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ABSTRACT 
 
In this study physiological and metabolic responses to continuous and interval exercise 

were compared using an arm crank ergometer. Eight physically active male participants 

(21.6±0.5 years) completed a 30-min continuous submaximal and interval exercise test on 

separate days. Exercise intensities were prescribed as percentage of peak aerobic power 

(%Wpeak) following a preliminary peak oxygen uptake (VO2peak) test. Respiratory 

parameters including oxygen uptake, carbon dioxide production and respiratory exchange 

ratio were measured throughout exercise. These parameters were used to calculate total 

aerobic energy expenditure, as well as carbohydrate and fat oxidation. During interval 

exercise higher rates of carbohydrate oxidation were associated with increased energy 

expenditure. Statistical analysis revealed a significant effect of exercise modality on 

energy expenditure, oxygen consumption, and fat oxidation. There was no difference 

between protocols for heart rate, respiratory exchange ratio or relative proportions of 

substrate utilised.  
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CHAPTER 1 

INTRODUCTION 

 

The modern day quest to get fit quick has led to high intensity interval training (HIIT) 

becoming a popular approach for enhancing cardiorespiratory fitness and health 

(Schoenfeld et al., 2009). In recent years much has been written about the benefits of HIIT 

to fitness, enhanced sporting performance and weight loss (Zuhl & Kravitz, 2012). 

Numerous studies have explored the benefits of HIIT compared to more traditional 

continuous exercise (CT), with much research concentrated on lower body exercise such 

as cycling and treadmill (Helgerud et al., 2007; Daussin et al., 2008; Zafeiridis et al., 2010). 

However, there has been much less research into the effects of HIIT using upper body 

exercise.  

 

Both interval exercise (IT) and CT are recognised exercise modalities applied in the fitness 

regimes of elite athletes, as well as the rehabilitation of those with chronic diseases 

(Puhan et al., 2005). Studies have shown that exercise intensity is an important factor in 

cardiovascular fitness and heart failure patients (Wisloff, 2007) and also results in 

substantially improved insulin action in young men (Babraj, 2009).  

 

Relatively few investigations have used arm crank ergometry (ACE), but several recent 

reports have identified important health and fitness benefits for those with chronic 

diseases, injury or physical disabilities where other modes of exercise such as lower limb 

activity is not possible. (Coupaud et al. 2009; Treat-Jacobson et al., 2009). 

 

Arm crank ergometry provides a valuable alternative means of exercise for those who are 

unable, or would otherwise find it difficult, to engage in common modes of exercise (e.g. 

treadmill, cycling). This includes patients with chronic diseases, physical disabilities, 

orthopaedic restrictions, leg circulation troubles such as claudication, paraplegics and 

patients who experience cardiac distress, the elderly and also the obese, specifically those 

with coronary artery disease (Shaw et al., 1974; Schwade at el., 1977; Balady et al., 1985; 

Blomqvist, 1985; Fletcher et al., 1988; Hanson et al., 1988; Goodman et al., 1989; Walker 

et al., 2000; Zwierska et al., 2005). Arm crank ergometry delivers information on 

physiological responses akin to what would be achieved exercising on a treadmill and is a 

legitimate way to assess cardiorespiratory fitness in a wide range of people (Price & 

Campbell, 1997; Smith et al., 2001, 2007). 
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Upper body and lower body exercise results in very different physiological responses. This 

was demonstrated by Eston and Brodie (1986) who examined the different responses to 

arm and leg ergometry. Proving valuable for a variety of people ACE offers a simple but 

feasible method of testing physiological and metabolic responses during upper body 

exercise. Despite the huge range of applied functions for ACE (Shaw et al., 1974; 

Sawka, 1986; DiCarlo, 1988; Myers & Bellin, 2000; Metter et al., 2004) only a small 

number of studies including those led by Yasuda et al. (2002) and Kang et al. (2004) have 

investigated how different exercise intensities affect metabolic responses.  

 

The aim of this study was to compare continuous submaximal exercise (CT) to periods of 

periods of high & low intensity exercise (IT) using an arm crank ergometer. It was 

hypothesised that rates of fat and carbohydrate oxidation would be different between the 

interval and continuous submaximal exercise tests. This study intended to investigate and 

compare the physiological and metabolic responses to these different exercise modalities. 

Findings of this study could lead to a better understanding of energy expenditure and the 

utilisation of fat and CHO during upper body exercise. Extending knowledge in this area 

could help determine the best modality of exercise, not only for sport training purposes, but 

also in the context of clinical prescription for obesity & chronic illnesses.  

