonsen, M. (2014).
Cardiovascular Safety of Stimulants in Children with Attention-Deficit/Hyperactivity
Disorder: A Nationwide Prospective Cohort Study. Journal of Child and Adolescent
Psychopharmacology, 24(6), 302-310. https://doi.org/10.1089/cap.2014.0020

143


https://www.proquest.com/docview/1758702474/abstract/BCF030EF0FFD4607PQ/1
https://doi.org/10.4065/75.7.711
https://doi.org/10.3389/fpsyt.2020.540837
https://www.wada-ama.org/en/resources/therapeutic-use-exemption/checklist-therapeutic-use-exemption-tue-application-attention
https://www.wada-ama.org/en/resources/therapeutic-use-exemption/checklist-therapeutic-use-exemption-tue-application-attention
https://www.wada-ama.org/en/resources/therapeutic-use-exemption/checklist-therapeutic-use-exemption-tue-application-attention
https://doi.org/10.4088/JCP.14m09291
https://doi.org/10.1001/jamapediatrics.2019.0905
https://doi.org/10.1007/7854_2015_426
https://doi.org/10.1007/BF00401790
https://doi.org/10.1037/t04961-000
https://doi.org/10.3389/fspor.2022.744650
https://libres.uncg.edu/ir/asu/listing.aspx?id=6971
https://doi.org/10.1088/0967-3334/28/10/006
https://doi.org/10.1088/0967-3334/28/10/006
https://doi.org/10.1089/cap.2014.0020

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

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: The Official Journal for the Society of Clinical Child and
Adolescent Psychology, American Psychological Association, Division 53, 47(2), 199-
212. https://doi.org/10.1080/15374416.2017.1417860

Davis, C., Fattore, L., Kaplan, A. S., Carter, J. C., Levitan, R. D., & Kennedy, J. L. (2012).
The suppression of appetite and food consumption by methylphenidate: The
moderating effects of gender and weight status in healthy adults. International Journal
of Neuropsychopharmacology, 15(2), 181-187.
https://doi.org/10.1017/S1461145711001039

de Faria, J. C. M., Duarte, L. J. R., Ferreira, L. de A., da Silveira, V. T., Menezes de Padua,
C., & Perini, E. (2022). “Real-world” effectiveness of methylphenidate in improving the
academic achievement of Attention-Deficit Hyperactivity Disorder diagnosed
students—A systematic review. Journal of Clinical Pharmacy and Therapeutics, 47(1),
6-23. https://doi.org/10.1111/jcpt.13486

Department of Health. (2020). Medicines and Related Substances Act: Schedules. SA
Government.
https://www.gov.za/sites/default/files/gcis_document/202005/43347rg11118gon586.p
df

DesRuisseaux, L. A., Gereau Mora ,Michelle, & and Suchy, Y. (2025). Computerized
assessment of executive functioning: Validation of the CNS Vital Signs executive

functioning scores in a sample of community-dwelling older adults. The Clinical
Neuropsychologist, 39(1), 159-181. https://doi.org/10.1080/13854046.2024.2354953
Devos, D., Moreau, C., Delval, A., Dujardin, K., Defebvre, L., & Bordet, R. (2013).
Methylphenidate. CNS Drugs, 27(1), 1-14. https://doi.org/10.1007/s40263-012-0017-y
Diez-Suarez, A., Vallejo-Valdivielso, M., Marin-Méndez, J. J., de Castro-Manglano, P., &
Soutullo, C. A. (2017). Weight, Height, and Body Mass Index in Patients with Attention-
Deficit/Hyperactivity Disorder Treated with Methylphenidate. Journal of Child and
Adolescent Psychopharmacology, 27(8), 723-730.
https://doi.org/10.1089/cap.2016.0150

Dominic, P., Ahmad, J., Awwab, H., Bhuiyan, Md. S., Kevil, C. G., Goeders, N. E.,
Murnane, K. S., Patterson, J. C., Sandau, K. E., Gopinathannair, R., & Olshansky, B.
(2022). Stimulant Drugs of Abuse and Cardiac Arrhythmias. Circulation: Arrhythmia and
Electrophysiology, 15(1), e010273. https://doi.org/10.1161/CIRCEP.121.010273
Dopamine Receptors: From Structure to Function | Physiological Reviews | American
Physiological Society. (1998).
https://journals.physiology.org/doi/full/10.1152/physrev.1998.78.1.189

dos Santos Christo, E., dos Santos Silva ,Marco Aurélio, Rocha Souza ,Carolina, Alaluna
Serafim ,Giovana, Mota Cabo Ferreira ,Thomaz, Tavares Lima Trajano ,Eduardo, & and

da Silva Neto Trajano, L. A. (2025). College medical students consume methylphenidate
for cognitive enhancement with and without a medical prescription. Journal of
Substance Use, 30(2), 217-222. https://doi.org/10.1080/14659891.2023.2293792
Douglas, V. I., Barr, R. G., O’Neill, M. E., & Britton, B. G. (1986a). Short Term Effects of
Methylphenidate on the Cognitive, Learning and Academic Performance of Children

144


https://doi.org/10.1080/15374416.2017.1417860
https://doi.org/10.1017/S1461145711001039
https://doi.org/10.1111/jcpt.13486
https://www.gov.za/sites/default/files/gcis_document/202005/43347rg11118gon586.pdf
https://www.gov.za/sites/default/files/gcis_document/202005/43347rg11118gon586.pdf
https://doi.org/10.1080/13854046.2024.2354953
https://doi.org/10.1007/s40263-012-0017-y
https://doi.org/10.1089/cap.2016.0150
https://doi.org/10.1161/CIRCEP.121.010273
https://journals.physiology.org/doi/full/10.1152/physrev.1998.78.1.189
https://doi.org/10.1080/14659891.2023.2293792

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

with Attention Deficit Disorder in the Laboratory and the Classroom,. Journal of Child
Psychology and Psychiatry, 27(2), 191-211. https://doi.org/10.1111/j.1469-
7610.1986.tb02330.x

Douglas, V. I., Barr, R. G., O’Neill, M. E., & Britton, B. G. (1986b). Short Term Effects of
Methylphenidate on the Cognitive, Learning and Academic Performance of Children
with Attention Deficit Disorder in the Laboratory and the Classroom,. Journal of Child
Psychology and Psychiatry, 27(2), 191-211. https://doi.org/10.1111/].1469-
7610.1986.tb02330.x

Dreyer, J., Burger, J., Kotzé, I., Van Dyk, S., & Cockeran, M. (2016). Students’ perception
of the perceived availability and diversion of methylphenidate in a South African tertiary
academic institution. https://repository.nwu.ac.za/handle/10394/21410

DuPont, R. L., Coleman, J. J., Bucher, R. H., & Wilford, B. B. (2008). Characteristics and
Motives of College Students Who Engage in Nonmedical Use of Methylphenidate. The
American Journal on Addictions, 17(3), 167-171.
https://doi.org/10.1080/10550490802019642

Eichner, E. R. (2008a). Stimulants in Sports. Current Sports Medicine Reports, 7(5), 244.
https://doi.org/10.1249/JSR.0b013e318186bf44

Eichner, E. R. (2008b). Stimulants in Sports. Current Sports Medicine Reports, 7(5), 244.
https://doi.org/10.1249/JSR.0b013e318186bf44

Elia, J., Borcherding, B. G., Rapoport, J. L., & Keysor, C. S. (1991). Methylphenidate and
dextroamphetamine treatments of hyperactivity: Are there true nonresponders?
Psychiatry Research, 36(2), 141-155. https://doi.org/10.1016/0165-1781(91)90126-A
Elsayed, N. A., Yamamoto, K. M., & Froehlich, T. E. (2020). Genetic Influence on Efficacy
of Pharmacotherapy for Pediatric Attention-Deficit/Hyperactivity Disorder: Overview
and Current Status of Research. CNS Drugs, 34(4), 389-414.
https://doi.org/10.1007/s40263-020-00702-y

Entringer, S. (2024). Methylphenidate Side Effects: Common, Severe, Long Term.
https://www.drugs.com/sfx/methylphenidate-side-effects.html

Erasmus, N., & Kotzé, C. (2020). Medical Students’ Attitudes Towards Pharmacological
Cognitive Enhancement With Methylphenidate. Academic Psychiatry, 44(6), 721-726.
https://doi.org/10.1007/s40596-020-01303-z

Espana-Romero, V., Ortega, F. B., Vicente-Rodriguez, G., Artero, E. G., Rey, J. P., & Ruiz,
J. R. (2010a). Elbow Position Affects Handgrip Strength in Adolescents: Validity and
Reliability of Jamar, DynEx, and TKK Dynamometers. The Journal of Strength &
Conditioning Research, 24(1), 272. https://doi.org/10.1519/JSC.0b013e3181b296a5
Espafia-Romero, V., Ortega, F. B., Vicente-Rodriguez, G., Artero, E. G., Rey, J. P., & Ruiz,
J. R. (2010b). Elbow position affects handgrip strength in adolescents: Validity and
reliability of Jamar, DynEx, and TKK dynamometers. Journal of Strength and Conditioning
Research, 24(1), 272-277. https://doi.org/10.1519/)JSC.0b013e3181b296a5

Espay, A. J., Dwivedi, A. K., Payne, M., Gaines, L., Vaughan, J. E., Maddux, B. N., Slevin, J.
T., Gartner, M., Sahay, A., Revilla, F. J., Duker, A. P., & Shukla, R. (2011).
Methylphenidate for gait impairment in Parkinson disease. Neurology, 76(14), 1256-
1262. https://doi.org/10.1212/WNL.0b013e3182143537

145


https://doi.org/10.1111/j.1469-7610.1986.tb02330.x
https://doi.org/10.1111/j.1469-7610.1986.tb02330.x
https://doi.org/10.1111/j.1469-7610.1986.tb02330.x
https://doi.org/10.1111/j.1469-7610.1986.tb02330.x
https://repository.nwu.ac.za/handle/10394/21410
https://doi.org/10.1080/10550490802019642
https://doi.org/10.1249/JSR.0b013e318186bf44
https://doi.org/10.1249/JSR.0b013e318186bf44
https://doi.org/10.1016/0165-1781(91)90126-A
https://doi.org/10.1007/s40263-020-00702-y
https://www.drugs.com/sfx/methylphenidate-side-effects.html
https://doi.org/10.1007/s40596-020-01303-z
https://doi.org/10.1519/JSC.0b013e3181b296a5
https://doi.org/10.1519/JSC.0b013e3181b296a5
https://doi.org/10.1212/WNL.0b013e3182143537

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Evans, A. S., & Preston, A. (2011). Conners Rating Scales. In J. S. Kreutzer, J. DeLuca, &
B. Caplan (Eds.), Encyclopedia of Clinical Neuropsychology (pp. 680-681). Springer.
https://doi.org/10.1007/978-0-387-79948-3_1278

Evans, S. W., Pelham, W. E., Smith, B. H., Bukstein, O., Gnagy, E. M., Greiner, A. R,
Altenderfer, L., & Baron-Myak, C. (2001). Dose-response effects of methylphenidate on
ecologically valid measures of academic performance and classroom behavior in
adolescents with ADHD. Experimental and Clinical Psychopharmacology, 9(2), 163-
175. https://doi.org/10.1037/1064-1297.9.2.163

Fancy Bear Hackers (APT28): Targets & Methods | CrowdStrike. (n.d.).
CrowdStrike.Com. Retrieved March 30, 2025, from https://www.crowdstrike.com/en-

us/blog/who-is-fancy-bear/

Faraone, S. V. (2018). The pharmacology of amphetamine and methylphenidate:
Relevance to the neurobiology of attention-deficit/hyperactivity disorder and other
psychiatric comorbidities. Neuroscience & Biobehavioral Reviews, 87, 255-270.
https://doi.org/10.1016/j.neubiorev.2018.02.001

Faraone, S. V., Spencer, T., Aleardi, M., Pagano, C., & Biederman, J. (2004). Meta-
Analysis of the Efficacy of Methylphenidate for Treating Adult Attention-
Deficit/Hyperactivity Disorder. Journal of Clinical Psychopharmacology, 24(1), 24.
https://doi.org/10.1097/01.jcp.0000108984.11879.95

Fatemi, S. B. (2018). The Effect of Methylphenidate (MPH) on Appetite, Energy Intake,
and Body Composition in Individuals Living with Obesity: A Randomized, Double- Blind,
Placebo-Controlled Pilot Study [Master of Science Thesis]. University of Ottawa.

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007a). G*Power 3: A flexible
statistical power analysis program for the social, behavioral, and biomedical sciences.
Behavior Research Methods, 39(2), 175-191. https://doi.org/10.3758/bf03193146
Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007b). G*Power 3: A flexible
statistical power analysis program for the social, behavioral, and biomedical sciences.
Behavior Research Methods, 39(2), 175-191. https://doi.org/10.3758/BF03193146
Fay, T. B., & Alpert, M. A. (2019). Cardiovascular Effects of Drugs Used to Treat
Attention-Deficit/Hyperactivity Disorder Part 2: Impact on Cardiovascular Events and

Recommendations for Evaluation and Monitoring. Cardiology in Review, 27(4), 173.
https://doi.org/10.1097/CRD.0000000000000234

FDA. (2019, April 18). Understanding Unapproved Use of Approved Drugs “Off Label.”
FDA; FDA. https://www.fda.gov/patients/learn-about-expanded-access-and-other-

treatment-options/understanding-unapproved-use-approved-drugs-label

Fietsam, A. C., Tucker, J. R., Kamath, M. S., Huang-Pollock, C., Wang, Z., & Neely, K. A.
(2022). Manual dexterity and strength and in young adults with and without Attention-
Deficit/Hyperactivity Disorder (ADHD). Neuroscience Letters, 766, 136349.
https://doi.org/10.1016/j.neulet.2021.136349

Finger, G., Silva, E. R. da, & Falavigna, A. (2013). Use of methylphenidate among
medical students: A systematic review. Revista Da Associagdo Médica Brasileira, 59(3),
285-289. https://doi.org/10.1016/j.ramb.2012.10.007

Franceschini, C., Pizza, F., Antelmi, E., Folli, M. C., & Plazzi, G. (2020). Narcolepsy
treatment: Pharmacological and behavioral strategies in adults and children. Sleep and
Breathing, 24(2), 615-627. https://doi.org/10.1007/s11325-019-01894-4

146


https://doi.org/10.1007/978-0-387-79948-3_1278
https://doi.org/10.1037/1064-1297.9.2.163
https://www.crowdstrike.com/en-us/blog/who-is-fancy-bear/
https://www.crowdstrike.com/en-us/blog/who-is-fancy-bear/
https://doi.org/10.1016/j.neubiorev.2018.02.001
https://doi.org/10.1097/01.jcp.0000108984.11879.95
https://doi.org/10.3758/bf03193146
https://doi.org/10.3758/BF03193146
https://doi.org/10.1097/CRD.0000000000000234
https://www.fda.gov/patients/learn-about-expanded-access-and-other-treatment-options/understanding-unapproved-use-approved-drugs-label
https://www.fda.gov/patients/learn-about-expanded-access-and-other-treatment-options/understanding-unapproved-use-approved-drugs-label
https://doi.org/10.1016/j.neulet.2021.136349
https://doi.org/10.1016/j.ramb.2012.10.007
https://doi.org/10.1007/s11325-019-01894-4

100. Freese, L., Signor, L., Machado, C., Ferigolo, M., & Barros, H. M. T. (2012). Non-
medical use of methylphenidate: A review. Trends in Psychiatry and Psychotherapy, 34,
110-115. https://doi.org/10.1590/S2237-60892012000200010

101. Garcia-Argibay, M., Blrkner, P.-C., Lichtenstein, P., Zhang, L., D’Onofrio, B. M.,
Andell, P., Chang, Z., Cortese, S., & Larsson, H. (2024). Methylphenidate and Short-
Term Cardiovascular Risk. JAMA Network Open, 7(3), €241349.
https://doi.org/10.1001/jamanetworkopen.2024.1349

