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Abstract 
This thesis examined the individual and combined effects of three nights of partial sleep 

deprivation (PSD) and moderate intensity exercise (MIE), on executive function (EF) 

performance. Twelve healthy young adults (five females) [mean (SD), age: 23 (2) years; height: 

170.8 (11.3) cm; mass: 66.2 (10.1) kg; body mass index 22.6 (2.2) kg⋅m-2; V�O2max  42.1 (6.8) 

ml·min·kg-1] undertook four experimental trials, before and after a PSD and a control protocol, 

in a randomised control crossover design with a > 7-day wash out between interventions. EF 

performance was assessed at rest, and after 20-mins of MIE (~45 % V�O2max) in each trial. A 

computer based 6-task battery was used to examine EF performance together with subjective 

sleepiness and mood. Cerebral oxygenation and cardiorespiratory variables were collected 

throughout, plasma samples were collected upon the completion of each battery and 

analysed for Cortisol. Data from the trials following the PSD and control protocols were 

analysed, and Throughput (response rate score which integrates accuracy and reaction time) 

was deemed the main variable for EF performance. An increase in Throughput scores was 

observed in all tasks after MIE in both the PSD and control conditions (all P < 0.05). The PSD 

protocol reduced the throughput scores of the 2-choice reaction time task at rest (Control: 

150.3 (14.7) PSD: 143.6 (12.7); P = 0.02), but not any of the other tasks. Cerebral total 

haemoglobin, oxyhaemoglobin, and deoxyhaemoglobin increased after MIE in both sleep 

protocols (P < 0.05). Cortisol was significantly reduced following MIE (P = 0.011), but did not 

differ after PSD. Sleepiness increased with the PSD protocol at rest (P < 0.001) and returned 

to baseline values with MIE. PSD reduced perceived vigour and increased perceived fatigue, 

however both were reversed with MIE. These findings suggest that MIE acts as an EF 

performance facilitator regardless of sleep status. 

Keywords 

Cognition, executive function, moderate intensity exercise, sleep deprivation, partial sleep 

deprivation 
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COVID-19 statement 
 

Chapter 3 consisted of a methodology which had participants attending and exercising at the 

University’s facilities on multiple occasions during a period of at least 20 days. However, the worldwide 

COVID-19 pandemic presented substantial challenges due to the following reasons:  

• The October 2020 tier system 

• November 2020 second national lockdown 

• December 2020 restrictions 

• January 2021 Third national lockdown (which ended on 12 April 2021). 

During these measures the UK government either ordered or encouraged the public to ‘stay at home’, 

limited social contact, and carried out a strict self-isolation policy. This meant that these measures 

prevented the use of the University’s research facilities for human testing during a 6 months period, 

delaying pilot testing and data collection.  

Further, the Research Restart Protocol was completed, a 20-day long process to amend the already 

approved Ethics and add all the appropriate mitigations to conduct research during the pandemic 

situation (see Appendix D). The amendments included adding a COVID screening protocol, with 

symptom questionnaires, temperature checks, and weekly lateral flow tests. Participants and 

researchers had to self-isolate multiple times, not only because of contracting COVID, but because of 

being close contacts of people with the disease. Which led to participants needing to be rearranged 

multiple times to comply with both the research protocol, and the public health advice. Therefore, 

recruitment, data collection, and subsequently data analysis and write-up were delayed by ~6 months. 

  

https://www.instituteforgovernment.org.uk/sites/default/files/timeline-coronavirus-lockdown-december-2021.pdf
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Glossary of terms 

 

Throughput 

Throughput is a performance score for computer based cognitive tests which combines accuracy and 

reaction time. It is calculated as the number of correct responses of a task divided by the mean 

reaction time of response of such task. 

Partial Sleep Deprivation 

Partial sleep deprivation, also known as sleep restriction, is defined as any sleep period which 

comprises less than the minimum recommended hours of sleep for a particular age group. In adults, 

it can be understood as sleeping less than 7 hours. 

Executive Functions 

Executive functions are complex cognitive functions that allow humans to voluntarily control their 

actions, emotions, and behaviours. They include the ability to inhibit automatic reactions to stimuli, 

switching between tasks, and actively remembering and utilising information. 

Moderate-Intensity Exercise 

Moderate-intensity exercise is defined as an intensity that produces a raise in heart rate, an increase 

in breathing rate, and in breath temperature. It is also associated with being able to talk while 

performing exercise at this intensity, but not being able to sing. 

  



1 
 

Chapter 1: Introduction  

1.1 Introduction 

Nowadays we live in a world, where coexisting with factors that can negatively influence our sleep is 

considered as normal. For example, most people have an electronic media device in their bedrooms, 

caffeine intake is common within adolescents, and working night shifts has become the norm for up 

to 20 % of the working population; these are all considered influential factors contributing to 

insufficient sleep (Owens et al., 2014; Shriane, Ferguson, et al., 2020). This is particularly surprising, 

considering that the experts’ consensus is that 7-9 hours of daily sleep is required for an adult to have 

a healthy life (Hirshkowitz et al., 2015; Watson et al., 2015). These recommendations for adequate 

sleep are based on a large body of research, which has associated insufficient sleep to multiple health 

risks, including the development of cardiovascular (Hafner et al., 2017) and neurodegenerative 

diseases (Eide et al., 2021). However, insufficient sleep is a worldwide issue affecting up to 40 % of the 

adult population of some countries (Chattu et al., 2019). 

One of the risks of insufficient sleep is its impact on human cognition (Lowe et al., 2017). This has been 

reflected in multiple experimental studies showing decreased attention, memory, and learning, 

following insufficient sleep (Walker, 2008). Some occupational fields, which are synonymous with a 

high cognitive demand (e.g., medical doctors), see these cognitive function detriments as a high risk 

due to the potential consequences for patient health and wellbeing (Wong, Flynn-Evans & Ruskin, 

2018). Due to this, multiple countermeasures have been studied in order to find what is the most 

efficient method to mitigate these effects of sleep deprivation of cognitive function (Goel, 2017). Naps 

and caffeine consumption are some of the countermeasures studied, both showing positive effects on 

cognition after insufficient sleep (Crawford et al., 2017; Faraut et al., 2017). However, both 

interventions have their own limitations like caffeine resistance, potential adverse effects, or sleep 

inertia (Hilditch et al., 2016).  

Recently, researchers have found a new potential candidate to address the effect of insufficient sleep 

on cognitive function: exercise (Cullen et al., 2019; Kojima et al., 2020). A prominent body of literature 

has established that moderate intensity exercise improves multiple aspects of human cognitive 

performance (Chang et al., 2012; McMorris, 2017). However, it is unclear if this ergogenic effect can 

be used as a countermeasure to the cognitive performance impairments observed following 

insufficient sleep (Kojima et al., 2020). A small number of studies that have delved into this question 

have utilised moderate aerobic intensity protocols, combined with sleep deprivation interventions 

that ranged from total (no sleep over 24 hours) to partial (restricting sleep to < 6 hours) sleep 

deprivation (Kojima et al., 2020; Taheri & Irandoust, 2020). The aforementioned studies’ findings are 
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promising, as exercise was shown to neutralise the deleterious effects of insufficient sleep on their 

respective cognitive measurements. Nonetheless, the mechanisms which are responsible for 

mediating these changes have not been identified (Kojima et al., 2020). Moreover, a number of 

experimental studies in the area of insufficient sleep have been characterised by their lack of objective 

measurement of sleep, and the use of extreme sleep differences between groups (Watson et al., 

2015). 

To summarise, there is a possibility that moderate intensity exercise can be used as a countermeasure 

for the negative effects that insufficient sleep has on human cognition (Kojima et al., 2020). The 

current body of literature surrounding this area is promising although there are only a small number 

of papers examining this question. Therefore, further research is needed to provide further insight 

into the effects that multiple insufficient sleep nights have on cognition, and if moderate intensity 

exercise can be used as a counter-intervention in such situations (Kojima et al., 2020). In addition, as 

the mechanisms mediating the beneficial effects of moderate intensity exercise on cognitive 

performance have not been fully elucidated, studying insufficient sleep and exercise in combination 

can provide an experimental framework in which the interaction between both stressors can reveal 

the underlying physiological mechanisms behind the changes in human cognition (Ando et al., 2019). 

1.2 Aims and Hypotheses 

This thesis investigated the individual and combined effects of three nights of partial sleep deprivation 

(PSD) and an acute bout of moderate intensity aerobic exercise on cognitive performance (i.e., 

executive function).  

It was hypothesised that: (1) three nights of PSD would significantly reduce executive function 

performance; and (2) regardless of sleep status, exercise would significantly improve executive 

function performance. 

1.3 Thesis Outline  

This thesis comprises of five chapters. Chapter 1 provides contextual information and presents the 

purpose behind the research of the thesis. Chapter 2 provides a review of the relevant literature. It 

commences with an overview of sleep deprivation research, and how insufficient sleep affects human 

cognition. It then follows with a review of cognitive research, focusing on executive functions and their 

performance. Afterwards, it examines the literature on the effects of exercise on cognitive and 

executive function performance, before bridging this topic with the interaction between moderate 

intensity exercise and insufficient sleep, and how this affects executive functions. The chapter ends 

presenting a summary of the present literature which has examined the interactive effects of sleep 

deprivation and exercise, on cognitive performance. 
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Chapter 3 is an experimental chapter, in which the main hypotheses of this thesis are tested. This 

empirical study examined the interaction between three nights of PSD and moderate intensity aerobic 

exercise, and how this interaction affected the performance of executive function tasks. The key 

findings of this study suggest that moderate intensity exercise improves the performance of executive 

function tasks. They also suggest that three nights of less than five hours only negatively affected the 

performance of the two-choice reaction time task, a task that is comparatively simpler to the others.  

To conclude, the final two chapters of this thesis consist of a summary of findings and future work 

(Chapter 4), and the delimitations, assumptions, and limitations concerning the work presented in the 

thesis (Chapter 5).  
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Chapter 2: Literature Review 

2.1 Sleep Deprivation 

2.1.1 How much should we sleep? 

Sleep is essential to human life, serving a critical role in the regulation of physiological, psychological, 

and neurological functions (Watson et al., 2015). Although the exact role that sleep has in human’s 

physiology is still unknown, it has been shown to play an important role as a facilitator for memory 

processes needed for learning (Walker, 2008). There is also evidence to state that sleep facilitates the 

clearance of brain metabolic waste products (e.g. amyloid-β) associated with neurodegenerative 

diseases (Eide et al., 2021). Research continues to discover the role of sleep in part through studying 

the effects of insufficient sleep (Walker, 2021). 

Expert consensual advice indicates that 7-9 hours of daily sleep is required for optimal health in adults 

(Hirshkowitz et al., 2015; Watson et al., 2015). Promoting the awareness of such recommendations, 

and the creation of policies which enable a more equal sleep health for a broad public have been 

highlighted as a priority by the sleep research community (Hale et al., 2020; Perry et al., 2013). 

However, a recent worldwide review on sleep health has demonstrated that some countries present 

an insufficient sleep prevalence of up to 40 % in their adult population (Chattu et al., 2019). Insufficient 

sleep, or sleep deprivation, can be classified as total or partial. Total sleep deprivation can be defined 

as a forced state of wakefulness lasting between 24-72 hours (Frau et al., 2020). Whereas partial sleep 

deprivation (PSD), also referred to as sleep restriction, is defined as a sleep period of fewer than seven 

hours per night (Yeung et al., 2018). 

2.1.2 Problems associated with insufficient sleep 

Insufficient sleep is often underreported despite the multiple detriments associated with it (Chattu et 

al., 2019). From a health perspective, a population study reported that people with insomnia or poor 

sleep who slept for less than six hours (objectively measured) have a 29 % higher risk of suffering 

incidents of cardiovascular disease (Bertisch et al., 2018). Laboratory based studies have 

demonstrated that less than seven nights of PSD (< 5 hours) can induce endothelial dysfunction in the 

veins of young and healthy participants, which could be a potential contributor to cardiovascular 

disease (Dettoni et al., 2012; Sauvet et al., 2020). The effects of sleep deprivation can be observed in 

other aspects besides cardiovascular health. Reduced sleep has been shown to increase the 

prevalence of obesity in children and adults (Czeisler, 2015), it has also been associated with immune 

system impairment (Cohen et al., 2009), increased type 2 diabetes (Vetter et al., 2018), and reduced 

molecular clearance from the brain (Eide et al., 2021). 
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In addition to the physiological burden, insufficient sleep also affects psychological health (Chattu et 

al., 2019). Insufficient sleep has been associated with higher symptoms of depression in college 

students sleeping ≤ 6.5 hours per night (Williams et al., 2020). This finding was intensified by the 

COVID-19 pandemic lockdowns, which have shown a deterioration in university students' sleep quality 

being correlated with incidences of depression (Evans et al., 2021). Healthcare workers are another 

population that exhibit the psychological effects of insufficient sleep. Studies on nurses have shown 

the prevalence of sleep disorders like insomnia and shift work disorder in this population (Booker et 

al., 2020). As insomnia is considered a risk factor for depression, it is not surprising that nurses with 

sleep disorders also present comorbid depression symptoms (Chang et al., 2017; Williams et al., 2020). 

A considerable body of research demonstrates that insufficient sleep negatively also affects cognitive 

performance (Lowe et al., 2017). The term ‘cognitive performance’ is defined in section 2.2.1, but 

briefly, cognitive performance is the quantification of an individual's ability to process information and 

provide a response within a specific task (Blatter & Cajochen, 2007). Reduced cognitive performance 

has been related to increased chances of workplace accidents and errors, which in turn increases the 

concern around occupations that require high levels of cognitive performance in critical situations 

(e.g. public healthcare, fire services) (Lowe et al., 2017). What is more, the economic impact of 

insufficient sleep has been estimated to cost up to 1.89 % of the UK’s GDP in 2017 (Hafner et al., 2017). 

Therefore, the research community has oriented its efforts in the pursuit of a better understanding of 

the effects of insufficient sleep on cognitive performance (Krause et al., 2017). 

2.1.3 Measuring sleep 

Within the sleep research literature, the polysomnogram (PSG) is considered to be the gold standard 

method utilised to objectively measure sleep (Carazo-Vargas et al., 2020). A PSG incorporates multiple 

technologies like encephalography, electro-oculography, muscle actigraphy, and collects 

cardiorespiratory data (Rundo & Downey, 2019). The combination of these measurements is used to 

identify sleep related disorders in clinical populations, but can be also utilised to obtain detailed 

information about the human sleep (e.g. sleep stages) (Rundo & Downey, 2019). PSG needs to be 

performed in specialised facilities, and their more modern and portable versions still need to be 

assessed by specialists for a correct interpretation of the data (Carazo-Vargas et al., 2020). The 

aforementioned constraints, which are inherent to PSG, have propelled the development and 

implementation of more accessible and portable devices for research in non-clinical populations. For 

example, wrist based actigraphy has been shown to be a valid method to identify sleep and wake 

onsets compared to concurrent overnight PSG (ICC = 0.64–0.88) (Quante et al., 2018). 
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Wrist based actigraphy utilises accelerometery to collect movement data, and determine sleep and 

wake states through specialised algorithms (Ibáñez et al., 2019). These portable devices are less 

expensive than polysomnograms, can be used at home by participants, and do not require medical 

specialists to analyse the collected data (Ibáñez et al., 2019). These qualities make wrist based 

actigraphy an efficient alternative for non-clinical populations, offering an objective measure of sleep 

that can complement self-reported sleep diaries (Carazo-Vargas et al., 2020). Although sleep diaries 

are a cheap and accessible option that have allowed for important associations between sleep and 

health outcomes, people tend to overreport subjective sleep measurements when compared to 

actigraphy (Lauderdale et al., 2008). In addition, compliance to the completion of sleep diaries has 

been shown to be reduced over time due to its time consuming nature (Thurman et al., 2018). 

Therefore, the combination of wrist-actigraphy and self-reported diaries provide an accessible and 

relative low demand method to assess sleep time objectively, while having access to more in detail 

information (e.g. awakenings, sleep quality) that can only be reported subjectively (Thurman et al., 

2018). 
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2.2 The Study of Cognitive Performance: Executive Functions 

2.2.1 Defining cognition and executive functions 

What constitutes cognition is a widely debated facet of human performance that varies in definition 

across different strands of the cognitive science literature (Allen, 2017). For the purpose of this thesis, 

cognition is defined as any mental process in which information is acquired and processed to carry out 

actions of everyday living (Magni & Bilotta, 2016). These processes have been classified by some 

researchers into cognitive domains, which are further subclassified into sub-domains, which are 

composed of individual cognitive abilities/processes (Harvey, 2019). In its conception, cognitive 

domains were linked by some researchers to the brain regions where the cognitive abilities were 

hypothesised to originate (brain lesion studies). However, due to a lack of evidence supporting the 

direct correlation between specific neuroanatomy and cognitive function, contemporary perspectives 

have begun to emphasise that cognitive domains are best classified by the cognitive abilities involved 

and their levels of complexity (Harvey, 2019). This is the case of the literature in the domain of 

executive functions (EF), which was initially identified as ‘frontal lobe functions’ as they were affected 

in patients who suffered from lesions in the frontal cortex (Elliot, 2003), but now considers a broader 

neuroanatomical view of this facet of cognition (Diamond, 2013) 

The literature around EF research is characterised by the multiple definitions that are given to this 

cognitive domain (Etnier & Chang, 2009). As these definitions coexist, it is imperative to overtly state 

which definition is being used in each particular piece of research, as this will dictate which tasks are 

suitable to assess the cognitive domain, and influences the interpretation of results (Etnier & Chang, 

2009). Therefore, the definition provided by Diamond (2013) has been adopted for this thesis. 

Diamond (2013) defined EF as a group of cognitive abilities that are used in high concentration and 

attention situations, which need a level of control that exceeds automatic and instinctive responses. 

EF can be divided into three core functions: inhibition, working memory, and cognitive flexibility. 

These core functions are proposed to reflect the foundational blocks of higher-order EF (e.g. 

reasoning, problem-solving, and planning) (Diamond, 2013). 

2.2.2 Assessing executive functions 

Cognitive performance, as defined by Blatter and Cajochen (2007), encompasses the behavioural 

psychomotor responses given under specific tasks, which may have different levels of complexity and 

particularly challenge one or several cognitive abilities. It is argued that EF can be assessed as a whole 

with certain tasks that challenge all of its core components, nonetheless, the common trend in the 

literature is to subdivide and isolate the core functions (Diamond, 2013). Hence, this section will look 

into the different methods researchers have utilised to assess core EF. 
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One of the core EF is inhibition, it reflects the ability to control one’s attention, thoughts, and 

behaviours to override a strong internal predisposition or an external lure to override an internal 

predisposition or an external lure (Diamond, 2013). Inhibition can also involve selective attention or 

attention suppression, and intentionally forgetting things that could retroactively interfere with the 

task in hand (Diamond, 2013). The Manikin task is a test which incorporates inhibition, as it presents 

a situation where individuals have to override their predisposed response while only paying attention 

to a specific cue (Diamond, 2013). In this computerised test, the image of a man is displayed on a blue 

screen holding a ball in one of his hands; the man can be displayed standing upright, upside down, 

facing towards the participant, or facing away from the participant. The participant has to respond by 

pressing a button indicating what hand (left or right) the man was using to hold the ball (Legg et al., 

2016). In the case of this test, participants have a tendency to press the left button if the ball appeared 

on the left side of the screen, regardless of which hand of the man was holding the ball, requiring 

inhibition to produce a correct response (Diamond, 2013). 

Working memory is the ability to hold information in mind and to work with it after it is not 

perceptually present (Diamond, 2013). It is important to differentiate Diamond’s (2013) definition of 

working memory from Baddeley’s working memory model (for an in detail review refer to Baddeley, 

2012), as the latter presents a theoretical framework that encompasses multiple EF. Focusing on 

Diamond’s (2013) definition, tasks used to assess working memory involve not only remembering 

information, but also transforming that information to produce a response. An example of this would 

be the “N-back” task, a test in which participants are presented with a series of multiple stimuli and 

respond when they see a stimulus that was presented in “n” trials before (Owen et al., 2005). In this 

task it is not only important to remember the information, but also to constantly update and 

manipulate the information that is being remembered (Owen et al., 2005). 

The last core EF is cognitive flexibility, and it refers to the ability to change the way we think about 

something, it builds on inhibition and working memory and allows for task switching (Diamond, 2013). 

Tasks that measure cognitive flexibility tend to present two sets of instructions, and the participants 

need to be able to switch at least once between each, while providing responses that are relevant to 

the instruction at play (Diamond, 2013). An example of a cognitive flexibility task is the Wisconsin card 

sorting test, as administered by Stuss and colleagues (2000). In this task participants need to sort cards 

either by colour, number, or shapes, the sorting rule to be followed is changed after a certain number 

of consecutive successes (Stuss et al., 2000). By changing the sorting orders, participants need to break 

the “attentional inertia” by disregarding the previous rule and adopt the new rule, which involves 

consciously not paying attention to information that was relevant for the previous trial (Diamond, 

2013). 
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The tests mentioned above are only some of the many that have been used in laboratory studies to 

examine patients that had suffered damage to their prefrontal cortex (Elliot, 2003). These patients 

showed impairments in their intellectual abilities, decision making skills, and planning, which were 

reflected in their impaired performance in EF tasks (Elliot, 2003). However, these tests have not only 

been used to examine EF performance due to brain lesions or neurological disorders, but they are also 

frequently used to assess EF performance in occupational and sport populations (Kalén et al., 2022; 

Martin et al., 2019).  

Within the sporting sphere, EF tasks are mainly used in talent identification, as there is some evidence 

for high EF performance being related with high sporting performance (Kalén et al., 2022). From a 

more clinical perspective, EF tasks have been used to assess athletes’ recovery status following 

concussion injuries (Bleiberg et al., 2004). Regarding occupational populations, EF tasks are used in 

military research to identify the impacts of extreme environments on operational and cognitive 

performance (for a detailed review refer to Martin et al., 2019). The high physiological demands that 

extreme environmental stressors impose on the human body can also deteriorate cognitive 

performance, hence researchers utilise EF tasks in simulated environments with the aim of developing 

mitigation strategies to such hinderance (e.g. developing heat acclimation protocols to improve 

cognitive performance under heat stress scenarios) (Martin et al., 2019). Yet, there is another factor 

that negatively affects EF performance, which can be experienced by any human regardless of the 

environment they are inhabiting, namely sleep. 

2.2.3 Sleep deprivation and executive functions 

As mentioned in section 2.1.2, there is a body of evidence suggesting that insufficient sleep has a 

negative impact on cognitive performance (Lowe et al., 2017). Most studies of the current literature 

have been focused on the effects of acute total sleep deprivation (i.e. > 24 hours wakefulness), limiting 

our understanding of PSD (Krause et al., 2017). A recent meta-analytic review has identified that EFs, 

in particular behavioural inhibition, are impaired following partial PSD (Lowe et al, 2017). The review 

suggested that the decreased performance is caused, potentially, due to impaired prefrontal cortex 

functionality; although as considered above, there is not a definite correlate underlying the observed 

changes on EF performance (Lowe et al, 2017). The relationship between the prefrontal cortex and 

EFs is well established. Damage to the prefrontal cortex is an established cause for impaired EF 

performance (Elliot, 2003), while the increased activation of the dorsolateral prefrontal cortex, 

measured by functional magnetic resonance (fMRI) and positron emission tomography, has been 

associated with EF tasks performance in healthy individuals (Niendam et al., 2012). Regarding sleep 

deprivation, research in acute total sleep deprivation has hypothesised that decreased prefrontal 

cortex function is related to the decreases in EF performance (Lim & Dinges, 2010). 



10 
 

Neuroimaging studies have revealed that the prefrontal cortex is associated with the sleep pressure 

build-up inherent to total sleep deprivation (Krause et al., 2017). Studies have shown, through fMRI, 

that the dorsolateral prefrontal cortex has a reduced activity when participants perform attention and 

working memory tasks following > 24 hours of sustained wakefulness (Krause et al., 2017). There is 

also evidence of a diminished prefrontal cortex connectivity concomitant to poor task performance, 

observed via near infrared spectroscopy (NIRS), when performing working memory tasks following 

total sleep deprivation (Borragan et al., 2019). There are multiple hypotheses, which have proposed 

how these neural activity changes are responsible for the observed impairments in EF performance. 

The neuropsychological hypothesis postulates that total sleep deprivation generates a reversible 

functional damage to the prefrontal cortex, which is detectable by tests used to observe EF deficits in 

patients with brain injury (Lim & Dinges, 2010). From an attentional resource perspective, extended 

wakefulness is believed to overuse the neural circuitry needed for EF tasks, which leads to a reduction 

in EF performance due to low resource availability (Borragan et al., 2019; Hudson et al., 2020). Other 

explanations include the occurrence of microsleep episodes following total sleep deprivation, which 

explain the lapses and delayed responses resulting in worse EF tasks performance (Frau et al., 2020).  

It would be an act of confirmation bias not to include the negative findings of the literature in this 

section, as there have been instances where sleep deprivation has not decreased EF task performance. 

There are multiple reasons for why this may happen, and one of them relies on the inter-individual 

differences regarding peoples’ vulnerability to sleep deprivation (Mu et al., 2005). Total sleep 

deprivation (30 hours wakefulness) results on working memory tasks have been found to be no 

different from non-sleep deprived baseline for “sleep deprivation resilient” individuals (Mu et al., 

2005). Subsequent studies have been able to determine that there are multiple phenotypes with a 

different degree of sleep deprivation vulnerability, and although some of them have been identified 

(presence of specific genes i.e. PER3), further work is needed to identify other biomarkers that may 

be related to these responses (Goel, 2017; Groeger et al., 2008; Hudson et al., 2020). From an EF task 

perspective, there are theories like the dynamic attentional control framework, which aims to address 

why some tasks may be more liable to change following sleep deprivation than others. The dynamic 

attentional control framework posits that the variability in tasks impairments following sleep 

deprivation are due to the task’s demand for cognitive stability and cognitive flexibility. If a task 

requires high cognitive flexibility (i.e. constant change of instructions), it will be more vulnerable to 

sleep deprivation than tasks of lower demand (i.e. same instruction throughout) (Whitney et al., 

2019).  

The effects of PSD on EFs are less documented when compared to the total sleep deprivation (Frau et 

al., 2020). There is an apparent dose dependent interaction between PSD and EF performance, as the 
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more severe (less sleep hours) and longer (consecutive nights) the PSD, the greater the decrease in 

performance on EF tasks (Lowe et al., 2017; Van Dongen, Maislin, et al., 2003). Inter-individual 

variability is also observed with PSD, as there is variability not only for PSD vulnerability, but also for 

individual sleep need (i.e. threshold for maintaining optimal waking function), which determine the 

effect PSD has on EF performance (Van Dongen, Rogers, & Dinges, 2003). There also seems to be a 

difference on how PSD affects different core EF. Studies have shown that inhibition tasks are 

negatively affected by three nights of ~four hours of sleep (Stenuit & Kerkhofs, 2007); whereas the 

same PSD protocol had no incidence on a study assessing working memory task performance (Miyata 

et al., 2015). From a neuroimaging perspective, PSD of as little as four nights of ~six hours has been 

shown to reduce prefrontal cortex activation when performing working memory tasks, measured by 

NIRS (Yeung et al., 2018). 

2.2.4 Methodologies used in executive function research 

Traditional neuropsychological tests (e.g. the aforementioned Wisconsin card sorting test) have been 

classically used to identify changes in cognitive performance (Kane et al., 2007). These tests are long 

in nature and have not been designed to identify performance declines in repeated assessments, 

which has led to the development and implementation of automated computerised batteries (Kane 

et al., 2007). One of these automated batteries, the Automated Neuropsychological Assessment 

Metrics (ANAM), has been developed by the United States Department of Defense and utilised across 

multiple disciplines (Reeves et al., 2007). The ANAM is a computer based software that has been 

validated, as it has been shown to be sensitive to the cognitive demands present in traditional 

neuropsychological tests (Kabat et al., 2001), and in identifying patients with cognitive deficiencies 

(i.e. multiple sclerosis) (Kane et al., 2007; Meyers et al., 2022). The software has been shown to have 

great test-retest reliability, with individual tests ICC scores of ≥.8 when assessed after 30 days (Vincent 

et al., 2018). The ANAM is a versatile and practical tool as its testing batteries can be fully customised, 

through the inclusion of additional assessments like mood scales to their cognitive performance 

testing, and the selection of cognitive tests that are specific to the cognitive domains of interest 

(Johnson et al., 2007; Reeves et al., 2007). This aspect of the software has made it ideal for its 

application not only on the clinical stage, but also in extreme environments research (Lowe et al., 

2007), military deployment (Meyers et al., 2020), and return to sport after concussion injuries 

(Bleiberg et al., 2004). More importantly to this thesis, the ANAM has been previously utilised to assess 

different domains of cognitive performance in partial (O’Brien et al., 2012) and total (Acheson et al., 

2007) sleep deprivation studies. These studies included EFs tasks in their batteries (i.e. N-back), which 

were shown to be impaired by both total sleep deprivation and PSD (Acheson et al., 2007; O’Brien et 

al., 2012). 
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From a neuroimaging perspective, fMRI is considered as the gold standard method for in vivo brain 

activity imaging (Cui et al., 2011). fMRI is commonly used to obtain blood oxygenation level-dependent 

(BOLD) imaging, this signal is used synonymously with regional brain activation as it is assumed that 

neural activation increases oxygen metabolism and in turn produces changes in cerebral blood flow 

(Arthurs & Boniface, 2002). fMRI recordings have a high signal to noise ratio, and the method 

possesses a high spatial resolution, providing an image of the entire brain (Cui et al., 2011; Pan et al., 

2019). However, there are certain characteristics that limit the use of this method. fMRI is very 

sensitive to participant’s motion and so it is incompatible with assessing exercise interventions, which 

are the focus of the current thesis, whilst fMRI is also space restrictive as it can only be performed in 

rooms that contain the high cost specialised equipment (Cui et al., 2011). Taking this into 

consideration, NIRS has been proposed as an alternative method which can tackle the aforementioned 

challenges. NIRS is an optical neuroimaging technique that relies on the near infrared light wavelength 

(650-950 nm), this light can travel through skin and skull reaching the underlying brain tissues (Pinti 

et al., 2020). NIRS can act as a surrogate method to measure brain activation, similar to fMRI, as it is 

able to measure oxyhaemoglobin (O2Hb) and deoxyhaemoglobin (HHb) concentrations; this means 

that it can measure the haemodynamic responses of brain tissue that occur after regional brain 

activation (Pan et al., 2019; Pinti et al., 2020). More importantly, modern NIRS devices have a portable 

design which allows researchers to utilise them in multiple scenarios like performing exercise, 

undergoing hypoxia, and performing EFs tasks following sleep deprivation (Ando et al., 2013; Pan et 

al., 2019; Williams et al., 2019). The practicality of NIRS devices, added to its high correlation with 

fMRI signals during the performance of EF tasks, demonstrate that NIRS can be a useful substitute for 

fMRI in the field of cognitive research (Cui et al., 2011). 
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2.3 Exercise 

2.3.1 The benefits of exercise 

The health benefits of regular exercise are well established in the literature. According to the American 

College of Sport Medicine prescriptions, exercise delays all-cause mortality, reduces the risk of 

coronary heart disease, diabetes, and improves overall wellbeing (Garber et al., 2011). Exercise has 

also been shown to reduce depression and anxiety symptoms (Ruegsegger & Booth, 2018). Expanding 

on these benefits, exercise has also been shown to positively impact acute performance in multiple 

cognitive domains such as attention, memory, and EF (Chang et al., 2012; McMorris, 2017). There are 

however differences between the types of exercise, exercise intensities, and exercise dosage, 

regarding how they affect cognitive performance (Chang et al., 2012). 