 

  

http://www.tandfonline.com.ezproxy.uwic.ac.uk/doi/full/10.1080/02640410600831955#CIT0026
http://www.tandfonline.com.ezproxy.uwic.ac.uk/doi/full/10.1080/02640410600831955#CIT0024
http://www.tandfonline.com.ezproxy.uwic.ac.uk/doi/full/10.1080/02640410600831955#CIT0008
http://www.tandfonline.com.ezproxy.uwic.ac.uk/doi/full/10.1080/02640410600831955#CIT0020
http://www.tandfonline.com.ezproxy.uwic.ac.uk/doi/full/10.1080/02640410600831955#CIT0019
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Introduction  

 

Muscles employed during exercise use carbohydrate and fat as the main source of fuel 

(Martin & Klein, 1998). Muscle fuel selection during continuous exercise is affected by 

many factors such as intensity, duration, muscle fibre type composition, mode of exercise, 

training status and diet (Lindholm, 1995). Arm crank ergometry is a specific mode of 

exercise which serves as a means for upper body exercising in athletes; it can also 

provide exercise for those who are unable to participate in lower body exercise such as 

those with chronic diseases, physical disabilities, the elderly and obese. 

 

During continuous, steady state exercise the overall principles of substrate utilisation are 

well recognised (Romijn, 1993) with oxidation rates of fat and glucose having been shown 

to increase five to ten fold during prolonged, moderate intensity exercise (Klein et al., 

1994; Mendenhall et al., 1994). Substrate utilisation during steady interval exercise, 

however, is less well understood. Identifying fuel utilisation during different modalities of 

exercise is important for 1) understanding how various sporting activities impact substrate 

use; and 2) the use of exercise in the rehabilitation of injuries, and the treatment of obesity 

or chronic illnesses. Extending knowledge of fuel use also aids the understanding of 

metabolic diseases where defects in fuel use exist such as obesity (Colberg et al., 1995) 

and type II diabetes (Kelley & Simoneau, 1994; Martin et al., 1995). This review aims to 

assess the literature concerning the topic of substrate utilization during different exercise 

intensities, including differences that have been reported between continuous and interval 

modalities, as well as during different modes of exercise.     

 

2.2 Substrate Utilisation and Exercise Intensity  

 

The impact of exercise intensity upon the rates of carbohydrate and fat oxidation during 

exercise can be significant. One of the earliest studies to quantify the effects of exercise 

intensity on fat and carbohydrate (CHO) utilisation was published by Romijn et al. (1993) 

using intensities of percentage maximal oxygen uptake (VO2max). This study demonstrated 

that fat oxidation increased from low intensity (25% VO2max) to moderate intensity (65% 

VO2max) exercise, and decreased during high intensity exercise (85% VO2max). This study 
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developed the calculation of CHO and fat oxidation rates through methods of indirect 

calorimetry. The calculation is based on the theory that oxygen consumption (VO2) and 

carbon dioxide production (VCO2) accurately estimate the oxygen consumption and 

carbon dioxide production by the working tissue (Frayn, 1983). The findings of this study 

suggest that fat oxidation rates reach a maximum at certain intensities. Further 

investigations have been conducted in this area; Sidossis et al. (1997), Van Loon et al. 

(2001) and Bassami et al. (2007). These studies all investigated the influence of low, 

moderate and high intensity exercise on CHO and fat oxidation rates during either 30 or 60 

minutes of exercise at various percentages of VO2max workload, the results of which are 

discussed below.  

 

2.2.1 Carbohydrate Oxidation 

 

The increase in CHO oxidation with increased exercise intensity is a consistent finding. 

Commonly CHO oxidation rates are significantly higher at 70% VO2max compared to 50% 

or 60% VO2max. An advantage of the two more recent studies published by van Loon et al. 

(2001) and Bassami et al., (2007) is that various intensities ranging from 40% to 75% 

maximal workload (Wmax) were used thereby enabling a more in-depth relationship 

between intensity and substrate use to be observed. 

   

A study conducted by van Loon et al. (2001) found CHO contributed to 46 ± 9% of total 

energy expenditure at 40% Wmax. Increasing exercise intensity to 55% Wmax and 75% Wmax 

saw total CHO utilisation rates increase significantly to 50% ± 9% and 76% ± 6% of total 

energy expenditure respectively. These increases combined with equally significant 

increases in both muscle glycogen and plasma glucose oxidation rates seen with the 

higher exercise intensities. Likewise, a more recent study directed by Bassami et al. 

(2007) identified CHO rates that were significantly greater at 70% Wmax than trials at 50% 

and 60% Wmax. A development of this study was the comparison of trained and untrained 

older males during exercise. The findings of this study revealed that training status had no 

effect on fat oxidation but did impact CHO use, with significantly higher oxidation rates 

presenting in the trained group compared to the untrained group. Furthermore, training 

appeared to stimulate a rise in non-esterified fatty acids (NEFA) and glycerol availability. 