102. Garner, A. A., Hansen, A. A., Baxley, C., & Ross, M. J. (2018). The Use of
Stimulant Medication to Treat Attention-Deficit/Hyperactivity Disorder in Elite Athletes:
A Performance and Health Perspective. Sports Medicine, 48(3), 507-512.
https://doi.org/10.1007/s40279-017-0829-5

103. Gioia, G.A, Isquith, P.K, Guy, S.C, Kenworthy,L. (2015). Behavior Rating Inventory
of Executive Function ®, Second Edition. PAR Inc.
https://www.parinc.com/products/BRIEF-2

104. Goldfield, G. S., Lorello, C., & Doucet, E. (2007). Methylphenidate reduces
energy intake and dietary fat intake in adults: A mechanism of reduced reinforcing value
of food?2. The American Journal of Clinical Nutrition, 86(2), 308-315.
https://doi.org/10.1093/ajcn/86.2.308

105. Grade, C., Redford, B., Chrostowski, J., Toussaint, L., & Blackwell, B. (1998).
Methylphenidate in early poststroke recovery: A double-blind, placebo-controlled
study. Archives of Physical Medicine and Rehabilitation, 79(9), 1047-1050.
https://doi.org/10.1016/S0003-9993(98)90169-1

106. Groff, D., Tuan, W.-J., Holt, K., Latronica, J. R., & Bone, C. (2025). Risk Factors for
Adverse Cardiac Events in Individuals Prescribed Stimulants Across the Lifespan.
Journal of Attention Disorders, 10870547251313880.
https://doi.org/10.1177/10870547251313880

107. Gualtieri, C. T., &Johnson, L. G. (2006). Reliability and validity of a computerized
neurocognitive test battery, CNS Vital Signs. Archives of Clinical Neuropsychology,
21(7), 623-643. https://doi.org/10.1016/j.acn.2006.05.007

108. Gualtieri, C. T., Johnson, L. G., & Benedict, K. B. (2006). Neurocognition in
Depression: Patients on and Off Medication Versus Healthy Comparison Subjects. The

Journal of Neuropsychiatry and Clinical Neurosciences, 18(2), 217-225.
https://doi.org/10.1176/jnp.2006.18.2.217

109. Habel, L. A., Cooper, W. O., Sox, C. M., Chan, K. A., Fireman, B. H., Arbogast, P.
G., Cheetham, T. C., Quinn, V. P., Dublin, S., Boudreau, D. M., Andrade, S. E., Pawloski,
P. A., Raebel, M. A,, Smith, D. H., Achacoso, N., Uratsu, C., Go, A. S., Sidney, S.,
Nguyen-Huynh, M. N., ... Selby, J. V. (2011). ADHD Medications and Risk of Serious
Cardiovascular Events in Young and Middle-aged Adults. JAMA, 306(24), 2673-2683.
https://doi.org/10.1001/jama.2011.1830

110. Habibzadeh, A., Alizadeh, M., Malek, A., Maghbooli, L., Shoja, M. M., & Ghabili,
K. (2011). IWicit methylphenidate use among Iranian medical students: Prevalence and
knowledge. Drug Design, Development and Therapy, 5, 71-76.
https://doi.org/10.2147/DDDT.S13818

111. Haertling, F., Mueller, B., & Bilke-Hentsch, O. (2015). Effectiveness and safety of
a long-acting, once-daily, two-phase release formulation of methylphenidate (Ritalin®

147


https://doi.org/10.1590/S2237-60892012000200010
https://doi.org/10.1001/jamanetworkopen.2024.1349
https://doi.org/10.1007/s40279-017-0829-5
https://www.parinc.com/products/BRIEF-2
https://doi.org/10.1093/ajcn/86.2.308
https://doi.org/10.1016/S0003-9993(98)90169-1
https://doi.org/10.1177/10870547251313880
https://doi.org/10.1016/j.acn.2006.05.007
https://doi.org/10.1176/jnp.2006.18.2.217
https://doi.org/10.1001/jama.2011.1830
https://doi.org/10.2147/DDDT.S13818

LA) in school children under daily practice conditions. ADHD Attention Deficit and
Hyperactivity Disorders, 7(2), 157-164. https://doi.org/10.1007/s12402-014-0154-x

112. Haley, C., Torres, G., Olivier, B., & Aswegen, H. van. (2024). Cardiorespiratory
fitness response to endurance training in athletes post-COVID-19 compared to
unaffected athletes. South African Journal of Sports Medicine, 36(1), Article 1.
https://doi.org/10.17159/2078-516X/2024/v36i1a18872

113. Hammerness, P., Zusman, R., Systrom, D., Surman, C., Baggish, A., Schillinger,
M., Shelley-Abrahamson, R., & Wilens, T. E. (2013). A cardiopulmonary study of
lisdexamfetamine in adults with attention-deficit/hyperactivity disorder. The World
Journal of Biological Psychiatry: The Official Journal of the World Federation of Societies
of Biological Psychiatry, 14(4), 299-306.
https://doi.org/10.3109/15622975.2012.678884

114. Hammerness, P., Zusman ,Randall, Systrom ,David, Surman ,Craig, Baggish
,Aaron, Schillinger ,Mary, Shelley-Abrahamson ,Rachel, & and Wilens, T. E. (2013a). A
cardiopulmonary study of lisdexamfetamine in adults with attention-
deficit/hyperactivity disorder. The World Journal of Biological Psychiatry, 14(4), 299-
306. https://doi.org/10.3109/15622975.2012.678884

115. Hammerness, P., Zusman ,Randall, Systrom ,David, Surman ,Craig, Baggish
,Aaron, Schillinger ,Mary, Shelley-Abrahamson ,Rachel, & and Wilens, T. E. (2013b). A
cardiopulmonary study of lisdexamfetamine in adults with attention-
deficit/hyperactivity disorder. The World Journal of Biological Psychiatry, 14(4), 299-
306. https://doi.org/10.3109/15622975.2012.678884

116. Hennissen, L., Bakker, M. J., Banaschewski, T., Carucci, S., Coghill, D.,
Danckaerts, M., Dittmann, R. W., Hollis, C., Kovshoff, H., McCarthy, S., Nagy, P.,
Sonuga-Barke, E., Wong, |. C. K., Zuddas, A., Rosenthal, E., Buitelaar, J. K., & The
ADDUCE consortium. (2017). Cardiovascular Effects of Stimulant and Non-Stimulant
Medication for Children and Adolescents with ADHD: A Systematic Review and Meta-
Analysis of Trials of Methylphenidate, Amphetamines and Atomoxetine. CNS Drugs,
31(3), 199-215. https://doi.org/10.1007/s40263-017-0410-7

117. Hill, S. L., El-Khayat ,R.H., Sandilands ,E.A., & and Thomas, S. H. L. (2010).
Electrocardiographic effects of methylphenidate overdose. Clinical Toxicology, 48(4),
342-346. https://doi.org/10.3109/15563651003720234

118. Hirschbeck, A., Leao, D. S., Wagner, E., Hasan, A., & Roeh, A. (2022). Psychiatric
medication and physical performance parameters—Are there implications for
treatment? Frontiers in Psychiatry, 13, 985983.
https://doi.org/10.3389/fpsyt.2022.985983

119. Horwitz, D., Fox, S. M., & Goldberg, L. I. (1962). Effects of Dopamine in Man.
Circulation Research, 10(2), 237-243. https://doi.org/10.1161/01.RES.10.2.237
120. Hume, P. A., Theadom, A., Lewis, G. N., Quarrie, K. L., Brown, S. R., Hill, R., &

Marshall, S. W. (2017). A Comparison of Cognitive Function in Former Rugby Union
Players Compared with Former Non-Contact-Sport Players and the Impact of
Concussion History. Sports Medicine, 47(6), 1209-1220.
https://doi.org/10.1007/s40279-016-0608-8

121. Huss, M., Duhan, P., Gandhi, P., Chen, C.-W., Spannhuth, C., & Kumar, V.
(2017). Methylphenidate dose optimization for ADHD treatment: Review of safety,

148


https://doi.org/10.1007/s12402-014-0154-x
https://doi.org/10.17159/2078-516X/2024/v36i1a18872
https://doi.org/10.3109/15622975.2012.678884
https://doi.org/10.3109/15622975.2012.678884
https://doi.org/10.3109/15622975.2012.678884
https://doi.org/10.1007/s40263-017-0410-7
https://doi.org/10.3109/15563651003720234
https://doi.org/10.3389/fpsyt.2022.985983
https://doi.org/10.1161/01.RES.10.2.237
https://doi.org/10.1007/s40279-016-0608-8

efficacy, and clinical necessity. Neuropsychiatric Disease and Treatment, 13, 1741-
1751. https://doi.org/10.2147/NDT.5130444

122. ICD-10 Version:2019. (1992). https://icd.who.int/browse10/2019/en

123. ICD-11.(2022). https://icd.who.int/en

124. Ikoma, M. M. (2014). Comparison of Reliable Change Indices of CNS Vital Signs
for Different Ranges of Baseline Scores.

125. Innes, E. (1999). Handgrip strength testing: A review of the literature. Australian

Occupational Therapy Journal, 46(3), 120-140. https://doi.org/10.1046/j.1440-
1630.1999.00182.x

126. Iverson, G. L., Brooks, B. L., & Young, A. H. (2008). A Short Form of CNS Vital
Signs for Use in Depression. International Neuropsychological Society, Hawaii.
127. Iverson, G. L., Brooks ,Brian L., & and Ashton Rennison, V. L. (2014). Minimal

Gender Differences on the CNS Vital Sighs Computerized Neurocognitive Battery.
Applied Neuropsychology: Adult, 21(1), 36-42.
https://doi.org/10.1080/09084282.2012.721149

128. Jackson, J. W. (2016). The cardiovascular safety of methylphenidate. 353.
https://doi.org/10.1136/bmj.i2874
129. Jacobi-Polishook, T., Shorer, Z., & Melzer, I. (2009). The effect of

methylphenidate on postural stability under single and dual task conditions in children
with attention deficit hyperactivity disorder—A double blind randomized control trial.
Journal of the Neurological Sciences, 280(1), 15-21.
https://doi.org/10.1016/j.jns.2009.01.007

130. Jain, R., Chang, C. C., Koto, M., Geldenhuys, A., Nichol, R., & Joubert, G. (2017).
Non-medical use of methylphenidate among medical students of the University of the
Free State. South African Journal of Psychiatry, 23.
https://www.ajol.info/index.php/sajpsyc/article/view/150521

131. James, D. W. (1890). The Principles of Psychology—Vol. I. (1st ed.). Dover
Publications.
132. Jansen, |, Philipsen, A., Dalin, D., Wiesmeier, I. K., & Maurer, C. (2019). Postural

instability in adult ADHD - A pilot study. Gait & Posture, 67, 284-289.
https://doi.org/10.1016/j.gaitpost.2018.10.016

133. Javed, N., Ahmed, F., Saeed, S., Amir, R., Khan, H., Igbal, S. P., Javed, N.,
Ahmed, F., Saeed, S., Amir, R., Khan, H., & Igbal, S. P. (2019). Prevalence of
Methylphenidate Misuse in Medical Colleges in Pakistan: A Cross-sectional Study.
Cureus, 11(10). https://doi.org/10.7759/cureus.5879

134. Jensen, L., Pagsberg, A., & Dalhoff, K. (2015). Methylphenidate misuse in adult
patients and the impact of therapeutic use. Human & Experimental Toxicology, 34(5),
460-467. https://doi.org/10.1177/0960327114543935

135. Johannesburg Population 2025. (2025). World Population Review.
https://worldpopulationreview.com/cities/south-africa/johannesburg
136. Jones, R. (2011). Test-Retest Reliability and Effort on the CNS-Vital Signs

Assessment [Psy.D., Regent University].

https://www.proquest.com/docview/882873958/abstract/56E24C59DA5D4AC3PQ/1
137. Kelly, R. P., Yeo, K. P., Teng, C.-H., Smith, B. P., Lowe, S., Soon, D., Read, H. A.,

& Wise, S. D. (2005). Hemodynamic Effects of Acute Administration of Atomoxetine and

149


https://doi.org/10.2147/NDT.S130444
https://icd.who.int/browse10/2019/en
https://icd.who.int/en
https://doi.org/10.1046/j.1440-1630.1999.00182.x
https://doi.org/10.1046/j.1440-1630.1999.00182.x
https://doi.org/10.1080/09084282.2012.721149
https://doi.org/10.1136/bmj.i2874
https://doi.org/10.1016/j.jns.2009.01.007
https://www.ajol.info/index.php/sajpsyc/article/view/150521
https://doi.org/10.1016/j.gaitpost.2018.10.016
https://doi.org/10.7759/cureus.5879
https://doi.org/10.1177/0960327114543935
https://worldpopulationreview.com/cities/south-africa/johannesburg
https://www.proquest.com/docview/882873958/abstract/56E24C59DA5D4AC3PQ/1

Methylphenidate. The Journal of Clinical Pharmacology, 45(7), 851-855.
https://doi.org/10.1177/0091270005276737

138. King, A. L. S., Valenca, A. M., e Silva, A. C. de O., Cerqueira, A. C., Ferraz, L. M.
C., &Nardi, A. E. (2011). Huntington's Disease: Two-Year Observational Follow-Up of
Executive Function Evaluation with CNS Vital Signs Test in an Adult Patient. Case
Reports in Medicine, 2011(1), 385894. https://doi.org/10.1155/2011/385894

139. King, M., Rauch, L. H. G., Brooks, S. J., Stein, D. J., & Lutz, K. (2017).
Methylphenidate Enhances Grip Force and Alters Brain Connectivity. Medicine &
Science in Sports & Exercise, 49(7), 1443.
https://doi.org/10.1249/MSS.0000000000001252

140. King, M., van Breda, K., Rauch, L. H., Brooks, S. J., Stein, D. J., & Ipser, J. (2018).
Methylphenidate alters brain connectivity after enhanced physical performance. Brain
Research, 1679, 26-32. https://doi.org/10.1016/j.brainres.2017.10.026

141. King, M., Van Breda, K., Stein, D. J., Lutz, K., & Rauch, H. G. L. (2018a). Predicting
the ergogenic response to methylphenidate. European Journal of Applied Physiology,
118(4), 777-784. https://doi.org/10.1007/s00421-018-3800-8

142. King, M., Van Breda, K., Stein, D. J., Lutz, K., & Rauch, H. G. L. (2018b). Predicting
the ergogenic response to methylphenidate. European Journal of Applied Physiology,
118(4), 777-784. https://doi.org/10.1007/s00421-018-3800-8

143. Klayman, A. (Director). (2018). Take Your Pills [Video]. Netflix.
https://www.netflix.com/za/title/80117831
144. Koren, G., & Korn, L. (2021). The Use of Methylphenidate for Cognitive

Enhancementin Young Healthy Adults: The Clinical and Ethical Debates. Journal of
Clinical Psychopharmacology, 41(2), 100.
https://doi.org/10.1097/JCP.0000000000001336

145. Kortekaas-Rijlaarsdam, A. F., Luman, M., Sonuga-Barke, E., & Oosterlaan, J.
(2019). Does methylphenidate improve academic performance? A systematic review

and meta-analysis. European Child & Adolescent Psychiatry, 28(2), 155-164.
https://doi.org/10.1007/s00787-018-1106-3

146. Lamberti, M, Italiano, D., Guerriero, L., D’Amico, G., Siracusano, R., Ingrassia,
M., Germano, E., Calabro, M. P., Spina, E., & Gagliano, A. (2015). Evaluation of acute
cardiovascular effects of&nbsp;immediate-release methylphenidate in&nbsp;children
and adolescents with attention-deficit hyperactivity disorder. Neuropsychiatric Disease
and Treatment, 11, 1169-1174. https://doi.org/10.2147/NDT.S79866

147. Landry, J., BS, & RRT. (2025, January 27). Respiratory Formulas, Calculations,
and Equations (2025). Respiratory Therapy Zone.

https://www.respiratorytherapyzone.com/respiratory-therapy-formulas-calculations/
148. Lanting, S. C., Iverson, G. L., & Lange, R. T. (2012). Comparing Patients with Mild
Traumatic Brain Injury to Trauma Controls on CNS Vital Signs. American College of

Rehabilitation Medicine, Vancouver, Canada.