Chronic exercise programmes have been proven to improve cognitive performance (attention and 

processing speed) in diverse patient populations (i.e. chronic fatigue syndrome) (Zalewski et al., 2020). 

Whereas acute bouts of moderate-intensity aerobic or resistance exercise have been shown to 

improve performance of EF tasks in healthy participants (Wang et al., 2019). The exact mechanisms 

by which both chronic and acute exercise affect cognitive performance are yet to be fully elucidated 

(Chang et al., 2012; McMorris, 2017; Stimpson et al., 2018). From a chronic exercise perspective, it is 

believed that exercise improves cognitive performance through multiple convergent pathways. One 

potential model links the benefits of aerobic exercise and its promotion of cerebral angiogenesis and 

brain circulation, together with the upregulation of neurotrophins (Stimpson et al., 2018). The model 

proposes that these physiological changes facilitate brain plasticity, and that in addition to cognitive 

ability training lead to improved performance (Stimpson et al., 2018). In a similar fashion, there are 

multiple models which attempt to explain how acute exercise affects cognitive performance. 

2.3.2 Theories and mechanisms of acute exercise 

As mentioned in the previous section, the mechanisms by which acute exercise affects cognitive 

performance are yet to be fully identified (Chang et al., 2012). Multiple theories and models have been 

proposed, which have been developed through the lenses of cognitive psychology (Davey, 1973), 

neurochemistry (Cooper, 1973; McMorris, 2017), and most recently integrating physiological and 

psychological perspectives (McMorris, 2021). The first proposed theoretical model was the inverted-

U arousal hypothesis (Davey, 1973). This model was based on the observations of the effects that 

acute moderate physical exertion (i.e. exercising at moderate intensity) and severe physical exertion 

had on a memory task (Davey, 1973). It was hypothesised that exercise had an effect on arousal, and 

so moderate exertion elicited a moderate level of arousal which in turn facilitated the performance 

on the memory task; while severe exertion produced an excessive level of arousal, leading to 
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impairment on the task performance (Davey, 1973). This theory was further developed into the 

allocation of resources theory where moderate intensity exercise (MIE) is hypothesised to elevate 

arousal levels, which in turn provides a heightened state for information processing and motor 

response, resulting in improved cognitive performance (Tomporowski, 2003). 

In parallel with the inverted-U hypothesis, the catecholamines hypothesis was created (Cooper, 1973). 

This model was based on the premise that acute exercise induced an increase in peripheral 

catecholamine circulation, which would further produce an increase in brain catecholamine 

concentrations, leading to the activation of brain regions responsible for the modulation of arousal 

(McMorris et al, 2016). The model still operated under the inverted-U paradigm, where MIE would 

elicit a beneficial level of arousal, but lower or higher intensities would be suboptimal or even 

detrimental to cognitive performance (McMorris et al, 2016). The catecholamines hypothesis was 

further developed, partially supported by advances made in animal based studies (McMorris, 2017). 

The more updated version of this model proposes that MIE produces an increase in peripheral 

catecholamines (adrenaline and noradrenaline), this peripheral change activates afferent nerves 

which in turn trigger the release of noradrenaline and dopamine in the brain (McMorris, 2017). 

Specifically, the increase of brain concentrations of noradrenaline and dopamine in the prefrontal 

cortex, when moderate, have a favourable effect on EF performance. Noradrenaline produces an 

increase in neural signalling, while dopamine inhibits non-preferred stimulus firing (McMorris, 2021). 

The joint work of noradrenaline and dopamine therefore improve the signal to ‘noise’ ratio, facilitating 

EF performance through a more efficient activation of the prefrontal cortex. However, when brain 

concentrations of noradrenaline and dopamine are excessive (i.e. during high intensity exercise), 

neural firing is reduced and the signal to ‘noise ratio’ is weakened (McMorris, 2017). This leads to a 

reduction in EF task performance (McMorris, 2021). 

Lastly, a more integrative approach arose with the Interoceptive model (McMorris, 2021), which 

expands the catecholamines hypothesis by incorporating psychological aspects like motivation and 

perception of effort. This model originates from Craig’s (2002) definition of interoception, as an 

afferent system that allows for sensing a whole body physiological state. McMorris (2021) utilises a 

modern interpretation and incorporates motivation, perception of effort, perception of task 

difficulties, and previous experiences as moderators which can either enable or inhibit the 

catecholamine and dopamine pathways. This model proposes that low intensity exercise paired with 

high motivation can elicit the necessary release of dopamine to improve cognitive performance 

(similar to MIE), while the excessive concentrations of brain catecholamines and dopamine can be 

down regulated after severe exercise through the participants’ perception of effort and expected 

outcomes (McMorris, 2021). 
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The effects of severe exercise on cognitive performance as explained by the catecholamine and 

interoceptive models present some overlap with more traditional fatigue paradigms, such is the case 

of central fatigue (McMorris, 2021). Central fatigue is the inability to sustain the performance of 

physical activity, and it is believed to be the product of changes in brain noradrenaline, serotonin, and 

dopamine concentrations, which consequentially leads to tiredness and lethargy, increased 

perception of effort, and a loss of motivation (Meeusen et al 2006; Tornero-Aguilera et al., 2022). 

Central fatigue is usually associated with severe exercise intensities, those reaching volitional effort, 

but there is also evidence of cognitive tasks evoking similar fatiguing effects (Slimani et al., 2018). 

Mental fatigue, which can be induced with over an hour long performance of EF tasks, has been found 

to negatively affect endurance performance of track athletes (Slimani et al., 2018). The researchers 

have theorised that the prolonged performance of EF tasks generated an accumulation of brain 

adenosine and dopamine concentrations, leading to a subsequent increased perception of effort and 

reduced motivation (Slimani et al., 2018). 

Although the mentioned models are useful in providing potential physiological mechanisms, they 

suffer from methodological challenges. Brain concentrations of catecholamines and dopamine cannot 

be measured in vivo, only animal studies have been able to provide these measurements through 

microdialysis (McMorris et al., 2016). Also, catecholamines do not cross the blood brain barrier, which 

means measuring peripheral catecholamine concentrations may not be reflective of the brain 

concentration changes (McMorris, 2017). Therefore, alternative methods are needed to assess the 

changes in neuronal activity produced by MIE.  

2.3.3 Exercise and Executive functions, a near infrared spectroscopy approach 

As mentioned in section 2.2, NIRS technology is a sensitive tool to assess cerebral activity in vivo (Cui 

et al., 2011). NIRS is not only able to measure cerebral oxygenation during the performance of multiple 

EF tasks, but also to allow the participants to move or exercise (Pan et al., 2019). Studies utilising 

functional NIRS have shown that regions of the prefrontal cortex experience an increase in O2Hb 

concentrations following MIE (Giles et al., 2014). It has been suggested that this increase in metabolic 

resource availability may improve the performance of cognitive tasks which depend on the prefrontal 

cortex (e.g. EF tasks) (Giles et al., 2014). Multiple studies have been set to explore this, for example 

Yanagisawa and colleagues (2010) found that ten minutes of MIE (~50 % V�O2peak) on a recumbent cycle 

ergometer elicited an increase of O2Hb concentration (observed via functional NIRS) in the lateral 

prefrontal cortex together with an improvement in core EF tasks (i.e. inhibition).  

Meanwhile, other studies which have utilised more portable NIRS devices have also observed the 

same cerebral oxygenation changes following 30 minutes of either upright or recumbent cycling, 
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associated with improvements in performance on the Stroop task (which assesses inhibition) (Faulkner 

et al., 2016). As mentioned in section 2.2.3, the decrease of prefrontal cortex oxygenation has been 

observed following PSD (Yeung et al., 2018). Additionally, there is some evidence showing that the 

reductions in prefrontal cortex oxygenation following PSD may be associated with reduced 

performance of EF tasks (Stenuit & Kerkhofs, 2007). Based on these premises, researchers have begun 

to design MIE protocols in an attempt to counteract the detrimental effects of sleep deprivation on 

EF performance (Kojima et al., 2020). 

  



17 
 

2.4 The Combined Effects of Sleep Deprivation and Exercise on Executive Functions  

As prefaced by the earlier sections of this chapter there are multiple theories and frameworks, which 

if considered in combination, appear to indicate that MIE has the potential to improve EF performance 

in sleep deprived individuals (Kojima et al., 2020; McMorris, 2021). This is of particular importance to 

multiple occupational populations that are involved in shift-work schedules, as they intend to maintain 

their cognitive performance in spite of minimal sleeping schedules (O’Brien et al., 2012; Wong et al., 

2018). However, contrary to what can be observed in the development of EF theories (Diamond, 

2013), or the extensive reviews on the effects of exercise on EF (Chang et al., 2012; McMorris, 2017), 

there is no body of research compilating or reviewing the combined effects of sleep deprivation and 

acute exercise on EF (to the best of the author’s knowledge). Therefore, an exploratory literature 

search was needed to provide an overview of the research area, and identify the current gaps in the 

literature (Palmatier et al., 2018). 

The literature search was carried out electronically through the Web of Science database, combining 

the terms: (I) “sleep deprivation” OR “sleep restriction” AND (II) “exercise” OR “physical activity” And 

(III) “cognition” OR “cognitive performance”. Note, for the purposes of this thesis and in order to 

include as many potentially relevant studies as possible, the broader search terms of cognition and 

cognitive performance were used rather than focussing solely on the specific EF literature. All search 

terms were selected for the Title or Abstract option, the search results were examined and only the 

studies that presented acute exercise protocols in combination with a sleep deprivation protocol were 

selected. Animal studies were also excluded from the search. 

As evidenced by Table 1, the volume of studies that have examined the combined effects of sleep 

deprivation and acute exercise is brief. The search returned a total of 10 studies where participants 

underwent a sleep deprivation protocol combined with exercise, of which four utilised exercise as an 

additional stressor (i.e. exercise protocol was not intended to aid on cognitive performance), and six 

implemented an exercise protocol to counter the effects of sleep deprivation. In this initial 

differentiation, the studies which incorporated exercise as a stressor utilised exercises that are of 

prolonged duration in nature like ultra-endurance events (Davis et al., 2014; Hurdiel et al., 2015), load 

bearing paced walking (Williams et al., 1997), or one hour long cycling bouts performed every six hours 

(McMorris et al., 2006). Three of these studies concluded that the combination of exercise and sleep 

deprivation were detrimental to cognitive performance, as evaluated by memory, attention, and EF 

tasks. These findings are in agreement with previous literature reviews, which show that long duration 

exercise does not benefit cognitive performance due to dehydration and fatigue build up (Chang et 

al., 2012). Meanwhile the other study reported a positive effect of exercise on working memory and 

reaction time tasks, although only for the participants which were supplemented with creatine 
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(McMorris et al., 2006). The exact mechanisms by which creatine supplementation facilitated the 

cognitive performance improvements are yet to be elucidated (McMorris et al., 2006). However, the 

fact that in conjunction all four studies observed negative effects on cognitive performance (except 

for creatine supplementation) is rather unsurprising, as participants were enduring long duration 

exercise in combination with total sleep deprivation, factors that even if experienced individually have 

been shown to negatively affect cognition (Acheson et al., 2007; Chang et al., 2012). 

Regarding the six studies implemented an exercise protocol to mitigate the effects of sleep deprivation 

on cognitive performance, four of them utilised total sleep deprivation protocols whereas the other 

two utilised a single night PSD. The total sleep deprivation studies presented contradictory findings, 

two studies utilised multiple bouts of exercise across the total sleep deprivation protocol: 10 minutes 

of high intensity (70 % V�O2max running (LeDuc et al., 2000), and 20 minutes of moderate intensity 

cycling (50% V�O2peak) (Scott et al., 2006). These studies found that exercise did not ameliorate the 

reduction in cognitive performances. The remaining two studies utilised a single acute bout of exercise 

following a total sleep deprivation protocol, a 15 minute low intensity (35-40 % HRR) cycling bout 

(Slutsky et al., 2017), and a 20 minute moderate intensity (60% V�O2peak) cycling bout (Kojima et al., 

2020). The low intensity exercise had no beneficial effect on attention and memory tasks following 

total sleep deprivation (Slutsky et al., 2017). However, MIE effectively countered the effects of a total 

sleep deprivation protocol on EF tasks performance. Finally, the PSD protocols reported utilising an 

acute bout of 20-30 minutes of MIE improved attention and EF tasks performance following a single 

night of reduced sleep (Carmichael et al., 2018; Taheri & Irandoust, 2020). 

When analysing these last six studies, the common factor behind the studies which observed positive 

effects on cognitive performance is the implementation of single bouts of MIE exercise, which seems 

to be effective against both sleep deprivation protocols. As presented earlier in Chapter 2, MIE is 

favoured by multiple hypotheses and by cognitive performance research as the preferred exercise 

intensity to elicit cognitive performance improvements in healthy individuals (Chang et al., 2012; 

McMorris, 2017; McMorris, 2021). In line with the review presented by Chang et al (2012), MIE of at 

least 20 minute duration seemed to effectively mitigate the detrimental effects of sleep deprivation 

on EF performance. However, the physiological mechanisms behind this effect are unclear, and only 

one study reported physiological measurements (cerebral oxygenation) which could provide some 

clarity to this matter (Kojima et al., 2020). In summary, although the current body of literature is 

limited, there is some evidence of the potential benefits of MIE on EF performance following sleep 

deprivation protocols. The paucity of PSD research compared to total sleep deprivation (1:5) highlights 

the need for empirical research in this area, which is representative of a large part of the global 
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population due to occupational and modern lifestyle conditions (Chattu et al., 2019; Shriane, 

Ferguson, et al., 2020). Accordingly, this thesis sought to address this gap in the literature. 

 

.  
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Table 1 
Studies Reporting the Effects of Acute Exercise on Cognitive Performance Following Sleep Deprivation 
 

Study 
Participant cohort 
(sex (m:f), mean 

age, fitness) 
Sleep deprivation Exercise Physiological 

variables 

Subjective 
variables 

 

Cognitive tests 
(Parameters) 

(Administration) 
 

Changes in 
cognitive 

performance 

Carmichael 
(2018) 
Poster abstract 

56 participants 
matched for age, 
sex and 
chronotype 

4-h partial SD 
 

20-min 
MIE 
Aerobic 

P3 ERP Sleepiness 
fatigue 
energy 
arousal 
 

Oddball paradigm 
(RT) 
(Pre and Post 
exercise) 

Oddball paradigm 
(RT)  
 
 

Davis 
(2014) 
Observational 

12 (9:3, 31.8 
years) 

36-h total SD 36-hours 
Ultra-endurance 
event 
(Running, 
swimming, 
weightlifting, 
calisthenics) 

Salivary 
melatonin 

N/R PVT 5 minutes 
(Lapses) 
(Post exercise) 

PVT 
(Lapses) 

Hurdiel 
(2015) 
Observational 

17 runners (16:1, 
43 years, BMI 
22.2) 

46-h (±5 hours) 
total SD 
Naps 4-22 min 
long 

27-44 hours 
168 km endurance 
race 
9600 m elevation 

N/R Sleepiness 
Hallucinations 
Stumbling 

PVT 10 minutes 
(RT, ACC) 
(Pre and Post 
exercise) 

PVT 
(RT)(ACC) 
 

Kojima 
(2020) 
Randomised 
Crossover 

12 healthy adults, 
no regular PA (8:4, 
21 years, ~32.6 
ml·kg·min-1 

V�O2peak) 

24-h total SD 20-min MIE 
(60 % V�O2peak) 
Cycling ergometer 
 

Cerebral 
oxygenation: 
O2Hb  
MAP  
(NIRS) 
 
 

Sleepiness 
(Stanford 
Sleepiness scale) 
 

Stroop colour and 
word test 
(RT, Interference 
score) 
(Post exercise) 

Stroop test 
(RT) 
(Interference 
score) 
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LeDuc 
(2000) 
Counterbalanced 
controlled 

12 army aviators 
(11:1, 29.9 years, 
~49.6 ml·kg·min-1 

V�O2max) 

40-h total SD 10-min every 2 
hours 
(70 % V�O2max) 
Treadmill running 

EEG 
Delta activity 
Theta activity 
Alpha activity 
Beta Activity 
 

Mood: 
Tension-
Anxiety 
(POMS) 
Jitteriness 
(VAS) 

Monitoring task 
Communication 
task 
Tracking task 
Flight simulation 
task 
 

All tasks 
(Task-performance 
score)  

McMorris 
(2006) 
Controlled 

20 (students, 17:3, 
21 years,) 2 groups 
– creatine 
supplementation 
vs control 

24-h total SD 1-h cycling every 
6-h 
(50-60 % HRmax) 
Cycle ergometer 

Norepinephrine 
Dopamine 
Epinephrine 
Cortisol 

Mood: 
Vigour  
Fatigue  
(POMS) 
 

Verbal memory 
test 
(score) 
Spatial memory 
test 
(Score) 
4 choice reaction 
tests 
(RT) 
Balance test 
(sway, 
Corrections) 
(Pre and post 
exercise) 

Verbal and spatial 
memory 
(score)  
4 Choice 
(RT)  
Balance test 
(sway) 
(correction) 

Scott 
(2006) 
Counterbalanced 
crossover 

6 male students 
(22 years, 44 
ml·kg·min-1 

V�O2peak) 

30-h total SD 
continuous testing 

20-min Cycling 
every 2-h 
(50 % V�O2peak) 

N/A Mood: 
Vigour  
Fatigue 
Depression 
(POMS) 

Tracking task 
(errors) 
Number 
cancellation task 
(time) 
Simple RT 
(RT) 
Two choice RT 
(RT) 

Tracking task 
(errors)  
Number 
cancellation 
(Time)  
Simple RT 
(RT)  
Two choice RT 
(RT)  
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Slutsky 
(2017) 
Controlled 
 

24 Young adults 
(active, 14:10, 25 
years, BMI ~25) 

24-h total SD 
 

15-min cycling 
(35-40 % HRR) 
Cycling ergometer 
 

N/R N/R PVT 5 min 
(RT, Lapses) 
Sternberg memory 
task 
(Accuracy, RT) 
(pre and post 
exercise) 

PVT 
(RT)(Lapses) 
Stermberg 
memory 
(Accuracy) 
(RT) 

Taheri & 
Irandoust 
(2020) 
Crossover 

21 women 
(volleyball players, 
23 years, BMI ~19) 

3-h partial SD 30-min 
(40-50 % Max HR) 
Aerobic exercise 

N/R N/R movement 
detection time 
(RT) 
visual pursuit test 
(Accuracy, RT) 
Cognitrone test 
Accuracy, RT) 
(pre and post 
exercise) 

movement 
detection time 
(RT)  
visual pursuit test 
(Accuracy)   
(RT)  
Cognitrone test 
(Accuracy)  
(RT)  
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Williams 
(1997) 
Randomised 
counterbalanced 
control 

72 marines, male 
(18-38 yrs) 
 

38-h total SD 20min 5.56km/h 
1-mile walk 
backpack carry 
(50 % bodyweight) 

N/R N/R Simple reaction 
time 
Wilkinson 4 choice 
Choice reaction 
time 
Tapping 
Matrix-2 
Manikin 
Digit recall 
Single digit 
substitution 
Six-letter search 
Serial 
addition/subtracti
on 
Encode/decode 
Logical reasoning 
(Accuracy, RT, 
Throughput, 
lapses) 
(Post exercise) 

Simple reaction 
time 
(RT) 
(Lapses) 
Tapping 
(Lapses) 
Matrix-2 
(Lapses) 
Manikin 
(RT)  
Logical reasoning 
(Throughput)  
(Lapses) 
Digit recall 
(Lapses) 
 

Note. SD, Sleep deprivation; MIE, moderate intensity exercise; RT, reaction time; N/R, not reported; O2Hb, Oxyhaemoglobin; MAP, mean arterial pressure; POMS, Profile 
mood states; VAS, Visual analogue scale; IGF-I, Insulin–like growth factor 1; HRR, heart rate reserve, EEG = electroencephalogram,  = increase in value (as reported in 
the manuscript),  = decrease in value (as reported in the manuscript),  = no change in value (as reported in the manuscript). 
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Chapter 3: The Effects of Exercise and Partial Sleep Deprivation on 

Physiological and Cognitive Performance: A Combined Stressors Study 

3.1 Introduction 

The effects of partial sleep deprivation (PSD) on cognitive performance, as studied in laboratory 

settings, range from impacting memory, learning ability, attention, and risk taking behaviour (Salfi et 

al., 2020; Van Dongen, Maislin, et al., 2003; Walker, 2008). These findings are particularly pertinent 

for shift workers, as their occupational obligations demand that they are exposed to circumstances 

that lead to recurrent suboptimal sleep patterns (Waters & Bucks, 2011). Shift workers have been 

reported to have a higher injury rate than their daytime only counterparts (Wong et al., 2011). Such 

evidence is of public concern, considering that many essential services (e.g. healthcare) operate with 

shift work patterns, leading to potential consequences to the wider population (Lowe et al., 2017). It 

is therefore necessary to conduct research utilising validated cognitive assessments to provide 

consistent evidence on the effects of PSD on cognitive performance (Waters & Bucks, 2011). A 

cognitive domain of particular importance is the one of Executive Functions (EF), which encompasses 

working memory, inhibition, and cognitive flexibility (Diamond, 2013).  

If cognitive functions are defined as the mental processes which acquire and process information to 

perform actions, then EF are a sub-classification of such processes which entail the need for high levels 

of effort underpinning the control goal directed actions (Kalén et al., 2022). EF can be divided into core 

(working memory, inhibition, and cognitive flexibility), and higher order EF (e.g. planning, problem 

solving) categories (Diamond, 2013). The research on the relationship between EF and PSD has shown 

some conflicting results (for a detailed meta-analysis please refer to Lowe et al., 2017). For example, 

three nights of PSD have been found to reduce the performance of inhibition based computer tasks 

(Stenuit & Kerkhofs, 2008). However, working memory computer tasks have been reported to undergo 

no performance changes following a similar PSD protocol (Miyata et al., 2015). Some researchers 

argue that the complexity of the EF tasks could be a moderating factor, where more complex tasks are 

more negatively affected than simpler tasks (Waters & Bucks, 2011). For example, EF tasks where 

there is a constant need for updating information and changing rules (e.g. task switching, assessing 

cognitive flexibility) are more susceptible to be impaired by sleep deprivation than tasks where a single 

rule is followed throughout (e.g. 1-back task [low difficulty], assessing working memory) (Whitney et 

al., 2019). What is more, the mechanisms behind these observations are not clearly elucidated (Frau 

et al., 2020). To better understand the impacts of PSD on EF, a potential avenue for future work 

presents itself in the mode of dual stressor studies (Ando et al., 2019).  
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Exercise has been shown to improve computer-based EF performance in healthy participants (Chang 

et al., 2012). Specifically, moderate-intensity exercise (MIE) of ~20 minutes duration appears to have 

a positive impact on EF tasks performed during, or immediately after, exercise (Chang et al., 2012). 

Examples of this have been evidenced with aerobic (Faulkner et al., 2016) and resistance based 

exercise (Wang et al., 2019). Although several experimental studies have demonstrated how MIE can 

improve EF performance, the mechanisms behind this effect have not been completely understood 

(Wang et al.,2019). A range of mechanisms have been proposed as a means to be explain why MIE is 

believed to improve EF performance, including the catecholamines hypothesis (McMorris, 2017), the 

arousal “inverted U” hypothesis (Cooper, 1973), or a combination of these and other psychological 

factors (e.g. interoceptive model, McMorris, 2021). Specifically, the catecholamines hypothesis 

proposes that MIE facilitates the activation of the prefrontal cortex via adrenaline and dopamine 

secretions in the brain (see McMorris, 2017 for a detailed review). The proposed mechanisms 

underpinning all named theories have given impulse to neuroimaging studies, with methodologies 

such as near infrared spectroscopy (NIRS) utilised to collect non-invasive measures of localised indirect 

neuronal activity (Pan et al., 2019). 

Studies have used NIRS to assess prefrontal cortex oxygenation during both exercise and EF tasks 

performance (Pan et al., 2019). For example, Yanagisawa et al. (2010), reported an increase in 

prefrontal cortex activation (measured by functional NIRS) during MIE, accompanied by improvements 

in Stroop task performance (assessing inhibition). Later studies have found similar results (e.g. 

Faulkner et al., 2016), which have subsequently captured the attention of sleep deprivation 

researchers. A pertinent finding is that the observed reduction in prefrontal activation has been 

previously reported in participants performing EF tasks following periods of sleep deprivation (Yeung 

et al. 2018). This has led the way for studies to combine both sleep deprivation and MIE, in order to 

explore the changes in cerebral oxygenation as a potential mediator for EF performance changes 

(Kojima et al., 2020). In particular, a recent study has shown that an acute bout of MIE can return EF 

task performance back to baseline values (pre total sleep deprivation), while also observing an 

increase in cerebral oxygenation markers in the prefrontal cortex (Kojima et al., 2020). Although these 

findings are novel, it is unknown if these would also be observed following a PSD protocol. 

Therefore, this study sought to explore individual and combined effects of three nights of PSD and an 

acute bout of MIE on EF tasks performance. It was hypothesised that three nights of PSD would reduce 

EF performance. It was further hypothesised that regardless of sleep status exercise would improve 

EF performance. 
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3.2 Research Methodology 

3.2.1 Ethical approval and study sample: 

All experimental procedures adhered to the latest revision of the Declaration of Helsinki, except for 

registration in a database. Procedures were approved by the Science and Health Faculty Ethics 

Committee (project no. 2021-031) and further approved by the Research Restart process to comply 

with the University of Portsmouth research during the Covid-19 pandemic policies. 

3.2.2 Participants 

A convenience sample of twelve healthy adults (males: 7, females: 5) participated in this study (mean 

(SD), age: 23 (2) years; height: 170.8 (11.3) cm; mass: 66.2 (10.1) kg; body mass index 22.6 (2.2) kg⋅m-

2; V�O2max 42.1 (6.8) ml⋅min⋅kg-1). Exclusion criteria were if a prospective participant had any known 

sleeping disorders diagnosed by a medical professional and/or they were undertaking night shift work 

(10:00 pm – 6:00 am) at the time of the study. In addition, research has indicated that females are 

susceptible to greater decline in cognitive performance following sleep deprivation during the 

follicular phase of the menstrual cycle when compared to the luteal phase (Grant et al., 2020). 

Therefore, female participants completed all experimental trials within the self-reported early 

follicular phase (first seven days) of the menstrual cycle as previously described (Allen et al., 2016). 

Written informed consent was provided by the participants after receiving thorough familiarisation 

with the testing procedures, and following screening using a health history questionnaire. In the 

occurrence of potential health concerns, the school’s independent medical officers were contacted, 

and further medical tests (i.e. 12 lead electrocardiogram) were performed. In addition, participants 

completed a Pittsburgh Sleep Quality Index (PSQI) questionnaire to assess for sleep disturbance and 

were excluded if a score of > 5 was obtained (Buysse et al., 1989). 

3.2.3 Study design and experimental procedures: 

The study utilised a within participant, repeated measures, randomised controlled crossover design 

where participants were required to visit the laboratory on five different days (one familiarisation 

session and four experimental trials). The experimental trials began at least four days after 

familiarisation, and the experimental trials were divided in two blocks, across two testing days. Same 

block testing days were separated by 72 hours, and a washout period of at least seven days (see Figure 

1.a). Testing times were kept consistent within participants (range 8:30 am-9:00 am start).  

Between testing days, participants either underwent a PSD protocol, where they only had five hours 

sleep opportunity window (2:00 am-7:00 am) for three consecutive nights or had three consecutive 

nights of full sleep (> 6 hours of sleep) similar to previous PSD research (Van Dongen, Miaslin, et al., 
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2003). Participants slept at their own houses and contacted members of the research team over the 

phone from 6 pm every hour until their designated bedtime. They also contacted the research team 

when waking up on mornings where they were not attending the laboratory (Salfi et al., 2020). The 

order of PSD or full nights of sleep was determined using a counterbalanced design. 

Participants were required to record dietary intake, exercise, and sleep in an electronic diary, and to 

wear an activity monitor (detailed later) for the 96 hours prior to the first experimental trial (Salfi et 

al., 2020). Diaries and activity tracking were continued until the second experimental trial and 

resumed 96 hours before the third experimental trial in order to replicate diet, exercise, and sleep 

across conditions. Participants were instructed to refrain from non-habitual exercise activity, alcohol 

and caffeine consumption for 12 hours before the experimental trials (Kojima et al., 2020). During the 

days between laboratory visits (including the PSD days) participants were instructed to avoid 

strenuous and non-habitual exercise activity, avoid alcohol consumption, not to nap or rest laying 

down on beds or couches. A schematic outlining the timeline for the complete study and a single 

experimental session is displayed on Figure 1. 
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Figure 1 

Diagram Representing the Study Timeline 

 

 

Note. (a) Diagram of study timeline (days). Medical screening.  V�O2max test. Cognitive test 

familiarization. Diet, sleep, and exercise diary. Experimental trial. Full night of sleep. 

Partial sleep deprivation nights. (b) Timeline of the experimental trial. Blood samples. Height, 

mass, and hydration measurements.  Rest.  Recumbent cycling.  Cognitive performance 
tests. 