The heightened CHO oxidation observed at greater exercise intensities is considered to be 

due to an increase in type II CHO-dependent fibre recruitment and the concentration of 

catecholamines, irrespective of nutritional state (Clutter et al., 1980).   
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2.2.2 Fat Oxidation  

 

Conversely, fat oxidation has been demonstrated to decrease when exercise intensity 

increases from moderate intensity exercise (40%-60%VO2max) to high intensity exercise 

(70%VO2max) (Romijn et al., 1993; Sidossis et al., 1997; Van loon et al., 2001; Bassami et 

al., 2007). A study published by van Loon et al., (2001) found that exercise at intensity 

55% Wmax elicited no significant changes in fat oxidation in comparison to exercising at 

40%Wmax. This was the first study to operate a palmitate tracer during incremental 

exercise with the purpose of directly estimating the oxidation of plasma free fatty acid 

(FFA) in the CO2 air expired. A noticeable decline in relative and total fat oxidation was 

found upon increasing exercise intensity to 75% Wmax. This substantial decrease was in 

accordance with the marked decrease in FFA and other fat source oxidation rates when 

compared to 55% Wmax. Conclusions from these studies lead to the development of a 

protocol to ascertain which exercise intensities maximum fat oxidation rates (Fatmax) are 

reached (Achten et al., 2002). This protocol enabled more exercise intensities of minor 

increases to be examined and was analysed a year later to establish its reliability in a 

study published by Achten and Jeukendrup (2003). Employing a large group of trained 

participants, they found Fatmax was attained at an average intensity of 63% VO2max while 

Fatmin as detected at 86± 6.0% VO2max. However, maximal fat oxidation undoubtedly varies 

from one exercise mode to another and remains dependent upon an individuals training 

status, with a greater proportion of fat being utilised more specifically trained participants 

(Achten & Jeukendrup, 2004).  

 

Bassami et al. (2007) reported similar findings when comparing the responses of trained 

and untrained participants to various exercise intensities. This study demonstrated that fat 

oxidation was significantly different between 60% and 70% VO2max, with fat oxidation 

during 70% VO2max exercise lying considerably lower than the 50% and 60% VO2max trials.  

Training was observed to have no impact on fat oxidation between exercise intensities, 

however, peak fat oxidation for the trained group was seen at 50% VO2max and for the 

untrained group at 60% VO2max. These results were compatible with the investigations of a 

previous study led by Bergman and Brooks (1999) who observed maximal fat oxidation 

was also met at different intensities of exercise between trained and untrained 

participants.  
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Conversely, a more current study published by Schwindling et al. (2013) suggested that 

there is limited value in identifying an exercise intensity associated with Fatmax for the 

purpose of prescribing exercise intensity. Researchers investigated the hypothesis that fat 

oxidation rates do not differ amongst 3 various exercise intensities. Three tests of 1-h 

constant load at Fatmax, one exercise stage below (LOW) and one above (HIGH) were 

completed at 60±13, 52±13, and 70±12% VO2max correspondingly. Observations from this 

study showed interesting responses; despite heart rate and blood lactate remaining 

considerably different, fat oxidation rate showed no difference between each group. The 

results of this study question the accuracy and necessity of the fatmax-test for regulating fat 

oxidation during training. Similarly to the aforementioned studies, Schwindling et al.’s 

investigations did indicate a difference between endurance trained (ET) and highly 

endurance trained (HET) cyclists. In contrast to the ET group, the HET group 

demonstrated a greater maximal fat oxidation (MFO) occurring at a greater work rate. 

Endurance training is believed to stimulate an rise in CPT-1 enzyme activity, which is 

recognised as the rate-limiting enzyme in the path of fat oxidation (Achten & Jeaukendrup, 

2004). 

 

However, frequently within the aforementioned studies a comparatively large variation 

between individual Fatmax exists. Achten and Jeukendrup (2003) noted that despite their 

trial containing a homogeneous group of people considerable inter-individual variability 

was evident. As a result of the study by Achten and Jeukendrup (2003), a contemporary 

study published by Venables et al. (2003) and further investigations (Koivisto et al., 1982; 

Hurley et al., 1986; Jansson et al., 1987; Goedecke et al., 2000), it is clear that the 

capacity to oxidize fat varies greatly between individuals. 

 

Throughout the literature there has been much speculation and investigation into the 

explanations for the reductions observed in fat oxidation during increased intensities. The 

change seen at moderate intensity exercise compared to light intensity is that the rise in fat 

oxidation arises from energy expenditure increasing (Achten & Jeukendrup, 2003). 

Decreases in fat oxidation seen during exercise intensities above 60% may be due to 

muscle glycogenolysis stimulation and glucose utilization occurring at high intensities 

(Romijn et al., 1993). If a plentiful supply of CHO exists this will inhibit the liberation and 

mobilisation of FFAs. In particular it has been shown that upon ingestion of CHO the 

concentration of plasma FA is decreased, partly attributed to an insulin concentration 
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induced reduction in rate of lipolysis (Bonadonna et al., 1990; Campbel et al., 2006). 