149. Laukkanen, J. A, Kurl, S., Salonen, J. T., Lakka, T. A., & Rauramaa, R. (2006).
Peak oxygen pulse during exercise as a predictor for coronary heart disease and all
cause death. Heart, 92(9), 1219-1224. https://doi.org/10.1136/hrt.2005.077487

150. Leonard, B. E., McCartan, D., White, J., & King, D. J. (2004). Methylphenidate: A
review of its neuropharmacological, neuropsychological and adverse clinical effects.

150


https://doi.org/10.1177/0091270005276737
https://doi.org/10.1155/2011/385894
https://doi.org/10.1249/MSS.0000000000001252
https://doi.org/10.1016/j.brainres.2017.10.026
https://doi.org/10.1007/s00421-018-3800-8
https://doi.org/10.1007/s00421-018-3800-8
https://www.netflix.com/za/title/80117831
https://doi.org/10.1097/JCP.0000000000001336
https://doi.org/10.1007/s00787-018-1106-3
https://doi.org/10.2147/NDT.S79866
https://www.respiratorytherapyzone.com/respiratory-therapy-formulas-calculations/
https://doi.org/10.1136/hrt.2005.077487

Human Psychopharmacology: Clinical and Experimental, 19(3), 151-180.
https://doi.org/10.1002/hup.579

151. Li, L., Wang, Y., Uppoor, R. S., Mehta, M. U., Farchione, T., Mathis, M. V., & Zhu,
H. (2017). Exposure-response analyses of blood pressure and heart rate changes for
methylphenidate in healthy adults. Journal of Pharmacokinetics and
Pharmacodynamics, 44(3), 245-262. https://doi.org/10.1007/s10928-017-9513-5

152. Liang, E. F., Lim, S. Z., Tam, W.W., Ho, C. S., Zhang, M. W., Mclintyre, R. S., & Ho,
R. C. (2018). The Effect of Methylphenidate and Atomoxetine on Heart Rate and Systolic
Blood Pressure in Young People and Adults with Attention-Deficit Hyperactivity Disorder
(ADHD): Systematic Review, Meta-Analysis, and Meta-Regression. International Journal
of Environmental Research and Public Health, 15(8), Article 8.
https://doi.org/10.3390/ijerph15081789

153. Liao, K.-H. (2016a). Hand Grip Strength in Low, Medium, and High Body Mass
Index Males and Females. Middle East Journal of Rehabilitation and Health, 3(1), Article
1. https://doi.org/10.17795/mejrh-33860

154. Liao, K.-H. (2016b). Hand Grip Strength in Low, Medium, and High Body Mass
Index Males and Females. Middle East Journal of Rehabilitation and Health, 3(1), Article
1. https://doi.org/10.17795/mejrh-33860

155. Linssen, A. M. W., Sambeth, A., Vuurman, E. F. P. M., & Riedel, W. J. (2014).
Cognitive effects of methylphenidate in healthy volunteers: A review of single dose
studies. International Journal of Neuropsychopharmacology, 17(6), 961-977.
https://doi.org/10.1017/S1461145713001594

156. Littleton, A. C., Register-Mihalik, J. K., & Guskiewicz, K. M. (2015). Test-Retest
Reliability of a Computerized Concussion Test: CNS Vital Signs. Sports Health, 7(5),
443-447. https://doi.org/10.1177/1941738115586997

157. Lorello, C., Goldfield, G. S., & Doucet, E. (2008). Methylphenidate Hydrochloride
Increases Energy Expenditure in Healthy Adults. Obesity, 16(2), 470-472.
https://doi.org/10.1038/0by.2007.45

158. Louw, W. A. N., & Davids, R. A. (2022). Prevalence of methylphenidate use by
Master of Medicine students at a South African university. Postgraduate Medical
Journal, 98(1166), 925-929. https://doi.org/10.1136/postgradmedj-2021-140991

159. Lyseng-Williamson, K. A., & Keating, G. M. (2002). Extended- Release
Methylphenidate (Ritalin® LA). Drugs, 62(15), 2251-2259.
https://doi.org/10.2165/00003495-200262150-00012

160. Mahon, A. D., Stephens, B. R., & Cole, A. S. (2008a). Exercise Responses in Boys
With Attention Deficit/Hyperactivity Disorder: Effects of Stimulant Medication. Journal
of Attention Disorders, 12(2), 170-176. https://doi.org/10.1177/1087054707308484

161. Mahon, A. D., Stephens, B. R., & Cole, A. S. (2008b). Exercise Responses in Boys
With Attention Deficit/Hyperactivity Disorder: Effects of Stimulant Medication. Journal
of Attention Disorders, 12(2), 170-176. https://doi.org/10.1177/1087054707308484

162. Marques, A., Marconcin, P., Werneck, A. O., Ferrari, G., Gouveia, E.R., Kliegel,
M., Peralta, M., & lhle, A. (2021). Bidirectional Association between Physical Activity and
Dopamine Across Adulthood—A Systematic Review. Brain Sciences, 11(7), Article 7.
https://doi.org/10.3390/brainsci11070829

151


https://doi.org/10.1002/hup.579
https://doi.org/10.1007/s10928-017-9513-5
https://doi.org/10.3390/ijerph15081789
https://doi.org/10.17795/mejrh-33860
https://doi.org/10.17795/mejrh-33860
https://doi.org/10.1017/S1461145713001594
https://doi.org/10.1177/1941738115586997
https://doi.org/10.1038/oby.2007.45
https://doi.org/10.1136/postgradmedj-2021-140991
https://doi.org/10.2165/00003495-200262150-00012
https://doi.org/10.1177/1087054707308484
https://doi.org/10.1177/1087054707308484
https://doi.org/10.3390/brainsci11070829

163. Martinez-Raga, J., Knecht, C., Szerman, N., & Martinez, M. I. (2013). Risk of
Serious Cardiovascular Problems with Medications for Attention-Deficit Hyperactivity
Disorder. CNS Drugs, 27(1), 15-30. https://doi.org/10.1007/s40263-012-0019-9

164. Maryam Sarafpour, Islamic Azad University, Tehran, Tehran, IR, & ; Seyed Yahya
Shirazi; Elham Shirazi; Fatemeh Ghazaei; Zahra Parnianpour. (2018). Postural Balance
Performance of Children with ADHD, with and without Medication: A Quantitative
Approach. Postural Balance Performance of Children with ADHD, with and without
Medication: A Quantitative Approach. Annual International Conference of the IEEE
Engineering in Medicine and Biology Society.
https://doi.org/10.1109/EMBC.2018.8512636

165. McCabe, S. E., Knight, J. R., Teter, C. J., & Wechsler, H. (2005). Non-medical use
of prescription stimulants among US college students: Prevalence and correlates from
a national survey. Addiction, 100(1), 96-106. https://doi.org/10.1111/j.1360-
0443.2005.00944.x

166. Meckel, Y., Nemet, D., & Eliakim, A. (2011). The effect of methylphenidate
treatment on exercise performance in children with attention-deficit hyperactivity

disorder. Acta Kinesiologiae Universitatis Tartuensis, 17, 109-116.
https://doi.org/10.12697/akut.2011.17.09

167. Mellstréom, E., Forsman, C., Engh, L., Hallerback, M. U., & Wikstrom, S. (2020).
Methylphenidate and Reduced Overweight in Children With ADHD. Journal of Attention
Disorders, 24(2), 246-254. https://doi.org/10.1177/1087054718808045

168. Meyers, C. A., Weitzner, M. A, Valentine, A. D., & Levin, V. A. (1998).
Methylphenidate therapy improves cognition, mood, and function of brain tumor
patients. Journal of Clinical Oncology, 16(7), 2522-2527.
https://doi.org/10.1200/JC0.1998.16.7.2522

169. Mick, E., McManus, D. D., & Goldberg, R. J. (2013). Meta-analysis of increased
heart rate and blood pressure associated with CNS stimulant treatment of ADHD in
adults. European Neuropsychopharmacology, 23(6), 534-541.
https://doi.org/10.1016/j.euroneuro.2012.06.011

170. Miller, J. (2023). Pre-Participation Health Screening, Medical Clearance, and
Informed Consent. In Laboratory Manual for Strength and Conditioning. Routledge.
171. Missale, C., Nash, S. R., Robinson, S. W., Jaber, M., & Caron, M. G. (1998).

Dopamine Receptors: From Structure to Function. Physiological Reviews, 78(1), 189-
225. https://doi.org/10.1152/physrev.1998.78.1.189

172. Monteiro, B. M. de M., Oliveira, K. M. de, Rodrigues, L. de A., Fernandes, T. F.,
Silva, J. B. M., Viana, N. A. O., Gama, C. A. P. da, & Guimaraes, D. A. (2017).
Metilfenidato e melhoramento cognitivo em universitarios: Um estudo de revisao

sistematica. SMAD, Revista Eletrénica Satde Mental Alcool e Drogas (Edicdo em
Portugués), 13(4), Article 4. https://doi.org/10.11606/issn.1806-6976.v13i4p232-242

173. Moreno, C. C., Houck, Z., Svingos, A., Greif, S., Hromas, G., Jaffee, M., Heaton,
S., Deming, C., & Bauer, R. M. (2019). Effects of Headache on CNS Vital Signs
Performance in a Concussed Community Sample. Archives of Clinical
Neuropsychology, 34(5), 783. https://doi.org/10.1093/arclin/acz026.53

174. Negrao, B. L., Bipath, P., van der Westhuizen, D., & Viljoen, M. (2010a).
Autonomic Correlates at Rest and during Evoked Attention in Children with Attention-

152


https://doi.org/10.1007/s40263-012-0019-9
https://doi.org/10.1109/EMBC.2018.8512636
https://doi.org/10.1111/j.1360-0443.2005.00944.x
https://doi.org/10.1111/j.1360-0443.2005.00944.x
https://doi.org/10.12697/akut.2011.17.09
https://doi.org/10.1177/1087054718808045
https://doi.org/10.1200/JCO.1998.16.7.2522
https://doi.org/10.1016/j.euroneuro.2012.06.011
https://doi.org/10.1152/physrev.1998.78.1.189
https://doi.org/10.11606/issn.1806-6976.v13i4p232-242
https://doi.org/10.1093/arclin/acz026.53

Deficit/Hyperactivity Disorder and Effects of Methylphenidate. Neuropsychobiology,
63(2), 82-91. https://doi.org/10.1159/000317548

175. Negrao, B. L., Bipath, P., van der Westhuizen, D., & Viljoen, M. (2010b).
Autonomic Correlates at Rest and during Evoked Attention in Children with Attention-
Deficit/Hyperactivity Disorder and Effects of Methylphenidate. Neuropsychobiology,
63(2), 82-91. https://doi.org/10.1159/000317548

176. Neumann, J., Hofmann, B., Dhein, S., & Gergs, U. (2023). Role of Dopamine in
the Heart in Health and Disease. International Journal of Molecular Sciences, 24(5),
5042. https://doi.org/10.3390/ijms24055042

177. Noakes, T. D. (1997). Challenging beliefs: Ex Africa semper aliquid novi.
Medicine & Science in Sports & Exercise, 29(5), 571.
178. Noakes, T. D. (1998). Maximal oxygen uptake: “classical” versus

“contemporary” viewpoints: a rebuttal. Medicine and Science in Sports and Exercise,
30(9), 1381-1398. https://doi.org/10.1097/00005768-199809000-00007

179. Omidi, N., Mojtaba Ghorashi, S., Zahedi Tajrishi, F., Effatpanah, M., Khatami, F.,
& Rafie Khorgami, M. (2021). Effects of methylphenidate on blood pressure, QT-interval,
and cardiac output in ADHD diagnosed children: A three months’ follow-up study. [JC
Heart & Vasculature, 34, 100805. https://doi.org/10.1016/j.ijjcha.2021.100805

180. Onal, B., Bayindir, M. Y., Topkarci, Y. B., Dogan, A. S., Oktan, B., Yunusoglu, O.,
Onal, B., Bayindir, M. Y., Topkarci, Y. B., Dogan, A. S., Oktan, B., & Sr, O. Y. (2024). The
Awareness of Methylphenidate and Its Use: Experiences and Perceptions of Medical
Students. Cureus, 16(11). https://doi.org/10.7759/cureus.74317

181. Outram, S. M. (2010). The use of methylphenidate among students: The future of
enhancement? Journal of Medical Ethics, 36(4), 198-202.
https://doi.org/10.1136/jme.2009.034421

182. Ozgur KIZILCA, S. B. (2023). The Effect of Methylphenidate Treatment on Heart
Rate Variability and Cardiac Autonomic Functions in Children with Attention Deficit

Hyperactivity Disorder. Namik Kemal Medical Journal, 11(1), 80-86.
https://doi.org/10.4274/nkmj.galenos.2023.38257

188. Pan African Clinical Trials Registry (PACTR). (2022).
https://www.who.int/clinical-trials-registry-platform/network/primary-registries/pan-

african-clinical-trials-registry-pactr

184. Parker, C., Scott, S., & Geddes, A. (2019). Snowball Sampling. SAGE
Publications Ltd. https://doi.org/10.4135/9781526421036831710

185. PAR-Q+: The International Standard for Pre-Participation Screening. (2016).
https://eparmedx.com/

186. Partridge, B. (2013, April 24). Athletes need performance-enhancing drugs to
treatillness. The Conversation. http://theconversation.com/athletes-need-

performance-enhancing-drugs-to-treat-illness-13718

187. Pitzianti, M. B., Spiridigliozzi, S., Bartolucci, E., Esposito, S., & Pasini, A. (2020).
New Insights on the Effects of Methylphenidate in Attention Deficit Hyperactivity
Disorder. Frontiers in Psychiatry, 11. https://doi.org/10.3389/fpsyt.2020.531092

188. Pompeu, F. A. M. S. (2022). Why Pheidippides could not believe in the ‘Central
Governor Model’: Popper’s philosophy applied to choose between two exercise

153


https://doi.org/10.1159/000317548
https://doi.org/10.1159/000317548
https://doi.org/10.3390/ijms24055042
https://doi.org/10.1097/00005768-199809000-00007
https://doi.org/10.1016/j.ijcha.2021.100805
https://doi.org/10.7759/cureus.74317
https://doi.org/10.1136/jme.2009.034421
https://doi.org/10.4274/nkmj.galenos.2023.38257
https://www.who.int/clinical-trials-registry-platform/network/primary-registries/pan-african-clinical-trials-registry-pactr
https://www.who.int/clinical-trials-registry-platform/network/primary-registries/pan-african-clinical-trials-registry-pactr
https://doi.org/10.4135/9781526421036831710
https://eparmedx.com/
http://theconversation.com/athletes-need-performance-enhancing-drugs-to-treat-illness-13718
http://theconversation.com/athletes-need-performance-enhancing-drugs-to-treat-illness-13718
https://doi.org/10.3389/fpsyt.2020.531092

physiology theories. Sports Medicine and Health Science, 4(1), 1-7.
https://doi.org/10.1016/j.smhs.2021.10.001

189. Poulton, A., Briody, J., McCorquodale, T., Melzer, E., Herrmann, M., Baur, L. A., &
Duque, G. (2012). Weight loss on stimulant medication: How does it affect body
composition and bone metabolism? — A prospective longitudinal study. International
Journal of Pediatric Endocrinology, 2012(1), 30. https://doi.org/10.1186/1687-9856-
2012-30

190. Prevalence of methylphenidate use by Master of Medicine students at a South
African university | Postgraduate Medical Journal | Oxford Academic. (n.d.). Retrieved
March 29, 2025, from https://academic.oup.com/pmj/article/98/1166/925/7097223