3.2.4 Familiarization: 

Based on previous research validating the use of the ANAM to assess EF performance in partial 

(O’Brien et al., 2012) and total (Acheson et al., 2007) sleep deprivation studies, familiarisation with 

this testing battery was conducted to reduce any learning effects (Taylor et al., 2016). The ANAM 

cognitive battery was completed five times in line with manufacturer’s guidelines (CSRC, 2015). The 

final two familiarisation sessions were performed while cycling [CV% =  9.13 (1.82) %; range 7.07 - 

11.44 %]. The familiarisation was then followed by a ramp V�O2max test until exhaustion using an 

electromagnetically braked upright cycle ergometer (Lode B.V., The Netherlands) to assess the 

participants’ aerobic fitness. The participants started cycling at 50 W, and the wattage was increased 

by 1 W every 3 seconds (20 W·min-1) until volitional exhaustion. All test data was then analysed and 

checked against the British Association of Sport and Exercise Sciences (BASES) criteria for establishing 

V�O2max (Bird & Davison, 1997). 

3.2.5 Experimental session: 

Participants arrived at the laboratory between 8:00 am and 8:30 am. Height, mass, urine osmolality 

and urine colour were measured prior to instrumentation. Participants were instructed by the 

research team to attend the testing session hydrated. However, on one occasion, one participant 

presented urine colour values of > 3 (urine osmolality readings of > 442 mOsm), and therefore they 

were instructed to ingest an additional 250-500 ml of water to ensure optimal hydration (Armstrong 

et al., 1994). Once fully instrumented, participants remained seated for 15 minutes on a recumbent 

(a) 

(b) 
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cycle ergometer while resting baseline physiological data was recorded as previously described 

(Faulkner et al., 2016) (Figure 2). They then completed the first battery of the ANAM EF tasks at rest. 

Participants then began cycling at approximately 50 % of their V�O2max (Range 40 %-52 %) to achieve a 

moderate intensity according to the ACSM’s Guidelines for Exercise Testing and Prescription (Riebe et 

al., 2018). This intensity was selected adapted from a meta-analysis which reported positive effects of 

MIE (64-76 % HRmax) on EF (Chang et al., 2012). Wattage was personalised to elicit the corresponding 

respiratory responses, cadence and ratings of perceived exertion (RPE) were recorded every five 

minutes. On the 20th minute of exercise, participants began their second battery of ANAM EF tasks, 

cycling was sustained until completion (~17 [15-20] minutes]). Capillary and venous blood samples 

were extracted upon completion of each entire cognitive battery. 
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Figure 2 

Experimental Set-up. 

 

Note .The picture displays a participant siting on the recumbent cycle ergometer while performing 
one of the executive function tasks 

3.2.6 Measurements 

Sleep 

Participants wore a wrist actigraph (wGT3X-BT, ActiGraph, LLC, Pensacola, FL) on their nondominant 

arm to record objective sleep parameters (total sleep time, wake activity after sleep onset, and sleep 

efficiency) as previously described (Myllyntausta et al., 2020). The wGT3X-BT device has been 

recommended for its use in non-clinical population sleep studies (Carazo-Vargas et al., 2020). The 

GT3X version of this device has been found to have similar total sleep time recordings when compared 

to polysomnography (ICC = 0.64–0.88) (Quante et al., 2018). Subjective sleep measurements were 
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reported through the electronic diary where total sleep time, awakenings, and sleepiness were 

recorded (Thurman et al., 2018). 

Executive Function Performance 

EF performance was assessed using a 6-task cognitive battery administered on a laptop computer 

(acer, TravelMate P614) using commercially available testing software (ANAM: Automated 

Neuropsychological Assessment Metrics, developed for the US Department of Defence and licensed 

by Vista Life Sciences). The ANAM has been shown to have great test-retest reliability (individual tests 

ICC ≥.8) (Vincent et al., 2018). The system has been previously used in exercise (Lo Bue-Estes et al., 

2008) studies. Completion of the test required participants to use a normal USB wired computer 

mouse (Meyers & Vincent, 2020). In line with previous research (Meyers & Vincent, 2020) and to avoid 

reductions in effort and to maintain engagement, participants received the instruction to respond to 

the tasks as accurately and fast as possible, the message was reiterated with a script on the computer 

screen before each task began. 

The ANAM EF testing battery included the tasks listed below, which were consistently presented in 

the same order:  

• Two-Choice reaction time: multiple trials in which either a * or a 0 appeared on the screen in 

random order. The participant was required to press a mouse key that corresponded to the 

symbol appearing on screen. Examined inhibition, reaction time and general processing. 

• Logical Reasoning-Symbolic: a pair of symbols was presented “#&” or “&#”, together with a 

statement that describes the order of the symbols. Participants had to press the mouse key 

that corresponded for the correctness of the statement. Examined inhibition and logical 

reasoning. 

• Manikin Test: a human figure was presented holding a ball in one hand, the figure appeared 

in various orientations and the participant had to press the mouse key that corresponded to 

the hand holding the ball. Examined inhibition, working memory, three-dimensional spatial 

rotation, orientation, problem solving, and attention. 

• Mathematical Processing: The test presents an addition or a subtraction which resulted in a 

number from 1 to 9, except for 5. The participant had to press the mouse key that 

corresponded to a result being lower than 5 or higher than 5. Examined working memory and 

basic arithmetic. 
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• Task Switching: it combined the manikin and the mathematical processing tasks. The 

participant was required to resolve the task presented on screen, the order in which the test 

presented the different tasks was random. Examined cognitive flexibility, working memory, 

divided attention, and dual tasking. 

• Continuous Performance Test (n-back): a series of numbers were presented on the screen and 

the participant had to press a mouse key to indicate that the number presented was the same 

one as the previous number. It had 3 levels of difficulty: 1-back (as described before), 2-back 

(if the number presented was the same as the one that appeared in two numbers previous), 

and 3-back (if the number presented was the same as the one that appeared three numbers 

previous). Examined working memory and sustained attention. 

For all tasks, throughput scores were calculated to assess EF performance. Throughput is a response 

rate score obtained from the number of correct responses of a task divided by the mean reaction time 

(correct and incorrect responses), measured as correct responses per minute (Thorne, 2006). Thus, 

throughput reflects a measure that assesses the specific instruction that participants received when 

asked to respond as quickly and as accurately as possible when completing the ANAM EF tests.  

𝑇𝑇ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑝𝑝𝑟𝑟𝑝𝑝 =
𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝐶𝐶𝐶𝐶𝑝𝑝 𝑟𝑟𝐶𝐶𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟𝐶𝐶𝑟𝑟

(𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝐶𝐶𝐶𝐶𝑝𝑝 𝑟𝑟𝐶𝐶𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟𝐶𝐶𝑟𝑟 + 𝑖𝑖𝑟𝑟𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝐶𝐶𝐶𝐶𝑝𝑝 𝑟𝑟𝐶𝐶𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟𝐶𝐶𝑟𝑟) × 𝑀𝑀𝐶𝐶𝑀𝑀𝑟𝑟 𝑅𝑅𝐶𝐶𝑀𝑀𝐶𝐶𝑝𝑝𝑖𝑖𝑟𝑟𝑟𝑟 𝑝𝑝𝑖𝑖𝑡𝑡𝐶𝐶 (𝑡𝑡𝑖𝑖𝑟𝑟𝑟𝑟𝑝𝑝𝐶𝐶𝑟𝑟)
 

Cerebral oxygenation 

Cerebral oxygenation was measured using portable NIRS (Portalite, Artinis Medical Systems, 

Netherlands) as previously described (Williams et al., 2019). Briefly, a cerebral oximeter probe was 

attached over the left prefrontal cortical area at the midpoint between Fp1-F3 (landmarks of the 

international electroencephalogram [EEG] 10-20 electrode placement) (Ando et al., 2013; Davranche 

et al., 2016). To ensure the position of the NIRS device, a tegaderm (sterile transparent film dressing) 

was first placed on the skin, then the probe was attached on top of it using adhesive tape, a black 

bandana was then placed over the top to prevent sampling contamination through ambient light (see 

Figure 3). 

Measurements from NIRS were recorded for 1 minute as a baseline prior to commencing the protocol, 

data were then expressed as changes from baseline (Komiyama et al., 2020). Changes in 

oxyhaemoglobin (O2Hb), deoxyhaemoglobin (HHb), total haemoglobin (tHb), and tissue saturation 

index (TSI) were calculated. TSI was calculated as (O2Hb/tHb × 100 %) as previously described 

(Williams, et al., 2019). 
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Cardiorespiratory variables 

A heart rate monitor (Polar V800, Polar, UK) was used to monitor heart rate (HR) during experimental 

sessions. Breath by breath expired gas analysis was measured using a cardiopulmonary gas analysis 

system (Quark, CPET, Cosmed, Italy). Minute ventilation (V�E), respiratory frequency (fR), tidal volume 

(VT), oxygen consumption per minute absolute (V�O2) and relative (V�O2REL), carbon dioxide produced 

per minute (V�CO2), and respiratory quotient (RQ) were recorded throughout. Peripheral oxygen 

saturation (SpO2) was measured using pulse oximetry on the right earlobe, the probe also provided a 

back-up HR measurement. 

Blood collection and analysis 

Venous blood samples were taken from the antecubital vein at rest and after exercise following the 

completion of the cognitive battery. Samples were collected into EDTA vacutainers, centrifuged at 

4500 g for 10 minutes at 4 °C. Plasma was aliquoted (1.5 mL in duplicate) and stored at -80°C for later 

analysis. Commercially available human enzyme linked immunosorbent assays (ELISA) were used to 

measure plasma concentrations of Cortisol (Calbiotech, Spring Valley, CA, USA). Manufacturer 

procedures manuals were followed, and repetition plasma freeze-thaw cycles was minimised. Intra 

intra-assay coefficient of variation for Cortisol was 6.7 %. Minimum detectable plasma concentrations 

were 20 ng⋅mL-1. In addition, to assess blood lactate concentration capillary blood samples were taken 

from the participants’ fingerprints and analysed using a Biosen (Biosen C_line, EKF-diagnostic GmbH, 

Germany). 

Subjective outcome measures 

Sleepiness and mood questionnaires were incorporated into the ANAM EF battery. They were 

administered at the beginning of each cognitive performance assessment. Sleepiness was assessed 

using the Stanford Sleepiness Scale (Hoddes et al., 1973) and participants were requested to rate their 

level of sleepiness on a scale from 1 (alert) to 8 (asleep). Mood was recorded through the ANAM Mood 

Scale II. Participants rated their agreement on a Likert scale (0-6, from ‘not at all’ to ‘very much’) for 

seven mood states: anger, anxiety, depression, fatigue, happiness, restlessness, and vigour. This test 

has been previously assessed for its reliability and validity, showing a strong correlation with the other 

widely used mood scales, such as the Profile of Mood States (Curran et al., 1995; Johnson et al., 2008). 
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3.2.7 Statistical Analysis 

In line with previous research (Williams et al., 2019), data were only analysed for the periods when 

participants were performing the ANAM EF tests. Data distribution was assessed using descriptive 

analysis (skewness, outliers, and distribution plots) and inferential statistics (Shapiro-Wilk test). 

Objective sleep parameters were averaged for the 3 nights preceding the experimental session. Paired 

sample T-tests were used to assess the sleep differences in: total sleep time (TST), time in bed (TIB), 

wake activity after sleep onset (WASO), and sleep efficiency between conditions (Control vs PSD). 

Effect sizes calculated using Cohen's d, and were interpreted as small (d = 0.2), medium (d = 0.5), or 

large (d = 0.8) (Lakens, 2013). To confirm that there were no further practice effects following the 

familiarization session, a One-way repeated measure analysis of variance (ANOVA) was used to 

compare the EF task performance between the three experimental sessions performed without PSD 

(i.e. the first session from the PSD block and both sessions of the control block). There were 

no differences (all p > 0.05) detected between said sessions. Due to the counterbalanced study design, 

the same analysis was used to assess potential differences based on session order, where only the 1-

back difficulty of the continuous performance test presented a statistically significant difference (p = 

0.018), however, a post-hoc analysis using Bonferroni corrections showed no statistically significant 

differences between session order for that task (p > 0.05). Having this into consideration, the 

experimental session following the three nights of full sleep (Control) and the session following three 

nights of under five hours of time in bed (PSD) were utilised for the data analysis. A two-way (Sleep 

status [Control, PSD] x Activity [Resting, Exercise]) repeated measures ANOVA was used to assess main 

and interaction effects for EF throughput performance, cerebral oxygenation (TSI %, O2Hb, HHb, tHb), 

cardiorespiratory variables (% of V�O2max, V�O2REL, HR, V�E), blood lactate concentration, plasma cortisol 

concentration, sleepiness, and Mood. When interactions were detected, a post-hoc analysis using 

Bonferroni corrections was used. All statistical analyses were performed using SPSS Statistics, version 

28 (IBM Corp., Armonk, NY, USA). Statistical significance was set at p < 0.05, data are presented as 

means (SD) unless otherwise specified. 
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3.3 Results 

Twelve people completed the study with no adverse effects reported (Figure 3) 

Figure 3 

Participant Flowchart 

 

  

     

Assessed for eligibility (n= 15) 

Excluded (n= 3) 
♦   Diagnosed with COVID-19 (n=1) 
♦   Other personal reasons (n= 2) 

Analysed (n= 12) 
♦ Excluded from cerebral oxygenation analysis 
(measurement errors) (n= 2) 

Completed experimental sessions (n=6) 

Allocated to PSD session first (n= 6) 
♦ Received allocated intervention (n= 6) 
♦ Male:Female (3:3) 

Completed experimental sessions (n=6) 

 

Allocated to Control session first (n= 6) 
♦ Received allocated intervention (n= 6) 
♦ Male:Female (4:2) 

Allocation 

Analysis 

Experimental 
sessions 

Randomized (n= 12) 

Enrollment 



36 
 

3.3.1 Sleep intervention 

By design and as expected, participants in the PSD spent less time in bed than participants in CON 

(07:46 (00:35) vs 04:54 (00:13); t (11) = 16.18; p < 0.001; Table 2. sleep data). Similarly, the sleep 

intervention also resulted in individuals sleeping less in the PSD vs CON. Self-reported sleep data was 

incomplete for 7 out of the 12 participants, therefore a subsample of 5 participants was utilised, 

confirming the previous findings (Table 2). 

 

Table 2 
Sleep Variables in the Control and Partial Sleep Deprivation Conditions 

Variables Control PSD Difference p value Effect size 
(Cohen’s d) 

Actigraph1      
Time in bed 
(hh:mm) 

07:46 (00:35) 04:54 (00:10) 02:52 (00:37) < 0.001 4.6 

Total sleep time 
(hh:mm) 

06:30 (00:45) 04:27 (00:13) 02:03 (00:39) < 0.001 
 

3.1 
 

WASO 
(min) 

69.93 (28.27) 26.69 (15.72) 42.23 (18.19) < 0.001 2.3 

Sleep Efficiency 
(%) 

84 (7) 90 (5) 6 (5) < 0.001 1.3 

Self report2      
Time in bed 
(hh:mm) 

08:19 (00:45) 05:02(00:05) 03:16 (00:46) < 0.001 4.2 

Awakenings 
(min) 

10 (12) 4 (9) 5.5 (14.4) 0.218 0.3 

Sleepiness 
(score) 

2.8 (1.2) 3.6 (0.5) 0.8 (1.01) 0.065 0.8 

Note. Data presented as means (SD) and analysed by Paired sample T-test. 1Objective 
measurements obtained via actigraphy (n =1 2, males:7, females:5). 2Self reported data (n 
= 5, males:3, females:2). WASO, wake activity after sleep onset 
 

3.3.2 Exercise 

All participants exercised at a moderate intensity equivalent to 46.1 % (3.6 %) and 45.6 % (3 %) of their 

V�O2max in the PSD and in the CON conditions respectively (Table 3). Similarly, exercising V�E (36.8 (6.4) 

& 37.2 (6) l·min-1) and relative V�O2max (19.3 (2.9) & 19.2 (3) ml·min·kg-1) did not differ between sleep 

conditions (Table 3). Blood lactate concentration was not significantly different between sleep 

conditions nor between resting and exercise (Table3). Self-reported RPE measured during MIE was 12 

(1) for CON and 12 (2) for the PSD conditions. 
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3.3.3 Executive function performance  

Throughput scores are displayed in figure 4. There was a reduction in throughput scores in the Two-

Choice Reaction Time task (F (1-11) = 7.33; p = 0.020;  ηp
2 = 0.400; 1-β = 0.694; figure 4(A)) after PSD; 

however, an increase in throughput scores was observed in Logical Reasoning-Symbolic (F (1-11) = 6.83; 

p = 0.024; ηp
2 = 0.383; 1-β = 0.664; figure 4(B)), and Manikin Test (F (1-11) = 5.64; p = 0.037; ηp

2 = 0.339; 

1-β = 0.581; figure 4(D)).  

MIE increased throughput scores in the Two-Choice Reaction Time task (F (1-11) = 12.81; p = 0.004; ηp
2 

= 0.538; 1-β = 0.902), Logical Reasoning-Symbolic (F (1-11) = 5.54; p = 0.038; ηp
2 = 0.335; 1-β = 0.574), 

Mathematical Processing (F (1-11) = 6.95; p = 0.023; ηp
2 = 0.387; 1-β = 0.671; figure 4(C)), Manikin Test 

(F (1-11) = 19.88; p < 0.001; ηp
2 = 0.644; 1-β = 0.981), Task Switching (F (1-11) = 39.79; p < 0.001; ηp

2 = 

0.783; 1-β = 1.00; figure 4(E)), 1-back (F (1-11) = 10.55; p = 0.008; ηp
2 = 0.490; 1-β = 0.840; figure 4(F)), 

and 3-back (F (1-11) = 20.71; p < 0.001; ηp
2 = 0.653; 1-β = 0.985; figure 4(H)). 

No other significant differences were observed in throughput performance. Main and interaction 

effects are shown on figure 4. Descriptive reaction time and accuracy data are displayed on Appendix 

H. 

  

Table 3 
Main and Interaction Effects for Exercise Related Variables 
 F statistic p value Partial Eta squared Observed Power 
Percentage V�O2max (%)     

Sleep 0.066 0.801 0.006 0.056 
Exercise 2502.097 < 0.001 0.996 1.000 

Sleep*Exercise 0.145 0.710 0.013 0.064 
Relative V�O2max (ml·min·kg-1)     

Sleep 0.007 0.937 0.001 0.051 
Exercise 407.382 < 0.001 0.974 1.000 

Sleep*Exercise 0.221 0.647 0.020 0.072 
V�E (l·min-1)     

Sleep 0.246 0.630 0.022 0.074 
Exercise 274.985 < 0.001 0.962 1.000 

Sleep*Exercise 0.036 0.853 0.003 0.053 
Lactate (mmol·l-1)     

Sleep 2.257 0.161 0.170 0.279 
Exercise 0.517 0.487 0.045 0.101 

Sleep*Exercise 0.719 0.415 0.061 0.121 
Note. Data analysed by two-way (Sleep status [Control, PSD] x Activity [Resting, Exercise]) repeated 
measures ANOVA (n = 12). V�E, minute ventilation; Lactate, blood lactate concentration 
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Figure 4 

Individual Throughput scores for the ANAM Executive Function Tasks
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Note. Throughput scores obtained in cognitive tasks after control (CON) or partial sleep deprivation 
(PSD) protocols, at rest or while performing moderate-intensity exercise (MIE). Individual values, 
range, lower and upper quartile, median, and means are illustrated. The following p values represent 
main and interaction effects from a 2[PSD, CON]x2[Rest, MIE] repeated measures analysis of variance: 
(A) Two-Choice Reaction Time: Sleep p = 0.020, Exercise p = 0.004, Sleep*Exercise p = 0.804. (B) Logical 
Reasoning-Symbolic: Sleep p = 0.024, Exercise p = 0.038, Sleep*Exercise p = 0.107. (C) Mathematical 
Processing: Sleep p = 0.239, Exercise p = 0.023, Sleep*Exercise p = 0.395. (D) Manikin Test: Sleep p = 
0.037, Exercise p < 0.001, Sleep*Exercise p = 0.373. (E) Task Switching: Sleep p = 0.551, Exercise p < 
0.001, Sleep*Exercise p = 0.987. (F) 1-back: Sleep p = 0.094, Exercise p = 0.008, Sleep*Exercise p = 
0.741. (G) 2-back: Sleep p = 0.829, Exercise p = 0.576, Sleep*Exercise p = 0.183. (H) 3-back: Sleep p = 
0.243, Exercise p < 0.001, Sleep*Exercise p = 0.852. All analyses are n = 12 healthy participants (f:m) 
5:7. Note.  = Resting Control,  = Resting PSD,  = Exercise Control,  = Exercise PSD.  
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3.3.4 Cardiorespiratory Variables and Cerebral Oxygenation 

A main effect for sleep status (p = 0.004) was observed for HR, as HR increased with PSD. A main effect 

for Exercise (p < 0.001) was observed for HR, as HR increased with MIE (Table 4). There were no 

differences for SpO2 between sleep status or activity (p > 0.05) (Table 4). Similarly, there were no 

differences for TSI (P > 0.05) (Table 4). However, a main effect for exercise was observed in O2Hb (p < 

0.001), HHb (p = 0.027), and tHb (p < 0.001) concentrations (Table 4). The changes in cerebral 

oxygenation are plotted on figure 5. No interaction effects were observed for any of the 

cardiorespiratory or cerebral oxygenation variables.  

3.3.5 Cortisol 

A significant main effect was found for activity (F (1-11) = 9.33; p= 0.011; 1-β = 0.794) with mean cortisol 

concentrations decreasing from resting to MIE in both control and PSD conditions. There was no main 

effect for sleep status nor a significant interaction between sleep status and activity.  

3.3.6 Subjective Variables 

There was a significant main effect for sleep and exercise in fatigue (p = 0.02, p = 0.029, respectively) 

and vigour (p = 0.013, p = 0.002, respectively). There were no other significant effects observed in 

mood variables. There was a significant interaction (p = 0.039) observed in the sleepiness scale scores. 

Post-hoc analysis (Wilcoxon signed-rank test) evidenced that sleepiness scores at rest were increased 

by PSD (z = 3.176, p = 0.001). However, MIE restored sleepiness scores to control levels (p > 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.  
Descriptive Statistics for Heart Rate, Peripheral Oxygen Saturation, and Venous Cortisol 
Concentrations (n = 12, males: 7, females: 5) and Cerebral Oxygenation (n = 10, males: 5, 
females: 5) 

Variable Control PSD 
 Resting MIE Resting MIE 
HR (beat·min-1) 76 (7) 119 (11) 80 (9) 126 (12) 
SpO2 (%) 99 (1) 99 (1) 99 (0) 99 (0) 
Cortisol (nmol·L-1) 266.1 (75.1) 225.1 (80.6) 277.5 (91.6) 227.6 (82.1) 
TSI (%) 71 (3) 69 (2) 69 (3) 68 (3) 
O2Hb (μM) 1.41 (1.52) 8.78 (1.93) 1.67 (2.02) 9.90 (2.67) 
HHb (μM) -0.93 (1.01) -0.15 (1.55) -1.90 (1.45) -1.09 (2.09) 
tHb (μM) 0.48 (1.36) 8.64 (2.39) -0.24 (2.50) 8.81 (3.39) 
Note. Data presented as means (SD). HR, Heart rate; SpO2, peripheral oxygen saturation; TSI, 
tissue saturation index; O2Hb, oxyhaemoglobin concentration; HHb, deoxyhaemoglobin 
concentration; tHb, total haemoglobin concentration. MIE, moderate intensity exercise; 
PSD, partial sleep deprivation. 
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Figure 5  

Temporal Visualisation of Cerebral Oxygenation Changes  

Note.  
Near-infrared spectroscopy measurements (mean values, SD error bars) recorded at rest and while performing moderate intensity aerobic exercise (~45 % 
V�O2max) following control sleep (CON, 3 nights of ~8hr time in bed) and partial sleep deprivation (PSD, three nights of < 5 hours of time in bed). Tissue saturation 
index (TSI) in black; changes from baseline in deoxygenated haemoglobin (HHb) in blue, in oxygenated haemoglobin (O2Hb) in red, and total haemoglobin 
(tHb) in green. 
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3.4 Discussion 

This study examined the individual and combined effects of three consecutive nights of PSD and MIE 

on EF performance. It was hypothesised that three nights of PSD would reduce EF performance, and 

that regardless of sleep status MIE would improve EF performance. The principal novel findings are: 

(1) the 2-choice reaction time task performance decreased following PSD; (2) importantly, as 

hypothesised regardless of sleep status, MIE increased throughput scores for all EF tasks. Collectively 

these findings suggest that MIE is a potential EF performance enhancer regardless of sleep status. 

The health benefits of exercise are well established, and include a reduction in all case mortality, 

improved cardiometabolic, and mental health (Garber et al., 2011, Ruegsegger & Booth, 2018). Unlike 

other interventions to reduce the negative effects of sleep loss (e.g. caffeine, naps) MIE has few 

potential risks of adverse events in otherwise healthy individuals (Hilditch et al., 2016). There is a 

wealth of evidence describing the benefits of MIE on acute EF performance in well rested healthy 

individuals (Ando et al., 2019; McMorris, 2017). This study extends these findings to young, healthy 

participants following three nights of PSD. Specifically, all ANAM EF tasks were found to improve with 

MIE regardless of sleep status (Figure 4). Similar findings have been observed by others with MIE 

improving Stroop-task (which assesses inhibitory control) performance after 24 hours sleep 

deprivation (Kojima et al., 2020). Although the current literature is limited, it appears that exercise 

intensity is a decisive factor for the changes to be seen in EF performance. For example, Slutsky et al 

(2017) didn’t observe any changes in EF performance after 24 hours of sleep deprivation using a lower 

intensity (35-40 % HR reserve) to the protocol used in the current study. However, the present study 

utilised a 3-night PSD protocol, which may better reflect the current state of sleep health in the general 

population. This is in line with data from other countries where ~35 % of the population sleeps a 

maximum of six hours per night, and ~12 % sleep five hours or less (USA) (Grandner, 2019).  novel 

findings present the opportunity of expanding the current “exercise is medicine” public health 

initiatives to individuals experiencing PSD which can also be experienced in a variety of occupations 

(e.g. nursing, medicine) (Shriane, Ferguson et al., 2020; Shriane, Russel et al., 2020). Paradoxically, the 

same intervention used in the current study may work as a negative stressor, when combined with 

other stressors (e.g. hot or hypoxic environments), and this area warrants further investigation 

(Donnan et al., 2021). 

Insufficient sleep has been identified as a global issue, reaching a reported prevalence of up to 40 % 

worldwide (Chattu et al., 2019). In partial agreement with the hypothesis, this study provides novel 

evidence that three consecutive nights of PSD results in a decrease in throughput in the 2-Choice 

Reaction Time task, but not any other EF task. Firstly, PSD has been shown to result in cognitive 

performance deficit in multiple domains including EF (Lowe et al, 2017). Studies utilising similar PSD 
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protocols (three nights, four hours sleep) have also shown reduced performance in EF tasks based on 

reaction time and inhibition (Stenuit & Kerkhofs, 2008), which are also experienced within the 2-

Choice Reaction Time task. Whereas the lack of deterioration in other EF tasks has been previously 

shown in a study where working memory performance (2-back) did not change after three nights of 

PSD (four hours sleep) (Miyata et al., 2015). Surprisingly, two tasks (Logical relations and Manikin test) 

showed a statistically significant improvement following the PSD protocol. This could be potentially 

attributed to the interindividual variability in sleep need and susceptibility to sleep deprivation (Van 

Dongen, Rogers, & Dinges, 2003). It has been previously reported that individuals may present 

different responses to sleep deprivation, which can be potentially attributed to their genetics (Goel, 

2017). Previous studies have demonstrated that total sleep deprivation reduces working memory 

tasks performance (e.g. 3-back) to a lesser degree for individuals who are characterised as “sleep 

deprivation resilient” (Groeger et al., 2008; Mu et al., 2005). As EF performance reductions are 

proportional to the magnitude of sleep deficit experienced by the participants, a mild to moderate 

sleep deficit (three hours) may not be detrimental enough for more resilient individuals (Lowe et al., 

2017; Van Dongen, Rogers, & Dinges, 2003). Future research should consider our limited knowledge 

in the impacts of sleep reduction in short periods of time, and consider individuals specific sleep needs 

(Van Dongen, Rogers, & Dinges, 2003). 

The mechanisms by which PSD and MIE affect EF performance are the topic of much debate, as 

empirical evidence is limited and ambiguous. Within the current literature, one possible explanation 

for PSD reductions on EF performance relies on the suboptimal functionality of the prefrontal cortex 

(Krause et al., 2017; Lowe et al., 2017). EF tasks have been historically associated with the prefrontal 

cortex from a clinical perspective (Elliot, 2003). It has been reported that reductions in EF performance 

are accompanied by alterations in prefrontal oxygenation responses following sleep deprivation (Pan 

et al., 2019). Specifically, Miyata et al (2015) have reported a reduction in oxyhaemoglobin responses 

in the prefrontal cortex following three nights of four hours PSD. Conversely, potential mechanisms 

driving the effects of MIE rely on the arousal of the central nervous system, and concentration of brain 

circulating catecholamines (McMorris, 2017). Interestingly, increased catecholamine concentration in 

the brain is hypothesised to facilitate optimal functioning of the prefrontal cortex (McMorris, 2017). 

The present study found that MIE increased both HHb and O2Hb concentration in the prefrontal cortex 

regardless of sleep status (Table 4). This finding corroborates previous research, where MIE has been 

reported to increase prefrontal cortex oxygenation (Giles et al., 2014). This provides a potential 

mechanism for the observed improvements in EF performance during MIE.  