Therefore, limited availability will restrict their rate of use during exercise.   

 

An alternative reason could be owing to the glycolytic flux increase occurring at high 

intensities which mediates the mitochondrial entry of long chain fatty acids (Sidossis et al., 

1997). The study led by Van Loon et al. (2001) deduced that during exercise of high 

intensities the most probable mechanism for the decline in fat oxidation was due to a 

decline in intracellular pH, stemming from lactate production or a decline in the availability 

of free carnitine causing a decrease in carnitine palmitoyltransferase I.  

 

2.3 Arm Crank Ergometry  

 

Investigations into substrate use during arm crank ergometry remain less thoroughly 

investigated. A study conducted by Yasuda et al. (2002) explored differences in substrate 

use during arm and leg exercise. This study prescribed mode-specific exercise intensities 

of 70% and 90% ventilatory threshold (Tvent). After 15 minutes in both modes of exercise, 

CHO and fat oxidation rates were not found to differ between arm and leg, yet, during 90% 

Tvent intensity exercise CHO oxidation was considerably greater during arm exercise 

compared to leg (75.4% ± 10.6% and 68.6% ± 9.0% respectively). The results of this study 

imply that substrate utilisation during arm and leg exercise at 70%Tvent is comparable. 

However, increasing exercise intensity alters this with arm muscles relying more on CHO 

utilization in contrast to the legs. 

 

The explanation for the differences in substrate utilization between leg cycling and arm 

exercise observed in these studies (Yasuda et al., 2002; Kang et al., 2004) remains 

unclear, yet it is recognized that mode of exercise impacts plasma glucose utilisation as 

well as the duration and intensity of exercise (Coggan, 1991). The observation found in the 

investigation by Yasuda et al. (2002) was of higher CHO utilization in arm exercise. This 

was also found in a previous study published by Ahlborg et al. (1986); researchers here 

claimed that arm cranking may depend upon plasma glucose to fuel working muscles 

more than leg cycling. Greater CHO utilization seen in arm cranking could be due to the 

increased recruitment of CHO dependent muscle twitch fibres at higher contraction 

frequencies and intensities (Kang et al., 2004) and/or because arm skeletal muscle has a 

lower respiratory capacity compared to legs as they are applied less in daily movements 

(Coggan, 1991). 
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Differences in energy expenditure and substrate utilization seen in arm crank ergometry 

however have not always been seen. A study directed by Kang et al. (2004) investigated 

energy expenditure and substrate utilization during upper (UE) and lower (LE) body 

exercise. They found no difference between CHO and fat oxidation during UE across a 

range of pedal frequencies using an arm ergometer. Although the study was based on 

crank rate and not exercise intensity, it claimed that the relative intensity attained was 

approximately 70% of mode specific V02peak. This may have been one of the reasons why 

no discrepancy in UE was seen, as this is a comparatively high level of intensity. It was 

observed however that UE had quite different fat and oxidation rates to LE as portrayed by 

the respiratory exchange ratio (RER). Kang et al. (2004) stated “the reason why RER 

responded differently during UE is not readily apparent.” Due to these findings and the fact 

that this study compared different levels of pedal rates and not power output this area still 

remains fairly unexplored. 

 

2.4 Oxidation Age and Gender Issues 

 

Despite many of these studies finding conclusive results on fat and CHO oxidation during 

exercise, many have used homogenous groups of participants (Romijn et al.,1993; 

Sidossis et al., 1997; Van Loon et al., 2001), making the results less relatable to realistic 

situations, and people for whom arm exercise is commonly prescribed. Regarding gender, 

a study investigating gender differences conducted by Yasuda et al. (2006) revealed that 

in comparison, men had significantly lower rates of fat oxidation compared to women, and 

higher rates of CHO across all intensities of arm cranking exercise. Bassami et al. (2007) 

noted that increasing age is linked to changes in CHO and fat oxidation, which plays a role 

in diabetes and cardiovascular disease. Despite previous investigations in older 

participants reporting decreased fat oxidation in comparison to younger participants (Sial 

et al., 1996; Mittendorfer and Klein, 2001), the results reported by Bassami et al. (2007) in 

older males corresponded to findings from earlier studies investigating the influences of 

exercise intensity in young healthy participants (Romijn et al.,1993; Sidossis et al., 1997; 

Van Loon et al., 2001). 
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2.5 Why Arm Crank Ergometry?  