191. Prevalence of therapeutic use exemptions at the Olympic Games and
Paralympic Games: An analysis of data from 2016 to 2022 | British Journal of Sports
Medicine. (n.d.). Retrieved March 29, 2025, from
https://bjsm.bmj.com/content/58/17/966

192. PubChem. (2005). Methylphenidate. National Library of Medicine of NIH.
https://pubchem.ncbi.nlm.nih.gov/compound/4158
193. Quintana, H., Birmaher, B., Stedge, D., Lennon, S., Freed, J., Bridge, J., &

Greenhill, L. (1995). Use of methylphenidate in the treatment of children with autistic
disorder. Journal of Autism and Developmental Disorders, 25(3), 283-294.
https://doi.org/10.1007/BF02179289

194. Quintero, J., Gutiérrez-Casares, J. R., & Alamo, C. (2022). Molecular
Characterisation of the Mechanism of Action of Stimulant Drugs Lisdexamfetamine and
Methylphenidate on ADHD Neurobiology: A Review. Neurology and Therapy, 11(4),
1489-1517. https://doi.org/10.1007/s40120-022-00392-2

195. Rachel, U., Ickowicz, A., Fulford, P., & Tannock, R. (1995). An Exaggerated
Cardiovascular Response to Methylphenidate in ADHD Children with Anxiety. Journal of
Child and Adolescent Psychopharmacology, 5(1), 29-37.
https://doi.org/10.1089/cap.1995.5.29

196. Reardon, C. L., & Factor, R. M. (2016). Considerations in the Use of Stimulants in
Sport. Sports Medicine, 46(5), 611-617. https://doi.org/10.1007/s40279-015-0456-y
197. Ritalin Approved Package Insert. (2017). Novartis.

https://www.sahpra.org.za/wp-content/uploads/2020/02/Ritalin_PIl_Novartis_MCC-
format-5-February-2018.pdf

198. Rodgers, A. L. (2022). ADHD Medication Not Linked with Hypertension,
Cardiovascular Disease. ADDitude. https://www.additudemag.com/adhd-medication-

no-cardiovascular-risk-hypertension-heart-failure/

199. Rotunda, W. (2024a). Weight Loss in Short-Term Interventions for Physical
Activity and Nutrition Among Adults With Overweight or Obesity: A Systematic Review
and Meta-Analysis. Preventing Chronic Disease, 21.
https://doi.org/10.5888/pcd21.230347

200. Rotunda, W. (2024b). Weight Loss in Short-Term Interventions for Physical
Activity and Nutrition Among Adults With Overweight or Obesity: A Systematic Review

and Meta-Analysis. Preventing Chronic Disease, 21.
https://doi.org/10.5888/pcd21.230347

154


https://doi.org/10.1016/j.smhs.2021.10.001
https://doi.org/10.1186/1687-9856-2012-30
https://doi.org/10.1186/1687-9856-2012-30
https://academic.oup.com/pmj/article/98/1166/925/7097223
https://bjsm.bmj.com/content/58/17/966
https://pubchem.ncbi.nlm.nih.gov/compound/4158
https://doi.org/10.1007/BF02179289
https://doi.org/10.1007/s40120-022-00392-2
https://doi.org/10.1089/cap.1995.5.29
https://doi.org/10.1007/s40279-015-0456-y
https://www.sahpra.org.za/wp-content/uploads/2020/02/Ritalin_PI_Novartis_MCC-format-5-February-2018.pdf
https://www.sahpra.org.za/wp-content/uploads/2020/02/Ritalin_PI_Novartis_MCC-format-5-February-2018.pdf
https://www.additudemag.com/adhd-medication-no-cardiovascular-risk-hypertension-heart-failure/
https://www.additudemag.com/adhd-medication-no-cardiovascular-risk-hypertension-heart-failure/
https://doi.org/10.5888/pcd21.230347
https://doi.org/10.5888/pcd21.230347

201. Scahill, L., Carroll, D., & Burke, K. (2004). Methylphenidate: Mechanism of
action and clinical update. Journal of Child and Adolescent Psychiatric Nursing: Official
Publication of the Association of Child and Adolescent Psychiatric Nurses, Inc, 17(2),
85-86. https://doi.org/10.1111/j.1744-6171.2004.00085.x

202. Schelleman, H., Bilker, W. B., Kimmel, S. E., Daniel, G. W., Newcomb, C.,
Guevara, J. P., Cziraky, M. J., Strom, B. L., & Hennessy, S. (2012). Methylphenidate and
Risk of Serious Cardiovascular Events in Adults. American Journal of Psychiatry, 169(2),
178-185. https://doi.org/10.1176/appi.ajp.2011.11010125

203. Scherr, J., Wolfarth, B., Christle, J. W., Pressler, A., Wagenpfeil, S., & Halle, M.
(2013). Associations between Borg’s rating of perceived exertion and physiological
measures of exercise intensity. European Journal of Applied Physiology, 113(1), 147-
155. https://doi.org/10.1007/s00421-012-2421-x

204. Schrantee, A., Tamminga, H. G. H., Bouziane, C., Bottelier, M. A, Bron, E. E.,
Mutsaerts, H.-J. M. M., Zwinderman, A. H., Groote, I. R., Rombouts, S. A. R. B., Lindauer,
R.J. L., Klein, S., Niessen, W. J., Opmeer, B. C., Boer, F., Lucassen, P. J., Andersen, S. L.,
Geurts, H. M., & Reneman, L. (2016). Age-Dependent Effects of Methylphenidate on the
Human Dopaminergic System in Young vs Adult Patients With Attention-
Deficit/Hyperactivity Disorder: A Randomized Clinical Trial. JAMA Psychiatry, 73(9), 955-
962. https://doi.org/10.1001/jamapsychiatry.2016.1572

205. Sella, G. E. (2001). The hand grip: Gender, dominance and age considerations.
Europa Medicophysica, 37(3), 161.
206. Sharif, S., Guirguis, A., Fergus, S., & Schifano, F. (2021). The Use and Impact of

Cognitive Enhancers among University Students: A Systematic Review. Brain Sciences,
11(3), Article 3. https://doi.org/10.3390/brainsci11030355

207. Shin, J.-Y., Roughead, E. E., Park, B.-J., & Pratt, N. L. (2016). Cardiovascular
safety of methylphenidate among children and young people with attention-

deficit/hyperactivity disorder (ADHD): Nationwide self controlled case series study.
BMJ, 353, i2550. https://doi.org/10.1136/bmj.i2550

208. Shorer, Z., Bachner, Y., Guy, T., & Melzer, I. (2013). Effect of Single Dose
Methylphenidate on Walking and Postural Stability Under Single- and Dual-Task
Conditions in Older Adults—A Double-Blind Randomized Control Trial. The Journals of
Gerontology: Series A, 68(10), 1271-1280. https://doi.org/10.1093/gerona/glt035

2009. Short Term Effects of Methylphenidate on the Cognitive, Learning and Academic
Performance of Children with Attention Deficit Disorder in the Laboratory and the
Classroom*,t—Douglas—1986—Journal of Child Psychology and Psychiatry—Wiley
Online Library. (1986). https://acamh.onlinelibrary.wiley.com/doi/10.1111/j.1469-
7610.1986.tb02330.x

210. Shuman-Paretsky, M., Gumber, S., & Dams-O’Connor, K. (2017). Interventions
for Posttraumatic Brain Injury Fatigue: An Updated Review. Current Physical Medicine
and Rehabilitation Reports, 5(1), 12-21. https://doi.org/10.1007/s40141-017-0147-8

211. Silveira, R. daR., Lejderman, B., Ferreira, P. E. M. S., & Rocha, G. M. P. da.
(2014). Patterns of non-medical use of methylphenidate among 5th and 6th year

students in a medical school in southern Brazil. Trends in Psychiatry and
Psychotherapy, 36, 101-106. https://doi.org/10.1590/2237-6089-2013-0065

155


https://doi.org/10.1111/j.1744-6171.2004.00085.x
https://doi.org/10.1176/appi.ajp.2011.11010125
https://doi.org/10.1007/s00421-012-2421-x
https://doi.org/10.1001/jamapsychiatry.2016.1572
https://doi.org/10.3390/brainsci11030355
https://doi.org/10.1136/bmj.i2550
https://doi.org/10.1093/gerona/glt035
https://acamh.onlinelibrary.wiley.com/doi/10.1111/j.1469-7610.1986.tb02330.x
https://acamh.onlinelibrary.wiley.com/doi/10.1111/j.1469-7610.1986.tb02330.x
https://doi.org/10.1007/s40141-017-0147-8
https://doi.org/10.1590/2237-6089-2013-0065

212. Solanto, M. V. (1998). Neuropsychopharmacological mechanisms of stimulant
drug action in attention-deficit hyperactivity disorder: A review and integration.
Behavioural Brain Research, 94(1), 127-152. https://doi.org/10.1016/S0166-
4328(97)00175-7

213. Soysal, P., Hurst, C., Demurtas, J., Firth, J., Howden, R., Yang, L., Tully, M. A,,
Koyanagi, A., Illie, P. C., Lépez-Sanchez, G. F., Schwingshackl, L., Veronese, N., & Smith,
L. (2021). Handgrip strength and health outcomes: Umbrella review of systematic
reviews with meta-analyses of observational studies. Journal of Sport and Health
Science, 10(3), 290-295. https://doi.org/10.1016/j.jshs.2020.06.009

214. Stafford, C. (2024). CNS Vital Signs. In Clinical Integration of
Neuropsychological Test Results. CRC Press.

215. Stapleton, A. (2018). Efficacy of Methylphenidate in the Geriatric Population for
Fall Prevention. Commonknowledge; School of Physician Assistant Studies. 651.

216. Stevens, S. S., & Pashler, H. E. (2002). Stevens’ handbook of experimental
psychology (3rd ed). John Wiley & Sons.

217. Steyn, F. (2016). Methylphenidate use and poly-substance use among

undergraduate students attending a South African university. South African Journal of
Psychiatry, 22(1), Article 1. https://doi.org/10.4102/sajpsychiatry.v22i1.760

218. Stiefel, G., & Besag, F. M. C. (2010). Cardiovascular Effects of Methylphenidate,
Amphetamines and Atomoxetine in the Treatment of Attention-Deficit Hyperactivity
Disorder. Drug Safety, 33(10), 821-842. https://doi.org/10.2165/11536380-000000000-
00000

219. Stoner, J. D., Bolen, J. L., & Harrison, D. C. (1977). Comparison of dobutamine
and dopamine in treatment of severe heart failure. Heart, 39(5), 536-539.
https://doi.org/10.1136/hrt.39.5.536

220. Stoof, J. C., & Kebabian, J. W. (1984). Two dopamine receptors: Biochemistry,
physiology and pharmacology. Life Sciences, 35(23), 2281-2296.
https://doi.org/10.1016/0024-3205(84)90519-8

221. Sturman, N., Deckx, L., & Driel, M. L. van. (2017). Methylphenidate for children
and adolescents with autism spectrum disorder—Sturman, N - 2017 | Cochrane Library.
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD011144.pub2/full

222. Surman, C. B. H., Hammerness, P. G., Pion, K., & Faraone, S. V. (2013). Do
stimulants improve functioning in adults with ADHD?: A review of the literature.
European Neuropsychopharmacology, 23(6), 528-533.
https://doi.org/10.1016/j.euroneuro.2012.02.010

223. Swanson, J. M., & Hechtman, L. (2005). Using long-acting stimulants: Does it
change ADHD treatment outcome? The Canadian Child and Adolescent Psychiatry

Review = La Revue Canadienne De Psychiatrie De L’enfant Et De L’adolescent,
14(Supplement 1), 2-3.

224. Swart, J., Lamberts, R. P., Lambert, M. |., Gibson, A. S. C., Lambert, E. V.,
Skowno, J., & Noakes, T. D. (2009). Exercising with reserve: Evidence that the central
nervous system regulates prolonged exercise performance.
https://doi.org/10.1136/bjsm.2008.055889

225. Tadrous, M., Shakeri, A., Chu, C., Watt, J., Mamdani, M. M., Juurlink, D. N., &
Gomes, T. (2021). Assessment of Stimulant Use and Cardiovascular Event Risks Among

156


https://doi.org/10.1016/S0166-4328(97)00175-7
https://doi.org/10.1016/S0166-4328(97)00175-7
https://doi.org/10.1016/j.jshs.2020.06.009
https://doi.org/10.4102/sajpsychiatry.v22i1.760
https://doi.org/10.2165/11536380-000000000-00000
https://doi.org/10.2165/11536380-000000000-00000
https://doi.org/10.1136/hrt.39.5.536
https://doi.org/10.1016/0024-3205(84)90519-8
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD011144.pub2/full
https://doi.org/10.1016/j.euroneuro.2012.02.010
https://doi.org/10.1136/bjsm.2008.055889

Older Adults. JAMA Network Open, 4(10), e2130795.
https://doi.org/10.1001/jamanetworkopen.2021.30795

226. Teter, C. J., McCabe, S. E., Boyd, C. J., & Guthrie, S. K. (2003). IlUicit
Methylphenidate Use in an Undergraduate Student Sample: Prevalence and Risk
Factors. Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy,
23(5), 609-617. https://doi.org/10.1592/phco0.23.5.609.32210

227. The Maximal Ramp Test. (2023, July 18). Wattbike.
https://support.wattbike.com/hc/en-gb/articles/115002927065-The-Maximal-Ramp-
Test

228. The Prohibited List. (n.d.). World Anti Doping Agency. Retrieved March 29, 2025,
from https://www.wada-ama.org/en/prohibited-list
229. Therapeutic Use Exemptions (TUEs). (2024). World Anti Doping Agency.

https://www.wada-ama.org/en/athletes-support-personnel/therapeutic-use-

exemptions-tues
230. Thieme E-Journals—Neuropediatrics / Abstract. (n.d.). Retrieved March 30,

2025, from https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-
0030-1261893

231. Topriceanu, C.-C., Moon, J. C., Captur, G., & Perera, B. (2022). The use of
attention-deficit hyperactivity disorder medications in cardiac disease. Frontiers in
Neuroscience, 16. https://doi.org/10.3389/fnins.2022.1020961

232. Trenque, T., Herlem, E., Abou Taam, M., & Drame, M. (2014). Methylphenidate
off-label use and safety. SpringerPlus, 3(1), 286. https://doi.org/10.1186/2193-1801-3-
286

233. Truter, I. (2009a). Prescribing of methylphenidate to children and adolescents in

South Africa: A pharmacoepidemiological investigation. South African Family Practice,
51(5), Article 5. https://www.ajol.info/index.php/safp/article/view/48490
234. Truter, I. (2009b). Prescribing of methylphenidate to children and adolescents in

South Africa: A pharmacoepidemiological investigation : original research. South
African Family Practice, 51(5), 413-417. https://doi.org/10.10520/EJC80415

235. TUE Physician Guidelines—ADHD. (2023). World Anti Doping Agency.
https://www.wada-ama.org/en/resources/therapeutic-use-exemption/tue-physician-
guidelines-adhd

236. “TUE”—Drug Free Sport. (2021, March 9). Drug Free Sport - What Doping in
Sport Is All about and How to Compete Clean. https://drugfreesport.org.za/tue/

237. Uchida, K. (2018). Unit of oxygen uptake efficiency slope. The Journal of Physical
Fitness and Sports Medicine, 7(3), 171-175. https://doi.org/10.7600/jpfsm.7.171

238. Unit of oxygen uptake efficiency slope. (n.d.). Retrieved March 29, 2025, from
https://www.jstage.jst.go.jp/article/jpfsm/7/3/7_171/_article

239. Van Breda, K. (2018). The influence of methylphenidate on heart rate and brain
connectivity [Cape Town]. http://hdl.handle.net/11427/27818

240. van der Linden, S. D., Rijnen, S. J. M., Emons, W. H. M, Sitskoorn, M. M., &

Gehring, K. (2017). Test-retest reliability and practice effects of the computerized
neuropsychological test battery CNS Vital Signs: International Neuropsychological
Society Mid-Year. JINS. Journal of the International Neuropsychological Society,
23(supp.2).