Both, PSD and MIE, can be considered stressors to the human body and there is a common hormone 

which resonates with responses to stress. Cortisol is a biomarker that has been used as an indicator 
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of HPA axis activity in both sleep and exercise research (Cullen et al, 2019, Hill et al., 2008). Sleep 

deprivation elevates evening cortisol concentrations (Van Cauter et al., 2008); however, the impact of 

reduced sleep on morning resting cortisol levels are equivocal (Cullen et al., 2019). In agreement with 

this study, resting cortisol levels following PSD have been shown to be unchanged when compared to 

a control (Cullen et al., 2019). From an exercise perspective, aerobic exercise of 30 minutes has been 

consistently shown to elevate blood cortisol concentrations when exercise intensities exceeding 80 % 

of V�O2max (Hill et al., 2008, VanBruggen et al., 2011). However, MIE equivalent to ~45 % V�O2max results 

in either no change from resting value, or even a reduction in plasma cortisol (Hill et al., 2008, 

VanBruggen et al., 2011). In partial agreement with the literature, the current data indicates that MIE 

resulted in a reduction in cortisol levels irrespectively of sleep status. These reductions in cortisol 

following MIE have been associated with improved EF performance, although it has been shown with 

resistance exercises (Tsai et al., 2014). In that particular study, cortisol concentrations did not 

correlate to the EF performance parameters per se, but instead correlated with changes in alpha wave 

activity which could potentially explain the performance improvements (Tsai et al., 2014). 

Limitations 

This study was not without limitations. First, the findings are limited to a healthy young adult cohort 

and may not be generalisable to older individuals. This is a common occurrence in the literature as 

research in this area has been mainly conducted with small sample sizes recruited from higher 

education settings (Kojima et al, 2020; Slutsky et al., 2017). As PSD can be experienced irrespective of 

age or socioeconomic status, future research should consider multi-centre trials, encompassing a 

more diverse population. Secondly, although the PSD protocol achieved a reduction of ~3 hours of 

time in bed when compared to the control condition, the total sleep time (~6 hours 30 minutes) in the 

control condition was still suboptimal when compared with recommendations (Hirshkowitz et al., 

2015; Watson et al., 2015) and could even be considered as PSD according to previous research (Yeung 

et al. 2018). This may further reflect the current global state regarding sleep health, and highlights the 

need of developing an intervention where sleep can be better guaranteed to participants. Another 

limitation relies on not measuring participants’ motivation levels, as this is considered a psychological 

factor affecting cognitive performance under the interoceptive model (McMorris, 2021). Future work 

should include both subjective (e.g. self-report) and objective (e.g. measuring dopamine 

concentrations) measures to account for the motivation factor (McMorris, 2021). Finally, although this 

study utilised NIRS to assess cerebral oxygenation on the left prefrontal cortex, it was unable to 

identify any temporal changes in activation across multiple brain regions. Future investigations should 

consider using methodologies that allow for a more direct neurophysiological analysis of the whole 
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brain (e.g. EEG, fMRI) to further expand our mechanistic understanding of the effects of PSD and MIE 

on executive function. 

3.5 Conclusion 

This study provides novel data as it showed that regardless of sleep status (~6.5 vs ~5 hours in bed) 

MIE improved EF performance in computer based tasks. Moreover, an increase in O2Hb on the left 

prefrontal cortex was observed during the completion of EF tasks with MIE. However, the PSD protocol 

utilised in this study only negatively affected the performance of the two-choice reaction time task. 

Future studies should seek to identify the (psycho)physiological mechanisms responsible for these MIE 

induced improvements in EF performance after PSD. 
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Chapter 4: Summary of Findings and Future Work 

Insufficient sleep has been shown to negatively affect EF performance (Lowe et al., 2017), and MIE 

has been recently tested as a potential method to mitigate such deleterious effects in human cognition 

(Kojima et al., 2020). The findings from this thesis suggest that MIE improved EF performance tasks 

regardless of the sleep status of the participants. However, the PSD protocol utilised in this study only 

negatively affected one of the administered EF tasks, and improved the performance of two EF tasks, 

contrary to what was initially expected. From a physiological perspective, cerebral oxygenation of the 

prefrontal cortex showed no differences between sleep conditions, but an increase in haemoglobin 

concentration with MIE was observed. These findings offer a first insight into an unexplored research 

topic, as exercise has been predominantly used as an additional stressor to sleep deprivation (LeDuc 

et al., 2000; Scott et al., 2006), and not as a potential prophylactic measure. 

The results that are reported in this thesis present the possibility for future researchers to approach 

this topic with new perspectives. The novelty of the findings of this thesis require further confirmation, 

and particularly need a better understanding in terms of the psycho-physiological mechanisms 

responsible for the observed changes in EF performance. Multiple methods within neuroimaging have 

been previously used within sleep research to study questions regarding cognitive performance, 

including fMRI (Krause et al., 2017) or multi-channel functional NIRS (Borragan et al., 2019). Utilising 

these methods to assess the effects of MIE on the sleep deprived human neurophysiology would 

provide a global picture, expanding from the localised measures utilised in the current thesis. Another 

potential future research opportunity resides in the use of EEG, which is a traditional measurement 

included in PSG sleep studies (Rundo & Downey, 2019). EEG is a tool that has been used to assess the 

effects of acute exercise on cognitive performance, and has shown some initial results indicating an 

apparent positive association between exercise and cognitive performance at a neuroelectric level 

(Chang, 2016). This makes EEG an interesting methodological lens through which the effects of MIE 

and PSD on EF tasks performance can be further examined. 

Another aspect to consider for future research is the modality in which MIE is administered. The 

present study used MIE in simultaneous with the performance of the EF tasks, which would classify it 

as a dual task (Brisswalter et al., 2002). The MIE implemented in the study was a facilitator for EF 

performance, which means that it did not impose an excessive energetic or attentional demand to the 

participants; on the contrary, the exercise was performed in an optimal way which did not affect the 

attentional control exerted on the EF tasks (Brisswalter et al., 2002). However, this dual task paradigm 

is only one of the multiple perspectives in which the exercise-cognition interaction has been explored. 

Resistance based exercise and aerobic MIE have been shown to improve EF task performance in 



47 
 

healthy young adults to the same rate (Wang et al., 2019). It is important to highlight that the 

improvements were observed 30 minutes after the exercise had concluded (Wang et al., 2019). Future 

researchers should investigate different types of exercise (e.g. aerobic, resistance based) and different 

moments of EF tasks administration, to elucidate the possible combinations in which exercise may be 

used to mitigate the effects of sleep deprivation. 

Although the body of research presented in this thesis is on its initial stages, there is scope for 

considering some potential practical applications. For example, occupational settings  where overnight 

shifts are common, like hospitals, recognise the need for mitigation strategies against the cognitive 

performance impairments arising from extended wakefulness (Wong et al., 2018). MIE could be added 

to the current strategies in place that have  been widely researched like caffeine consumption, light 

exposure, and napping (Wong et al., 2018). One potential implementation of MIE could be pairing it 

with napping, as it has been proposed that acute exercise performed as soon as waking up from a nap 

can reduce the sleep inertia (the state of reduce alertness and cognitive performance experienced 

upon waking) (Kovac et al., 2020). Hence, practitioners could benefit from reducing sleep pressure 

with napping, without suffering from the hinderance of sleep inertia. There are however, potential 

challenges to the implementation of such practices. Feasibility of incorporating MIE aerobic exercise 

in the workplace needs further research, including a qualitative analysis of the practicality of the 

method and reveal potential contextual barriers (Kovac et al., 2020). From a more holistic perspective, 

infrastructure and equipment availability is a potential challenge for implementing MIE aerobic 

exercise, this is the case of countries with developing economies where resources are needed to 

satisfy other demands (Derman & Jaeger, 2018). Nonetheless, if research is conducted in such 

developing economies contexts and it takes into account the needs and possibilities of their 

stakeholders, the strategies proposed in this research can be adapted for a possible implementation 

(Derman & Jaeger, 2018).  
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Chapter 5: Delimitations, Assumptions, and Limitations 

Delimitations 

Delimitations are the limits that a researcher consciously establishes for an experiment, with the 

objective to maintain the experiment bounded within the scope of work, and for the safety and 

medical well-being of the people participating in it (Theofanidis & Fountouki, 2018). In the current 

study, the rationale for using a PSD protocol of < 5 hours of sleep time during three consecutive nights 

was an a priori decision based on a meta-analysis, which suggested that a sleep restriction of that 

magnitude is likely to produce a reduction in EF task performance (Lowe et al., 2017). There is however 

a linear relationship between the consecutive nights of sleep deprivation and the decrement in EF 

performance (Lowe et al., 2017; Van Dongen, Maislin, et al., 2003). A longer PSD protocol may have 

resulted in a greater effect on EF task performance. 

The intensity for the MIE was selected based on a meta-analysis which examined the effects of acute 

exercise on cognitive performance (Chang et al., 2012). The study utilised the ACSM guidelines (Riebe 

et al., 2018) to code for aerobic exercise intensity, which resulted in 64-76 % HRmax or 46-63 % V�O2max. 

In this thesis’ experimental chapter, participants exercised on average at an intensity that matches 

the lower bound of this range, while also reporting an average RPE of 12 which is synonymous with 

MIE (Scherr et al., 2013). The experiment aimed for this particular exercise intensity target based on 

the existing literature on the exercise-cognition interaction, which proposes that lower intensities 

would not be a sufficient stimulus, and that higher intensities would be too demanding and fatiguing 

causing a detrimental effect on EF performance (McMorris, 2021). 

The ANAM was selected as the software utilised to deploy the EF tasks battery in this study due to its 

high validity and test-retest reliability (Kabat et al., 2010; Vincent et al., 2018). The software has been 

also previously used in sleep deprivation research (Acheson et al., 2007; O’Brien et al., 2012). 

Admittedly most cognition studies present computerised tasks which evaluate general cognitive 

abilities, and more specific cognitive tasks should be designed to examine how different stressors 

affect “real life” tasks performance (Kalén et al., 2022). However, the utilisation of a standardised and 

validated battery, although computerised, allows to provide a more consistent evidence (Waters & 

Bucks, 2011). 

  



49 
 

 Assumptions  

Assumptions are the facts and statements that have been taken for granted for this thesis (Theofanidis 

& Fountouki, 2018). 

It is important to highlight these ontological and epistemological assumptions as they provide the 

foundational theories that interconnect the key elements of the research project (Grix, 2002). From 

an ontological viewpoint, the MPhil was approached from a pragmatic research paradigm (Giacobbi 

et al., 2005). Within this paradigm, a more positivistic epistemology and methodology were chosen, 

as they were the most suitable for the intended research questions (Giacobbi et al., 2005). Hence a 

quantitative method was favoured to collect EF task performance and physiological data, as it was 

deemed as an appropriate method to provide useful information. 

It was assumed that all participants responded truthfully to the Health History Questionnaire, to the 

Pittsburgh Sleep Quality Index (PSQI) sleep screening questionnaire (Buysse et al., 1989), and while 

completing the sleep, diet, and exercise diaries. It was assumed that participants complied with the 

restrictions that were necessary during the completion of the experimental trials (alcohol, caffeine, 

non-habitual and extraneous exercise, napping). It was also assumed that the participants wore the 

wrist actigraph as requested and that the devices were recording accurate data for sleep periods. 

It was also assumed that the within-participants design and the scheduling of the experimental 

sessions would account for the potential influence of chronotype. Participants’ chronotypes (i.e. 

preference for a time of the day to be more active/sleep) are a potential factor that could affect EF 

task performance (Song et al., 2019). Evening type chronotypes have been shown to be more 

susceptible to inhibition impairments the morning following total sleep deprivation when compared 

to morning types (Song et al., 2019). However, as participants EF performance was compared against 

themselves, there should have been no comparisons between different chronotypes. 

It was assumed that the familiarisation process employed in the study was sufficient to “learn until 

asymptotic”, and that no further learning would be developed on further administration of the EF 

tasks. It was also assumed that the participants were acting as fast and accurately possible when 

completing each EF task. 

It was assumed that the NIRS device was placed on the same location and so recording data from the 

same tissues on each session. It was also assumed that the device was accurately recording the 

concentrations of O2Hb and HHb of the left prefrontal cortex. 
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Appendix C - Ethics Application Documentation (SHFEC 2021-031) 

 

Application for Ethics Review – Staff and Postgraduate Students 

1. Study Title and Key Dates 

1.1 Title 

The Individual and Combined Effects of Exercise and Partial Sleep Deprivation on Cognitive Performance 

1.2 Key Dates 

Date of original submission to ethics committee: 01/03/2021 
Version number of original submission: 1 
Ethics Committee Reference Number: SHFEC 2021-031 

Intended Start Date of Data Collection:  March 29th, 2021                 
Expected Finish Date of Data Collection: October 30th, 2022 

When resubmitting an updated application (e.g. in response to ethics review, or an application for 
substantial amendment): 

Date of resubmission to ethics committee: 29/10/2021 
Version number of resubmitted documents: 3 

 

2. Applicant Details 

2.1 Chief Investigator  

Name: Juan Ignacio Badariotti                       Title /Role /Course of study:  MPhil    

Department: School of Sport, Health and Exercise Science 

Faculty: Science and Health 

Telephone:  02392845148                       Email: juan.badariotti@port.ac.uk 

Has the chief investigator attended a training session in the graduate school 
(for students) or researcher development programme (for staff) on research 
ethics? 

No 

2.2 Supervisor (if Chief Investigator is a student or a research assistant)  

Name:  Dr Joe Costello                      Title /Role: Associate Head (Research and Innovation)  

Department: School of Health and Exercise Science      Faculty: Science and Health 

Telephone: 023 9284 5366                       Email: joe.costello@port.ac.uk 
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Names and email of any other supervisors: 

Dr Matt Dicks – matt.dicks@port.ac.uk 

Has the supervisor attended the researcher development programme research 
ethics training session (NB this is not mandatory)? 

Yes 

14.5.17 

2.3 Others involved in the work/research including students and/or external collaborators (name, 
organisation/course, role in the project) 

Mr Thomas Williams (University of Portsmouth) – PhD. Assistance with data analysis and manuscript 
development – thomas.williams@port.ac.uk  
 
Mr Harry Mayes (University of Portsmouth) –Laboratory Technician and MPhil student. Assistance with 
data collection – harry.mayes@port.ac.uk 
 
Mr Danny White (University of Portsmouth) – Laboratory Technician. Assistance with data collection – 
danny-white@port.ac.uk 
 
Professor Soichi Ando (The University of Electro Communications) - International collaborator. Assistance 
with data analysis, manuscript development - soichi.ando@uec.ac.jp 

William Hartley – Assistance with data collection 

Charles Taylor – Assistance with data collection 

Adam Housego – Assistance with data collection 

Cian Dhillon-Hayes – Assistance with data collection 

Mac Howieson – Assistance with data collection 

Liam Kennedy – Assistance with data collection 

Harry Wood – Assistance with data collection 

Harriet Steptoe – Assistance with data collection 

Ethan Brown – Assistance with data collection 

Hanein Osman – Assistance with data collection 

Samuel Hewitt – Assistance with data collection 
 

 

3. Details of Peer Review 

Peer review was conducted by Dr Matt Dicks on 19/02/2021. See appendix 12 comments and point by 
point response to all comments raised. 

 

  

mailto:thomas.williams@port.ac.uk
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mailto:soichi.ando@uec.ac.jp
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4. Funding Details 

Fully Funded by the University of Portsmouth 

 

5. Sites/Locations 

Testing will take place within a suitable laboratory in the Spinnaker Building, School of Health and Exercise 
Science, University of Portsmouth. Analysis of plasma samples will be carried out within the Department of 
Pharmacy and Biomedical Sciences, University of Portsmouth. 

 
6. Insurance/indemnity Arrangements 

The proposed research falls within the University of Portsmouth insurance policy. 

 

 

 
7. Aims and Objectives/Hypothesis 

 
7.1 Aims 
 
The primary aim of this study is to investigate the combined effects of three nights of partial sleep 
deprivation (<5 hours of sleep per night) and moderate intensity exercise on physiological and cognitive 
performance. 

7.2 Primary Objective 
 
Primary Hypothesis: Expecting that partial sleep deprivation decreases cognitive performance, and 
moderate intensity exercise has a beneficial effect on cognitive performance, we hypothesize that an 
acute bout of moderate intensity cycling will ameliorate the cognitive impairments observed following 3 
nights of partial sleep deprivation. 

7.3 Secondary Objective(s) 
 
N/A 
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8. Justification/Summary of Study (no more than one side) 

Partial sleep deprivation, also referred to as sleep restriction, is defined as a sleep period of fewer than 7 
hours per night (Yeung et al., 2018). Insufficient sleep is often underreported despite its global prevalence 
across multiple age groups (Chattu et al., 2019). The expert consensual advice indicates that 7-9 hours of 
daily sleep is required for optimal health in adults (Hirshkowitz et al., 2015; Watson et al., 2015). However, 
a recent review of the topic has demonstrated that up to 40% of participants worldwide do not get sufficient 
sleep time (Chattu et al., 2019).  

It is well established in the current literature that partial sleep deprivation has a detrimental effect on 
individuals’ cognitive performance (Cullen et al., 2019; Grant et al., 2020). Such neurocognitive impairments 
have been related to increased chances of workplace accidents and errors, which in turn increases the 
concern around occupations that require high levels of cognitive performance in critical situations (Lowe et 
al., 2017). Therefore, several studies have explored potential countermeasures to attenuate the decrease in 
cognitive performance following sleep deprivation. For example, caffeine, light exposure, and temperature 
have been evaluated; caffeine being the most positive countermeasure but dependent on predetermined 
planned naps to be fully effective (Hilditch et al., 2016). Most recently, Kojima and colleagues (2020) 
observed positive effects of moderate-intensity, a level identified as increased breathing but still able to talk 
(Department of Health and Social Care, 2019), aerobic exercise on cognition following a full night of sleep 
deprivation. 

The beneficial effects of moderate-intensity exercise on cognitive performance have been previously 
reported, although the physiological mechanisms behind this effect remain elusive (McMorris, 2017). 
Recent meta-analyses have revealed that moderate intensity aerobic exercise performed for 20-30 minutes 
increases performance in diverse cognitive assessments (Chang et al., 2012; McMorris & Hale, 2015). The 
potential for these observed beneficial effects to be used as a countermeasure to partial sleep deprivation 
has been recently evaluated, but there is a paucity of studies addressing this possibility (Slutsky et al., 2017; 
Kojima et al., 2020). When considering that partial sleep deprivation and the subsequent impairments 
observed in cognitive performance increase the chances for workplace accidents and errors in several 
occupations (e.g. healthcare), exercise has the theoretical potential for preventing work accidents which can 
be as severe as life threatening. 

It is believed that both partial sleep deprivation and exercise affect cognition through alterations in 
prefrontal cortex activity. Neuroimaging studies have reported under activation of the prefrontal cortex to 
be related to decrements in cognitive performance (Krause et al., 2017). While the catecholamines 
hypothesis alludes the increased cognitive performance to an optimal cerebral catecholamine concentration 
induced by exercise (McMorris, 2017). To our knowledge there is only one study that has attempted to 
address this combined effect of sleep deprivation and exercise, however there is no literature on partially 
sleep deprived individuals (Kojima et al., 2020). Therefore, the aim of the current investigation is to examine 
the impact of partial sleep deprivation and moderate-intensity aerobic exercise on cognitive performance. 
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9. Description of Method/ Protocol and Risks 

9.1 Please describe your main method(s) or describe your protocol here, although ensure you do not 
replicate sections 11, 12 or 13.   

1. Study design and experimental procedures 

The study will utilise a within participant, repeated measures, randomised controlled crossover design, where 
participants will require to visit the laboratory on 5 different days. The first visit will consist of both a 
familiarization session with the cognitive performance assessment software and a maximal oxygen uptake 
(V�O2max) assessment. The 4 following visits will comprise the experimental trial, they will be divided in two 
blocks separated by a washout period (of at least one week). Each block will have two testing days separated 
by three nights. Testing days will involve 3 cognitive assessments and a bout of moderate intensity exercise 
between the second and third assessment. During one of the two blocks, participants will undergo a partial 
sleep deprivation protocol, where they will only have a 5-hour sleep opportunity window for 3 consecutive 
nights between test days, while the other block will allow for 3 consecutive full nights of sleep. The order of 
partial sleep deprivation or full night of sleep will be determined using a counterbalanced designed. A 
schematic outlining of the study’s timeline is displayed in Figure 1. 

 

Figure 1. Diagram of study timeline (days). Medical screening.  V�O2max test. Cognitive test 

familiarization. Diet, sleep, and exercise diary. Experimental trial. Full night of sleep. Partial 

sleep deprivation nights. 

2. Procedures 
2.1. Pre-laboratory: 

COVID-19 - Prior to commencement of the study the participant and research team will complete a COVID-
19 screening questionnaire one day prior to the study (Appendix 4). Both the participant and research team 
will also sign an agreement form stating that should anyone experience any COVID-19 related symptoms 
during the study or in the 14 after the study completion that they will inform everyone who they came into 
contact with. All researchers and participants are referred to the following website for testing should 
symptoms occur: https://www.nhs.uk/conditions/coronavirus-covid-19/testing-and-tracing/get-an-antigen-
test-to-check-if-you-have-coronavirus/. In addition, upon entry to the laboratory forehead temperature will 
be taken for the researchers and participant. Testing will only take place if temperature is < 37.3C. 

Upon recruitment potential participants will be presented with the participant information sheet (Appendix 
2) and given a minimum of 24 hours to consider their participation. Once participants have agreed to 
volunteer and have provided written informed consent they will be invited to the laboratory for pre-screening 
and familiarisation. 

In order to assess health history, participants are required to complete the School of Sport, Health, and 
Exercise Science’s standard Exercise and Health History Questionnaire (HHQ) (Appendix 5). In addition, the 
participant will also complete the Pittsburgh sleep quality index (Mollayeva et al., 2016) (described below, 
Appendix 8). 

https://www.nhs.uk/conditions/coronavirus-covid-19/testing-and-tracing/get-an-antigen-test-to-check-if-you-have-coronavirus/
https://www.nhs.uk/conditions/coronavirus-covid-19/testing-and-tracing/get-an-antigen-test-to-check-if-you-have-coronavirus/
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2.2. Visit 1: Familiarization and V�O2max 

The familiarisation with the cognitive testing battery will have the function of reducing any learning effects 
(Taylor et al., 2016). The cognitive battery will be completed 5 times in line with manufacturer’s guidelines. 
The participant will complete the battery three times while resting, and twice during exercise whilst being 
fully instrumented (cycling at 100w). A cut-off point of 5% percent variability for both reaction time and 
accuracy in the last three attempts will be used to consider the familiarization successful (Taylor et al., 2016). 

The familiarisation will be followed by a fast ramp exercise test will be performed until exhaustion using an 
electromagnetically braked upright cycle ergometer (Lode B.V., The Netherlands) to assess the participant’s 
aerobic fitness and for selecting the wattage of the moderate-intensity exercise component of the 
experiment. The participant will start cycling at 50w. The wattage will then increase by 1 W every 3 seconds 
(20 W.min-1) and will continue until volitional exhaustion. Throughout the test, oxygen consumption, heart 
rate, and rating of perceived exertion will be monitored and recorded (all described in detail below). Blood 
lactate will be assessed before and after the test. All test data will then be analysed and checked against the 
British Association of Sport and Exercise Sciences (BASES) criteria for establishing V�O2max (Bird & Davison, 
1997). 

 

2.3. 96 hours prior to the experimental trial 

Participants will require to record food and fluid intake, exercise, and sleep (sleep time, wake time and sleep 
quality) for the 96 hours prior to the first experimental trial. During this period, participants will also wear a 
wrist actigraph (wGT3X-BT, ActiGraph, LLC, Pensacola, FL) on the nondominant arm, which will be used for 
recording objective sleep parameters (Total sleep time, Wake activity after sleep onset, and sleep efficiency). 
Its previous version (GT3X+) when compared to polynomiograph it was found to have similar total sleep time 
(ICC=0.64–0.88) which is the main parameter of interest for this study (Quante et al., 2018). In addition, the 
wGT3X-BT device has been recommended for its use in non-clinical population sleep studies when compared 
to portable polysomnography (Carazo-Vargas et al., 2020). Participants will refrain from consuming alcoholic 
beverages and will avoid non-habitual exercise. On the 12 hours before the first experimental trial caffeine 
containing beverages will be avoided, participants will also avoid exercising. Prior to every posterior 
experimental visit, participants will be requested to replicate the food and fluid intake, exercise, and sleep 
patterns for the 96 hours’ prior the second bout of testing. 

 

 

Figure 2. wGT3X-BT actigraph worn on the wrist 

 

2.4. Visits 2-5: the full testing days 

Participants will arrive to the laboratory at 9am. The participant height and mass will be measured. A urine 
osmolality, and urine colour tests will be performed to assess hydration. The participants will then fully 
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instrument themselves (aided by the researcher when needed) and take a seat on the recumbent cycle 
ergometer. 

The participants will remain seated for 15 minutes, while resting baseline physiological data will be recorded. 
The battery of cognitive tests and a series of questionnaires will then be completed, and both a finger prick 
lactate sample and a venous blood sample will be taken. Once completed, the participants will begin cycling 
at a wattage corresponding to approximately 50% of its individual V�O2max at a cadence of 50-60 RPM. The 
participants will be asked to indicate their rating of perceived exertion (RPE) on a Borg scale (6-20 scale) every 
5 minutes, they will be instructed to exercise at an RPE of 12 (between light and somewhat hard) which 
corresponds to moderate intensity exercise (Scherr et al., 2013). Exercise load will be adjusted to maintain 
the RPE value. After 20 minutes the participant will again complete the cognitive tests and questionnaires 
but whilst continuing to cycle. Once complete, the participant will stop cycling and another finger and venous 
sample will be taken. The participant will then have a resting period of 30 minutes whilst remaining seated 
on the recumbent cycle, followed by a third completion of the cognitive tests and a last finger and venous 
sample. A schematic showing the timeline for data during the full testing days is displayed in figure 3. 

 

Figure 3. Timeline of the experimental trial. Blood samples. Height, mass, and hydration 

measurements.  Rest.  Recumbent cycling.  Cognitive performance tests 

Upon completion of the first testing day, participants will then do one of the following options: 

A) Normal sleep – the participant will return to its home wearing the wrist actigraph, and that night it 
will attempt to sleep for 7-8 hours (sleep opportunity window ~8.5-9 hours). The same will be 
attempted for the following two nights. The participant will again wear the activity monitor on its 
non-dominant wrist, and record food, fluid intake, and sleep behaviour. During this time, participants 
are also requested to avoid any alcohol and non-habitual exercise. Habitual dietary and physical 
activity should take place, except for caffeine consumption or exercise on the 12 hours prior to the 
laboratory visit. 

B) Partial sleep deprivation – After completion of the experimental trial the participant will return to 
its home wearing the wrist actigraph, and that night it will attempt to sleep only during a 5-hour sleep 
opportunity window which may be altered depending on individual requirements (e.g. 2am – 7am). 
The same will be attempted for the following 2 nights. The activity monitor will be used as an 
objective measure of sleep, besides the participant will be asked to contact members of the research 
team throughout the night (every 30 minutes) to ensure compliance with the directed sleep times, 
as well as contacting the team on wake-up times. The participant will self-record food, fluid intake, 
and sleep behaviour. During this time, participants are also requested to avoid any alcohol and non-
habitual exercise. Habitual dietary and physical activity should take place, except for caffeine 
consumption or exercise on the 12 hours prior to the laboratory visit. After the third sleep deprivation 
night, the participant will be walked/chaperoned to and from the laboratory or a taxi will be provided. 

After at least one-week participants who had been sleep deprived would complete an identical two days of 
testing but with normal nights of sleep in between. Alternatively, the participants who had received a full 
night of sleep would complete the testing including the sleep deprivation 
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Figure 4. Example of how the participant will be positioned on the recumbent cycle during the experimental 
trial 

2.5 Measurements 

Due to the COVID-19 pandemic, where possible, the participant will attach all the measurement equipment 
described below to themselves under the guidance of the research team. If for any reason they are unable 
to complete this a member of the research team will assist whilst wearing full personal protective equipment 
as outlined in the COVID-19 risk assessment (Appendix 13). 

2.5.1 Heart rate 

Heart rate will be monitored during the experimental trials using a 3-lead electrocardiogram (HME, Lifepulse, 
England), with data continually logged using an analogue to digital data acquisition system (PowerLab 16sp, 
AD instruments, Castle Hill, Australia). A wrist-based heart rate monitor Polar V800 (Polar, UK) will be worn 
for heart rate variability recording. 

2.5.2 Expired gas analysis 

Breath by breath expired gas analysis will be measured using a cardiopulmonary gas analysis system (Quark, 
CPET, Cosmed, Italy). Volume of expired gases will be determined from the flow using a calibrated turbine 
attached to an Oro-Nasal face mask (7400 series Vmask, Hans Rudolph, USA). The gas analyser will be 
calibrated using a 2-point calibration using fresh (external) air (20.93 % O2 and 0.04 % CO2) and a calibration 
gas with approximate values of 15% O2 and 5% CO2 and balance Nitrogen. The analyser will be calibrated 
before each experiment and use. 

2.5.3 Oxygen saturation 

Peripheral arterial oxygen saturation will be measured at two points using a beat-by-beat pulse oximeter. 
The first will be placed on the middle finger of the left hand (Nonin 7500, US) and will be connected to a data 
acquisition system. The second will be attached to the ear lobe and measured using the CPET system. 

2.5.4 Cerebral and muscle oxygenation 
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Cerebral oxygenation will be measured using a portable near infrared spectroscopy system (NIRS) (Portalite, 
Artinis Medical Systems, Netherlands).  This is a non-invasive technique whereby a cerebral oximeter probe 
is attached to the forehead (Figure 6). The probe will be positioned over the left pre-frontal cortical area at 
the midpoint between Fp1-F3 (landmarks of the international EEG 10-20 electrode placement) (Davranche 
et al., 2016). Since the position of the NIRS device and the absence of contamination through ambient light 
are of great importance, a tegaderm is first placed on the skin, then the probe is attached on top of it using 
adhesive tape, before a black bandana is then placed over the top.  To reduce any artefact participants are 
requested to minimise head and body movements and to keep their eyes open. For the measurement of 
muscle oxygenation, a variation of the NIRS device (Portamon, Artinis Medical Systems, Netherlands) will be 
attached to the belly of the vastus lateralis of the right leg midway between the greater trochanter and the 
lateral epicondyle of the femur.  (Figure 6). To ensure the optodes and detector don’t move relative to the 
subject’s skin, the device will be fixed into position using adhesive tape and then secured with black sports 
strapping. 

           

Figure 6. Example of placement for the NIRS device for the measurement of cerebral oxygenation (left) and 
muscle oxygenation (right). 
 