 

Arm crank ergometry has been used as an alternative mode of exercise in for those with 

leg circulatory issues (claudication) and patients suffering from cardiac discomfort (Walker 

et al., 2000; Zwierska et al., 2005; Treat-Jacobson et al., 2009). In studies conducted by 

Walker et al. (2000) and Zwierska et al. (2005) arm ergometry was shown to improve the 

walking capacity of individuals suffering from claudication. A study by Treat-Jacobson et 

al. (2009) investigated the effect of arm exercise on improving walking capability in 

patients with peripheral arterial disease (PAD)-induced claudication. This study proved 

dynamic arm exercise improved walking capacity in comparison to those receiving normal 

care and was just as supportive as that found with usual treadmill walking exercise 

treatment. Therefore, not only could arm ergometry offer an alternative method of exercise 

for patients with orthopaedic restrictions, paraplegics and cardiac distressed patients, but it 

may also provide an exercise therapy for PAD patients. 

 

2.6 Conclusion 

 

In regular steady state continuous exercise fat and CHO oxidation rates do not trend alike 

with increased intensity. Carbohydrate increases with increased intensity but fat oxidation 

does not with peak oxidation rates at moderate exercise intensities (45% to 65% of 

VO2max). Recent findings have suggested that during constant prolonged exercise no 

difference in fat oxidation rates exist at intensities parallel to Fatmax. Fat and CHO oxidation 

appear to be unusual during arm exercise compared to lower body exercise and reasons 

for these differences have still not been fully explained. Limitations to previous 

investigations attempting to outline responses to ACE exercise have been the small 

participant number and heterogeneity of study groups. (Franklin et al., 1983; Vander et al., 

1984; Blomqvist, 1985). Hence, this study endeavoured to evaluate physiological and 

metabolic responses of a distinct group of individuals.     

 

2.7 Objectives 

 

The aim of this study was to compare two exercise modalities; continuous submaximal 

exercise (CT) compared to periods of high & low intensity exercise (IT) using an arm crank 

ergometer. This study intended to investigate and compare the physiological and 

metabolic responses to these different exercise modalities. Through the comparison of 



 

 10 

physiological and metabolic responses this study aimed to consider which modality would 

be more appropriate in a sporting fitness context or clinical exercise prescription. It was 

hypothesised that rates of fat and carbohydrate oxidation would be different between the 

interval and continuous submaximal exercise tests. Considering the findings of previous 

studies it was also hypothesised that CHO oxidation rates would be higher and fat 

oxidation lower during IT compared to CT using an arm crank ergometer.  
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CHAPTER 3 

METHODS 

 

3.1 Participants  

  

Eight healthy, young, non-smoking, normotensive, active men volunteered as participants. 

Ethnically, all participants were White Caucasian and aged between 20 and 21 yr. At the 

time of study all participants were attending either Cardiff Metropolitan University or 

University of Bristol. Mean (±SD) values of participants’ physical characteristics are 

summarised in Table 1. Males were chosen for this study to avoid confounding effects of 

sex on investigative findings and to avoid menstrual cycle influences on blood pressure 

results. A definition of an active participant was one who undertook a minimum of 1 hour of 

sport or exercise 4 times a week during the previous 12 months. None of the participants 

had been previously trained on an arm crank ergometer. Participants completed a PAR-Q 

(Thomas et al., 1992) to ensure they were fit to exercise and were on no chronic 

medication at the time before carrying out the protocol. The School of Sport Research 

Ethics committee granted ethical approval. For ethics application approval see Appendix 

A. Participants were notified of the experiment procedure and associated risks before 

signing a Participant consent form.   

 

Table 1. Mean (±SD) values of participants physical characteristics  

Age 
(years) 

Height 
(cm) 

Mass 
(kg) 

BMI 
(kg/m2) 

VO2peak 
(ml.min-1.Kg-1) 

Peak power 
(W) 

21.6±0.5 1.8±0.08 83±9.5 24.9±2.0 34.1±7.2 158.8±33.1 

 

 

3.2 Overview of Experimental Design  

 

Participants visited the exercise physiology laboratory on three separate occasions. During 

the first visit each participant completed a peak oxygen uptake (VO2peak) test. The results 

from this test were then used to prescribe exercise intensities for two subsequent 

submaximal exercise tests. The order of the 2nd and 3rd tests were counterbalanced, 

separated by at least 24 hours, but conducted at the same time of day – between 13:00 

and 16:00. A description of all procedures is provided below. Participants were instructed 

to avoid strenuous exercise or consumption of alcohol and caffeine during the 24-hr period 

preceding each visit to the lab. They were also asked not to consume food during the 2-hr 
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period preceding each visit, but should have consumed a light meal within 3-4 hours 

before each test.  