157


https://doi.org/10.1001/jamanetworkopen.2021.30795
https://doi.org/10.1592/phco.23.5.609.32210
https://support.wattbike.com/hc/en-gb/articles/115002927065-The-Maximal-Ramp-Test
https://support.wattbike.com/hc/en-gb/articles/115002927065-The-Maximal-Ramp-Test
https://www.wada-ama.org/en/prohibited-list
https://www.wada-ama.org/en/athletes-support-personnel/therapeutic-use-exemptions-tues
https://www.wada-ama.org/en/athletes-support-personnel/therapeutic-use-exemptions-tues
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-0030-1261893
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-0030-1261893
https://doi.org/10.3389/fnins.2022.1020961
https://doi.org/10.1186/2193-1801-3-286
https://doi.org/10.1186/2193-1801-3-286
https://www.ajol.info/index.php/safp/article/view/48490
https://doi.org/10.10520/EJC80415
https://www.wada-ama.org/en/resources/therapeutic-use-exemption/tue-physician-guidelines-adhd
https://www.wada-ama.org/en/resources/therapeutic-use-exemption/tue-physician-guidelines-adhd
https://drugfreesport.org.za/tue/
https://doi.org/10.7600/jpfsm.7.171
https://www.jstage.jst.go.jp/article/jpfsm/7/3/7_171/_article
http://hdl.handle.net/11427/27818

241. Vanderbilt ADHD Diagnostic Rating Scale (VADRS)—Psychology Tools. (2003).
https://psychology-tools.com/test/vadrs-vanderbilt-adhd-diagnostic-rating-scale

242. Vedrenne-Gutiérrez, F., Yu, S., Olivé-Madrigal, A., & Fuchs-Tarlovsky, V. (2024a).
Methylphenidate can help reduce weight, appetite, and food intake—A narrative review
of adults’ anthropometric changes and feeding behaviors. Frontiers in Nutrition, 11.
https://doi.org/10.3389/fnut.2024.1497772

243. Vedrenne-Gutiérrez, F., Yu, S., Olivé-Madrigal, A., & Fuchs-Tarlovsky, V. (2024b).
Methylphenidate can help reduce weight, appetite, and food intake—A narrative review
of adults’ anthropometric changes and feeding behaviors. Frontiers in Nutrition, 11.
https://doi.org/10.3389/fnut.2024.1497772

244, Velasco, M., & Luchsinger, A. (1998). Dopamine: Pharmacologic and therapeutic
aspects. American Journal of Therapeutics, 5(1), 37-43.

245, Verghese, C., Patel, P., & Abdijadid, S. (2025a). Methylphenidate. In StatPearls.
StatPearls Publishing. http://www.ncbi.nlm.nih.gov/books/NBK482451/

246. Verghese, C., Patel, P., & Abdijadid, S. (2025b). Methylphenidate. In StatPearls.
StatPearls Publishing. http://www.ncbi.nlm.nih.gov/books/NBK482451/

247. Vernec, A., Healy, D., Banon, T., & Petroczi, A. (2024). Prevalence of therapeutic

use exemptions at the Olympic Games and Paralympic Games: An analysis of data from
2016 to 2022. British Journal of Sports Medicine, 58(17), 966-972.
https://doi.org/10.1136/bjsports-2024-108266

248. Volkow, N. D., Fowler, J. S., Wang, G., Ding, Y., & Gatley, S. J. (2002). Mechanism
of action of methylphenidate: Insights from PET imaging studies. Journal of Attention
Disorders, 6(1_suppl), 31-43. https://doi.org/10.1177/070674370200601S05

249. Volkow, N. D., Wang, G.-J., Fowler, J. S., Logan, J., Gerasimov, M., Maynard, L.,
Ding, Y.-S., Gatley, S. J., Gifford, A., & Franceschi, D. (2001). Therapeutic Doses of Oral
Methylphenidate Significantly Increase Extracellular Dopamine in the Human Brain.
Journal of Neuroscience, 21(2), RC121-RC121. https://doi.org/10.1523/INEUROSCI.21-
02-j0001.2001

250. Volkow, N. D., Wang, G.-J., Fowler, J. S., Molina, P. E., Logan, J., Gatley, S. J.,
Gifford, A., Ding, Y.-S., Wong, C., Pappas, N. R., Zhu, W., & Swanson, J. M. (2003).
Cardiovascular effects of methylphenidate in humans are associated with increases of
dopamine in brain and of epinephrine in plasma. Psychopharmacology, 166(3), 264—
270. https://doi.org/10.1007/s00213-002-1340-7

251. Volkow, N. D., Wang, G.-J., Gatley, S.J., Fowler, J. S, Ding, Y.-S., Logan, J.,
Volkow, N. D., Hitzemann, R., Angrist, B., & Lieberman, J. (1996). Temporal relationships
between the pharmacokinetics of methylphenidate in the human brain and its

behavioral and cardiovascular effects. Psychopharmacology, 123(1), 26-33.
https://doi.org/10.1007/BF02246277

252. WADA publishes 2025 Prohibited List. (2024, September 25). World Anti Doping
Agency. https://www.wada-ama.org/en/news/wada-publishes-2025-prohibited-list
253. Wakamatsu, A., Nomura, S., Tate, Y., Shimizu, S., & Harada, Y. (2009). Effects of

methylphenidate hydrochloride on the cardiovascular system in vivo and in vitro: A
safety pharmacology study. Journal of Pharmacological and Toxicological Methods,
59(3), 128-134. https://doi.org/10.1016/j.vascn.2009.01.003

158


https://psychology-tools.com/test/vadrs-vanderbilt-adhd-diagnostic-rating-scale
https://doi.org/10.3389/fnut.2024.1497772
https://doi.org/10.3389/fnut.2024.1497772
http://www.ncbi.nlm.nih.gov/books/NBK482451/
http://www.ncbi.nlm.nih.gov/books/NBK482451/
https://doi.org/10.1136/bjsports-2024-108266
https://doi.org/10.1177/070674370200601S05
https://doi.org/10.1523/JNEUROSCI.21-02-j0001.2001
https://doi.org/10.1523/JNEUROSCI.21-02-j0001.2001
https://doi.org/10.1007/s00213-002-1340-7
https://doi.org/10.1007/BF02246277
https://www.wada-ama.org/en/news/wada-publishes-2025-prohibited-list
https://doi.org/10.1016/j.vascn.2009.01.003

254, Wang, J., & Luo, X. (2015). Purposive Sample Consensus: A Paradigm for Model
Fitting with Application to Visual Odometry. In L. Mejias, P. Corke, & J. Roberts (Eds.),
Field and Service Robotics: Results of the 9th International Conference (pp. 335-349).
Springer International Publishing. https://doi.org/10.1007/978-3-319-07488-7_23

255. Warburton, D. E. R., Bredin, S. S. D., Jamnik, V. K., & Gledhill, N. (2011).
Validation of the PAR-Q+ and ePARmed-X+. The Health & Fitness Journal of Canada,
4(2), Article 2. https://doi.org/10.14288/hfjc.v4i2.151

256. Wasserman, K. (2000). Cardiopulmonary Exercise Testing: Cardiovascular and
Respiratory Limitations Detected by Exercise Gas Exchange. In H.-H. Osterhues, V.
Hombach, & A. J. Moss (Eds.), Advances in Noninvasive Electrocardiographic Monitoring
Techniques (pp. 331-339). Springer Netherlands. https://doi.org/10.1007/978-94-011-
4090-4_32

257. Wei, J., & and Sinnott, S. M. (2025). Harms and benefits of non-medical
methylphenidate use among young adults: A scoping review of the literature. Journal of
Substance Use, 30(2), 199-204. https://doi.org/10.1080/14659891.2023.2293808

258. Weis, R., Till, C. H., & Erickson, C. P. (2019). Assessing and Overcoming the
Functional Impact of ADHD in College Students: Evidence-Based Disability
Determination and Accommodation Decision-Making. Journal of Postsecondary
Education and Disability, 32(3), 279-295.

259. Westover, A. N., & Halm, E. A. (2012). Do prescription stimulants increase the
risk of adverse cardiovascular events?: A systematic review. BMC Cardiovascular
Disorders, 12(1), 41. https://doi.org/10.1186/1471-2261-12-41

260. White, B. P., Becker-Blease ,Kathryn A., & and Grace-Bishop, K. (2006).
Stimulant Medication Use, Misuse, and Abuse in an Undergraduate and Graduate
Student Sample. Journal of American College Health, 54(5), 261-268.
https://doi.org/10.3200/JACH.54.5.261-268

261. Wilens, T. E., Biederman, J., Lerner, M., & Group, C. S. (2004). Effects of Once-
Daily Osmotic-Release Methylphenidate on Blood Pressure and Heart Rate in Children
with Attention-Deficit/Hyperactivity Disorder: Results from a One-Year Follow-up Study.
Journal of Clinical Psychopharmacology, 24(1), 36.
https://doi.org/10.1097/01.jcp.0000106223.36344.df

262. Wilkison, P. C., Kircher, J. C., McMAHON, W. M., & Sloane, H. N. (1995). Effects
of Methylphenidate on Reward Strength in Boys with Attention-Deficit Hyperactivity
Disorder. Journal of the American Academy of Child & Adolescent Psychiatry, 34(7),
897-901. https://doi.org/10.1097/00004583-199507000-00013

263. Willett, W. C. (2013). Nutritional epidemiology (3rd ed). Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780199754038.001.0001

264. Williams, N. (2017). The Borg Rating of Perceived Exertion (RPE) scale.
Occupational Medicine, 67(5), 404-405. https://doi.org/10.1093/occmed/kgx063

265. World Medical Association Declaration of Helsinki. Ethical principles for

medical research involving human subjects. (2001). Bulletin of the World Health
Organization, 79(4), 373-374.

266. Yoss, R. E., & Daly, D. (1959). Treatment of narcolepsy with Ritalin. Neurology,
9(3), 171-171. https://doi.org/10.1212/WNL.9.3.171

159


https://doi.org/10.1007/978-3-319-07488-7_23
https://doi.org/10.14288/hfjc.v4i2.151
https://doi.org/10.1007/978-94-011-4090-4_32
https://doi.org/10.1007/978-94-011-4090-4_32
https://doi.org/10.1080/14659891.2023.2293808
https://doi.org/10.1186/1471-2261-12-41
https://doi.org/10.3200/JACH.54.5.261-268
https://doi.org/10.1097/01.jcp.0000106223.36344.df
https://doi.org/10.1097/00004583-199507000-00013
https://doi.org/10.1093/acprof:oso/9780199754038.001.0001
https://doi.org/10.1093/occmed/kqx063
https://doi.org/10.1212/WNL.9.3.171

267. Zahavi, E., Lev-Shalem, L., Yehoshua, |., & Adler, L. (2023). Methylphenidate use
and misuse among medical residents in Israel: A cross-sectional study. Human
Resources for Health, 21(1), 5. https://doi.org/10.1186/s12960-023-00792-x

268. Zhang, H., Du, M., & Zhuang, S. (2010). Impact of Long-Term Treatment of
Methylphenidate on Height and Weight of School Age Children with ADHD.
Neuropediatrics, 41, 55-59. https://doi.org/10.1055/s-0030-1261893

2609. Zhang, L., Yao, H., Li, L., Du Rietz, E., Andell, P., Garcia-Argibay, M., D’Onofrio,
B. M., Cortese, S., Larsson, H., & Chang, Z. (2022). Risk of Cardiovascular Diseases
Associated With Medications Used in Attention-Deficit/Hyperactivity Disorder: A
Systematic Review and Meta-analysis. JAMA Network Open, 5(11), e2243597.
https://doi.org/10.1001/jamanetworkopen.2022.43597

270. Zito, J. M., & Burcu, M. (2017). Stimulants and Pediatric Cardiovascular Risk.
Journal of Child and Adolescent Psychopharmacology, 27(6), 538-545.
https://doi.org/10.1089/cap.2015.0239

271. Zorn, S.Z. (2015). The Safety of Stimulant Medication Use in Cardiovascular and
Arrhythmia Patients. American College of Cardiology. https://www.acc.org/latest-in-
cardiology/articles/2015/04/28/10/06/http%3a%2f%2fwww.acc.org%2flatest-in-
cardiology%2farticles%2f2015%2f04%2f28%2f10%2f06%2fthe-safety-of-stimulant-
medication-use-in-cardiovascular-and-arrhythmia-patients

272. Zunhammer, M., Spisak, T., Wager, T. D., & Bingel, U. (2021). Meta-analysis of
neural systems underlying placebo analgesia from individual participant fMRI data.
Nature Communications, 12(1), 1391. https://doi.org/10.1038/s41467-021-21179-3

273. Zyl, P. M. V., Joubert, G., Fechter, L., Griesel, J., Nel, M., Honiball, A., Serfontein,
L., & Diedericks, M. (2017). Methylphenidate use among students living in junior on-
campus residences of the University of the Free State. South African Family Practice,
59(4), Article 4. https://doi.org/10.4102/safp.v59i4.4736

160


https://doi.org/10.1186/s12960-023-00792-x
https://doi.org/10.1055/s-0030-1261893
https://doi.org/10.1001/jamanetworkopen.2022.43597
https://doi.org/10.1089/cap.2015.0239
https://www.acc.org/latest-in-cardiology/articles/2015/04/28/10/06/http%3a%2f%2fwww.acc.org%2flatest-in-cardiology%2farticles%2f2015%2f04%2f28%2f10%2f06%2fthe-safety-of-stimulant-medication-use-in-cardiovascular-and-arrhythmia-patients
https://www.acc.org/latest-in-cardiology/articles/2015/04/28/10/06/http%3a%2f%2fwww.acc.org%2flatest-in-cardiology%2farticles%2f2015%2f04%2f28%2f10%2f06%2fthe-safety-of-stimulant-medication-use-in-cardiovascular-and-arrhythmia-patients
https://www.acc.org/latest-in-cardiology/articles/2015/04/28/10/06/http%3a%2f%2fwww.acc.org%2flatest-in-cardiology%2farticles%2f2015%2f04%2f28%2f10%2f06%2fthe-safety-of-stimulant-medication-use-in-cardiovascular-and-arrhythmia-patients
https://www.acc.org/latest-in-cardiology/articles/2015/04/28/10/06/http%3a%2f%2fwww.acc.org%2flatest-in-cardiology%2farticles%2f2015%2f04%2f28%2f10%2f06%2fthe-safety-of-stimulant-medication-use-in-cardiovascular-and-arrhythmia-patients
https://doi.org/10.1038/s41467-021-21179-3
https://doi.org/10.4102/safp.v59i4.4736

275. ADDENDUMS

161



ADDENDUM A: Physical Activity Readiness Questionnaire (PAR-Q)

Your Prescription for Health

ExeRcise

is Medicine’

PATIENT’S NAME:

DATE:

Physical Activity Readiness Questionnaire

(PAR-Q)

DOB:

HEALTHCARE PROVIDER’S NAME:

Please read the questions below carefully, and answer each one honestly. Please

check YES or NO.
[ Yes [] No
[ Yes ] No
[ Yes [] No
[ Yes [] No
[ Yes [ No

Has your healthcare provider ever said that you have a heart
condition and that you should only do physical activity
recommended by a healthcare provider?

Do you feel pain in your chest when you do physical activity?

In the past month, have you had chest pain when you were
not doing physical activity?

Do you lose your balance because of dizziness or do you
ever lose consciousness?

Do you have a bone or joint problem (for example, back,
knee or hip) that could be made worse by a change in your
physical activity?

Excerpted from the Physical Activity Readiness Questionnaire (PAR-Q) © 2002. Used with permission from the
Canadian Society for Exercise Physiology.
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ADDENDUM B: Physical Activity/Exercise Stages of Change

(PARMed)

Participant code.......ccoeueiveiiiieiieiiiiieenennnne.