2.5.5 Venous blood sample 

 
All blood samples will be taken whilst the participant is at rest by a phlebotomy trained researcher or 
technician. Samples will be taken from the antecubital vein using venepuncture. Using a 20-gauge needle, 10 
ml of venous blood, without stasis, will be collected into vacutainers lined with EDTA (anticoagulant) and 
inverted. Samples will be span down using a centrifuge (1500 g for 15 minutes at 4 °C) to separate plasma 
and make acellular.  The remaining cells will be discarded within seven days of collection in accordance with 
the Human Tissue Act (2004) guidelines. Aliquots (1.6ml in duplicate) of plasma from the samples will be 
transferred into Eppendorf tubes and stored at minus 80 °C. These samples will then be used to measure the 
concentration of a number of hormones and neurotransmitters, including but not limited to, Cortisol, 
Adrenaline, Noradrenaline, and copeptin, using analytical biochemistry. Samples will be handled in line with 
the schedule of approved procedures, including the disposal of sharp and biohazardous waste. Should any of 
these samples indicate results that may be of clinical significance, the advice of the IMO will be sought and 
actioned as described in section 9.2 of this application.  
 
2.5.6 Capillary blood sample 

A capillary blood sample will be taken from the left-hand fingertips of the participant. A small lancet will be 
used to obtain the finger trip sample. Blood lactate concentration will be analysed using a Biosen (Biosen 
C_line, EKF-diagnostic GmbH, Germany). 

2.5.7 Skin blood flow 
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Skin blood flow will be measured using Laser Doppler flowmetry (MoorLAB, Moor Instruments, Devon, UK). 
The probes will be attached at two sites using adhesive tape, one on the thigh and one on the forehead next 
to each of the NIRS devices. The forehead probe will collect data throughout the whole session, whereas the 
thigh probe will only collect data at rest and will be removed for exercise. Care will be taken to avoid attaching 
the probes over any clearly visible blood vessels. Data will be monitored using an analogue to digital data 
acquisition system. 
 
2.5.8 Cognitive test battery 

Cognitive performance will be assessed using an 8-task cognitive battery administered on a laptop computer 
using commercially available testing software (ANAM: Automated Neurophysiological Assessment Metrics, 
developed for the US Department of Defence and licensed by Vista Life Sciences). Completion of the test 
requires participant to use a normal computer mouse. 

The testing battery will include the following tests:  
• Two-Choice reaction time: multiple trials in which either a * or a 0 appear on the screen in random 

order. The participant requires to press a mouse key that corresponds to the symbol. Examines 
reaction time and general processing. 

• Logical Reasoning-Symbolic: a pair of symbols is presented “#&” or “&#” together with a statement 
that describe the order of the symbols, participants have to press the mouse key that corresponds 
for the correctness of the statement. Examines logical relations. 

• Manikin Test: a human figure is presented holding a ball in one hand, the figure appears in various 
orientations and the participant has to press the mouse key that corresponds to the hand holding 
the ball. Examines three-dimensional spatial rotation, orientation, problem solving and attention. 

• Mathematical processing: The test presents an addition or a subtraction which results in a number 
from 1 to 9 except 5. The participant has to press the mouse key that corresponds to a result being 
lower than 5 or higher than 5. Examines basic arithmetic, concentration and working memory. 

• Task Switching: it combines the manikin and the mathematical processing tasks. The participant is 
required to resolve the presented test, the order in which the test presents the different tasks is 
random. Examines divided attention and dual tasking. 

• Towe puzzle: Three posts with five disks (total) are presented. The participant is required to arrange 
disks of different sizes from larger to smaller on the central post using the mouse cursor. Only one 
disc can be moved at a time and larger discs cannot be placed on top of smaller ones. Examines 
visuospatial ability, motor control, spatial planning, rule adherence, strategy and execution. 

• Continuous Performance Test (n-back): a series of numbers are presented on the screen and the 
participant has to press a mouse key to indicate that the number presented is the same one as the 
previous number. It has 3 levels of difficulty: 1-back (as described before), 2-back (if the number 
presented is the same as the one that appeared in two numbers previous), and 3-back (if the number 
presented is the same as the one that appeared three numbers previous). Examines working memory 
and sustained attention. 

For each task scoring will be based on accuracy and/or response time. 

2.5.9 Questionnaires 

Stanford sleepiness scale 
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The Stanford sleepiness scale (Hoddes et al., 1973) will be used to assess subjective alertness/sleepiness of 
the participant (Appendix 11). Participants are requested to rate their level of sleepiness on a scale from 1 
(alert) to 8 (asleep). 

Profile mood states 

A short version of the Profile mood states (Curran et al., 1995) will be used. It will ask the participants to rate 
their level of agreement on a Likert scale (0-4, from ‘not at all’ to ‘extremely’) for seven mood states: anger, 
anxiety, depression, fatigue, happiness, restlessness, and vigour (Appendix 10) 

 

9.2 Anticipated Ethical Issues 

*From this point forth, all procedures detailed below are in accordance with the School of Sport, Health and 
Exercise Science Schedule of Approved Procedures. 

Autonomy – Potential participants will receive a participant information sheet (Appendix 2) which will outline 
the aims, time requirements, and all details associated with participation in this study. A direct briefing about 
the study will then be given during which the opportunity will be presented to ask any further questions 
regarding the research. At this stage if they would like to be involved in the research then they will be required 
to provide written informed consent (Appendix 3). This form will be written proof that they understand what 
is required of them and that they are willing to participate. 

Non-Maleficence – Participants will complete a thorough health history questionnaire (Appendix 5). This 
form will be signed off by the principal investigator and further reviewed by the independent medical officer 
(IMO) as required. Further to this, participants will undergo a thorough medical screening (if over 30 years 
old) prior to participation that will also be assessed by the IMO. Finally, participants will also be reminded 
they are free to withdraw from the study at any point if they do not wish to continue. There will be no penalty 
and they are not required to provide a reason. 

Beneficence –Upon completion of the study participants will receive have performed a maximal exercise 
assessment for volunteering. This may influence the decision to volunteer, however, due to the low financial 
gain relative to the time commitment (i.e. a test would cost ~£150, for 5 visits of 3 hours minimum) it is 
expected that the decision to participate will be due to an interest in the research rather than solely for 
financial gain. 

9.3 Anticipated other Risks or Concerns 

Have all risk assessments as required by relevant Health and Safety policies been 
completed? 

YES 

Risks to participants:  

Maximal exercise test (V�O2max)  
Before completion of the maximal exercise test the subjects will complete the School of Sport, Health and 
Exercise Science health history questionnaire (Appendix 5). This will be checked and signed off by the 
Principal Investigator. The supervisors are content that the principal researcher has sufficient experience 
conducting these tests. This type of test takes place frequently within the school and it is a well-stablished 
method of determining aerobic fitness. Furthermore, the principal investigator is first aid trained and will 
have other suitably qualified members of staff available should any incidents arise. 
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Partial sleep deprivation – the participants will complete the 3 nights of partial sleep deprivation at their 
own residence without a member of the research team present. The participant will wear a wrist actigraph 
throughout the days between experimental trials, which will measure the participant’s movement and so 
account for wake and sleep instances. They will also be asked to contact members of the research team every 
30 minutes throughout the period when they have to remain awake to ensure compliance. After the third 
night of sleep deprivation the participant will be walked/chaperoned to and from the laboratory or a taxi will 
be provided. To further ensure the safety of participants we will only recruit participants who live with 
somebody else, i.e. someone present in the house during the needed waking times. Participants will also be 
encouraged not to drive and use alternative transport options during the partial sleep deprivation 
intervention. 

Respiratory infection – All tubes and oro-nasal masks will be sterilised, in accordance with the manufacturer’s 
guidance before the start of the experimental session and before being used on the next participant. 
Therefore, the risk associated with respiratory infection is deemed to be low. The participant will also place 
all of their own respiratory equipment into the sterilisation solution so that the research team do not have 
to come into contact with it.  
 

Venous blood sample - The researcher has been Hepatitis B vaccinated and also fully phlebotomy trained. 
Risk will be minimised by ensuring strict hygiene during the procedure. Before taking the sample, the principal 
investigator will wash their hands with a hand gel disinfectant. The patient’s skin will be cleaned with a 70% 
alcohol IPA re-injection swab. All needles used will be single-use and sterile, removed from the packaging just 
before use. Once the sample has been taken the needle will be disposed of into a biohazard sharps bin. All 
surfaces that may come into contact with blood will be thoroughly cleaned with disinfectant.  
 
COVID-19 – Due to the COVID-19 pandemic a further risk assessment has now been completed. This can be 
found in appendix 13.   

Risks to researchers/ university staff/students: N/A 

Reputational risks: N/A 

Security risks: N/A 

Other: N/A 

9.4 Medical Cover (if applicable) 

a. Medical Category (1-5): 2 

b. Independent Medical Officer (IMO): Dr Matt Wilkes 

c. Medical cover provided by: N/A 

d.           All procedures within Schedule of Approved Procedures (e.g. DSES): Yes 
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10. Compliance with Laws, Codes, Guidance, Policies and Procedures 

This study complies, and at all times will comply, with The Declaration of Helsinki, as adopted at the 
18th World Medical Association (WMA) General Assembly, Helsinki, Finland, 1964 and last amended at 
the 64th WMA General Assembly, Fortaleza, Brazil, October 2013 

(Details given at http://www.wma.net/en/30publications/10policies/b3/) 

This study complies, and at all times will comply, with the Council of Europe (2005). Additional 
Protocol to the convention on human rights and biomedicine concerning biomedical research. 
European Treaty Series No. 195, Strasbourg 25 January 2005.  

(Details given at http://conventions.coe.int/treaty/en/Treaties/Html/195.htm). 

 

11. Recruitment of Participants 

11.1 Who are the Research/ Participant Population? 

The population of the proposed research will be healthy, physically active males and over the age of 18. 
Females have been found to suffer greater cognitive declines following sleep deprivation during the 
follicular phase of the menstrual cycle when compared to the luteal phase (Grant et al., 2020). To account 
for this, females will complete all experimental trials within the same menstrual cycle stage to avoid phase 
induced effects. Follicular stage will be classified as the 14 first days of the menstrual cycle. Luteal stage 
will be classified as days 14-28 of a standard menstrual cycle. Menstrual cycle days will be self-reported, 
and early follicular phase will be the preferable sub-phase to schedule testing days in as it is the most 
sensitive phase to identify via self-report (Allen et al., 2016) 

11.2 Inclusion/Exclusion Criteria 

Inclusion Criteria:  

• Healthy, active, over the age of 18 
• Have a regular sleeping pattern whereby they go to sleep between hours of 10pm-12am each 

night and wake between 6-8am each morning. 

Exclusion Criteria: 

• Any abnormal answers to the health history questionnaire 
• Any abnormalities in their blood pressure/ECG results (if needed, participants over 30 y/o) 
• Participant has been diagnosed with any sleeping disorder by a medical professional 
• Total score higher than 5 points in the PSQI questionnaire (Buysse et al., 1989) 
• At the discretion of the IMO 
• Participant must not live alone 

11.3 Number of participants (include rationale for sample size) 

Based on previously reported data from a meta-regression comprising 1688 participants (Lowe et al., 
2017), an a-priori power calculation (G × Power 3.1.7) indicated that a minimum of 11 participants 
(ANOVA: repeated measures, within participant factors, f = 0.3, 1-group, 8 measurements) were required 

http://www.wma.net/en/30publications/10policies/b3/
http://conventions.coe.int/treaty/en/Treaties/Html/195.htm
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to demonstrate a significant difference in cognitive performance after moderate (i.e. ~4 hours of sleep) 
sleep restriction, with β- and α-values equal to 0.80 and 0.05, respectively (Faul et al.,  2009). 

11.4 Recruitment Strategy (including details of any anticipated use of a gatekeeper in host organizations 
to arrange/distribute participant invitations) 

Participants will be recruited from the student body within the School of Sport, Health and Exercise 
Science, the wider University population, and the greater Portsmouth area. The chief investigator or a 
member of the research team will attend lectures (on site or online), together with the lecturer, and detail 
the project while distributing the invitation letter (physical or link to download). If the chief investigator 
receives an email from a potential participant expressing interest in volunteering for the proposed 
research, they will be sent an email with further detail about the project via a participant information 
sheet (Appendix 2). Additionally, a pre-composed email (Appendix 1) will be sent to the school admin team 
with the request that is forwarded to students within the school. Participants may also be recruited in 
undergraduate lectures within the SHES with permission of the lecturer. Finally, participants may also be 
recruited via word of mouth. 

11.5 Payments, rewards, reimbursements or compensation to participants 

No payment will be received for the completion of the study 

11.6 What is the process for gaining consent from participants? 

Prior to any testing, potential participants are first required to read the participant information sheet 
(Appendix 2) detailing the proposed research studies aims, what is to be expected and their rights as a 
voluntary participant. They are then required to provide written informed consent (Appendix 3). Potential 
participants must sign all boxes on the informed consent form prior to going any further as a participant. 
This does not include the boxes consenting to media (in the form of photography and video) data being 
obtained. The researcher will ensure that participants who do not consent will not have any photos or videos 
taken of them throughout the research. Gaining consent will abide by the following process: 

1. Upon stating their interest to be involved in the research the potential participant will receive the 
participant information sheet via email. 

2. Potential participants are then invited to meet with the researcher via videocall in order to show clarify 
any doubts and answer further questions they may have. 

If content and all questions are answered they will then be asked to complete the consent form. 

11.7 Has or will consent be gained from other organisations involved (if applicable)? 

N/A 

11.8 Arrangements for translation of any documentation into another language (if applicable)? 

N/A 

11.9 Outline how participants can withdraw consent (if applicable), and how data collected up to this 
point will be handled.  Also stop criteria for specific tests (if applicable)? 
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Upon the request of the participant - Participants are free to withdraw from the study at any time. However, 
with the participant’s consent, if early withdrawal takes place then data will still be used for analysis. If the 
participant wishes to be excluded however, only the consent form will be retained.  
  
Upon the decision of the principal investigator/supervisor/medic – If thresholds for physiological 
measurements (detailed below) are exceeded, and/or the participant looks to be unwell.  
 
Experimental end points 

• On the request of the participant 
• At the request of the principal investigator/supervisor 
 

11.10 Outline details of re-consent or debrief (if applicable)? 

N/A 

 
12. Data Management 

 
12.1 Description of data analysis 

Data will be collated into appropriate spreadsheets relative to each variable for subsequent analysis. A 
statistics simulator (SPSS) will be utilized, with significance set at ≤ 0.05 and data presented as mean ± SD 
unless otherwise stated. Tests for normality, to determine if the data is parametric or non-parametric will 
be conducted. A two-way repeated measures ANOVA will be used to analyze the main interaction effects of 
the study; changes in responses over time and between conditions, and time and condition respectively. To 
account for any violations in sphericity, the Greenhouse-Geisser will be used and for post-hoc analysis of the 
main and interaction effects, a Bonferoni adjusted t-test will be used. 
12.2 Where and how will data be stored DURING the project? 

All electronic data will be stored on the UOP’s N-drive and raw data sheets (paper) will be stored 
in a locked draw situated in the office of the chief investigator or supervisor. 
12.3 Destruction, Retention and Reuse of Data (often AFTER your project has finished) 

The research data including consent forms will be retained for a minimum of 10 years in 
accordance with the UoP Retention Schedule for Research Data. Paper records may be scanned, 
and originals destroyed. Departments will be responsible for retaining the data when the PI leaves 
the University. 

12.4 Personal Data – How will confidentiality be ensured? 
 
All personal data collected from each participant will be kept in confidence and be anonymized. Data will be 
anonymized by allocating a number (P1, P2, P3 etc…) to each of the participants. However, health history 
questionnaires and consent forms will have participant’s names and signatures on. These will be kept in 
confidence and secured in a locked desk in the office of the principal investigator or supervisor. Personal 
data, when presented to others and/or published will be presented in a de-identifiable manner (i.e. will be 
anonymous to the recipient). Identifiable data will only be released outside of the study team where written 
permission from the participant has been obtained from the participant whose data is to be released, or 
where the requester has a legal right of access to the data, as per the relevant clause in the consent form. 
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12.5 How will data belonging to organisations (publicly unavailable data) be handled (if applicable)? 

N/A 

12.6 How will security sensitive data be handled (if applicable)? 

N/A 

 

13. Publication / Impact / Dissemination Plans 

This study will be written up as part of a MPhil/Ph.D. thesis and submitted for publication in a peer reviewed 
journal. It is also the intention of the principal researcher to present at relevant conferences. 
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15. Appendices  

 

Document  Date Version No. 

Application Form N/A N/A 

Invitation Letter 19/03/2021 2 

Participant Information Sheet(s) (list if necessary) 19/03/2021 2 

Consent Form(s) (list if necessary) 19/03/2021 2 

Advertisement N/A N/A 

Peer / Independent Review 19/02/2021 1 

Supervisor Email Confirming Application N/A N/A 

Evidence From External Organisation Showing Support N/A N/A 

Terms of Reference for Steering / Advisory Group N/A N/A 

Survey Instrument N/A N/A 

Interview Questions / Topic List N/A N/A 

Focus Group Questions / Topic List N/A N/A 

Focus Group Ground Rules N/A N/A 

Script for Oral Consent N/A N/A 

Questionnaire 12/02/2021 1 

Observational Data Collection Form N/A N/A 

Risk Assessment Form(s) 24/03/2021 2 

Other – please describe   

SHES Health History Questionnaire 

 

12/02/2021 1 

Information for Blood Sampling 

 

12/02/2021 1 

Blood Sampling Consent form 12/02/2021 1 
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16. Declaration by Chief Investigator and Supervisor (if applicable) 

BY SUBMITTING THIS FORM TO YOUR FACULTY ETHICS COMMITTEE THE CHIEF INVESTIGATOR (AND 
THEIR SUPERVISOR IF RELEVANT) DECLARE: 

1. The information in this form is accurate to the best of my/our knowledge and belief and I/we take full 
responsibility for it. 
2. I/we undertake to conduct the research/ work in compliance with the University of Portsmouth Ethics 
Policy, UUK Concordat to Support Research Integrity, the UKRIO Code of Practice and any other guidance 
I/we have referred to in this application. 
3. I/we confirm that all relevant risk assessments and Health and Safety requirements have been 
made/met. 
4. If the research/ work is given a favourable opinion I/we undertake to adhere to the study protocol, the 
terms of the full application as finally reviewed and any conditions set out by the Ethics Committee in 
giving its favourable opinion. 
5. I/we undertake to notify the Ethics Committee of substantial amendments to the protocol or the terms 
of the final application, and to seek a favourable opinion before implementing the amendment. 
6. I/we undertake to submit annual progress reports (if the study is of more than a year’s duration) setting 
out the progress of the research/ work, as required by the Ethics Committee. 
7. I/we undertake to inform the Ethics Committee when the study is complete and provide a declaration 
accordingly. 
8. I/we am/are aware of my/our responsibility to be up to date and comply with the requirements of the 
law and relevant guidelines relating to security and confidentiality of personal data, including the need to 
register, when necessary, with the appropriate Data Protection Officer. I/we understand that I/we am/are 
not permitted to disclose identifiable data to third parties unless the disclosure has the consent of the data 
subject. 
9. I/we undertake to comply with the University of Portsmouth Data Management Policy.  
10. I /we understand that records/data may be subject to inspection by internal and external bodies for 
audit purposes if required. 
11. I/we understand that any personal data in this application will be held by the Ethics Committee, its 
Administrator and its operational managers and that this will be managed according to the principles 
established in the Data Protection Act 1998 (and after May 2018, the General Data Protection Regulation). 
12. I understand that the information contained in this application, any supporting documentation and all 
correspondence with the Ethics Committee and its Administrator relating to the application: 

• Will be held by the Ethics Committee until at least 10 years after the end of the study 
• Will be subject to the provisions of the Freedom of Information Acts and may be disclosed in 

response to requests made under the Acts except where statutory exemptions apply. 
• May be sent by email or other electronic distribution to Ethics Committee members. 

13. I/we understand that the favourable opinion of an ethics committee does not grant permission or 
approval to undertake the research/ work.  Management permission or approval must be obtained from 
any host organisation, including the University of Portsmouth or supervisor, prior to the start of the study. 

Chief Investigator               Date 01/03/2021 
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Supervisor (if applicable)    Date 01/03/2021 

EMAILING THIS FORM TO THE RELEVANT FACULTY EMAIL ADDRESS WILL BE CONSIDERED AS AGREEING 
WITH THIS DECLARATION. IF YOU ARE A STUDENT PLEASE ENSURE THAT YOUR SUPERVISOR ALSO 
AGREES TO THIS DECLARATION. 

  



91 
 

Appendices 

Appendix 1 – Invitation Letter 

Invitation Letter 

Study title:  The Individual and Combined Effects of Exercise and Partial Sleep Deprivation on Cognitive Performance 

REC Ref No:  SHFEC 2021-031 

Dear Potential Participant, 

My name is Juan Badariotti and I am an MPhil student at the School of Sport, Health and Exercise Science. I would like to 
invite you to take part in our study examining the effects of suboptimal sleep and exercise on computer based cognitive 
performance tests. We are looking for healthy, physically fit and physically active volunteers aged 18 years of age or older. 
You should not be a regular night shift worker. 

If you decide to volunteer for this research study will require you to attend the laboratory at the University of Portsmouth 
on five separate occasions. It is expected that participation will require a time commitment of approximately 20 hours, 
divided in five non-consecutive visits. A timeline for the study is displayed below. 

 

Figure 1. Diagram of study timeline (days). Medical screening.  V�O2max test. Cognitive test familiarization. Diet, 

sleep, and exercise diary. Experimental trial. Full night of sleep. Partial sleep deprivation nights. 

The study will involve an initial familiarization session [day 1] where your maximal oxygen uptake will be measured, and 
you will learn how to perform a computer-based set of cognitive tests. Then you will have 2 experimental blocks [days 6-
9 & 17-20], where you will perform the same tests whilst resting or while cycling each time you visit the lab. The difference 
between the blocks is that you will be partially sleep deprived in between testing days of one of them. 

There is no financial incentive for completing this study. You will however gain first-hand experience in one of the top 
exercise physiology laboratories in the U.K. and undertake a V�O2max test. 

The risks involved with this experiment have been minimised through careful risk assessment and thorough examination 
by members of the University of Portsmouth Ethical Committee.  Participation in this experiment is completely voluntary 
and will be run in a controlled environment in which a trained first aider will be present at all times. You will be fully briefed 
and can ask any questions that you may have throughout the study in order to make sure that you are comfortable and 
understand what is being asked of you.  

Please contact Juan Badariotti (Principal Investigator) for more information, including a highly detailed participant 
information sheet, on taking part via email juan.badariotti@port.ac.uk. 

Thank you for taking the time to read. 

Kind regards, 

Juan Badariotti 

  

mailto:juan.badariotti@port.ac.uk
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Appendix 2 – Participant Information Sheet 

PARTICIPANT INFORMATION SHEET 

Title of Project:  

Option 1: The Individual and Combined Effects of Exercise and Three consecutive nights of four hours 

sleep on Cognitive Performance 

Name and Contact Details of Researcher(s):  

Mr Juan I. Badariotti   telephone: 02392845148  email:juan.badariotti@port.ac.uk 

Name and Contact Details of Supervisor (if relevant): Dr Joe Costello (joe.costello@port.ac.uk) 

Ethics Committee Reference Number: - SHFEC 2021-031 

1. Invitation 

We would like to invite you to take part in our research study. Joining the study is entirely up to you, before you decide we 
would like you to understand why the research is being done and what it would involve for you. Please ask any questions 
you may have if anything you read is unclear or you would like to request further information. 

We are from the School of Sport, Health & Exercise Science (SHES), based in the Extreme Environments Laboratory (EEL). 
The proposed research study is part of an MPhil being completed by research student, Mr Juan I. Badariotti, and supervised 
by Dr Joe Costello. 

2.  Study Summary 

This study will investigate how partial sleep deprivation and exercise, both alone and in combination, affect cognitive 
performance. Partial sleep deprivation is defined as a sleep period of fewer than seven hours per night. It is well established 
that partial sleep deprivation can have a negative impact on cognitive performance, and that exercise can have a positive 
effect on cognitive performance. However, to date, there limited research has examined how partial sleep deprivation and 
exercise effect cognitive performance when experienced in combination. When considering that partial sleep deprivation 
and the subsequent impairments observed in cognitive performance increase the chances for workplace accidents and 
errors in several occupations (e.g. healthcare), this type of research could be of great importance in terms of preventing 
accidents and potentially saving lives. This research aims to address this important gap in our understanding.  

We are seeking healthy male and female volunteers aged 18 years or older. Participants must not be night shift workers 
(working hours between the 10pm-6am range). Participation in the research would require you to attend a total of 5 visits 
to the laboratory and take approximately 20 hours of your time. 

3.  What is the purpose of the study? 

 

The purpose of the study is to investigate how cognitive performance is affected by partial sleep deprivation and exercise 
in combination. To do so, we will use a computer based cognitive performance battery of tests and assess how you perform 
under the previously mentioned stressors. We will collect physiological data (e.g. heart rate, cerebral oxygenation) from 
you in an attempt to better understand how the changes in cognitive performance are mediated. This is also an 
opportunity to study a potential method for prevention of work accidents due to poor sleep. 

mailto:juan.badariotti@port.ac.uk
mailto:joe.costello@port.ac.uk
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4.  Why have I been invited? 

You have been invited to participate in this study as you are a healthy, physically active male or female aged 18 or older 
and do not work night shifts. 

5.  Do I have to take part?  

No, taking part in this research is entirely voluntary. It is up to you to decide if you want to volunteer for the study. We 
will describe the study in this information sheet. If you agree to take part, we will then ask you to sign the attached consent 
form. 

6.  What will happen to me if I take part? 

Completion of this research study will require you to attend the laboratory on five separate occasions. It is expected that 
the participant will require a time commitment of approximately 20 hours. A timeline of the study is displayed below. 

TIMELINE 

 

Figure 1. Diagram of study timeline. Medical screening. Maximal exercise test.  Familiarization with the cognitive 

performance battery. Diet, sleep, and exercise diary. Experimental trial. Full night of sleep. Partial sleep 
deprivation night. 

 

COVID-19 Screening 

Due to the COVID-19 pandemic we will be taking additional measures to ensure your safety and the safety of the research 
team. If you agree to take part in this research, we would like you to complete a COVID-19 screening questionnaire prior 
to the study. The research team will also be completing this questionnaire to try and minimise any risk to all of those 
involved. We will then also ask you to sign an agreement form that states that if at any point during the testing, or for the 
14 days post testing, that if you experience any symptoms you will notify everyone that you came in to contact with 
throughout the study. Likewise, if any of the research team experience any symptoms you will also be contacted in a 
timely manner.  

Due to the nature of our research, we are always extremely careful to make sure that every piece of equipment has been 
cleaned and disinfected prior to use. We have now added additional measures to ensure that the risk of contamination is 
even lower. This includes the wearing of personal protective equipment by the research team, additional cleaning 
procedures, and a reduction in the number of people using the laboratory. You will also have to wear a face mask while 
you are inside the lab, as long as you are not exercising, or need to be instrumented with something preventing the use 
of a mask. In case you do not have a mask of your own one will be provided. Hand sanitiser and soap will be available 
inside the laboratory for regular use throughout your visits. If you have any concerns over this issue, please let a member 
of the research team know and we will happily talk you through the risk assessment that has taken place and a more 
detailed description of the procedures.  
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Q & A pre first visit 

Before you make your first visit to the laboratory, we will send you a detailed health history questionnaire and a sleep 
quality questionnaire via email. They will be used to check for possible exclusion conditions. If you are 30 years old or 
older, you will be scheduled for a health screening involving a blood pressure check and a 12-lead electrocardiogram, the 
results of these tests will be reviewed by our independent medical officer to check for possible exclusion conditions.You 
will be able to contact a member of the research team via phone, email or arrange a video call in case you need any 
additional information to fill up the questionnaires. If no exclusion criteria are found, the principal researcher will organize 
a video call with you to give you a more detailed description of the study. It will be a good opportunity to clear any doubts 
and ask any further questions you want. 

 

Visit 1 Familiarisation and maximal exercise test 

 

On the first visit to the laboratory, you will be asked to provide consent again for participating in the study. Then you will 
be presented with all the testing equipment, so that you feel comfortable with what the experiment is going to involve. 
This will be a good opportunity for you to talk with the research team and ask any questions in case you are unsure of 
anything. We will require you to undergo a familiarisation session with the cognitive tests that we are going to use. 
Cognitive performance will be assessed using an eight-task cognitive battery on a laptop computer. This will involve 
completing each of the tests a total of 4 times – 2 while resting and 2 while cycling. This will ensure your full competency 
with solving the tests and ensure there will be no learning effects taking place during the experimental trials. 

Next you will complete a maximal aerobic exercise test. This test requires you to cycle until exhaustion and is the gold 
standard test used to measure your aerobic fitness. You will start out cycling at a very low resistance. The resistance will 
gradually increase as the test goes on. At first you will hardly notice the test getting harder, however, as it continues, you 
will find you have to keep increasing your effort to continue cycling. The idea of the test is to keep going until you are no 
longer able to cycle. The duration of this test will be approximately 15 minutes. 

At the end of the visit, you will be provided with a diary and an activity monitor. For the four days prior to your next visit 
to the lab we ask that you keep a record of any activity that you do, the food and drink that you consume, and the time of 
day that you go to bed and wake up. This will be used to help us establish whether you have had a normal sleeping pattern 
in the days leading up to the experiment. We then ask you to use this diary in order to replicate your activity, eating, and 
sleeping behaviour for the 4 days prior to your next visit to the lab. In addition, we also request that in the 24 hours prior 
to attending the lab, you avoid strenuous exercise, and the consumption of alcohol or caffeine (including coffee, tea, and 
energy drinks). This visit is expected to take approximately 3 hours. 