 

3.2.1 Preliminary VO2 Peak Tests 

 

Participants completed a VO2peak test using an electrically-braked arm crank ergometer 

(Angio ergometer, Lode, Groningen, Netherlands) consisting of a continuous incremental 

exercise protocol. On this first visit participants had their basic physical characteristics 

measured such as body mass, height, gender and age. Peak tests were carried out at the 

same time of day – between 13:00 and 16:00. Before commencing exercise participants 

sat relaxed for 10-min to allow resting data collection. This involved sitting on a sturdy 

weight-training bench with arms out stretched in front holding onto the crank arms of the 

machine. The test started at a moderate intensity of 50 W with participants maintaining an 

imposed and constant crank rate of 75 rev·min-1. Thereafter, participants continued cycling 

with a 20W increase in power output every 2- min and were verbally encouraged to 

continue exercising until exhaustion. The VO2peak test results provided the researchers with 

a measure of peak aerobic power (Wpeak) that was subsequently used to calculate 

individual relative power outputs employed during the CT and IT arm crank ergometry 

tests. During the VO2peak test oxygen consumption never plateaued, the explanation being 

that the small muscle mass involved reached muscular fatigue before reaching the 

cardiovascular peak (Kang et al., 2004). Individual values of peak VO2peak and final minute 

power are presented in Table 2.  

 
 
 

 

 

 

 

 

 

 

3.2.2 Continuous Exercise Test 

 

The continuous test involved participants completing a bout of moderate exercise at 60% 

Wpeak for 30-min whilst maintaining an imposed crank rate of 75 rev·min-1 throughout. 

Table 2. Individual VO2peak and peak power values 

Participant 
VO2 peak 

(ml.min-1.Kg-1) 
Peak power 

(W) 

1 41.8 170 
2 36.5 150 
3 23 140 
4 35.3 170 
5 31.8 90 
6 24.2 170 
7 40.3 180 
8 39.7 200 
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Participants sat in front of the ergometer for 10-min prior to exercise to collect resting data. 

The same heart rate monitor and respiratory mask, as used in the VO2peak test, were worn 

by participants to obtain physiological data at rest and during exercise. Respiratory 

parameters including VO2, VCO2 and respiratory exchange ratio (RER) were measured 

breath by breath during exercise. (Details of the gas analysers are found below). These 

parameters were taken to subsequently estimate total aerobic energy expenditure, and the 

proportion of carbohydrate and fat oxidised. Additionally, ratings of perceived exertion 

(RPE) were reported by participants throughout the 30-min tests at 5–min intervals using 

the Borg 6-20  Rating of Perceived Exertion Scale.  

 

3.2.3 High Intensity Interval Test 

 

For the interval test participants completed a high-intensity interval exercise session of 30-

min exercise consisting of six, 2.5-min intervals at work rates of 40 and 80% Wpeak. The 

same approach was used during this test to measuring respiratory parameters to that of 

the submaximal, continuous test. Participants were asked to report their subjective RPE 

scores at the end of each high intensity interval.  

 

3.3 Measurements 

 

3.3.1 Respiratory Gas Exchange using Indirect Calorimetry 

 

During the exercise tests a calibrated gas analysis system (Oxycon Pro, Warwick, UK) 

was used for the purpose of measuring respiratory parameters including VO2, VCO2, 

ventilation volume (VE) and RER. Before use of the gas analyser system gas and volume 

calibration was carried out to ensure correct functioning. During exercise the gas analsyers 

were connected with a computer for the purpose of calculating and graphically displaying 

VO2, VCO2, VE and RER each breath.     

 

3.3.2 Heart Rate Measurement  

 

Heart rate (HR) was measured throughout exercise tests (Polar Electro, RS4000, Kemple, 

Finaland). Recordings were taken at the end of the rest period and every 2.5-min 

thereafter until completion of exercise.  
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3.3.3 Data Collection and Analysis 

 

Data collected from the gas analysis system initially acquired breath-by–breath was later 

reported at 5-s intervals during both tests. The RER values given were used to determine 

energy per litre O2, the percentage of energy derived from substrate and substrate grams 

per litre O2 using the RER table of values (McArdle, Katch & Katch, 2001). These values 

combined with VO2 data were used to calculate total energy expenditure (EE; kJ), rates of 

substrate use kcalmin-1 and total grams (gmin-1) of substrate utilized during CT and IT 

exercise.   

 

3.4 Statistical Analyses 

 

Initially, mean (±SD) values of all dependent variables were calculated. A two-way 

repeated measures ANOVA test was implemented to explore whether or not differences 

existed in respiratory parameters, HR, EE as well as the kcal and grams of substrate used. 

Data were checked for assumptions of sphericity before analyses was conducted. Results 

were considered to be significant at the level P < 0.05. Upon discovery of any significant 

main effect, Bonferroni, post-hoc, pairwise comparisons were employed to establish the 

location of statistical differences. All succeeding values in this study are represented as 

mean (± SD) except if stated differently.   
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CHAPTER 4 

RESULTS 

 
4.1 Respiratory Exchange Ratio  
 

No significant test  time interaction was observed (p>0.05) for respiratory exchange ratio 

(RER; Fig. 1).  However, obvious differences were seen between CT and IT every 2.5-min, 

most noticeably every 5-min with the largest difference occurring at 25-min when average 

RER values of 0.80 and 0.91 were recorded during CT and IT, respectively. 