Goal: To do physical activity or exercise regularly, such as accumulating:

Regular physical activity means meeting or exceeding the physical activity goal

Exercise Stages of Change Questionnaire

» 150 minutes of moderate physical activity per week, or
» 75 minutes of vigorous physical activity per week, or

« acombination of moderate and vigorous physical activity each week, such as

o 75 minutes of moderate and 40 minutes of vigorous physical activity, or 90
minutes of moderate and 25 minutes of vigorous physical activity

Examples of Moderate-Intensity Activity Examples of Vigorous-Intensity Activity

= Brisk walking + Jogging, running

» Biking<10 mph {16kph) +« Tennis

« Ballroom dancing « Biking>10 mph (16kph)
» General gardening, such as weeding + Aerobic dancing

- L]

- [ ]

Golfing (no cart)
Any other physical activity where the
exertion is similar to these

described above.

For each statement, please mark yes or no.

1.

2.

w

| am currently physically active (at least 30 minutes per week).
| intend to become more physically active in the next 6 months.
| currently engage in regular physical activity.

| have been regularly physically active for the past 6 months.

[ Yes

[ Yes

L Yes

] Yes

Heavy gardening, such as digging
Any other physical activity where the
exertion is similar to these

] No

] No

LI No

[J No
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Exercise Stages of Change - Scoring Key

Noto1,2,3 and 4 =

Noto1, 3,and 4, Yesto2 =
Yesto1and 2, Noto3and 4 =
Yesto1and 3, YesorNoto 2, Noto 4 =

Yesto1,3,and 4, YesorNoto 2=

Pre-contemplation stage
Contemplation stage
Preparation stage
Action stage

Maintenance stage
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ADDENDUM C: ACSM Risk Stratification Screening Questionnaire

ACSM Risk Stratification
Screening Questionnaire

Assess your health by marking all true statements.

You have had:

___aheart attack __congenital heart disease
__ heart failure ____any heart surgery
__cardiac arrhythmia ___ coronary angioplasty
____known heart murmur ____heart palpitations

You have:

__ experienced chest pain with mild exertion

__ experienced dizziness, fainting, or blackouts with mild exertion
____experienced unusual fatigue or shortness of breath during usual activities
__ been prescribed heart medications (please indicate):

Check all that apply:

____you are a man older than 45 years

____you smoke

__ vyour blood pressure is greater than 140/90

__ you take blood pressure medication

____you are completely physically inactive

__you currently have bone/fjoint problems

___Yyou have had a recent injury/surgery

____you are a diabetic or take medicine to control your blood sugar

____you have been diagnosed with high cholesterol >200 (or HDL is less than 35 mg/dL
or LDL is greater than 169 mg/dL)

____you have a close blood relative who had a heart attack before age 55
(father/brother) or age 65 (mother/sister)

__ Other (specify)

Use the following risk stratification scoring table (page | to sum the total number of
risk factors present in your patient in determining their current level of cardiovascular
disease risk.

165



Risk Stratification Scoring

Positive Risk Factors

Defining Criteria

Points

Age

Men = 45 years, Women = 55 years

+1

Family History

Myocardial infarction, coronary revascularization, or sudden
death before 55 years of age in father of other 1% degree
male relative or before 65 years of age in mother or other 1%
degree female relative

+1

Cigarette Smoking

Current cigarette smoker or those who quit within the
pravious six months, or exposure to environmental tobacco
smoke (i.e., secondhand smoke)

+1

Sedentary Lifestyle

Mot participating in at least 30 minutes of moderate-intensity
physical activity on at least three days/week for at least
three months

+1

Obesity

Body mass index 230 kg/m® or waist girth =102 cm (40
inches) for men >88 cm (35 inches) for men

+1

Dyslipidemia

Low-density lipoprotein (LDL) cholesterol 2 130mg/dL (3.37
mmol/L} or high-density lipoprotein (HDL) cholesterol
=40mgfdL (1.04mmol/L) or currently on lipid-lowering
medication; If total serum cholesterol i all that is available,
use serum cholesterol =200 mg/dL (5.18mmal/L)

+1

Prediabetes

Fasting plasma glucose 2100 mg/dL (5.50 mmmal/L) but
=128 mg/dL (6.93 mmol/L) or impaired glucoe tolerance
(IGT) where a two-hour oral glucose tolerance test (OGTT)
value is 2140 mg/dL {7.70 mmol/L), but <200 mg/dL
{11.00mmol/L)

+1

Negative Risk Factors

Defining Criteria

Points

High HDL Cholesteral

=60 mg/dL (1.55 mmol/L)

Total CVD Risk Score:

* See Appendix E for Risk Categories and related recommendations for Screening, Clinical Testing, and

Exercise Recommendations.
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ADDENDUM D: Information brochures for participant recruitment

You are invited to participate in a study being undertaken at Wits University to measure the
effects of Methylphenidate on physical and cognitive performance (e.g. attention)

Information

*  You will be given detailed information

*  Research done according to ethical principles and confidentially

*  You will need to sign consent, and complete some forms

*+  Measurements and tests will be done at Wits (Education Campus, Parktown) (with nominal
travel reimbursement)

Tests

*  Tests include a fitness test and computer task tests
*  Duration 1 to 1%hours
Medication

*  You will either continue to take Methylphenidate or placebo (inactive capsule)

*+  Methylphenidate side effects may include eexcitement, dry mouth, insomnia, excessive
sweating, loss of appetite

*  After 2 weeks, the tests will be repeated

*  You will then take the other capsule for 2 weeks and then the tests will be repeat

For more information or to participate please contact:
Prof D Constantinou

011 717 3396 /011 717 3372 demitri.constantinou@wits.ac.za
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ADDENDUM E: Posters for participant recruitment

,.‘ NIYIRMTY O T
( A WITWAT ERSRAND
‘ ’ KM ANNTILAG

Are you taking or been prescribed

Methylphenidate?

(Ritadn / Concerta/ Acarts | Medibinet | Contramyl / Mefedinel / Neucon / Radd )

e =

Adults and children from 8 years old are invited to partiapate in
a study being undertaken at Wits University to measure the
effects on physical and cognitive performance (e.g. attention)

B R
© BT (e ST W SRS WV WO Rty
© WRa e ) S G L ) A woree G e

D e e L e L I N el ] P

U Sown Bor s ()
@ ToEh Fuhate & W el O G e Lk fees
© Duratins 1 | Vs

J
© Vi Al o ot T8 T3 Mt R = 3meeres || T
ANPGRS B ePRr T Ty YA TR, S A
e o wpette
AN 1 wecka P st w8 b copessed
* Vou W P e B e oot b T e ared S e e wl e cepaned )

& <

For more information or to particpate pleate contact:
Prof D Constantinou

0117173396 /011 717 3372  demitri constantinou &wits.ac. 1a
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ADDENDUM F: Information document for participants

Information Document for adult participants

The University of the Witwatersrand Centre for Exercise Science and Sports Medicine
Study title: Methylphenidate: Physiological, neurocognitive, balance, and physical
performance effects

Good day. My name is Demitri Constantinou, and this study forms a part of my PhD at the University of
the Witwatersrand.

In this study we hope to answer questions about the effects of a drug called Methylphenidate, which is
often prescribed by doctors to patients who are diagnosed as having Attention Deficit Hyperactivity
Disorder (ADHD), on aspects of human function. These will include the control of the heart, muscle
strength and aerobic fitness, balance, and conscious mental processes.

Invitation to participate: We are inviting you to take part in this research study
What is involved in the study

The study will involve several tests to be conducted on you before treatment by the specialist has been
started. The adult participants will form one of the two groups in the study (the other contains only
children). Your group will be randomly divided and given medication to take for 2 weeks. The medication
will either be active Methylphenidate, or a placebo. A placebo is inactive medication. Neither the
researcher nor the participant will know which medication will be provided, so that tests are not
influenced. Then there will be a 3 day period of no medication and then the medication (either
Methylphenidate or the placebo) will be swopped around, so the same people will now take the other
treatment for a further 2 weeks. A 2 week period is not a significant time to delay treatment of this
chronic condition, but long enough for purposes of the study. The dosage should not be changed during
the period of the study. The information derived may have a significant contribution to science. The
results will be analysed to measure any changes.

The measurements will be performed at the Centre for Exercise Science and Sports Medicine on the
Wits Education Campus in Parktown, Johannesburg during the first quarter of 2019. There is no cost
to participants, except for their time and all participants will be compensated with R100 per visit for
testing. The procedures will take approximately an hour to complete. You will be one of approximately
70 people from the greater Johannesburg area.

A questionnaire will be completed which includes medical and physical activity details, followed by the
tests being performed.

The tests will comprise:
Anthropometric and physiological parameters

1. Anthropometry: Height (m) and weight (kg). These will take less than 2 minutes to complete

2. Physiological parameters (about 20 minutes) Electrocardiogram (ECG) and heart rate — after
5 minutes rest and taken from the electrocardiogram (ECG). Blood pressure (mmHgQ)
The maximum minute power (MMP), maximum heart rate (MHR), power to weight ratio,
VOz2max estimate, METs (metabolic equivalents) will be determined using a Watthike® for
adults. These tests start at slow speeds and intensities and are gradually increased

3. Postural balance (5 minutes) will be measured using the Biodex Balance system, which
involves standing on a platform which measures the balance with eyes open and with eyes
closed

4. Physical parameters (10 minutes) : Muscle strength will be determined by handgrip strength
(kg) on the dominant side using a hand dynamometer which is essentially a squeeze test.. Leg
power will be measured using a jumping test .

5. Psychometric tests (20 minutes) : ImMPACT® or similar programme is a computer-
administered test that assesses attention, verbal visual memory and learning, numerical
sequencings, process speed and reaction time, therefore analysing six neurocognitive areas.
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In this study, the INPACT® test will be used to measure changes in neurocognitive function
that MPH may have. In addition the Stroop test will be used as an online tool using numbers
and colours and also used for testing the above (attention, memory, reaction time etc.)

The tests conducted will be performed 4 times — at the start, after having been on the first medication
or placebo, before starting on the switched over placebo/medication and at the end of the study period.

Academic and sport performances: In order to assess changes in academic and sporting performance, where
relevant to individual participants, records will be kept by the participants and the treating doctors to be completed
at start of study, halfway and at the end.

Risks: All the tests are largely non-invasive. There are minimal risks, and no more than would be found
in everyday activities. The most bodily stressful activity will be walking and running for a short period of
time, or cycling. All precautions will be taken to ensure this is done safely. The researcher who will be
conducting the testing is a qualified medical doctor. Should there be any injury, this will be assessed
and managed by him. Where a participant’s wellbeing is not at risk, the first placebo group would have
a delay in their treatment for approximately 4 weeks (maximum), but this is not limb or life threatening
and similar studies on many medications have been conducted in this way. In the case of the second
placebo group, the delay would come down to about two weeks (maximum).

Benefits: There are no direct benefits being in the study; however there will be information on strength,
aerobic fitness, electrocardiogram and health screening that may be provided to the individual. The
participant will be given pertinent information on the study while involved in the project and after the
results are available.

Participation is voluntary: Refusal to participate will involve no penalty and the subject may
discontinue participation at any time without penalty. Normal medical care will not be affected.

Confidentiality: Every effort will be made to keep personal information confidential. Personal
information may be disclosed if required by law. Organizations that may inspect and/or copy your
research records for quality assurance and data analysis include groups such as the Research Ethics
Committee and the South African Health Products Regulatory Authority (SAHPRA) (where appropriate).
All of these instances would be very exceptional.

Contact details of researcher/s: (for further information / reporting of study related adverse events)
Demitri Constantinou. Tel. No. 011 717 3372, Fax No. 086 63 63173, Email:
demitri.constantinou@wits.ac.za

Contact details of supervisors: Professor AD Rothberg at Email: alan.rothberg@wits.ac.za and
Professor M Lambert at Email: mike.lambert@uct.ac.za

This study has been approved by the Human Research Ethics Committee (Medical) of the University
of the Witwatersrand, Johannesburg (“Committee”). A principal function of this Committee is to safeguard
the rights and dignity of all human subjects who agree to participate in a research project and the integrity
of the research.

If you have any concern over the way the study is being conducted, please contact the Chairperson of
this Committee who is Professor Clement Penny, who may be contacted on telephone number 011 717
2301, or by e-mail on Clement.Penny@wits.ac.za. The telephone numbers for the Committee
secretariat are 011 717 2700/1234 and the e-mail addresses are Zanele.Ndlovu@wits.ac.za and
Rhulani.Mukansi@wits.ac.za

Thank you for reading this Study Information Sheet.

170


mailto:demitri.constantinou@wits.ac.za
mailto:alan.rothberg@wits.ac.za
mailto:Clement.Penny@wits.ac.za
mailto:Zanele.Ndlovu@wits.ac.za
mailto:Rhulani.Mukansi@wits.ac.za

ADDENDUM G: Informed Consent Document

Informed Consent (Adult participants)

The University of the Witwatersrand Centre for Exercise Science and Sports Medicine

Study Title: Methylphenidate: Physiological, neurocognitive, balance, and physical
performance

.I hereby confirm that | have been informed by the study primary investigator, Demitri
Constantinou, about the nature, conduct, benefits and risks of the clinical study:
Methylphenidate: Physiological, neurocognitive, balance, and physical performance effects.
| have also received, read and understood the Participant Information Leaflet regarding the
study.

.I am aware that the results of the study, including personal details regarding my sex, age,
date of birth, initials and diagnosis will be anonymously processed into a study report.

. In view of the requirements of research, | agree that the data collected during this study can
be anonymously processed in a computerised system by the primary researcher Demitri
Constantinou el may, at any stage, without prejudice, withdraw my consent and participation
in the study. This will in no way affect the medical care | am receiving for Attention Deficit
Hyperactivity Disorder (ADHD) « | have had sufficient opportunity to ask questions and (of my
own free will) declare myself prepared to participate in the study.

PARTICIPANT:

Printed Name:Signature:

Date:

PRINCIPAL INVESTIGATOR

[, Demitri Constantinou, herewith confirm that the above participant has been fully informed
about the nature, conduct and risks of the above study.

Signature:

Date:

171



ADDENDUM H: Pharmacy coding key (for blinding)

Participant code and capsule

Code First capsule Second capsule
8207
8209
8212b
8210
8206
8212a
8211
8214
8215
8213
8208
8213b
8190
8202
8200
8192
8188
8201
8205
8204
8203
8189
8195
8198
8199
8197
8194
8193
8196
8191
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ADDENDUM [: CNS Vital Signs test details

CNS Vital Signs Clinical Domain Description

Single Test Domain

Multiple Test Domain

Measure: An average score derfved from the domain scores or a peneral assassment of the overall neurccognitive

"Ei-u:l IENETE stabus of the patient. Relevance: Summary views tend i be most informadive when evaluaiing & populatian, a
X condifion mlagcq and outcomes.
Composite Measure: Huwmlmhgactm recogniza, remamber, end retrieve wonds end gau'mh'nﬁgum& Relevance:
Memory Ramembering a scheduled tezd, recaling an appointment, taking medications, and attending diss.
Verbal Measure: How wall subject can recogniza, remember, end refrieve words. Relevance: Remembering a schaduled
Memory mmcalnganapp:rmmnt,lakngnm mduwn:lngdma
Visual Measure: How wal subject can recognize, remember and retfrieva patmmc.igjrai Relevance: Rmmhﬂ'ng
ra;hlc:nslnxmrs na\lqanng |:||:-E|ra1r|g machineas, mcdlngmagas andior ramember 3 calendar of avents.