Experimental Trials (Visits 2, 3, 4, 6)  

The 4 experimental trials are divided into 2 blocks, each block consisting of 2 testing days. Visits 2 and 3 will be the first 
block and will be separated by 3 nights (e.g., Monday - Thursday). After at least one week later, you will return for the 
second block of testing, visit 4 and 5, which will be again separated by 3 nights (e.g., Tuesday – Friday). Once all our 
participants have been recruited, everyone will be randomly allocated into either group A or group B. In between visits 2 
and 3, if you have been allocated to group A you will undergo 3 nights of partial sleep deprivation. You will only be able to 
sleep during a 5-hour window (e.g. 2am-7am). This will be done in your own home and you will wear a wrist activity 
monitor (similar to a wristwatch) to measure whether you sleep, and you will have to text or email the research team 
every 30 minutes throughout the hours you need to be awake at night. At least one week later, you will return for visits 4 
and 5 but this time you will have a regular night of sleep (of at least 8 hours of time in bed). If you are allocated to group 
B, you will do exactly the same but in the opposite order. 
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During each of these visits you will complete a battery of cognitive performance tests at rest, during exercise, and after 
30 minutes of rest following the end of exercise. When you arrive at the laboratory your height and mass will be measured. 
We will also require you to provide a urine sample, in private, to assess your hydration. Afterwards you will be 
instrumented with all the measurement equipment (described below). You will then be seated on a recumbent cycle 
ergometer. There you will rest for 15 minutes to obtain baseline data. After 15 minutes you will then complete the battery 
of cognitive performance tests and questionnaires. We will then take a blood sample from you. The blood samples that 
we collect during this study will be taken from a vein in your arm. This will be similar to the procedure used when donating 
blood but will be much shorter in duration. We will also take a finger prick blood sample from one of your fingertips at 
this timepoint, and it will be repeated with every forearm sample. You will then begin to cycle on the bike, the intensity 
of the bike will start at 75 W and will be modified if necessary, such that you to be exercising at ~50% of your maximal 
capacity. After 20 minutes of cycling, you will start the cognitive performance tests and questionnaires again but whilst 
continuing to exercise. Once the tests are completed, a second blood sample will be taken. You will finally rest seated for 
30 minutes, followed by a last completion of the cognitive tests and questionnaires. Thereafter, a final blood samples will 
be taken. You will be able to use the toilet, drink water, and leave the laboratory once the research staff and you consider 
it safe to do so. A diagram showing a timeline of each experimental trial is provided below. 

Experimental trial: 

 

 Measurements.  Rest.  Exercise.  Blood sample.  Cognitive tests and questionnaires. 

 

7. Expenses and payments  

Participants will not receive any monetary compensation upon completion of the study 

8.  Anything else I will have to do?  

For the 24 hours prior to attending the lab, you will avoid strenuous exercise, and the consumption of alcohol. For the 12 
hours prior to the experimental trial will not consume caffeine (including coffee, tea, and energy drinks). 
During the course of experimental trials (including days between laboratory visits) you will be instructed to avoid any 
strenuous exercise or non-habitual exercise activity, avoid alcohol consumption, also not to take naps, and not to rest 
laying down on a bed/couch. For any sedentary activity that you may want to engage on (e.g. watching a movie, playing 
videogames, reading) please do so in an upright seated position. This will allow for appropriate tracking of the wrist activity 
monitor. Habitual caffeine intake can take place, although refrain from caffeine consumption 12 hours prior to any 
laboratory visit as it can alter your sleeping pattern.  
Please come to the laboratory with sport kit and spare clothes to get changed into after the experiment. 
 

9.  What data will be collected and / or measurements taken?  

As detailed in section 6 the following data will be collected: height, mass, heartrate (3 electrodes attached to your skin), 
cerebral oxygenation (small device attached to your forehead), cognitive performance (test administered on laptop 
computer) 
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Your height and mass will be measured at the beginning of every session. Prior to the experimental session a sample of 
your urine will be examined, to determine your hydration status. During the experimental trial we will monitor your heart 
rate, you will also wear a wrist-based heart rate monitor. You will wear a face mask that will be used to analyse the air 
you expire during the whole experimental trial. Your oxygen saturation will be measured with a pulse oximeter attached 
to your left middle finger, and ear. A laser doppler will be attached to your forehead to measure skin blood flow. You will 
wear a device that measures cerebral oxygenation on your forehead, you will also wear a bandana over it to keep it in 
place and away from the light. Another device will measure muscle oxygenation and you will wear it on your thigh. Blood 
samples will be collected from a vein in your arm, and smaller samples will be collected from your fingertips. 

10. What are the possible disadvantages, burdens, and risks of taking part?  

When exercising following partial sleep deprivation there is a possibility of feeling fatigued or getting tired more easily 
than usual. The researcher, to ensure your safety during the experimental trials, will closely monitor your physiological 
measurements. The researcher who will be conducting the research has been first aide trained and another first aider 
shall always be available within the building. In the case that you may fill unwell (e.g. “light headed”) before, during or 
after the blood sample we will ask you to remain seated on the recumbent chair at rest. You will have to stay in that 
position until you start feeling better again, and the visit will be concluded . Water will be available throughout. On the 
sleep deprivation days, you will probably see your performance in several tasks compromised. We strongly advise you to 
be aware of this and avoid activities such as driving long distances to prevent potential accidents. 

 

11. What are the possible advantages or benefits of taking part? 

Participating in this study will give you a first-hand experience in one of the few environmental laboratories in the U.K. In 
addition, you will also get the results of your maximal aerobic exercise test. 

12. Will my data be kept confidential? 

The raw data, which identifies you, will be kept securely by the by the Principal Investigator. Your data will be stored as 
paper records and as an electronic copy. Paper records will be stored in the project file maintained by the principal 
investigator and once the study has been completed will be stored in a locked storage facility within the department. 
Electronic records will be stored on a computer and hard disk drive that are password protected (University N drive). 

The data, when made anonymous, may be presented to others at scientific meetings and conferences, or published as a 
project report, academic dissertation and/or scientific paper or book. Anonymous data, which does not identify you, may 
be used in future research studies approved by an Appropriate Research Ethics Committee. The raw data, which would 
identify you, will not be passed to anyone outside the study team without your express written permission. The exception 
to this will be any regulatory authority who may have the legal right to access the data for the purposes of conducting an 
investigation in exceptional cases. The raw data will be retained for a minimum of 10 years. When it is no longer required, 
the data will be disposed of securely (e.g. electronic media and paper records / images) destroyed. 

Anonymised data will also be made available to other researchers as part of our open data policy. 

13. What will happen if I don’t want to carry on with the study?  

As a volunteer you can stop any participation in the experiment at any time or withdraw from the study at any time, 
without giving a reason if you do not wish to. To withdraw from the study, you just need to communicate it to the 
researchers via email or in conversation. If you do withdraw from a study after some data have been collected, you will 
be asked if you are content for the data collected thus far to be retained and included in the study. If you prefer, the data 
collected can be destroyed and not included in the study. Once your data has been collected, and you have left the 
laboratory after visit 6, it will not be possible to withdraw it from the study. 
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14. What if there is a problem? 

If you have a query, concern or complaint about any aspect of this study, in the first instance you should contact the 
researcher(s) if appropriate. If the researcher is a MPhil student, there will also be an academic member of staff listed as 
the supervisor whom you can contact. If there is a complaint and there is a supervisor listed, please contact the Supervisor 
with details of the complaint. The contact details for both the researcher and any supervisor are detailed on page 1. 

If your concern or complaint is not resolved by the researcher or their supervisor, you should contact the Head of School: 

 

The Head of School     Professor Richard Thelwell 

School of Sport, Health and Exercise Science  023 9284 5164 

University of Portsmouth    Richard.thelwell@port.ac.uk  

Spinnaker Building, Cambridge Road, Portsmouth, PO1 2ER 

However, if the complaint remains unresolved, please contact:  

 The University Complaints Officer 

023 9284 3642      complaintsadvice@port.ac.uk 

15. Who is funding the research?  

This research is being funded by the University of Portsmouth. None of the researchers or study staff will receive any 
financial reward by conducting this study, other than their normal salary / bursary as an employee / student of the 
University. 

16. Who has reviewed the study? 

Research involving human participants is reviewed by an ethics committee to ensure that the dignity and well-being of 
participants is respected.  This study has been reviewed by the Science and Health Faculty Ethics Committee and been 
given favourable ethical opinion.  

Thank you 

     Thank you for taking time to read this information sheet and for considering volunteering for this research. If you 

do agree to participate then your consent will be sought on the following page. You will then be given a copy of this 

information sheet and your signed consent form, to keep. 

  

mailto:Richard.thelwell@port.ac.uk
mailto:complaintsadvice@port.ac.uk
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Appendix 3 – Consent Form 

CONSENT FORM 

Project title:  The Individual and Combined Effects of Exercise and Partial Sleep Deprivation on Cognitive Performance 

Chief investigator:  Juan I. Badariotti (juan.badariotti@port.ac.uk); telephone: 02392845148 

Project supervisor:  Dr Joe Costello (joe.costello@port.ac.uk) 

University Data Protection Officer: Samantha Hill (information-matters@port.ac.uk); 023 9284 3642 

Ethics Committee Reference Number: SHFEC 2021-031 

Please initial each box if content 

1. I confirm that I have read and understood the information sheet for the above study. I have had the opportunity 

to consider the information, ask questions and have had these answered satisfactorily. 

2. I understand that my participation is voluntary and that I am free to withdraw at any time without giving any 

reason.  

3. I confirm that I am well, free from injury, and that I am capable of undertaking the activities described in the 

information sheet 

4. I understand that the above research involves blood samples being taken and confirm that I have read the 

information relating to these procedures. 

5. I understand that data collected during this study will be processed in accordance with data protection law as 

explained in the Participant Information Sheet (Version no.2 19/03/2021). 

6. I understand data will also be made available to other researchers as part of our open data policy. 

7. I agree to the data I contribute being retained for any future research that has been given a favourable opinion 

by a Research Ethics Committee. 

8. I agree to take part in the above study. 

 

Name of Participant:     Date:  Signature: 
 
 
 
Name of Researcher:     Date:  Signature: 
 

mailto:joe.costello@port.ac.uk
mailto:information-matters@port.ac.uk
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Appendix 4 – Covid Screening Questionnaire 

COVID-19 Pre-screening questionnaire 

The purpose of collecting this information is to ensure participants are free from COVID-19 symptoms and have not been 

at risk of transmission (to the best of their knowledge) recently. 

It is important that all volunteers answer all of the questions to the best of their knowledge. ALL INFORMATION 

PROVIDED IS TREATED AS MEDICAL-IN-CONFIDENCE (same as personal medical records and health history 

questionnaire).  

1. Have you experienced the following symptoms within the last 14 days: a high temperature (fever), a continuous 

cough* or loss or change in sense of smell or taste? 

Yes/No 

2. Have you ever received a positive COVID-19 test? If yes, when? 

Yes/No Date:    

3. Has anybody who lives in your house been diagnosed with coronavirus in the last 14 days? 

Yes/No 

4. Have you or anybody in your household been advised to self-isolate because you have coronavirus symptoms? 

Yes/No 

5. Have you been advised to self-isolate because you have been in close contact with someone who has tested 

positive for coronavirus? 

Yes/No 

6. Are you or is anyone in your household suffering from flu, high temperature, new continuous cough* or loss or 

change of sense of smell or taste? 

Yes/No 

7. Have you been advised to self-isolate because you have entered the UK in the last 14 days? 

Yes/No 

8. Have you ever been advised to shield because you are at high risk from coronavirus (clinically extremely 

vulnerable)? 

Yes/No 

*A new, continuous cough means coughing for longer than an hour, or three or more coughing episodes in 24 hours. If you already have a cough, it may be 
worse. 
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DECLARATION 

I understand that it is my responsibility to fully disclose information about my health related to the COVID-19 
symptoms and testing.  

I understand that if anything changes between completing this screening questionnaire and the completion of the 
study period, I must inform the principal investigator/member of the research team. Failure to do so, whether 
knowingly or unknowingly may place me and others at risk during the activity.  

I agree that I must remain in daily contact with the principal researcher for 14 days following study completion and I 
must inform the research team if COVID-19 symptoms develop within this 14-day period. Volunteers are referred to 
the following website in the event of developing COVID-19 symptoms: https://www.nhs.uk/conditions/coronavirus-
covid-19/testing-and-tracing/get-an-antigen-test-to-check-if-you-have-coronavirus/. 

I understand and agree that in the event of receiving a positive COVID-19 test result within 14 days of participating in the 
study it is my responsibility to contact a member of the research team and disclose this information. 

 

Signature of Participant  ........................................................ 

 

Date ..................................... 

 

 

 

 

  

https://www.nhs.uk/conditions/coronavirus-covid-19/testing-and-tracing/get-an-antigen-test-to-check-if-you-have-coronavirus/
https://www.nhs.uk/conditions/coronavirus-covid-19/testing-and-tracing/get-an-antigen-test-to-check-if-you-have-coronavirus/
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Appendix 5 – School of Sport, Health and Exercise Science Health History Questionnaire 

 

 

Exercise and Health History Questionnaire 

December 2017 version School of Sport, Health & Exercise Science 

 

All pages of this questionnaire should be completed by volunteers of certain physically active or stressful activities conducted 
by the Department of Sport and Exercise Science, primarily experiments, consultancy testing / demonstrations, and some 
taught laboratories. This information allows the activity leader (supervisor) to determine if it is safe for the volunteer to 
participate, or whether medical advice is required before proceeding. The information provided also gives a suitable history 
should a medical examination be required for particular studies. If required, the additional medical examination report is 
completed by the Independent Medical Officer and stapled to this document as pages (7 and 8). 

 
IT IS VERY IMPORTANT THAT VOLUNTEERS ANSWER ALL OF THE QUESTIONS  

FULLY, AND TO THE BEST OF THEIR KNOWLEDGE. If you have particularly sensitive responses to any of the 
questions that you would rather not divulge in this record please mark the questions appropriately, and we 
may be able to arrange for you to discuss this directly, and in confidence, with an appointed medical doctor. 

 
ALL INFORMATION PROVIDED IS TREATED AS MEDICAL-IN-CONFIDENCE (THE SAME AS YOUR PERSONAL MEDICAL 
RECORDS). 

 
VOLUNTEERS ARE NOT TO PARTICIPATE IN ANY STUDY UNTIL THE DETAILS IN THIS COMPLETED FORM HAVE BEEN CHECKED 
AND COUNTERSIGNED BY A MEMBER OF THE DEPARTMENT’S TECHNICAL OR ACADEMIC STAFF (PAGE 6) 

 
Note for questions marked *, please delete as necessary 

 
 Participant’s Details 

 

Full Name ………………………………………………………… Telephone Number.…………………..…….. 
 

Date of Birth ……………………………………… Age……………… Email………………………………… 
 

Date of completing this questionnaire…………………………………. Blood Pressure (if recorded)…………… 
 

For UoP Students Only: 

 
Year of study*:  1 2 3 M PhD Student ID Number…………….. Personal Tutor……………………… 

 
 

Q1 How would you describe your current physical fitness status? 
 

Very unfit (sedentary) / Unfit / Moderately Fit / Very Fit (e.g. competitive sportsperson)* 
 
 

Q2 Do you undertake regular physical exercise? Yes / No* If Yes Please tell 

us what type of exercise? 
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Light activities: heart beats slightly faster than usual, you can talk/sing while you are active (walking leisurely, 
stretching, vacuuming or light gardening) 

 
Moderate activities: your heart beats faster than normal, you can talk while you are active (fast walking, aerobics, strength 
training, swimming gently) 

 
Vigorous activities: your heart rate increases a lot, you cannot talk or your talking is broken up by large breaths while you are 
active (stair machine, jogging or running, tennis, squash, badminton, basketball, cycling) 

Q3 How frequently do you exercise? 
 
 
 
 

Q4 How often do you undertake exercise of a maximal nature? 
 

Never / Sometimes / Often* 
 
 

Q5 How would you consider your present body weight? 
 

Underweight / Ideal weight / Slightly overweight / Very overweight* 
 
 

Q6 Are you a regular smoker? Yes / No* – if yes number per day……… 
 
 

Q7 Are you an occasional smoker? Yes / No* – if yes average per week……. 
 
 

Q8 Are you a previous smoker? Yes / No* – if yes how long since stopping ..… years 
 
 

Q9 Do you drink alcoholic drinks?  Yes / No* 
 If yes do you: have the occasional drink? 

have a drink every day? 
Yes / No* 
Yes / No* 

 
 
 

Q10 Have you consulted your doctor within the last 6 months (except than for contraception)? Yes / No* 

 
If “yes” please give details e.g. 
- Why did you consult your doctor? 
- What medication was prescribed, for how long, and when did you finish taking it? 
- Did your GP place any restriction on you (activities, diet etc.)? 
- When was the problem resolved? 

 
 
 

Q11 Do you have any allergies? Yes / No* 
 

If Yes, please give details. Please include any allergies to dressings e.g. elastoplasts. 
 
 
 
 

Q12 Are you currently taking any form of medication including both prescribed and over the counter preparations? Yes / 
No* – if yes give details (No need to disclose contraceptive medication) e.g. 
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- What you are taking? 
- What are you taking it for? 
- Dose? 
- How long have you been taking it? 

 
 
 

Q13 Have you routinely taken any medication in the past 2 years? Yes / No* – if yes give details 
e.g. 

- What did you take? 
- What did you take it for? 
- Dose? 
- How long did you take it? 
- When did you stop taking it? 

 
 
 

Q14 Have you ever been told to give up sports because of health problems? Yes / No* – if yes give details e.g. 
- What were you advised to stop? 
- When? 
- Why? 

 
 
 

Q15 Do you get tired more quickly than your friends do during exercise? Yes / No* – if yes give details 
 
 

Q16 Have you ever suffered from any of the following? 
 

Asthma Yes / No* 
Diabetes Yes / No* 
Hypertension (high blood pressure) Yes / No* Any form of 
heart disorder Yes / No* 
High blood cholesterol Yes / No* 
Epilepsy Yes / No* 
Have you ever had a seizure Yes / No* 
Fainting Yes / No* 

 
If yes to any of the above, please give full details of the condition / episode so that we can determine whether it is safe for you to participate in the 
activity, or if we need to seek medical advice: 

 
 If you reported “yes” to asthma, have you: 
- been prescribed any medication for this in the past 4 years? 
- if so, what have you been prescribed specifically (inhaler name and colour)? 
- how often do you / did you use the medication? 
- when did you last use the medication? 

 
 
 
 

Q17 Have you ever been told you have a heart murmur? Yes / No* – if yes give details 
 
 
 
 

Q18 Have you ever been told you have a heart arrhythmia? Yes / No* – if yes give details 
 
 
 
 
 

Q19 Do you have any other history of heart problems? Yes / No* – if yes give details 
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Q20 Have you had a severe viral infection (e.g. myocarditis or mononucleosis) within the last month? 
Yes / No* – if yes give details 

 
 
 
 

Q21 Have you ever been told you had rheumatic fever? Yes / No* – if yes give details 
 
 
 
 

Q22 Have you ever suffered from the following?  
 Heat stroke, heat exhaustion or sunstroke Yes / No* 
 Cold Illness or injury (non freezing cold injury or frostbite) Yes / No* 
 Poor Circulation (including Raynaud’s phenomenon) Yes / No* 
 Peripheral neuropathy Yes / No* 

 

If yes, please give details e.g. 
- When did this occur? 
- What was the outcome? 
- What caused this? 
- Have you any restrictions placed upon you by your doctor because of this? 

 
 
 
 
 

Q23 Please give details of any overnight hospital admissions you have had e.g. 
- When? 
- Duration of stay? 
- What for? 
- When were you fully recovered? 

 
 
 
 
 
 

Q24 Have you any other past medical history we have not already asked you about? Yes / No* – if yes give details 
 
 
 
 
 

Q25 Do you have any muscle, joint or back injury at present? Yes / No* – if yes give details 
 
 
 
 

Q26 Have you had to suspend any normal activity due to ill health or injury in the last month? Yes / No* 
– if yes give details 

 
 
 
 

Q27 Is there a history of heart disease or sudden cardiac death in your family? Yes / No* – if yes give details e.g. 
- Which blood relative? 
- What happened / was diagnosed? 
- Age of relative at incident / diagnosis? 

 

Q28 Are both parents still alive? Yes/N0* If No, please give cause of death an age 
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Q29 Does any of your parents or brother/sister (blood relatives only) suffer from a serious medical condition? If so please can you provide details 
e.g. 
- Who? 
- What? 
- Age when diagnosed? 

 
 
 
 

Q30 Has anyone in your immediate family (parent, child or brother/sister) less than 50 years of age: 

 
Died suddenly and unexpectedly? Yes / No* 
Been treated for recurrent fainting? Yes / No* 
Had unexplained seizure problems? Yes / No* Had unexplained 
drowning while swimming? Yes / No* Had unexplained car accident? Yes / No* 
Had heart transplant? Yes / No* Had pacemaker 
or defibrillator implanted? Yes / No* Been treated for 
irregular heart beat? Yes / No* 
Had heart surgery? Yes / No* 

 

If you have answered yes to any of the above questions, please give details e.g. 
- Who? 
- What? 
- Age at incident / diagnosis? 

 
 
 
 
 

Q31 Do you suffer from, or have you ever suffered from the following 
 

Chest pain Yes / No* 
Chest pain on exercising Yes / No* Unexpected 
breathlessness on exertion Yes / No* Undue dizziness on exertion Yes / 
No* 
Collapse whilst exercising Yes / No* Palpitations 
(irregular heart beat) Yes / No* 

 
If you have answered yes to any of the above questions, please give details. 

 
 
 
 
 
 

Q32 Are you a blood donor? Yes / No* 
 

If yes, have you donated blood in the last week? Yes / No* 
 
 

Q33 For females (only required for studies involving thermal stress, hypoxia and arduous exercise) 
 

Please state here whether you may be pregnant: Not pregnant / Unsure / Pregnant* 

Q34 To the best of your knowledge are there any other reason(s) that may prevent you from successfully completing the 
tasks that have been explained to you by the lead academic / principal investigator and as described in the Participant 
Information Sheet? 

 
Yes / No* If yes, please give details 
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Emergency Contact Details 

 

Please supply the name, address and telephone number of an emergency contact: (please print) Name …….…………………………………

 Relationship ……………………….…… 

Address …………………………………………………………………………………………………………………… 
 

………….………………………………………………………………………………………………………………….. Telephone number(s) 

……………………………………………………………. 

 
 

DECLARATION 

 

I understand that it is my responsibility to fully disclose information about my health in this questionnaire and that knowingly 
failing to do so may place me at risk during trial experiments. 

 
I also understand that if anything changes in my health circumstances between this screening questionnaire and / or 
medical examination and the date of my participation in the experiment, test series or taught laboratory, it is my 
responsibility to fully inform the leader of the activity and that failure to do so, whether knowingly or unknowingly may 
place me at risk during the activity. 

 
 

Signature of Participant  ………………………………………………….. Date ………………………… 
 
VOLUNTEERS ARE NOT TO PARTICIPATE UNTIL THE DETAILS COMPLETED ABOVE HAVE BEEN CHECKED AND 
COUNTERSIGNED BY A MEMBER OF THE DEPARTMENT’S TECHNICAL OR ACADEMIC STAFF BELOW 

 
Note to Technical/Academic checker: Please check that the details above do not show any contra- indications that might 
jeopardise the volunteer’s health or safety. If in any doubt whatsoever, please seek the advice of colleagues, and ultimately a 
member of the DSES Scientific and Ethical Review Committee. If there are any contra-indications, or remaining doubt please 
thank the volunteer for their time BUT ADVISE THEM THAT THEY CANNOT PARTICIPATE IN THE STUDY AT THE MOMENT UNTIL 
FURTHER MEDICAL 

ADVICE IS SOUGHT. In that case, please seek medical advice in accordance with current procedures1. Name of Academic / Technical Staff 

……………………………… 

Signature of Academic / Technical Staff …………………………. Date ……………………….. 
 
This document will be stored on the Electronic Document Management System in the University of 
Portsmouth and the paper copy will be destroyed. 

 
 
 

1 DS&ES Guidelines for medical assessment and medical cover for human tests. 
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Appendix 6 - Participant Information Sheet for blood taking 

 

 

 

School of Sport, Health & Exercise Science 

Spinnaker Building, Cambridge Road 

PORTSMOUTH, PO1 2ER 

Participant information sheet for taught laboratory and research projects that require blood samples to 

be taken. 

Blood samples will be taken by either skin puncture capillary sample e.g fingertip/earlobe using a small lancet 

or by Venepuncture e.g inserting a needle into a vein. 

The method of sampling to be used and the amount of samples to be taken will be stated in the taught 

laboratory/research project information which you should read carefully before consenting to take part. 

For Skin Puncture via capillary sample up to a maximum of 12 samples per day may be taken 

For venepuncture, no more than 30ml will be withdrawn per sample, up to 6 samples per day. 

Blood samples taken during taught laboratory classes will only be used for analysis on the day of sampling and 

for the purpose described in the taught laboratory schedule. Blood taken for research projects may only be used 

for the purpose stated and must be stored in accordance with the Human Tissue Act 2004. 

 

You should inform the taught laboratory leader or investigating research officer prior to giving voluntarily consent 

if you have any medical condition that may be affected by having blood taken or if you have ever: 

1. Suffered from Jaundice 

2. Received a blood transfusion or blood products 

3. Been refused as a blood donor 

4. Had a blood-borne virus (e.g Hepatitis B) 

5. Recently travelled in malaria endemic countries 

6. Been a previous drug user 

 

Any information regarding the above will be treated with the strictest confidence and is not for the purpose of 

excluding participation. The information will be used to ensure the safety of the participant and staff members 

taking blood samples as well aiding in the prevention of cross contamination from potential blood spills.  
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Appendix 7 – Blood Sample Consent Form  

 

School of Sport, Health and Exercise Science 

AGREEMENT TO HAVE BLOOD DRAWN BY SKIN PUNCTURE AND/OR VENEPUNCTURE 

(To be completed by the participant) 

 

ALL INFORMATION RELATING TO THESE PROCEDURES ARE CONFIDENTIAL 
 

I voluntarily agree to allow blood to be drawn from me by skin puncture and/or venepuncture. 
Skin Puncture via capillary sample e.g. fingertip/earlobe up to a maximum of 12 samples per day 
For venepuncture, no more than 30ml will be withdrawn per sample, up to 6 samples per day. 
I understand that the blood will only be used for either laboratory classes or research as described in the 
information provided. 
 

I have not: 
1. Suffered from jaundice 
2. Received blood transfusions 
3. Received blood products 
4. Undergone dialysis treatment 
5. Been refused as a blood donor 
6. I am not in a recognised risk group for human immunodeficiency virus (H.I.V.) infection. 

 

Is there any other condition that you think may affect you having blood taken?         Y/N 
 

If yes please give details……………………………………………………......................................... 
 

……………………………………………………………………………................................................. 
 

Signed ……………………………………………   Date ……………...………........ 
 

Name (block letters) ……………………………………………………………………………................ 
 
Declaration by the Academic Investigator/Project Officer 
I confirm that I have provided detailed information and explained the nature of the procedures to the participant 
and that his/her consent has been given freely and voluntarily. 
Appendix 8 – Sleep Disorders Questionnaire 

Name:   Date:  
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Pittsburgh Sleep Quality Index (PSQI) 

Instructions: The following questions relate to your usual sleep habits during the past month only. Your answers should indicate 
the most accurate reply for the majority of days and nights in the past month. Please answer all questions. 

1. During the past month, what time have you usually gone to bed at night?    
2. During the past month, how long (in minutes) has it usually taken you to fall asleep each night?  

  
3. During the past month, what time have you usually gotten up in the morning?     
4. During the past month, how many hours of actual sleep did you get at night? (This may be different than the 

number of hours you spent in bed.)    
 

5. During the past month, how often have you had 
trouble sleeping because you… 

Not during 
the past 
month 

Less than 
once a 
week 

Once or 
twice a 
week 

Three or more 
times a week 

a. Cannot get to sleep within 30 minutes     
b. Wake up in the middle of the night or early 

morning 
    

c. Have to get up to use the bathroom     
d. Cannot breathe comfortably     

e. Cough or snore loudly     
f. Feel too cold     
g. Feel too hot     
h. Have bad dreams     
i. Have pain     
j. Other reason(s), please describe:     

6. During the past month, how often have you 
taken medicine to help you sleep (prescribed or 
“over the counter”)? 

    

7. During the past month, how often have you had 
trouble staying awake while driving, eating meals, 
or engaging in social activity? 

    

 No 
problem 

at all 

Only a 
very slight 
problem 

Somewhat 
of a 

problem 

A very big 
problem 

8. During the past month, how much of a problem 
has it been for you to keep up enough enthusiasm 
to get things done? 

    

 Very 
good 

Fairly 
good 

Fairly 
bad 

Very 
bad 

9. During the past month, how would you rate 
your sleep quality overall? 

    

 No bed 
partner or 
room mate 

Partner/room 
mate in 

other room 

Partner in 
same room but 
not same bed 

Partner in 
same bed 
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10. Do you have a bed partner or room 
mate? 

    

 Not during 
the past 
month 

Less than 
once a week 

Once or twice 
a week 

Three or 
more times 

a week 
If you have a room mate or bed partner, ask 
him/her how often in the past month you have 
had: 

    

a. Loud snoring     
b. Long pauses between breaths while asleep     
c. Legs twitching or jerking while you sleep     
d. Episodes of disorientation or confusion 

during sleep 
    

e. Other restlessness while you sleep, please 
describe: 
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Scoring the PSQI 

The order of the PSQI items has been modified from the original order in order to fit the 
first 9 items (which are the only items that contribute to the total score) on a single page. 
Item 10, which is the second page of the scale, does not contribute to the PSQI score. 

 
In scoring the PSQI, seven component scores are derived, each scored 0 (no difficulty) 
to 3 (severe difficulty). The component scores are summed to produce a global score 
(range 0 to 21). Higher scores indicate worse sleep quality. 