 

Fig. 1 Mean (±SD) values of respiratory exchange ratio (RER) during submaximal 
continuous (CT) and interval (IT) exercise. 
 

4.2 Heart Rate  

 

A greater maximum HR was reached during the IT test (183 bmin-1) compared to CT (178 

bmin-1). Significant differences (p<0.05) in HR response were only found between tests 

after each low intensity interval during IT (Fig. 2). Average HR during CT was greater than 

IT, 143 (17) bmin-1 and 138 (22) bmin-1 respectively. Heart rate response was noticeably 

different at the end of each high and low intensity interval during IT (Fig. 2). Average HR at 

the end of 2.5-min at 80%Wpeak intervals was 153 (7) bmin-1 and 124 (11) at the end of 

2.5-min 40%Wpeak intervals.  
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Fig. 2 Mean (±SD) values of heart rate during continuous (CT) and interval (IT) exercise. 

*significantly different (p<0.05) between tests. 

 

4.3 Relative Proportions and Quantities of Carbohydrate and Fat Used 

 

The higher proportion of energy derived from carbohydrate observed during IT exercise 

66.44 (14.4)%EE compared to CT exercise 56.38 (18.0)%EE was found to approach 

significance (P = 0.07; Fig.3). The mean percentage of energy derived from fat was 44 

(18)%EE during continuous exercise compared to 34 (14)%EE during interval exercise.  

Fig. 3 Mean percentages of energy derived from fat (fat) and carbohydrate (CHO) at 2.5-

min intervals during 30 min submaximal continuous (CT) and interval (IT) exercise. (Error 

bars mark negative SD) 
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4.4 Energy expenditure, VO2 and Substrate Utilisation  

 

The extent of aerobic energy expenditure (EE) was seen to be significantly different 

(P<0.05) between tests, and remained different throughout until the end of exercise (Table 

3). However, no difference (p>0.05) was found in either test across time.   

 

Table 3. Mean (±SD) values of energy expenditure (kcalmin-1) during continuous (CT) and 

interval (IT) exercise 

Values are expressed as means ± SD. *significantly different (p<0.05) between tests. 
 
 

Similarly a significant difference in VO2 was observed between tests (p=0.005) with 

significant differences seen throughout exercise at every 5-min intervals (Fig. 4). Gas 

exchange data collected in the first 2.5-min were excluded from statistical analysis as 

observations at rest were not of interest for this study. 

 

The contribution of fat as an energy source steadily increased during CT rising from 1.4 

(0.40) kcalmin-1 after 5-min, to 5.4 (1.7) kcalmin-1 after 30-min. During IT an increase was 

also seen from 5 to 30-min of exercise in energy derived from fat despite not rising in such 

a linear pattern as during CT. Levels of fat substrate expenditure increased from 0.0 to 4.7 

(0.7)kcalmin-1 during IT between 2.5-min to 30-min. A significant difference was found 

between tests (P<0.05) and also between 2.5 and 30-min of exercise (P < 0.01).   

 

 

 

 

 

 

 

 

Mode 
Time (min) 

5 10 15 20 25 30 

CT 11.16±3.12* 11.02±3.04* 10.44±3.38* 10.59±2.04* 9.89±2.07* 9.45±3.03* 

IT 13.86±1.8 13.82±1.8 13.87±1.9 13.96±1.9 14.71±2.0 14.50±2.1 
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Fig. 4 Mean (±SD) values of a oxygen consumption (VO2), b kcal derived from fat (fat), c 

kcal derived from carbohydrate (CHO) at 5-minute intervals during continuous (CT) and 

interval (IT) exercise. * P < 0.05 significant difference between exercise modalities 

 

A significant difference was observed at each 5-min interval throughout exercise in 

carbohydrate utilisation between CT and IT, with IT seeing higher rates throughout 

(P<0.01) (Fig. 4). Throughout CT exercise energy derived from CHO steadily declined, 

decreasing from 9.7 (2.5) kcalmin-1  (5-min) to 4.1 (1.3) kcalmin-1  (30 min). Despite 

remaining at higher levels throughout IT levels of CHO derived energy also decreased, 

reducing from 13.9 (1.8) kcalmin-1  to 9.8 (1.4) kcal.min-1. A significant difference (P < 

0.01) was also observed between 2.5 and 30-min exercise.  
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4.5 Quantities of Substrates Used  

 

In concordance with higher energy expenditure during IT total grams of CHO utilised 

exercise was also found to be significantly higher (P = 0.026). Significance was found at all 

time points except at 25 and 30-min where it approached significance. (P = 0.054 and P = 