Hensure Huwmlasul:qac! PEfCEivES, ansnds. rm;un{t.bmsud—pﬂwﬂudnimmum mdp-arhrmsrlm:r

Psychomotor spead and fina malor coordination. Relevance: Abiity prefonm simple motor skills and dexterity through cognitive
Speed funciians i.e., use af precisian instruments or tools, performing mental end physical coordinaiion iLe., driving a car,
plamgam:sr.al instrument.
R ion Measure: I-iqu.lddyﬂ'ﬂsutﬁucmmau in millisaconds, masmpiaam:l ruraasngry mnpiauimmsat
Time* Relevance: Dnving a car, atlending fo conversaiion, recking and responding 1o & set of simple instructions, teking
3 hﬂgﬂrhdau:lam rasptmab:lrrﬂ:a
Complex Measure: #hitymm“drespwdmamatydmumla'qﬂwpamdsn{umandh{pafum mental
Attention tﬂmmq.mngwgh’m m:ﬂymd aucuraiﬂy Relevance: Salf—ragulahmard behavioral contral.
Cognitive Measure: I-mmmhgactlsmhmadmtm mi:ll;r{:tnngng arrdmraasngry mmaanfdrscmrs endior o
Elexibil manipulate the information. Relevance: Reasoning, swilching fasks, decision-making, impulse control, strategy
Hy Toematian, aﬂsn:lng fo conrvarsation.
P i Mezsure: Hrwﬂnwh!mmqnlzasandpmmsmrﬁmmm pencaning, Unn:lnga'rasp:mdrgh:urmmrg
5 nE information, mator speed, fine motor coardination, and visual-percepiual ability. Relevance: Ability fo recognize and
peed respondireact Le., finess-to-drive, oooupation issues, possible dangarfisk signs or isswes with accuracy and detsil.
E i Measure: How wal 3 subject recognizes rules, categorias, end manages or navigaies rapid decision making.
Euncti Relevance: Abiity to sequance tasks and manage multiple tasks smultaneously as well &= tracking and responding
il tn & set of instrucions.
Simple Measure: Abdiylnnﬂmdmp&ndhnsr@adaﬁmdm&amhmp-anuthufmwhllaparﬁ:mrq
Attention wigilance and response inhibifon guickdy and accurately. Relevance: Saliegulation and simple attention contral.
Maotor Measure: Ability to perform movements to produce and satisfy an intenfion towards a manwal action and goal.
5 Relevance: Prapummdm:-:lummufamh mamddmmtyncﬂ:ﬂsag marlmlatﬂmdmarrawarnha:ls
peed
Sodal Measure: Hmumlasul:pcl{:anpmmn'e process, Bnd respond fo emotional cues. Relevance: Spectrum
Py screan, ability o recognize social cwes or read facial expressions. Provides insight inta inappropniate behanior,
Ry decreasad inhibifion, insansitivity %o social standerds, and social behaviaral reguisiion.
Reasnni Measure: How wal is subject able fo recognize, raasmardraspurdmnm—varbalvum]—drsﬁactsumi
nE Relevance: Problam solving skills, ability to forge insights, dscern meaning, and abilty io parceive relationships.
Sustained Measure: How wal a subject can dinect and focus cognitive activity on spaciiic simul. Relevance: How well
Attention sul:pclcmi:lcusmdmplela tasturactmty s.gqua'mam:m andixudumg ::nﬁaxm.lght
Warld Measure: Huwmlawtﬁdnmpmmwwaﬂmdmmmhusmsrmm“mmpmsiwﬂm
nE Relevance: Abiity to camy out shor-term memaory tesks that support decision making, prablem sohang, planning,

and execution. Enables “right-now” responses.
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ADDENDUM J: CNS Vital Signs report example

CNS Vital Signs Test Report Example ..Current Cognitive Status View

-..is outo-scored from computerized versions of VENERABLE NEUROPSYCHOLOGICAL TESTS. The results measwres the MILUISECOND

PRECISE SPEED and ACCURACY of a patient’s response. TOTAL TESTING TIME depends on the nurnber of tests and rating instruments sefected.

CNS Vital Signs Clinical Report

Test Date: July 23 2012 10:48:38

Subject Reference ID: Case Study Example

Administrator: Technician

Age: 27 Language: English (United States)
Total Test Time: 29:40 (min:secs) Version 3,2,0,34
Percenthe Range _ >74 25-74 9-24 | 2-8 <2
| Patient Profile: Standard Score Range 3 1 >100 | 90-109 | wo-#% | 70 79 <70
Domain Scores Sebject | Staadard | percentile | vI** Above | Average | ,Low Low | VeryLow
| Newrocognition Index (NCT) NA L3 16 Yes *
Compoasite Memory 102 Yes =
| Verbal Memory 51 93 32 Yes *
| Vsl Maomory 51 HI Yen
Psychomotor Speed 174 03 32 Yes B
| Reaction Tinwe® 555 107 68 Yes = .
| Comgplex Attention* 21 1 Yes
Cognitive Flexibilty 26 1 Yes
Processang Speed 48 8 Yes
| Exmcutive §unction Ja s You
Sienple Attenti 40 108 Yes x
| Motor Speed 124 105 63 Yes x

Domain Dashboard: Above average Soman scores indcate a standard score (S5) greates thas 10901 a Percontie R
functionng test subject. Average & 3 55 90.1090r PR 25-74, ndcating nommnal fenction. Low Average & a 5S 80.89

mmpaiment. Below Avernge i 8 55 70-79 or PR 2-8, ndcabng » modensts level of
ndicasng » defiot and mparmenst, Reaction trmes are n miseconds. An * denotes
raw scores calcdlations generated 'rom data valies of the ndwdual subeests,

Vit i D

of

- Validity 1

»g the aty

for
ornot the test subject indarstood tho n-qk put forsh ther bext qﬁnn or has » dncal

Verbal Memory Test (VBM) Score | Standord | Percentile |
Coervct His - Immudhate 13 102 ss | Verbal Me:
Catrect Pusses - Immudate 14 o5 37 fwid of 15
cpum’n'd*b-uy' =T 85 16 | or attend b
Correct Passes - Dolay | 15 ) e, | s
Viswad Memory Test (VIM) Score | Standard | Percantie
Coerect His - Immadate 13 107 68 | Vissal
ComectPasses - Immedote | 14 17 a7 |®emna

Comect s - Dalyy

fest measy

T the number

PR) greater than 74, inficatng a hgh
<24 ndcatng a sight defice or

The CNS Vital Signs Neurocognitive

Assessment Report is designed to present the

testing results in a SUMMARY DOMAIN
DASHBOARD and a DETAILED REPORT
format immediately following the testing
session. The CNS Vital Signs reports are
logical and intuitive making the reports
interpretation by a qualified health
professional relatively straightforward. All
assessment results should be considered with

ComectPasses- Delay | 11 ks 2 other relevant clinical information such as
Fupt Tapolg Test (FIT). | Soare | Scwbard | Porcestle | history, physical examination, other
o AHR s o sl psychological or neuropsychological tests,
ek W e 63wt w8 lab results, imaging studies, etc., in
Symbol Dt Codmg (SDC) | Score | Standard | Parcentie | accordance with good clinical practice
Caortuct Rissporoes S0 80 9 | The SDC te: standards.
Enon' 2 92 )ﬂ l ﬁ‘m";?::otu'
Stroop Test (S1) Score | Standard | Percentile
Smple Reaction Time* | 231 108 0]

Complex Reschon Time Correct®

Stroop Rescbon Trme Correct®

Stroop Commsson Errons®

Shifting Attestion Test (SAT) | Score | Standard | Percentile

Correct Resporses a7

Emors* 13
Comect Reaction Time* | 1003

W Pedormance Test | ¢ 0 | Srandard

Carmwct Risporses 40 104 61 The CP1

Omission Errors” 0 102 61 nomma sul
= " Commassontrors® | 0 | 108 70 | dncaly
(hokce Reacoon Time Correct® 400 * 47

Serial administered  Longitudinal View
neurocognitive tests e —

can also be

presented in a I ‘{l ”I“'
LONGITUDINAL =

REPORT format to
track disease
progression,
outcomes, or

treatment effects. W
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ADDENDUM K: Example of ECG Raw data (anonym

ised)

Final protocol Summary
HR 200 Overall duration 19:20 min
Load Load duration 13:16  min
BP 800 Duration recovery 3:04 min
Max. load 496 W
700 % of target 110 W 450 %
HR peak 163 bpm
600
BP rest
500 BP max.
HRxBP, max.
400 MET, maximum 284
300 Evaluation data
PWC w W /kg Ref. value
200
170
100 ,\___/"‘/\ 150
130
3 6 9 12 15 18 21 24 min  max. 163 496 8.0

Measured values
Juratior Load HR MET BP ST Measurement (mV)
W Wikg I ) m avkR avL avVF V1 V2 V3 V4 V5 V6
R 03:.00 0 000 72 1.0 -0.00 -0.02 -0.02 0.01 0.01 -002 0.02 0.18 007 005 0.03 0.02
1 13116 496 8.00 163 284 0.03 -0.17 -0.20 0.07 0.11 -0.18 0.16 0.19 0.19 0.16 0.10 0.10
Rec03:04 75 121 115 5.1 0.20 0.16 -0.04 -0.18 0.11 006 0.02 0.15 0.09 0.19 -0.00 0.00
Report/Assessment

max. load: 496 W in Load stage 1 at 16:06 min, 450% of target 110.0 W, MET: 28 4

Resting HR: 72 /min, Max. HR: 163 /min at Load stage 1 at 16:06 min

max. ST inclination at channel I: 0.20 mV at Recovery phase 1, max.ST Depression at channel III
VPB: 2

: -0.20 mV at Load stage 1
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ADDENDUM L: HREC Ethical Clearance (Clearance Number 180611)

HUMAN RESEARCH ETHICS

UNIVERSITY OF THE
WITWATERSRAND COMMITTEE (MEDICAL)

JOHANNESBURG

DATE:
REF:

Office of the Deputy Vice-Chancellor [Research & Post Graduate Affairs)

Profassor O Constartnou
School of Therapeulic Scences
Cantre for Exercse Scence and Sports Medcine

Medical School
Unraarsity
E-mai: Demin ConstantncuBrails ac 28

Suparvsar Professar AD Rothberg <Alan. Rothbergfiwts ac za>
and <HREC-Madcal ResearchOfficef@iwis ac za~

lan Bums
Human Research Etics Commities (Medical)
Tel 011 717 1252 '

E-mail lain Burnsfiwils ac.28
131172018
R14/49

PROTOCOL NO: M180811 [This is your ethics applicahon study reference number. Flsase

quote this reference number in a0 comaspandence relanng fo s shudy)

PROJECT TITLE: Msihyiphanidate: Fhysioiogical, newooognine,

balance and physeal parformance effscis

Please find attached e Clearance Certifcale for he goove project. | hope it goes well and
that an arficle in & recognized publication comes oul of it This will reflect wall on your
professional standing and coninbute to tha Government funding of the University.

TG e DG T lmmrnrzan wi
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ADDENDUM M: Permission to extend recruitment

UNIVERSITY OF THE
WITWATERSRAND.
JOHANNESBURG

é HUMAN RESEARCH ETHICS
COMMITTEE (MEDICAL)

20230602

Professor D Constantinou

School of Therapeutic Sciences

Cantre for Exercise Science and Sports Medicine
Medical School

University

Sent by e-mail to: Demilri Constantnouwits 8c 2

Dear Professor Constantinou
Re:  Protocol Ref No: M180611
Protocol Title: Msthylphenidate: Physiclogics!, neurocognitive, batancs and physical
parformance effects
Principal Investigators: Professor D Constantnou
Thank you for your e-mail of 2023/03/30,
lcmuunﬁnnhatwemmdmnpmolmmmmﬁunrﬁapn
::M pool by approaching University staff and students and placing an advert in social
ia.

Thank you for keeping us nformed.

Yours Sincerely

B

st s
For the Human Research Ethics Commiltee (Madical)

;<
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ADDENDUM N: Turnitin similarity report
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by Adj. Prof Demitri Constantinou

Submission date: 26-Mar-2025 08:08PM (UTC+0200)

Submission ID: 2626004524
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Character count: 145644
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Publication
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Use, Perceptions and Attitudes of
Cognitive and Sports Performance
Enhancing Substances Among
University Students
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The use of prohibited performance enhancing substances (PESs) is well-documented
among athletes, and includes student athletes in institutions of higher learning. In addition
to using PESs to enhance sporting performance, they may be used for cognitive and
academic achievement, specifically through the use of neuroactive substances. The
latter in particular 8 under-researched and poses pubic heaith risks. Understanding
the extent and reasons for using or not using PESs by university students will assist
in addressing further research, and means to deter their use. This study ammed to
explore the prevakence, attitude, and perceptions of the use of both sport and academic
performance-enhancing substances by students at two universities in Johannesburg,
South Africa. The study utilized a cross-sectional, descriptive survey design using a
self-administered online questionnaire. All registered students were invited to participate
via emaid using the universtty communications modes, with a link to a Google Forms
questionnaire. Ethical approval was granted for the study and data were cofected
anonymously. The sample size of responses with completed data was 548, comprising
predominantly female and undergraduate students, with 32 (6%) indicating current or
past use of PESs. Among the prohibited substances used, neuroactive drugs were
mostly used, with cannabis the highest followed by stimulants. The most popular
reasons reported were for academic and cognitive performance. Most responded with
what would be deemed ethically appropriate answers on the perception of PES use
and 72% of the participants believe that a drug-testing program will prevent their use
in the university, and further, that educational programs will help improve students’
knowledge of PES. Although relatively low usage, university students use performance
enhancing substances, mostly for cognitive enhancement using neuroactive stimulants.
Most believe that the use of all forms of PESs is high among their peers; and favor
education and testing programs, suggesting that intervention programs may be effective.
Better defined research shoudd be conducted to unpack the broad findings in this study.

Keywords: doping, stimulants, methyiphenidate, anti-doping, untversity students, newroactive agents
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INTRODUCTION

Dioping has been defined as the use of prohibited drugs. methods,
or other substances for performance enhancement. It occurs in
all age groups, genders and at all levels of sport competition
(Fernandez and Hosey, 200%). The use of PESs among athlete
populations is to gain a competitive advantage. The World
Anti-Doping Agency [WADA) definition of doping applies to
competitive athletes and is defined as the occurrence of one or
meore of the 13 anti-doping rule violations (ADRY) of the World
Anti-Doping Code (WADC). These ADRV' inchudes the “Use
or Aitempted Use by an Athlete of a Prohibited Substance or a
Prohibited Method™ (World Anti-Doping Agency, 2021).

The WADA publishes an annual list of prohibited substances
and methods (World Anti-Doping Agency. 2021). recognized
by all WADC signatories. The prohibited substances, and rules,
that elite or competitive athletes are subjected to with respect to
anti-doping rule violations and sanctions are also governed by
WADA. However, doping in sports or the use of PESs is not onky
observed in professional athletes {Striegel et al., 2010, but also in
recreational athletes {Stricgel et al, 2006) who may have different
meotives for using PESs compared to elite athletes (Barkoukis
ctal., 2013 Chirico et al., 2021). Although the Anti-Doping Rules
may apply to recreational level athletes (South African Institute
for Dirug-Free Sport, 2021), they may face similar or less severe
sanctions, if at all, for using PESs (South African Institute for
D'rug-Free Sport. 2021).

In addition of the use to enhance sports performance, there
is a growing trend to use substances that enhance cognitive
function for academic performance, attention, memory, or
mood. Students use these with the intention to optimize
study duration, concentration, improve attention span, and
also decrease anwiety (De Santis et al, 2008; Rabiner et al,
2005). Cognitive doping or “neuro-enhancement” (the use
of drugs to improve cognitive performance) in the absence
of any medical need is gaining attention [Franke et al,
2013), and is of concern (Maher, 2008; Striegel et al, 2010;
Dietr et al, 2003). Cognitive doping may indude using
illicit substances (e.g. cocaine) and prescription drugs such as
stimulants (eg. amphetamines and methylphenidate) | Franke
et al.. 2011k), which are commonly used for conditions such
as Attention Deficit Hyperactivity Disorder/Attention Deficit
Disorder (ADHD/ADD) and narcolepsy. Beyond the cognitive
doping effects, they have the potential for physical performanice
enhancement and in most countries are available to patients onky
with a physicians prescription. University students diagnosed
with ADHIWADD may legitimately use such stimulants with
the therapeutic intention of normalizing a diagnosed medical
condition. However, using such stimulants for non-medical
purposes poses significant public health risks and it has been
recommended that tertiary institutions inchde non-medical use
of stimulants in their policies of academic integrity (Faraone
et al, 2020). There may be those that abuse these substances o
promote academic advantage [Cakic, 2009), such as improved
memory and less sleep with the intention of increasing study
time (Teter et al., 2006; Cakic, 2009). Studies of amphetamines
use in high school andfor university students report that

prescription drug use for cognitive enhancement was common
among American and German students {Teter et al., 2006; Wilens
et al., 2008; Franke et al, 2011a). A Swiss-based study showed
a lifetime prevalence rate of 6.2% by students for non-medical
use of prescription stimulants [methylphenidate, amphetamine,
and/or modafinil) {Ott and Biller- Andorno, 2014).