 

Component 1: Subjective sleep quality—question 9 
Response to Q9 Component 1 score 
Very good  0 
Fairly good 1 
Fairly bad 2 
Very bad 3 
 

 
Component 2: Sleep latency—questions 2 and 5a 

 
 
 
 
 
 

Component 1 score:   

Response to Q2 Component 2/Q2 subscore 
< 15 minutes 0 
16-30 minutes 1 
31-60 minutes 2 
> 60 minutes 3 

Response to Q5a Component 2/Q5a subscore 
Not during past month  0 
Less than once a week 1 
Once or twice a week 2 
Three or more times a week 3 

Sum of Q2 and Q5a subscores Component 2 score 
0 0 
1-2 1 
3-4 2 
5-6 3 
 

Component 3: Sleep duration—question 4 

Response to Q4 Component 3 score 
> 7 hours 0 
6-7 hours 1 
5-6 hours 2 
< 5 hours 3  
 

Component 4: Sleep efficiency—questions 1, 3, 
and 4 

Component 2 score:   
 
 
 
 
 
 

Component 3 score:   
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Sleep efficiency = (# hours slept/# hours in bed) X 100% 
# hours slept—question 4 
# hours in bed—calculated from responses to questions 1 and 3 

Sleep efficiency Component 4 score 
> 85% 0 
75-84% 1 
65-74% 2 
< 65% 3 

Component 4 score:   
 
Component 5: Sleep disturbance—questions 5b-5j 

Questions 5b to 5j should be scored as follows: 
Not during past month 0 
Less than once a week 1 
Once or twice a week 2 
Three or more times a week 3 

Sum of 5b to 5j scores Component 5 score 
0 0 
1-9 1 
10-18 2 
19-27 3 

Component 5 score:   
 

Component 6: Use of sleep medication—question 6 
Response to Q6 Component 6 score 
Not during past month 0 
Less than once a week 1 
Once or twice a week 2 
Three or more times a week 3 

Component 6 score:   
Component 7: Daytime dysfunction—questions 7 and 8 

Response to Q7 Component 7/Q7 subscore 
Not during past month  0 
Less than once a week 1 
Once or twice a week 2 
Three or more times a week 3 

 
Response to Q8 Component 7/Q8 subscore 
No problem at all  0 
Only a very slight problem 1 
Somewhat of a problem 2 
A very big problem 3 

 
Sum of Q7 and Q8 subscores Component 7 score 
0 0 
1-2 1 
3-4 2 
5-6 3 

Component 7 score:   
 

Global PSQI Score: Sum of seven component scores:   



113 
 

 
 

Copyright notice: The Pittsburgh Sleep Quality Index (PSQI) is copyrighted by Daniel J. 
Buysse, M.D. Permission has been granted to reproduce the scale on this 
website for clinicians to use in their practice and for researchers to use in non- 
industry studies. For other uses of the scale, the owner of the copyright should 
be contacted. 

 
 

Citation: Buysse, DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ: The Pittsburgh 
Sleep Quality Index (PSQI): A new instrument for psychiatric research and 
practice. Psychiatry Research 28:193-213, 1989 
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Appendix 9 – Diet, Sleep, & Exercise Diary 

 

 

 

 

 

 

 

 

The Individual and Combined Effects of Exercise and Partial Sleep 
Deprivation on Cognitive Performance. 

 

Confidential Diet, Sleep, & Exercise 
Diary 

 
 
Participant number: 
 
Date of starting diary: 
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Instructions 

For the four days leading up to your first block of visits to the lab we would like you 
to complete this diary. We would also like you to complete it in between visits. For 
the four days leading up to your second block of visits to the lab we would again like 
you to complete this diary. However, this time we would like you to use your first four 
days of diary entries to try and replicate your dietary intake and exercise. The same 
applies for the days between visits. 

Below you will find the instructions for how to complete this diary and the instructions 
for your nights of partial sleep deprivation. 

Completing the Diary 

Sleep 

The first part of this diary you are required to complete is the sleep section. Please 
complete this section upon waking each morning. If possible, we would like you to 
go to bed between the hours of 9pm and 12 midnight and wake between the hours 
of 5am and 8am on the days before the visit block. You should aim to get between 6 
and 8 hours of sleep each night. However, this is just a guideline, if you sleep more 
or less than this it is not a problem, so please answer all questions as honestly as 
you can. You will be asked to wear a wrist based actigraph to record your sleep time.  

Diet  

The next section will be the diet section. For this we would just like you to simply 
write what it is that you ate, how much of it you ate and the time that you ate it (See 
below for an example). 

Breakfast Time 

200g of porridge, 1 banana, 1 cup of coffee 7.30am 

 

Exercise 

For the exercise section, please put the type of exercise that you did, how long you 
did it for and then a rating of perceived exertion for the whole session (see below for 
an example). 

Exercise Time 

1 hour of running. Session RPE: 13 11.00am 
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Instruction for Partial Sleep Deprivation 

As part of this study, you will be sleeping a reduced number of hours for three nights. 
This will be done at your home, without the presence of a member of the research 
team. We have tried to not put too many limitations on your behaviour during this 
time as we want you to be as comfortable as possible.  

The main aim of this part of the experiment is for you to stay awake until 2 a.m. so 
you get a sleep opportunity window of 5 hours, with 7 a.m. as the wake-up time (the 
time slot can be fixed if there is an individual requirement e.g. working time). We are 
happy for you to carry out any of the activities listed below in order to prevent you 
from falling asleep earlier than supposed to. Any time that you do feel like you may 
fall asleep please let the researcher know via text message and they will make some 
suggestions that may help you stay awake.  

● Reading 
● Watching TV / movies 
● Chatting to a housemate 
● Working at a laptop 
● Playing cards 
● Playing a games console 
● Listen to music 
● Eating and drinking (must be recorded) 

 
I also ask that you abide by the following rules: 
 

● No lying down 
● No exercise. However, we recommend that every hour you go for a 5-minute walk 

to help keep you awake.  

● No caffeine on the 12 hours prior to a lab visit. 

● No caffeine on the day visiting the lab. 
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Date: 

Day 1. Sleep 

 

1. What time did you go to bed last night? 

 

2. What time did you get up this morning? 

 

3. Did you wake in the night? If so, how long would you estimate you were 
awake for? 

 

4. Using the scale below how would you rate your level of sleepiness right 
now? 

 
 
 
 
 
 
 
 
 
 
 
Day 1. Diet and Exercise 
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Please record the type and amount of food that you have eaten. Please also 
include any drinks that you consume, including water.  

Breakfast Time 

  

Lunch Time 

 
 

 

Dinner Time 

  

Snacks Time 

  

 
Exercise 

Please record the type of exercise you have done, and the amount of time 
spent doing it. Please also indicate your rating of perceived exertion. 

Exercise Time 
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Appendix 10 – Profile Mood States Short Form 

Below is a list of words that describe feelings people have. Please CIRCLE THE NUMBER 
THAT BEST DESCRIBES HOW YOU FEEL RIGHT NOW. 

 
 

 Not At All A Little Moderately Quite a lot Extremely 

Tense 0 1 2 3 4 

Angry 0 1 2 3 4 

Worn Out 0 1 2 3 4 

Unhappy 0 1 2 3 4 

Proud 0 1 2 3 4 

Lively 0 1 2 3 4 

Confused 0 1 2 3 4 

Sad 0 1 2 3 4 

Active 0 1 2 3 4 

On-edge 0 1 2 3 4 

Grouchy 0 1 2 3 4 

Ashamed 0 1 2 3 4 

Energetic 0 1 2 3 4 

Hopeless 0 1 2 3 4 

Uneasy 0 1 2 3 4 

Restless 0 1 2 3 4 

Unable to concentrate 0 1 2 3 4 

Fatigued 0 1 2 3 4 

Competent 0 1 2 3 4 

Annoyed 0 1 2 3 4 

Discouraged 0 1 2 3 4 

Resentful 0 1 2 3 4 

Nervous 0 1 2 3 4 

Miserable 0 1 2 3 4 
PLEASE CONTINUE WITH THE ITEMS ON THE NEXT PAGE 



120 
 

 Not At All A Little Moderately Quite a lot Extremely 

Confident 0 1 2 3 4 

Bitter 0 1 2 3 4 

Exhausted 0 1 2 3 4 

Anxious 0 1 2 3 4 

Helpless 0 1 2 3 4 

Weary 0 1 2 3 4 

Satisfied 0 1 2 3 4 

Bewildered 0 1 2 3 4 

Furious 0 1 2 3 4 

Full of Pep 0 1 2 3 4 

Worthless 0 1 2 3 4 

Forgetful 0 1 2 3 4 

Vigorous 0 1 2 3 4 

Uncertain about things 0 1 2 3 4 

Bushed 0 1 2 3 4 

Embarrassed 0 1 2 3 4 
 
 

THANK YOU FOR YOUR COOPERATION 

PLEASE BE SURE YOU HAVE ANSWERED EVERY ITEM 
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Appendix 11 – Stanford Sleepiness Scale 

Stanford Sleepiness Scale 

 
 
This is a quick way to assess how alert you are feeling. If it is during the day when you 
go about your business, ideally you would want a rating of a one. Take into account 
that most people have two peak times of alertness daily, at about 9 a.m. and 9 p.m. 
Alertness wanes to its lowest point at around 3 p.m.; after that it begins to build again. 
Rate your alertness at different times during the day. If you go below a three when you 
should be feeling alert, this is an indication that you have a serious sleep debt and you 
need more sleep. 

An Introspective Measure of Sleepiness 
The Stanford Sleepiness Scale (SSS) 

Degree of Sleepiness Scale 
Rating 

Feeling active, vital, alert, or wide awake 1 

Functioning at high levels, but not at peak; able to 
concentrate 

2 

Awake, but relaxed; responsive but not fully alert 3 

Somewhat foggy, let down 4 

Foggy; losing interest in remaining awake; slowed down 5 

Sleepy, woozy, fighting sleep; prefer to lie down 6 

No longer fighting sleep, sleep onset soon; having dream-
like thoughts 

7 

Asleep X 
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Appendix 12 – Peer Review Form 

Peer Review for Applications to a Research Ethics Committee 

Please would you review the attached research/innovation project that has/will be submitted for review by 
the faculty ethics committee. 

Background: 

It is University policy that all proposed research/innovation projects receive a suitable ethics review1. Staff 
and post-graduate projects are commonly reviewed by their relevant Faculty Research Ethics Committee. 
Although these committees do include academics (normally two from each school), they do not necessarily 
include methodological and subject area expertise for every study that is reviewed. The committees 
therefore relies on a suitable peer review from an independent expert to reassure themselves that the area 
of study and proposed methodology are appropriate. 

Peer reviewers are chosen on the basis that they are familiar with the type/area of the research/innovation 
proposed and can make an independent assessment of the quality of the protocol. Applicants should have 
provided you with sufficient information to allow you to make your judgement. Please complete the form 
and qualify your views where necessary, adding comments against individual criteria and outlining overall 
comments at the end. 

Thank you for taking the time to complete this review. 

Details of Project: 

Title of Project: The Individual and Combined Effects of Exercise and 
Partial Sleep Deprivation on Cognitive Performance. 

Supervisor / Principal Investigator: Dr Joe Costello, Dr Matt Dicks 

Student name & Degree (if applicable): Juan Badariotti 

 

Details of reviewer: 

Name of Reviewer: Matt Dicks 

Area of expertise in relation to the project: Research expertise in the area of cognitive 
performance 

I have been involved in the design or development of the proposed project   

Date: 19th February 2021 

Email address (to confirm the review if 
necessary): 

Matt.dicks@port.ac.uk 

                                                           
1 University Ethics Policy 2017: http://policies.docstore.port.ac.uk/policy-
028.pdf?_ga=2.174423591.421298547.1553026753-1739370023.1536651288 
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Please provide your views on the project proposal, commenting specifically on the areas identified in the 
left hand column. 

A. RESEARCH QUALITY 

Prompts: Comments 

1.  Background & Literature: Is the current state of 
knowledge outlined, well structured, coherent 
and well referenced? 

Content is very clear. It would be helpful to specify with 
greater detail what aspects of cognition are being 
investigated in the work. My reading is that the focus is on 
executive functions? 

2.  Research Question/Hypothesis: Is there a clear 
hypothesis/ question/purpose which leads on 
from the background and literature? 

A little elaboration would help to clarify the research 
hypothesis relative to cognitive performance. Specifically, 
there are 6 tests and 2 measures for each one outlined in 
the protocol. 

3.  Objectives: Are the objectives: 

a) stated clearly? 

See comment to Question 2. 

b) appropriate? See comment to Question 2. 

c) achievable? Yes 

4. Sample:  

a) Is the sample population described? 

Yes 

b) Is the recruitment process feasible? Yes 

5.  Design:  

a) is the design stated?  

Yes 

b) Is there a rationale for the approach? Yes 

6.  Methodology:  

a) Are the methods chosen appropriate? 

Yes 

b) Is the protocol of procedures clear? Yes 

7.  Research tools: Are the research tools (such as 
equipment, questionnaires and interviews) 
well structured, informed, and suitable for 
analysis? 

Some elaboration would benefit the current description of 
the proposed tests of cognition. If two or more are testing 
the same executive function, then it would likely be 
appropriate not to include both? 

8.  Analysis: is there an effective analysis plan? Yes 
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B. RESEARCH PLANNING AND PRACTICE  

9.  

 

The investigating team: Does the research 
team (including supervisors & collaborators) 
have the appropriate experience/skills to 
undertake the study? 

Yes 

10. Is there evidence of appropriate statistical 
support, where appropriate? 

 

Yes 

11.  

 

Would you advise further collaboration to 
ensure the study can be successfully 
completed? 

No 

 

C. GENERAL COMMENTS 

This is a detailed and well-written protocol. This work draws upon the established physiological experimental 
procedures that are underpinned by the expertise and experience of the PI, lead supervisor and technical 
support.  

 

Overall Assessment 

Please state clearly any specific changes you require. 

D. SPECIFIC CHANGES  RECOMMENDED 

There are some elements of the proposed cognitive measures that would warrant a little more consideration. 
These suggestions are highlighted in the above comments. 

 

FOR RESEARCHER FOLLOWING COMPLETION BY PEER REVIEWER: 

E. HOW CHANGES HAVE BEEN ADDRESSED 

1. This point will be further developed in the thesis, in interest of brevity a broader terminology was used to 
encompass the diverse fields examined by the battery of cognitive tests.  

2. This point will also be addressed in the thesis, as the level of detail needed to discuss the outcome measures 
would overextend the section 8. 

3. A) As in point 2 
B) As in point 2 

7. The cognitive tests have been named and briefly described in an individual manner (section 9.1). The tests now 
clearly show how they differ from each other and why it is important to have them included. 
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Appendix 13 – Risk Assessment 

UNIVERSITY RISK 

ASSESSMENT FORM 

 

Calculate: Probability multiplied by Severity for No/Post control scores. NB: 
For scores of 12 (High), or more contact the Health & Safety Office for further 
advice.  Due to the seriousness of the ‘Permanent Disability / Sight Loss and 
Fatal / Fatalities’ factors this has been given a medium rating on the ‘Unlikely’ 
probability. 

Site/Department: Sport & Exercise Science Severity  → Minor injury 
1 

Lost time/ 
Ill Health 

2 

Major / >7 days 
3 

Perm. Disability/  
Sight Loss 

4 

Fatality/Multiple 
fatality 

5 Probability ↓ 

Task/Activity/Area:  The Individual and Combined Effects of Exercise and 
Partial Sleep Deprivation on Cognitive Performance 

Highly 
Unlikely  1 1 2 3 4 5 

Unlikely   2 2 4 6 8 10 
Notes:  
 
 
 
(Including details of previous accidents/incidents) 

Possible  3 3 6 9 12 15 

Probable 4 4 8 12 16 20 
Risk Assessment Team:  Juan Badariotti & Harry Mayes 
 
 
(People completing the risk assessment, minimum of 2 people) 

Certain    5 5 10 15 20 25 
Risk assessment 
start date: 

 

Highly unlikely:  Slight chance of an 
accident happening                      

Unlikely:  An unusual combination of 
factors would be required for an 
accident to happen              

Possible:  Not certain to happen but 
multiple additional unforeseen factors may 
result in an accident happening 

Probable:   Not certain to happen  but 
one additional unforeseen factor may 
result in an accident happening 

Certain: A high probability of an accident 
happening 

Minor injury:  Injury requiring basic 
first aid i.e. Plaster or cold compress 

Lost time / Ill health:  Injury that 
requires medical treatment at hospital 
or GP 

Moderate/ > 7 days off work:  An injury 
or work related illness reportable under 
The Reporting of Injuries, Diseases and 
Dangerous Occurrences Regulations 2013  

Perm Disability / Eye Sight loss:  
Likely permanent disability Acute/ 
Chronic health effects 

Fatality / Multiple fatality:  
An injury/  Ill health that results in a fatality or 
fatalities 

Dept. Manager (Print Name): 
 
RICHARD THELWELL Signature: 

 

Review Date:  
 
09.02.2021 Reviewed by:  

 
Reason for review:    Risk Assessment for Ethics Application 

HIGH 
MEDIUM 

LOW 
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Dept. Manager (Print Name): 
RICHARD THELWELL 

Signature:  
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Ref No or 
Task-step 

Identified hazards or Injury 
causes, highlighting risks (Injury 

focused - see checklist) 

People at risk 
i.e. Staff, students, 
visitors, contractors 

or the public 

Score -No 
controls 

(Probability  
x  Severity = 
calculation) 

Controls/Procedures/Key Behaviours 
(Existing controls, information, training etc.) 

Score -Post 
Controls 

(Calculation) 

Further action 
required 

Action 
Priority 
(H/M/L) 

General Lab Practise 

 
 

1.  
 
 
 

EQUIPMENT FAILURE AND/OR 
INCORRECT USE AND 

MAINTENANCE OF EQUIPMENT 

Staff & 
Participants 3 x 3 = 9 

 
1 (a) Instruction on correct set up and use of 

equipment. 
1 (b) Supervision of students and Participants whilst 

using equipment. 
1 (c) Regular inspection of equipment and general 

maintenance. 
1 (d) Annual PAT where appropriate by trained staff. 
1 (e) Ergometers to be cleaned after use - see COSHH 

Assessment for Biocleanse & Clinell disinfectant 
sprays. 

 

2 x 3 = 6 No further action L 

 
 

2.  
 
 
 

INADEQUATE PREPARATION FOR 
EXERCISE TESTING OR USE OF 

EQUIPMENT CAUSING MUSCLE 
OR JOINT DAMAGE 

Participants 3 x 3 = 9 

 
2 (a) Prior to participation Exercise and Health History 

Questionnaire completed according to medical 
category/purpose of activity. 

2 (b) participants should receive Pre-test information 
regarding experimentation requirements. 

2 (c) Informed Consent given to participate. 
2 (d) Instruction on correct techniques to be used where 

appropriate. 
2 (e) Adjustments made for correct positioning of seat 

height and handlebars for each participant prior to 
activity commencing. 

2 (f) Supervision at all times whilst equipment in use. 
2(g) First aid trained personnel and equipment on site at 

all times and reporting procedures in place to record 
incidents - See University Accident Reporting Policy 

2 x 3 = 6 No further action L 

 
 

3.  
 
 

FALLS FROM EQUIPMENT Staff & 
participants 3 x 3 = 9 

3 (a) Instruction where appropriate on correct 
techniques to be used when mounting and dismounting 

ergometers. 
3 (b) Toe clips to be used and tightened to secure feet. 

2 x 1 = 2 No further action L 

https://staff.port.ac.uk/departments/services/corporategovernance/healthandsafety/downloads/filetodownload,120267,en.docx
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 3 (c) Instruction on procedures to follow for termination 
of a maximal test to exhaustion 

3 (d) First aid trained personnel and equipment on site 
at all times and reporting procedures in place to record 

incidents - See University Accident Reporting Policy 
 

4. 
UNEVEN OR WET SURFACES, 
TRAILING ELECTRICAL LEADS  

CAUSING SLIPS TRIPS AND FALLS 

Staff & 
participants 3 x 3 = 9 

4 (a) All floors and walkways to be kept cleaned and 
drained where necessary, to reduce risk of slips. 
4 (b) All floors and walkways to be kept clear of 

unnecessary equipment to reduce the risk of trips. 
4 (c) All electrical leads/cables where possible are to be 

positioned in order to reduce the risk of trips. 
4 (d) Any exposed leads/cable to either be taped down 
or placed in cable covers to reduce the risk of tripping. 
4 (e) Warning signs for identified risks to be displayed 

within the laboratory or instructions to be given to 
laboratory users to highlight the identified risks. 

4 (f) Prompt cleaning of any spillages using correct 
methods and/or spill kit provided – see laboratory 

sterilisation Procedure notices and associated COSHH 
Assessments. 

4 (g) Floor surfaces are regularly checked for defects or 
unsafe conditions. Defects are reported to Estates and 

Campus services for repair action. 
4 (h) Monitoring of repair action in respect of any 

reported defects. 
 

2 x 3 = 6 No further action L 

5. 

USE OF EQUIPMENT CAUSING 
SKIN ALLERGIES 

Including use of disposable 
gloves, medi-swabs, micropore 

tape, plasters, gloves, and 
tegaderm 

Staff & 
Participants 3 x 1 = 3 

5 (a) Participants to complete Exercise and Health 
History Questionnaire for experiments within medical 
categories 1 and 2 prior to participation to identify any 

known allergies. 
5 (b) For taught laboratories where the medical 

category requires no completion of Exercise and Health 

2 x 1 = 2 No further action L 

https://staff.port.ac.uk/departments/services/corporategovernance/healthandsafety/downloads/filetodownload,120267,en.docx
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 History Questionnaire participants should be asked 
about any known skin allergies prior to informed 

consent being given. 
5 (c) Non-Latex gloves provided for PPE. 

5 (d) Occupational Health Service available following the 
development of any sensitivities to substances following 

occupational exposure. 
5 (e) COSHH assessments to identify health surveillance 

precautions where necessary. 
 

6.  

Electric Shock  

 

Researcher 
and 
participants 

 

 

 

3x 5 =15 

 

6(a) Participants warned not to tamper with electrical 
fixtures and fittings.  
6 (b) Equipment should be inspected before being turned 
on for any obvious faults. 
6 (c)If any faults are found the equipment will be taken 
out of use until repaired. 

6 (d) Correct Power leads and adapters used dependent 
on equipment 

6 (e) All electrical equipment is regularly PAT by trained 
staff. 

6 (f) General Maintenance and annual service and 
calibration of equipment. 

6 (g) Electrical equipment is unplugged before any 
maintenance is carried out and maintenance is done in 
accordance with manufacturers recommendations 

6 (h) Electrical equipment should not be used in 
wet/damp condition or near water. 

1 x 5 = 5 

 

N/A L 
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6 (i) In the event of electrical shock do not touch person 
affected, turn of equipment, and call for a first aid trained 
member of staff. 

6 (j) First aid trained personal and equipment on site at 
all times and reporting procedures in place to record 
incidents. 

 

7. 

 
 

USE OF PIPED IN COMPRESSED 
GASES AND CYLINDERS OF 

COMPRESSED GAS FOR 
CALIBRATION. 

 

Staff & 
students 3 x 2 = 6 

 
7 (a) Staff working with compressed gases should be 
aware of the University guidance on the safe use of 

compressed gases 
7 (b) Corporate Health and Safety provide training in the 

safe use of compressed gases. 
7 (c) COSHH Assessments should be completed for all 

compressed gases. 
7 (d) Safe handling, transporting and storage of 

compressed gasses should be done in accordance with 
the Risk Assessment for Compressed gases and specific 

COSHH Assessments. 
7 (c) Students to be instructed on use of compressed 

gas systems and supervised when required to use. 
7 (d) Appropriate PPE available within the  laboratory. 

1 x 2 = 2 No further action L 

Cycle Ergometer 

1. 
 
 
 

 
 

STABILITY OF ERGOMETER 
DURING MAXIMAL EXERCISE 

 

Staff & 
Participants 3 x 2 = 6 

1 (a) Flooring to be regularly checked for any defaults. 
1 (b) Ergometer is positioned on a flat even surface, or 
in a stable support rig depending on ergometer in use. 

2 x 3 = 6 No further action L 

2. 
 
 

TRAPPING OF CLOTHING ON 
EQUIPMENT 

 
Participants 3 x 1  = 3 

2 (a) Suitable exercise clothing to be worn when using 
ergometer, loose bottom trousers should be secured 
around the ankles 
2 (b) Footwear to be tied correctly and laces tucked in. 

1 x 1 = 1 No further action L 

https://staff.port.ac.uk/departments/services/corporategovernance/healthandsafety/downloads/filetodownload,169865,en.pdf
https://staff.port.ac.uk/departments/services/corporategovernance/healthandsafety/downloads/filetodownload,169865,en.pdf
https://staff.port.ac.uk/departments/services/corporategovernance/healthandsafety/downloads/filetodownload,169865,en.pdf
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2 (c) Where appropriate chain and ergometer chain 
housing should be checked to ensure it is correctly 

fitted, secured and free from cracks. 
 

3. 
 
 

 
SETTING UP AND USE OF 

ERGOMETERS 
- Trapping/cutting of 

fingers 
- Trailing leads 

Staff & 
participants 3 x 1 = 3 

3 (a) More than one operative should be available when 
stabilising ergometers onto associated support rigs. 
3 (b) Ensure all electrical/data leads are encased in a 

cable protector or taped to the floor. 
3 (c) Adjustments to seating positioning should NOT be 

made by the participant. 
 

 
 
 
 
 
 
 

2 x 1 = 2 

 
 
 
 
 
 

No further action 

 
 
 
 
 
L 

4. MOVING THE CYCLE ERGOMETER Staff 3 x 4 = 12 

4 (a) Most cycle ergometers have transport wheels that 
should be used when moving locations. 

4 (b) When moving between locations ensure a clear 
passage free of obstructions. 

4 (c) For Cycle ergometers that do not have transport 
wheels mechanical moving aids should be used with the 

assistance of other people. 
4(d) Mechanical moving aids are available and should be 

checked prior to use for serviceability. 
4 (e) Staff should have received manual handling 

awareness training and use correct lifting techniques - 
See Corporate Health & Safety Manual Handling 

 

 
 

2 x 4 = 8 

 
 

No further action 

 
 
L 

Laser Doppler 

1. USE OF LASERS 
Staff, 

researchers & 
participants 

1 x 1 = 1 1(a) Inform all researchers and participants not to look 
directly at the laser. 1 x 1 = 1 No further 

action 
L 

2. REACTION TO ADHESIVE PADS 

Staff, 
researchers 

and 
participants 

3 x 1 = 3 2(a) Refer to general laboratory guidelines risk 
assessment for use of equipment causing skin allergies. 2 x 1 = 2 No further 

action 
L 

https://staff.port.ac.uk/departments/services/corporategovernance/healthandsafety/atoz/manualhandling/
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3. ELECTRIC SHOCK 
Staff, 

researcher and 
participants 

2 z 5 = 10 3(a) Refer to general lab risk assessment guidelines for 
electric shock. 2 x 3 = 6 No further 

action 
L 

Centrifuges 

 
 

1. 
 
 
 

IMPROPER USE OF EQUIPMENT 
 

Staff & 
participants 3 x 3 = 9 

1 (a) Only staff with working knowledge of the use of 
the centrifuges are to use this equipment. 

1 (b) Signage as to the above. 
1 (c) Centrifuge only to be used in accordance with the 

manufacturer’s instructions. 
1 (d) A safety zone of 30cm around the centrifuge that is 

free other equipment and persons should be 
maintained during use. 

1 (e) The centrifuge must never be used in an explosive 
environment 

1 (f) Explosive, flammable or corrosive substances must 
not be centrifuged. 

1 (g) Substances prone to reaction with one another 
should not be centrifuge at the same time. 

2 x 3 = 6 No further 
action L 

 
 

2. 
 
 
 

EXPOSURE TO CHEMICALS AND 
HAZARDOUS SUBSTANCES 

Staff, students, 
participants & 

visitors 
3 x 2 = 6 

2 (a) Only competent staff with knowledge of the 
chemicals/ hazardous substances being used should use 

such substances 
2 (b) Chemicals and hazardous substances should be 

stored and used in strict accordance with instructions 
contained in manufacturer’s safety data sheets 

2 (c) COSHH assessments should be completed prior to 
use of any chemicals or hazardous substances. 

2 (d) Use of correct disposal methods for all chemicals 
and hazardous substances and any waste materials 

produced. 
2 (e) Provision and use of appropriate PPE 

2 (f) Toxic, radioactive or pathogenic substances must 
have an additional risk assessment prior to use of the 

centrifuge. 

2 x 2 = 4 No further 
action L 
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3. 
 
 
 

UNSTERILE EQUIPMENT, 
FACILITIES OR CONTAMINATED 

WASTE PRODUCTS CAUSING 
INFECTIOUS DISEASE 

 

Staff, students, 
participants & 

visitors 
3 x 3 = 9 

3 (a) The application of a strict regime of cleaning and 
sterilisation of equipment between samples and post 

experimental in accordance with manufacturer’s 
instructions. See COSHH & Safety data sheet for 

Biocleanse disinfectant spray & pre-injection swabs 
3 (b) Provision of appropriate containers for the 

biohazard waste material and regular collection and 
disposal of waste. 

3 (c) Information notices on display to inform all users 
of correct disposal routes and sterilisation procedures. 

3 (d) Provision of appropriate PPE 
3(e) Gloves to be used when handling any used 

equipment or potential hazardous samples. 
3 (f) Staff taking or handling blood should be Hep B 

vaccinated. 
3 (g) Provision of adequate personal hygiene facilities 

3 (h) General hygiene within the laboratory 

2 x 3 = 6 No further 
action L 

 
 

4. 
 
 
 

ROTOR INBALANCE CAUSES 
CENTRIFUGE MOVEMENT OR 

MALFUNCTION 
Staff 3 x 3 = 9 

4 (a) Centrifuge should be loaded and balanced in 
accordance with manufacturer’s instructions 

4 (b) Only original or approved replacement parts 
should be used with the centrifuge in accordance with 

manufacturer’s instructions. 
4 (c) The centrifuge should be mounted on a stable level 

surface 

2 x 3 = 6 No further 
action L 

 
 
 

5. 
 
 

CONTACT WITH ROATING PARTS Staff 2 x 3 = 6 

5 (a) Never attempt to open the centrifuge whilst it is 
still spinning 

5 (b) When the centrifuge stop button has been pressed 
wait until the display shows the rotation sped at zero 

before attempting to open. 
5 (c) The safety switches on all centrifuges should not 

allow for the centrifuge to be opened before it has 

1 x 3 = 3 No further 
action L 
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completely stopped. If this fails report immediately to 
technical staff for repair action to be taken. 

5 (d) Maintenance to the rotors should be done with 
the centrifuge switched off and in accordance with the 

manufacturer’s instructions. 
 

V̇O2max 

 
 

1. 
 
 
 

INFECTIOUS DISEASE 
Contamination from 

mouthpieces, face masks, nose 
clips, filters, breathing tubes, 
valves, volume turbines and 

disposable waste. 

Staff, 
Participants & 

visitors 
2 x 3 = 6 

1(a) The application of a strict regime of cleaning and 
sterilisation of equipment post experimentation and on 

a regular rota. Information to these processes is 
available on H&S lab notice boards 

1(b) Sterilisation procedures for equipment between 
subjects – see COSHH and Safety data sheets for Haz 

tabs, descogen & clothes wash 
1(c) Where appropriate disposable or non-return 

mouthpieces/filters to be used 
1(d) Non-disposable filters changed and disposed of at 

regular intervals as per manufacturer’s instructions. 
1(e) Provision of appropriate containers for waste 

material and regular collection and disposal of waste. 
1(f) Disposable gloves to be used when handling all used 

equipment and potentially contaminated waste. 
1(g) General hygiene within laboratory 

2 x 3 = 6 No further 
action L 

 
 

2. 
 
 
 

 
 
 

ELECTRICAL/MECHANICAL 
FAILINGS 

Staff,  
Participants, & 

visitors 
2 x 3 = 6 

2(a) Equipment should be inspected before being 
turned on for any obvious faults. 

2(b) If any faults are found the equipment will be taken 
out of use until repaired. 

2(c) All electrical equipment is regularly PAT by trained 
staff. 

2(d) General Maintenance and annual service and 
calibration of equipment. 

2 x 2 = 4 No further 
action L 

 
 INCORRECT USE OF EQUIPMENT Staff & 

Participants 3 x 2 = 6 3(a) Instruction on correct use and procedures 
3(b) Supervision at all times. 2 x 2 = 4 No further 

action L 
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3. 
 
 
 

 
 

4. 
 
 
 

USE OF PIPED IN COMPRESSED 
GASES AND CYLINDERS OF 

COMPRESSED GAS FOR 
CALIBRATION. 

 

Staff & 
participants 2 x 2 = 4 

4(a) Adherence to Risk assessment for use, transport 
and storage of compressed gas cylinders. 

4(b) Gas valves to remain at preset pressure values 
according to equipment manufacturers guidelines with 

pressure released after use. 
4(c) Gas release to be controlled via butterfly valves and 

cylinder open/close valves to minimising the need to 
change pressure on the valve heads. 

4(d) Students to be supervised at all times when using 
compressed gases. 

4(e) Appropriate PPE equipment available in Laboratory. 

2 x 1 = 2 No further 
action L 

Blood Sampling 

 
 

1 
 
 
 

EXPOSURE TO A POTENTIALLY 
INFECTIOUS BODY FLUID 

Staff & 
participants 3 x 3 = 9 

1 (a) Only Trained/competent persons are to take blood 
samples in accordance with Dept. approved procedures 
1 (b) Persons working with blood, sweat or urine should 

where appropriate be Hep B vaccinated (for staff the 
Occupational Health Dept. should be informed of dates 

vaccinations received and immune status). 
1 (c) Prior to consenting to having blood samples taken 

participants should have read the blood sampling 
information sheet and disclosed any known medical 

condition that may be affected by having blood taken or 
if they have aver suffered from any of the listed 

conditions. 
1 (d) Any cuts/grazes should be cleaned and covered 

prior to taking or handling blood. 
1 (e) Provision of appropriate PPE. Gloves and aprons to 
be used when taking, handling biological samples, used 

equipment, or carrying out other duties in the 

2 x 3 = 6 No further 
action L 
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immediate vicinity where these samples are being taken 
or analysed. 

 

 
 

2 
 
 

RISK OF NEEDLE STICK INJURY Staff & 
participants 3 x 5 = 15 

2 (a) Only Trained/competent persons are to take blood 
samples in accordance with Dept. approved procedures. 

2 (b) Needles/lancets to be disposed of immediately 
after use in the correct sharps containers. 

2 (c) Where possible lancets should be used that have 
self-retracting needles ensuring the needle is fully 

enclose prior to and post use. 
2 (d) Persons handling blood should be made aware of 

the Dept. needle stick injury emergency action 
procedures. 

2 (e) Counselling services are provided by occupational 
health for needle stick injuries. 

2 (f) First aid trained personal and equipment are on 
site at all times and Dept. procedures in place to report 

and record incidents. 

1 x 5 = 5 No further 
action L 

 
 

3 
 
 
 

RISK OF CROSS CONTAMINATION Staff & 
participants 3 x 3 = 9 

3 (a) The application of a strict regime of cleaning and 
sterilisation of equipment between subjects and post 
experimental – see COSHH & Safety data sheet for 

Biocleanse disinfectant spray 
3 (b) Provision of appropriate containers for biohazard 
waste materials and regular collection and disposal of 

waste. 
3 (c) Information notices on display to inform all users 
of correct disposal routes and sterilisation procedures. 

3 (d) Provision of appropriate PPE. Gloves and aprons to 
be used when taking, handling biological samples or 

used equipment. 
3 (e) Provision of adequate personal hygiene facilities 

3 (f) General hygiene within the laboratory. 

2 x 3 = 6 No further 
action L 
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4 
 
 

SPILLAGES Staff & 
participants 3 x 3 = 9 

4 (a) Blood spots or smearing from capillary sampling on 
equipment or surfaces should be removed using 

antibacterial disinfectant spray in accordance with the 
Dept. sterilisation procedures for general cleaning  
experimental – see COSHH & Safety data sheet for 

Biocleanse disinfectant spray. This also applies to any 
urine or sweat that may spill and contaminate surfaces. 
4 (b) larger spillages should be cleaned up following the 
Dept. sterilisation procedures disinfecting the area with 
a solution of 10,000 ppm of chlorine releasing agent or 

if necessary, using the body fluid spill kit – see COSHH & 
Safety data sheet for absorbent granules 

4 (c) When using absorbent granules care should be 
taken not to inhale during application. 

4 (d) At all times when cleaning up spillages disposable 
gloves and aprons should be worn. 

2 x 3 = 6 No further 
action L 

5 PARTICIPANT WELLBEING Participant 3 x 1 = 3 

5 (a) Only Trained/competent persons are to take blood 
samples in accordance with Dept. approved procedures. 
5 (b) Participants will have their blood sample collected 

while resting seated on a recumbent chair. If at any 
point the participant prefers not to have the blood 

collected, the sample will not be collected. 
5 (c) If a participant was to feel "light headedness" they 

will be asked to remain in the recumbent position, at 
rest, and water will be made available throughout. 

5(d) If there are any lasting issues, the participants will 
be instructed to consult a general practitioner, and our 
independent medical officer will be contacted per SHES 

procedures. 
 

3 x 1 = 3 No further 
action L 

COVID 19 
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1.  
Face-to-face 

recruitment/explanation of 
procedures 

Researchers 
and potential 
participants 

3 x 5 = 15 

1 (a) Screening and recruiting will be online where 
possible to limit face to face contact. Any face-to-face 

meeting will be socially distance and take place in a 
well-ventilated location e.g. outside. 

 
1 (b) Covid-19 symptom screening questionnaire 

(Appendix 4) to be given to participant and researcher’s 
1-day before experiment. This questionnaire will be 
emailed to the participant to be completed one day 
before testing and will be completed on the day of 

testing. If any symptoms are reported testing will not 
take place. Both researchers and participant to remain 

in daily contact for 14 days after completion of 
experiment. Participant and researcher will confirm (via 

a declaration included in the Covid-19 pre-screening 
questionnaire) that should they experience any 

symptoms during or post-testing, it is their 
responsibility to inform the researcher/participant. All 

researchers and participants are referred to the 
following website for testing should symptoms occur: 

https://www.nhs.uk/conditions/coronavirus-covid-
19/testing-and-tracing/get-an-antigen-test-to-check-if-

you-have-coronavirus/. 
 

1 (c) Where needed, participants that are staff or 
students may be encouraged to undergo testing at the 

on campus COVID-19 testing site. 

1 x 5 = 5 No further 
action L 

2.  Entering and exiting laboratory Everyone using 
the building 3 x 5 =15 

2 (a) Alcohol gel to be used on entering and leaving 
laboratory. Repeated and rigorous handwashing and/or 

use of alcohol gel to be enforced. Upon entry to the 
laboratory forehead temperature will be taken for the 

researchers and participant. Testing will only take place 
if temperature is < 37.3 °C using a forehead 

1 x 5 = 5 No further action L 

https://www.nhs.uk/conditions/coronavirus-covid-19/testing-and-tracing/get-an-antigen-test-to-check-if-you-have-coronavirus/
https://www.nhs.uk/conditions/coronavirus-covid-19/testing-and-tracing/get-an-antigen-test-to-check-if-you-have-coronavirus/
https://www.nhs.uk/conditions/coronavirus-covid-19/testing-and-tracing/get-an-antigen-test-to-check-if-you-have-coronavirus/
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thermometer which will be cleaned and sanitised after 
use. 

 
2 (b) One-way systems within the building and all 

signage must be followed and adhered to.  The 
participant will call the researcher as they arrive at the 
building and wait at the door.  They will then be met by 
the researcher and granted entry.  They will be escorted 

through the building to minimize risk of contact with 
others and whilst maintaining 2m distancing 

throughout. 
 

2 (c) The researcher will ensure all building users are 
aware of when participants will be due to enter and exit 
the building in order that other staff on site (including 

any caretakers) are able to ensure they keep access 
routes clear during these times. 

 
 

3.  Laboratory space Staff and 
participant 3 x 5 =15 

3 (a) A maximum of two researchers will be present in 
the laboratory at any one time (Cannot be less due to 

first aid requirements). Researchers will always remain 
2m apart throughout testing. In line with university 

guidelines, both researchers and participants will wear 
facemasks when inside the building and laboratory. 

Participants will remove their masks only when 
necessary such as when undertaking a period of data 
collection or during exercise. Upon cessation of data 

collection, the mask will be put back on. 
 

3 (b) Where social distancing is not possible, e.g., 
venepuncture or instrumentation, researchers are to 
wear a facemask, reusable full-face visor OR goggles, 

1 x 5 = 5 No further action L 
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apron, and single-use gloves for as long as they remain 
in within 2m of a participant. Participants will also wear 
a surgical facemask. These measures should ensure the 
risk of transmission from researcher to participant and 
vice versa is low. A facemask will be worn by all before 

and after participant testing, during this time 
researchers may be analysing samples, cleaning or 
preparing the testing environment and can socially 

distance more easily. Any used PPE to be disposed of in 
contaminated waste. Regular hand washing by staff and 

participants throughout. 
 
 

3 (c) All researchers and participants will watch the 
following video to learn the correct procedures for 

taking PPE on and off: 
https://www.youtube.com/watch?v=-GncQ_ed-

9w&feature=youtu.be 
 

3 (d) Sanitize all surfaces and equipment before and 
after each participant with disposable cloths, PPE 

(disposable gloves, aprons, and protective eye wear) 
and using a cleaning solution containing 70-90% ethanol 

or isopropanol – cleaning should take place more 
frequently if areas are in constant use. 

4.  Use of the toilet Staff and 
participant 3 x 5 =15 

4 (a) Researcher and participant to use separate toilets 
(rooms) within the laboratory. Soap and hand sanitiser 
provided with instruction and guidance. Individuals will 

be instructed to flush toilets with the seat down to 
prevent possible aerosolised droplets. 

1 x 5 = 5 No further action L 

5.  Attaching facemask to participant Staff and 
participant 3 x 5 =15 

5 (a) Participant to initially attach facemask themselves 
using a mirror under instruction from the researcher. 

Remaining behind the participant at all times, the 
1 x 5 = 5 No further action L 

https://www.youtube.com/watch?v=-GncQ_ed-9w&feature=youtu.be
https://www.youtube.com/watch?v=-GncQ_ed-9w&feature=youtu.be
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researcher will tighten the head strap. The researcher 
will be wearing the PPE equipment described above. 

6.  Instrumentation of Laser Doppler 
probe 

Staff and 
participant 3 x 5 = 15 

6 (a) It will not be possible for the participant to attach 
the Laser Doppler probe to their forehead. Therefore, 

the researcher will be wearing appropriate PPE and 
stand to the side of the participant, not face to face. 

1 x 5 = 5 No further action L 

7.  Instrumentation of the 
participant 

Staff and 
participant 3 x 5 = 15 

7 (a) The participant will be required to instrument 
themselves with the ECG leads. Participant to self-

attach device to anatomical location under the 
researcher’s instruction advised from 2m away  when 

possible. However, this may not be possible all the time 
and in this case the researcher may have to intervene in 

appropriate PPE and remaining to the side of the 
participant as much as possible. 

1 x 5 = 5 No further action  

8.  Blood sampling (fingerprick) 
Researcher 

and 
participants 

4 x 4 = 20 

8 (a) Existing controls for safe fingerprick blood 
sampling include wearing single-use nitrile gloves and 

protective apron which will be disposed of in 
appropriate biohazard bins, cleaning the skin with a 70% 

IPA alcohol pre-injection swab. To reduce the risk of 
transmission the sample will be taken from one side 

with the participant instructed to turn their head to face 
the other way. Additionally, a facemask and visor will be 

worn. 

1 x 5 = 5 
No further 

action 
L 

9.  Blood sampling (venepuncture) 
 

Researcher 
and 

participants 
4 x 5 = 20 

9 (a) Controls are already in place for good 
venepuncture practice including thorough handwashing 
prior to sampling, wearing single-use aprons and nitrile 
gloves which are changed between samples. To further 
limit the spread of infection, facemasks and visors will 
be worn by those involved as social distancing is not 

possible. Participants will be asked to face away from 
researcher during sample collection and 

1 x 5 = 5 
No further 

action 
L 
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10.  
Using equipment such as 

mouthpieces, rectal thermistors, 
facemasks and using surfaces 

Researcher 
and 

participants 
3 x 5 = 15 

10 (a) Existing measures are in place to ensure 
equipment is correctly sterilized after each use. In line 
with adequate social distancing, only one participant 

will be tested at any one time. After use on participants, 
any equipment. Surfaces and equipment used to be 

wiped down with viricidal solutions / alcohol wipes at 
the end of each testing session. 

 
10 (b) As stated in the cleaning protocols, anyone 

handling the used equipment will be required to wear 
appropriate PPE (gloves, face masks etc.). After the 
study has been completed with one individual, all 

equipment will undergo thorough sterilisation/cleaning 
in line with current cleaning protocols before used by 

another participant to prevent any between-participant 
contamination (already implemented pre-COVID). 

   

11.  Participants tested per day Staff and 
participant 2 x 5 = 10 

11 (a) Only 1 participant to be tested in the lab per day. 
All equipment appropriately cleaned and sterilised 

before next use. All equipment to be thoroughly and 
comprehensively sterilised / disinfected before and 

after use. Surfaces and non-invasive medical equipment 
will be wiped down using Biocleanse (biocidal cleaner) 
and Universal cleaning wipes. Respiratory apparatus to 
be sterilised using chlorine releasing disinfecting tablets 

(Haz-tab). In addition, after the participants have 
finished the experiment, they will place their own masks 
and respiratory equipment into the sterilisation solution 

themselves. 

1 x 5 = 5 
No further 

action 
L 

12.  Handling of body fluids (blood, 
urine and sweat) 

Researcher 
and 

participants 
4 x 5 = 20 

12 (a) Strict measures are already in place for protecting 
the researcher from infection (gloves, goggles, and 

single use aprons). Addition of facemasks and visors to 
the PPE will ensure further reduction of transmission 

risk. 
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13.  Participant monitoring 
Researcher 

and 
participants 

3 x 5 = 15 

13 (a)To reduce the risk of transmission, researchers will 
limit the time that they spend in the chamber with the 
participant. However, this will not be possible during 

the beginning and ending of the cognitive performance 
testing when the researcher will have to operate the 

computer. During the resting periods, participants will 
be closely observed through the window outside the 
laboratory with the researcher only entering at the 

request of the participant or to collect perceptual data. 
When required to enter the chamber with the 

participant appropriate PPE (as previously described) 
should be worn and 2m distance maintained as much as 
possible. Performing exercise has not been identified as 

an ‘aerosol-generating procedure by Public Health 
Scotland and England (COVID-19: infection prevention 

and control guidance, Section 5.8.1, May 2020), 
therefore FFP3 masks are not required to be worn 

around exercising participants. Participants will only 
remove facemasks when performing exercise, these 

must be replaced immediately upon cessation of 
exercise and hand hygiene facilities will be readily 

available. Researchers will don facemasks alongside 
visors, aprons and gloves to provide extra protection if 

required to enter the chamber with an exercising 
participant. 

   

14.  
Maximal exercising testing 

producing high rates of 
ventilation. 

Researchers 3 x 5 = 15 

14 (a) Although exercise is not considered a ‘aerosol-
generating procedure by PHE, extra protection 

precautions will be put in place to minimise chances of 
transmission. This includes ensuring that researchers 

stay away from the front of the participant where 
transmission risk is highest and maintain adequate 
social distance as much as possible. Additionally, 

researchers will avoid standing in front of fan airflow at 

2 x 5 = 10 No further action  
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any point which it is provided to cool participants during 
testing. Where researchers are unable to maintain 

social distance, facemasks, visors OR goggles, apron and 
gloves will be worn. Participants will be required to 

wear a facemask wherever they are not undertaking 
exercise or data collection activity. Hand hygiene 

stations and facemasks will be provided for participants 
to utilise when exercise ceases. There are existing 

measures in place for cleaning the surrounding area 
which can become contaminated from maximal rates of 

ventilation and thorough cleaning of contact points 
must take place when testing is complete. 

15.  Clothing Staff and 
participant 3 x 5 =15 

15 (a) Participants usually bring a change of clothes for 
sessions that take place in the heat or if exercising, this 

rule will be enforced for all testing and participants 
encouraged to wash their clothes at 60ºC after testing. 

Researchers should also bring a change of clothes to 
change into once contact with others has finished. 

1 x 5 = 5 No further action L 

16.  
 

Administration of first aid / 
Resuscitation 

Staff and 
participant 

 
2 x 5 = 10 

16 (a) Following guidelines from Resuscitation UK 
https://www.resus.org.uk/media/statements/resuscitat
ion-council-uk-statements-on-covid-19-coronavirus-cpr-

and-resuscitation/covid-community/ 
‘’ Recognise cardiac arrest by looking for the absence of 

signs of life and the absence of normal breathing. Do 
not listen or feel for breathing by placing your ear and 
cheek close to the patient’s mouth. If you are in any 
doubt about confirming cardiac arrest, the default 

position is to start chest compressions until help arrives. 
Make sure an ambulance is on its way. If COVID 19 is 

suspected, tell them when you call 999. 
If there is a perceived risk of infection, rescuers should 
place a cloth/towel over the victim’s mouth and nose 

and attempt compression only CPR and early 

1 x 5 = 5 No further action L 
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defibrillation until the ambulance (or advanced care 
team) arrives. Put hands together in the middle of the 

chest and push hard and fast. 
Early use of a defibrillator significantly increases the 

person’s chances of survival and does not increase risk 
of infection. 

If the rescuer has access to any form of personal 
protective equipment (PPE) this should be worn. 

 
16 (b) After performing compression-only CPR, all 

rescuers should wash their hands thoroughly with soap 
and water; alcohol-based hand gel is a convenient 

alternative. They should also seek advice from the NHS 
111 coronavirus advice service or medical adviser.’’ 

17.  Partial sleep deprivation and 
sleep monitoring 

Staff and 
participant 3 x 5 = 15 

17 (a) The participant will complete the three nights of 
partial sleep deprivation at home without a member of 
the research team. This will reduce contact time and 
mean less staff have to come in to contact with the 
participant. To ensure safety, the participant will 
contact (via text or email) a member of the research 
team every 30 minutes during the established waking 
time. The participant will wear a water-resistant wrist 
actigraph (IP27, not submergible) activity tracker to 
monitor their movement and sleep. Nobody who lives 
alone will be recruited for this study.  
17 (b) If a participant spends a full night without sleep 
during the intervention, its participation in the study 
will be interrupted, and a new schedule (if desired) for 
the partial sleep deprivation will be arranged after at 
least 7 days. 
17 (c) All participants will be encouraged not to drive 
whilst partially sleep deprived. Instead, participants 
should utilise public transport, taxi, or walk. Participants 

1 x 5 = 5 No further 
action L 
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will be escorted to their homes following the post 
partial sleep deprivation experimental session. 
17 (d) If at any stage of data collection, the participant 
feels too affected by the loss of sleep and wishes to 
withdraw, a bed will be provided (air mattress), and 
they will be allowed to rest until they feel ready to go 
home. 
 

18.  Donning, doffing and disposal of 
PPE 

Staff and 
participant 3x5=15 

18 (a) Clear instructions will be sent to visitors / 
contractors electronically prior to their visit and 

displayed in the lab to enable safe donning, doffing, 
sanitisation, and disposal of PPE. 

18 (b) The researchers will also abide by these 
instructions for all PPE worn. 

18 (c) PPE to be disposed of in laboratory waste, treated 
as contaminated and processed as normal. 

2x5=10 none L 
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Appendix D - Conducting Research During the Pandemic “Project Restart” Documentation 
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Appendix E - Badariotti J.I., Williams T.B., Corbett J., Tipton M.J., & Costello J.T. (2021, April 7-8). The effects of exercise on cognitive performance following 
overnight sleep deprivation [Poster presentation]. The British Association of Sport and Exercise Science (BASES) 2021 Student Conference, Southampton, 
United Kingdom. 
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Appendix F - Benchetrit S., Badariotti J.I., Corbett J. & Costello J.T. (Oct 2021). Cognitive performance 
at the world record-breaking Suffolk Back Yard Ultramarathon: a cocktail of fatigue, sleep 
deprivation, and environmental stressors [Oral presentation]. The Royal College of Emergency 
Medicine Annual Scientific Conference, United Kingdom. 
 

ABSTRACT: 

Title: Cognitive performance at the world record-breaking Suffolk Back Yard Ultramarathon: a 
cocktail of fatigue, sleep deprivation, and environmental stressors 

Authors: Sandy Benchetrit, Juan I. Badariotti, Jo Corbett , Joseph T. Costello 

Ultra-marathons have increased in popularity over the last decade, with a growing number involving 
at least one night of sleep deprivation. These races push human physiology to the extremes and 
often result in injury and illness. There is growing evidence to suggest that altered cognition is an 
important contributor to these adverse events. Accordingly, this study investigated the hypothesis 
that competing in the Suffolk Back Yard Ultra-marathon, involving a 4.167 mile run starting on the 
hour, every hour, until volitional withdrawal or failure to complete within 1 hour, would result in 
impaired cognitive performance. 

Eleven healthy males volunteered to undertake this study [mean±SD, age: 38±8 years, distance 
covered 98.1±33.9 miles, duration 23.8±8.1 hours]. Pre-race sleep strategies were recorded with a 7 
day sleep diary. Baseline Two Choice Reaction Time (2CRT), response inhibition (Stroop task), and 
decision making (Tower Puzzle) was assessed, after familiarization, pre-race and on race completion. 
Data were analyzed using a paired sample T-test or a Wilcoxon signed-rank test as appropriate and 
correlation of cognitive performance and sleeping patterns was performed by Pearson’s correlation.  

While accuracy was sustained, reaction time was increased [453.2±39.3 vs. 530.4±82.0 ms; P=0.02] 
and throughput (number of correct responses per minute) [130.9±12.1 vs. 113.9±16.6; P<0.01] was 
reduced in the 2CRT task. The interference score, a measure of inhibitory control, in the Stroop task 
was reduced [23.1± 9.3 vs. 18.8±6.8; P=0.01]. Performance in the Tower puzzle remained 
unchanged. There was a significant relationship between 7 day average sleep scores and 2CRT 
throughput [r=-0.651; P=0.03].  

These findings partially support the hypothesis that ultra-marathons incorporating sleep deprivation 
lead to deteriorations in cognitive performance, in particular reaction time and inhibitory control. 
These effects may be reduced by increasing subjective sleep quality in the week prior to the race. 

 



179 
 

PRESENTATION SLIDES: 

 



180 
 

 



181 
 

 

 



182 
 

Appendix G - Nin Corredera, S., Lagarda Jiménez, E., Herranz Rodríguez, C., Alcaraz Rodríguez, A., & 
Badariotti, J. I. (2021). Enfermedad renal crónica en Atención Primaria: prevalencia y factores 
modificables. Metas de enfermería, 24(9), 57-63. 
https://doi.org/10.35667/MetasEnf.2021.24.1003081826 
 

 

 

https://doi.org/10.35667/MetasEnf.2021.24.1003081826


183 
 

 

 



184 
 

Appendix H -. Supplementary Tables 
Table 5 
Reaction Time and Accuracy for the ANAM Cognitive Battery 

Cognitive task Control Partially sleep deprived 
 Resting Moderate intensity Exercise Resting Moderate intensity Exercise 

2-Choice RT     
Reaction Time (ms) 393.2 (41.5) 363.9 (24.6) 405.5 (26.3) 385.3 (32.8) 

Accuracy (%) 97.5 (3) 96.04 (2.9) 96.2 (4.6) 96.04 (2.5) 
Logical Relations     
Reaction Time (ms) 1399.6 (484.6) 1219.7 (341.7) 1281.9 (395) 1151.4 (246.1) 

Accuracy (%) 88.9 (10.5) 91.6 (10.2) 90.5 (12.1) 90.3 (9.3) 
Math 90.0 (14.9) 90.8 (10.4) 86.7 (17.3) 87.9 (12.6) 
Reaction Time (ms) 1790.2 (835.3) 1507.2 (647.6) 1740 (902.8) 1333.8 (664.3) 

Accuracy (%)     
Manikin     
Reaction Time (ms) 871.1(270) 721 (121.5) 777.3 (176.8) 705.9 (152.6) 
Accuracy (%) 91.9(5.9) 90.6 (8.5) 93.1 (8.3) 91.9 (6.7) 
Switching     
Reaction Time (ms) 1414.7 (680.5) 1137.5 (414) 1336.8 (668.4) 1068.2 (424.8) 

Accuracy (%) 92 (8.2) 91.5 (9.1) 88.9 (11) 89.5 (11) 
1-Back     
Reaction Time (ms) 473.4 (48.8) 442.5 (50) 490.8 (67.2) 464 (57.1) 

Accuracy (%) 95.8 (4.9) 95.5 (3.3) 94.4 (3.6) 93.6 (4.8) 
2-Back     
Reaction Time (ms) 693.2 (175.8) 654.8 (167.5) 683 (189.8) 654.4 (169) 

Accuracy (%) 93.3 (7.4) 92.8 (8.3) 97.7 (6.4) 92 (6.2) 
3-Back     
Reaction Time (ms) 820 (249.1) 709.9 (230.2) 802.4 (201.1) 717.8 (231.8) 

Accuracy (%) 88.6 (8.5) 90 (7.2) 84.7 (10.8) 83.6 (15.8) 
Note. Data presented as means (SD) (n = 12, males: 7, females: 5). 
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Table 6 
Main and Interaction Effects for  Heart Rate, Peripheral Oxygen Saturation, and Venous Cortisol Concentrations (n = 
12, males: 7, females: 5) and Cerebral Oxygenation (n = 10, males: 5, females: 5) 

Variables F statistic p value Partial Eta Squared Observed power 
HR (beat*min-1)     

Sleep 13.19 0.004 0.54 0.91 
Exercise 208.55 < 0.001 0.95 1.00 

Sleep*Exercise 1.55 0.238 0.12 0.20 
SpO2 (%)     

Sleep 1.08 0.319 0.09 0.15 
Exercise 1.57 0.235 0.12 0.21 

Sleep*Exercise 0.15 0.701 0.01 0.06 
TSI (%)     

Sleep 2.67 0.137 0.22 0.31 
Exercise 3.93 0.078 0.30 0.42 

Sleep*Exercise 0.21 0.657 0.02 0.07 
O2Hb     

Sleep 0.66 0.437 0.06 0.11 
Exercise 154.74 < 0.001 0.94 1.00 

Sleep*Exercise 1.78 0.214 0.16 0.22 
HHb     

Sleep 2.92 0.121 0.24 0.33 
Exercise 6.91 0.027 0.43 0.64 

Sleep*Exercise 0.01 0.971 0.00 0.05 
tHb     

Sleep 0.06 0.800 0.01 0.05 
Exercise 132.79 < 0.001 0.93 1.00 

Sleep*Exercise 0.90 0.366 0.09 0.13 
Note. Data analysed by two-way (Sleep status [Control, PSD] x Activity [Resting, Exercise]) repeated measures ANOVA. 
HR, Heart rate; SpO2, peripheral oxygen saturation; TSI, tissue saturation index; O2Hb, oxyhaemoglobin concentration; 
HHb, deoxyhaemoglobin concentration; tHb, total haemoglobin concentration. 
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Table 7 
Descriptive Statistics for Exercise Related Variables 

Variables Control PSD 
 Resting MIE Resting MIE 

Percentage V�O2max (%) 12.8(2.5) 46.1(3.6) 12.9 (2.5) 45.6 (3) 
Relative V�O2max (ml·min·kg-1) 5.3 

0.8 
19.3 
2.8 

5.4 
1.2 

19.1 
3.0 

V�E (l·min-1) 12.2 
1.7 

36.8 
6.4 

12.4 
2.1 

37.2 
6.0 

Lactate (mmol·l-1) 1.4 
0.4 

1.5 
0.8 

1.5 
0.6 

1.8 
1.1 

Note. Data presented as means (SD) (n = 12, males: 7, females: 5). V�E, minute ventilation; Lactate, blood 
lactate concentration. MIE, moderate intensity exercise; PSD, partial sleep deprivation. 
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Table 8 
Descriptive Statistics for Mood and Sleepiness Scores  

Variables Control PSD 
 Resting MIE Resting MIE 

Anger 0.2 (0.6) 0.1 (0.4) 0.4 (0.7) 0.3 (0.5) 
Anxiety 0.1 (0.3) 0.1 (0.2) 0.1 (0.2) 0.2 (0.4) 
Depression 0.1 (0.3) 0.1 (0.3) 0.0 (0.1) 0.2 (0.6) 
Fatigue 0.8 (1.2) 0.4 (0.4) 1.8 (1.6) 1.1 (1.2) 
Restlessness 0.4 (0.9) 0.2 (0.4) 0.4 (0.6) 0.4 (0.7) 
Happiness 4.0 (1.5) 4.1 (1.4) 3.7 (1.6) 3.7 (1.6) 
Vigour 3.0 (1.5) 3.9 (1.1) 2.3 (1.7) 3.1 (1.5) 
Sleepiness score 1.2 (0.4) 1.2 (0.4) 2.5 (0.7) 1.9 (0.8) 
Note. Data are presented as means (SD) (n = 12, males: 7, females: 5). Data corresponds to self-reported mood states 
and sleepiness scales, recorded at rest and while performing moderate intensity aerobic exercise (MIE) (~45 % V�O2max) 
following control sleep (3 nights of ~8 hours in bed) and partial sleep deprivation (PSD, 3 nights of < 5 hours in bed). 
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