University students all have the common objective of
academic success, and some may also be student athletes where
peak sporting performance is also a goal. This may place them
at increased risk for substance abuse (Wechsler ot al. 1997).
This poscs a number of scenarios: (a) student athletes that use
PESs for sporting performance; (b) non-athlete students that use
neuroactive drugs (stimulants and/or cannabinoids) for cognitive
performance; (c) student athletes that use PESs, including
neuroactive drugs for academic benefit; and (d) student athletes
that use newroactive drugs for cognitive and academic benefit
{and not intentiomally for sporting performance). The latter, if
are also elite athletes, and fall within a WADA or national anti-
dopin: registered testi | {South African Institute
fﬂ:’i’;?fm"? Spﬁ 2021, hiv'::st potential of unintentionally
falling foul of anti-doping regulations in sport. Students that
are neither clite or recreational athletes but use PESs for
cognitive enhancement would not face anti-doping rule violation
sanctions, however, depending on the substances used, may be
subjected to institutional disciplinary or even criminal charges.

Few studics on PESs use have been conducted in young
athletes at school level and even fewer in university students. A
Swedish study on school students reported that a single trial of

ormance-enhancing substance use occasionally reached 15%
(Kindlundh et al., 1998), and high school boys in Johannesburg,
South Africa resched as much as 30% (Gradidge et al, 2011).
Maotives for the use incude pressure from peers, teammates,
coaches, and sometimes families; and a desire to win at all costs
(Gradidge et al, 2011; Pappa and Kennedy, 2013; Yager and
O'Dea, 2014).

Prevalence data in United States of America university
students of cognitive enhancing substance use estimates
stimulant use between 5 and 35% (Smith and Farah, 2011}, and
among United Kingdom students, < 10% lifetime prevalence use
has been reported (Singh et al., 2014). Among Swiss university
students 4% reported using methylphenidate, and entertained
the idea that cognitive performance enhancement was acceptable
(Maier et al., 2013). Although a low prevalence rate of use was
observed among German students, 80% of the study participants
stated that they would consider using stimulants (Franke et al.,
Ii1la) In an Australian survey, 24% of university students
reported wsing academic enhancing substances despite most
cxpressing concern about their officacy and potential adverse
efbects (Mazanov ct al., 2013).

Avois ct al as far back as 2006 reported that doping with
central nervous system stimulants poses significant public health
risks and preventive measures should be proactively pursued
(Avois ct al, 2006). They reported that since 1988 International
Olympic Committes accredited laboratories have reported on
positive tests for stimulants which is now the second miost
commonly used PESs after ansbolic androgenic steroids (World
Anti-Doping Agency, 2020). OF all stimulants, methylphenidate
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is the most commonby used (World Anti-Doping Agency, 2020).
To date the use of PESs and CNS stimulants by university
students in South Africa is yet to be documented. which together
with student attitudes and perceptions, is salient to address.

The knowledge and research gap was identified as being the
use of PESs by university students, either for sport or cognitive
doping. The use of substances prohibited in sport according to
the WADA Prohibited List was the ADRV point of reference
explored in this study.

This is the first such study that we are aware of conducted
in university students in South Africa, and aimed to explore the
use, behavioral attitude and perceptions of the use of sport and
neuroactive performance enhancing substances.

MATERIALS AND METHODS

Study Design and Site

This study utilized a cross-sectional, descriptive survey design
and was carried out in fohannesburg, South Africa at two
universities; both which were part of the same anti-doping
program endorsed by the South African Institute for Drug
Free Sport. Registered students over the age of 18 years were
included, with no excdusion criteria. Due to the nature of research
protocol at the universities, invitations to participate were sent
to the students by the university registrars’ offices using their
institutional databases and email communication mechanisms.

Measurement Tool
Studenis over the age of 18 years were invited to participate and
those who agreed completed a previously used and validated
self-administered online questionnaire (Gradidge et al.. 2011)
using Google forms (Google Surveys). The questionnaire was
divided into five sections with background information and
demographics, general perceptions of substance use, general
knowledge of PESs, use of and reasons for use of PESs, and
attitudes of use. A pilot study with 12 students was done to
test the questionnaire reliability using Cronbach’s alpha statistical
method to ascertain the internal consistency of the research tool.
The email invitations had a link to the questionnaire which
the students could access on agreeing to participate, and the
data were summated as a function of the forms and accessed by
thie researchers.

Ethical Consideration

[ata were collected anonymously. Ethical clearance was applied
for and granted by the first university (dearance number
MI1911176) and based on that. the second university issued
a clearance letter for the study. The necessary university
permissions to target students were sought and granted by the
relevant university authorities.

RESULTS

Diescriptive data were group-analyzed using Stata 14.2 statistical
software package (StataCorp. 2015, Stata Stafistical Software:
Release 14. College Station, TX: StataCorp LP). Open-ended
questions were clustered into themes of response.

Study Population and Demographics

The total population was all students who were registered and
numbered over 30,000, It is assumed all would have received
the communication from the universities, and had access to
the questionnaire. A total of 644 responses were received of
which % were excluded due to incomplete or improper responses
(responses total n = 548).

The age range was 18 to 40 years, with most (70% ) between the
ages of 18 to 24 years. Of the 548 participants, 38% were female
and 40% were male and 2% preferred not to disclose their gender.
Fifty-seven percent of the participants were active in sports with
the other 43% not indicating any sports participation. Of those
that participated in sport, the most popular sport was socoer (8%,
followed by athletics (running] (3%), swimming (2%). netball
(2%), rugby (1%). basketball (1%), hockey (1%), boxing (1%),
tennis (1%), and all others sports {16%). About 20% engaged in
more than one type of sport.

Sources of Information on
Performance-Enhancing Substance (PES)
Use

Muost participants reported not ever accessing PESs information
(47%) and about a third (30%) sourced information from
multiple sources. The most common single source was the
Internet (9.3%).

Patterns of Performance-Enhancing

Substance (PES) Use

The majority of participants had reported never having used PESs
(94%). Of the 32 (6%) that reported current or past use, nine
(2%) reported current use, and 23 (4%) indicated previous use.
Approximately 4% reported using PES for academic (cognitive)
purposes, 2% for sport, and 1% for both sport and cognition.
Two-thirds (66.7%) of those that had previously used, or were
currently using PES, stated they had started this practice whilst at
university. Cannabis was the most commonly used neurcactive
substance (56%), and methylphenidate use comprised 1.3%
(Figure 1), which could have been be used for the medical
conditions of ADHIVADD and/or cognitive performance. Use
of stimulants was not segregated between use for a medical
condition or not. Figure 2 illustrates the use of nearoactive PES
being the highest as compared to the other substance categories.

Reasons for Using Performance Enhancing

Substances (PES)

The survey cast a wide net that included questions on the
reasons for using PES that encompassed physical and cognitive
performance as these were unknown. The most prevalent reason
for using PES among the university students was to improve
attention span (407%). Other reasons (Figure 3) induded to
optimize study duration (30%), improve memory (25%), make
good grades (22.5%), and improve strength and endurance
(20%). We further inquired of those that did not use PES their
reasons for not using (Figure 4). The most popular reason cited
for not using PES was 1 do not think it is necessary to take them.”
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PES usage by substance

ROGURE 1 | Types of PEE substances used. N = OB, as e Z2 respondents may have used mone fan one subsiance.

0

0

MNeuwrsactive substances

PES usage by category of substance

12
) . :
: B
Other

FIGUNE 2 | Groupsd results of types of subsiances. usad. AAS, anabolc androgenic shermkds: GH, growth hanmone.

Aa5 and GH*®

Attitudes and Perceptions of University
Students Toward Performance Enhancing

Substances (PES) Use

The general attitudes and perceptions of the participants toward
PESs use are summarized in Table 1, with Figure 3 providing
meore detail on individual responses. The majority of participants
(73%) believe that prohibited PESs were being used by fellow
students and that this is increasing; but that a drug-testing
program will prevent the use of PESs (72%). Seventy five
pereent indicated that they thought it uncthical for students
to use prohibited PESs for either sport or academic purposes.
More than half (57%) felt students were being pressured to
use PESs.

Results indicated that the prevalence of PESs and neuroactive
substance use among the participants was 6%, with 4% using for
cognitive performance enhancement and 1% for both cognitive
and sport enhancement. The most used substance was cannabis,
and methylphenidate the most used stimulant. Over two-thirds
beliewe that a drug-testing program will prevent the use of PESs
in the university and educational programs will help improve the
knowledge of students.

DISCUSSION

A broad exploratory survey was undertaken to assess the as-
yet unknown behaviors and attitudes of physical and cognitive
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Reasons for PES use

CE
48 ap oy 4P

FGLUAE 3 | Reasons for PES subsiance use.

Reasons for not using PES

E
= BE 2 8 8 8 2 B

ldonot |amafraid It goes | am | am | cannat
thirk it s of what it against my concermed  worried afford it
necessary maydoto  belieks about about tha

totake  my health getting legal
them addicted o implications
them when | get

caught

FGLURE 4 | Reasons for not using PES subsianoes.

TAHLE 1 | Amituce and peroaptions (owand PES Lse (7 = 346,

Qusstions L] Yes
n (%) )
Do you think the use of prohibited periosmance-enhancing subsianoes in spord s InCcreasing 7 133 24) 413 W
D yvou think: thel the use of profilbiten] pericrmmanoes-enhancing subsisnces inspos o for Sheiving s unethiosl 7 128 23] 410 70
D you think profibited periormance-snianc ing substanoes ans ussd by studenis? 148 27) 400 ™3
Do wou think that a drug-lesang program will prevert the use of prohibited pedommance-enhancing SubsEnoss In the unkerstyT 132 (28] 338 (72
Do you think saudents are being pressuned i use prohbited performance-snhancing substances? (By coachss, Irends, ther pamms, sic.| 233 [43) 315 @71
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enhancing substance usc among South African university
students, and to define future rescarch.

Demographics

Six hundred and forty-four students from Johannesburg-based
universitics voluntecred to participate in the online survey,
of which 548 had complete data. Most were undergraduate
students (63%) aged between 18 and 24 years, and female (58%).
This is in keeping with the demographic distribution in the
universities (University of fohannesburg, 2020; University of the
Witwatersrand, 2021).

Prevalence of Common Cognitive and
Sports Performance Enhancing Substance
(PES) Used by Participants

The use of PES for sport, cognitive and recreational purposes
is widespread and of concern (Singh et al. 2014). It has
been reported that in competitive sports, prevakence rates can
substantially differ (Gleaves ot al., 2020). Our cohort were not
compctitive athletes and although 6% reported using PES cither
currently or previously for a varicty of reasons, the majority
indicated that they had started using at university (within the
preceding 1-3 years).

Motivation for using PES differs amongst different groups,
with competitive athletes secking enhanced physical and sporting
performance. In cohorts similar to our study, there may be use
of substances for both performance and recreational
(Madu and Matla, 2003; Rottcher, 2006; Kohler et al, 2010).
Our study showed the most used substance was cannabis [
0.3% of tetrahydrocannabinol (THC)], probably for recreational
purposcs and not performance enhancing, although it has been
used with the belicf that it enhances cognitive function for
academic purposes. A study conducted among high schools in a
rural arca in South Africa showed that 17% of male adolescent
learners used cannabis (Taylor et al., 2003} and another study
reported as many as 39% of young people use cannabis {Rottcher,
2006). Hemp usc was much less and are plants defined as having
<03% THC, with very little psychoactive cffect (Ferguson.
2020). A study conducted among French adolescents found
cannabis use was quite widespread, with some of the respondents
admitting its use for cognitive enhancement (Lorente et al., 2005).

Another French study reported that more than 50% of first-
year medical students used cannabis during preparation for
cxams (Laure, 2000) and yet university science students
used cannabis to enhance both non-sports (36%) and sports
(12.5%) performance. As such the usc of cannabinoids in our
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study is reflective of local community trends, and also worldwide
use by university students.

Of concern is that young people who show higher tendencies
for hazardous social behavior such as the use of illegal
drugs for recreational purposcs may be more susceptible
to using prohibited PESs both for sport and cognitive
performance, particularly at tertiary institutions (Laure et al,
2004). Interestingly about two-thirds in our study reported
having started using at university level. This emphasizes the
need to deeper address the “why” and “how” to develop effective
preventive programs and strategics.

Attitude and Perceptions Toward
Performance Enhancing Substance (PES)

Use

Our findings included that over two-thirds of the participants
suspect other students commonly use these substances yet
belicved it is uncthical for university students to usc for cither
academic or sport enhancement. Further, most felt it an unfair
practice. Reasons for using PESs included the perception that
if they did not use these substances, they would not be able to
perform adequately, and also because it is a common practice.
Direct pressure was cited; and most felt that students were being
pressured by coaches, friends, and even family members to use
these substances. Consideration must be given to address not
just students/athletes in anti-doping programs for both sport and
cognitive doping, but also beyond, directed at those sources of
pressure. Self-image is a factor at university kevel too, with social
status and acceptance among youths and university students
deemed important. This may influence the use of PESs, spanning
from physical image through to indulging in risky behaviors.,

Knowlcdge regarding PESs varicd, and half of the participants
felt media information is insufficient, and as many felt the
university should offer educational programs to students on the
usc of prohibited PES for both sports and academia. Most also felt
that dope testing in university students would be a deterrent, in
keeping with a study from the United Kingdom (Whitaker et al.,
2014).

A unique approach we took was to ask questions on why
the participants did not use PESs, providing another angle
of insight. Overall the majority of answers in all attitude
questions returned responses that would be deemed cthical and
in support of anti-doping. This is promising and together with
the suggested interventions of education and testing, informs
an approach for anti-doping programs aimed at university
level students.

Study Limitations

Despite being the first study of its kind including the usc of PESs
for cognitive and sports purposcs at university level, there are
limitations. As with all sclf-rcported surveys, participants may
have not always been truthful in their response and may have
expressed certain biases. The questionnaire itself in order and
questions was based on a previously used survey for a similar
but different population. Despite a sizeable sample of 548, the
response rate is relatively low if one consider there were likely
over 50,000 registered students at the time of the study; and in

turn the participants that used PESs was relatively low. Incidence
and prevalence were not differentiated. Use of stimulants was
not scgregated between use for a medical condition or not.
Analysis grouped all genders, is descriptive and has not included
correlation or regression analyses. These limitations will be
considered in future studies.

CONCLUSIONS

Our study confirmed that of the relatively low numbers of
students that use PESs at university, neuroactive substance use
was the highest with the major reason being for cognitive
enhancement.  Cannabis was the most frequently used
neurcactive substance, followed by methylphenidate. Students
believe use is higher than actual use among their peers, and that
there is pressure from external sources for this. The attitudes
reflect positive cthical belicfs and together with education and
testing programs, can inform interventions to address the usc of
PESs in university students.

Recommendations
The study provided valuable information, and based on the

findings, we recommend:

{a) Based on the current findings, focused future research
should be conducted. Similar should use an
updated and validated questionnaire, which uses logical flow
programming to better differentiate domains.

(b) Education programmes by experts from education and
social units within the universitics and input from the
national Anti-Doping organizations and other relevant
stakcholders to enhance knowledge—starting at school level
with adolescents, and intensified at university level

(c) Education extended to coaches, family and friends, who
possibly exert pressure on students,

(d) Dope-testing programs aimed at university student athletes.
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