0.051 respectively; Fig. 5). Interval exercise experienced a higher overall average 

compared to CT, 11.4 (2.3)gmin-1   and 5.7 (2.7) gmin-1   respectively. Individual data can 

be found as Appendix B.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Mean (±SD) values of grams of carbohydrate used during continuous (CT) and 

interval (IT) exercise. * P < 0.05 significant difference between exercise modalities 

 

Total grams of fat utilised were found to gradually increase during exercise of both tests 

with a higher overall average during CT compared to IT, 0.5 (0.5)gmin-1  and 0.4 

(0.4)gmin-1 respectively (Fig. 6). No significance differences were observed between 

exercise tests.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Mean (±SD) values of grams of fat used during continuous (CT) and interval (IT) 

exercise. * P < 0.05 significant difference between exercise modalities. 
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CHAPTER 5 

DISCUSSION 

5.1 Overview  

 

Few studies into upper body exercise have investigated the physiological responses to 

different work intensities (Balady et al., 1990; Eston et al., 1986), and none have looked 

specifically at the difference between continuous exercise (CT) and interval exercise (IT) 

using arm crank ergometry. Physiological and metabolic responses to exercise modalities 

including measurements of HR, VO2, RER and CHO and fat oxidation were examined 

during CT and IT using arm crank ergometry (ACE). This was accomplished by having 

participants cycle at set relative intensities during exercise bouts whilst metabolic and 

physiological responses were measured.   

 

5.2 Physiological Responses – Heart rate and Oxygen Consumption 

 

Mean oxygen consumption (VO2) was found to be significantly higher throughout the entire 

IT test compared to CT. These results concur with the observations of a previous study 

published by Christmass et al. (1999) comparing CT and IT exercise that also found a 

considerable protocol  time interaction for VO2. It has been suggested that increased and 

fluctuating VO2 and workload during IT increases mitochondrial function of skeletal muscle; 

this appears to be significant in improving VO2 kinetics, VO2max and maximal cardiac output 

(Qmax) (Daussin et al., 2008). Through a training programme these higher levels of VO2 

during IT have recurrently been shown to help increase VO2max (Tabata et al., 1996; 

Helegrud et al., 2007; Daussin et al., 2008) which is considered the key factor influencing 

success in aerobic sport (Astrand and Rodahl, 1977; Sutton, 1992). This could also apply 

to normal individuals, as a similar improvement in VO2max, or ACE VO2peak, could translate 

into greater aerobic capacity and daily functionality. In view of this concept, the results of 

this study would indicate that IT would be a more appropriate exercise modality for 

increasing aerobic fitness in individuals.  

 

It is difficult to compare physiological responses between different modes of exercise as 

mechanical efficiency differs, particularly between arm and leg muscles. Arm ergometry 

has frequently been shown to obtain VO2max values of between 64-80% of leg VO2max 

(Franklin, 1985). Owing to this, an individual will be working at a greater proportion of 
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VO2max during arm exercise at a set intensity compared to leg exercise or arm and leg 

exercise (Egston & Brodie, 1986).  

 

Various muscle groups are recruited during arm ergometry. The involvement of stabilising 

trunk and back muscles, or leg and buttock muscles during ACE could impact results of 

HR, oxygen consumption and blood pressure (Balady et al., 1990). Although the results of 

this study may have been impacted by this, the involvement of several muscles groups 

during arm ergometry is problematic to assess, and was not directly measured.      

 

5.3 Heart Rate 

 

No difference in heart rate (HR) was observed between CT and IT. Results saw a trend of 

higher HR values during 80%VO2peak intervals of IT however this was not significant. In 

relation to the lower mechanical efficiency of arm exercise, heart rates have been found to 

be higher during submaximal exercise compared to lower body exercise (Egston & Brodie, 

1986). Therefore, no difference in HR seen may have been due to prescribed intensities in 

the protocol being too high or due to the mode of exercise. 

 

5.4 Respiratory Exchange Ratio  

 

During CT exercise RER values were found to decrease which supports previous studies 

on lower body exercise (Bergman and Brooks, 1999; Meyer et al., 2003). This is likely to 

reflect a shift in substrate use over time, with fat availability and use becoming ever 

greater. No difference in RER values were observed between CT and IT exercise, though 

the reason for this observation remains unclear. A possible explanation could be due to 

the intensities all being too high for arm exercise to see an apparent difference. Despite 

this finding not concurring with the hypothesis under investigation, it was not wholly 

surprising as previous studies involving upper body exercise have also found no difference 

in RER between increased exercise intensities or pedal rates (Yasuda et al., 2002; Kang 

et al., 2004). Therefore, this could be related to the mode of exercise used.  

 

This study found aerobic energy expenditure to be greater during IT exercise than during 

CT, despite no significant disparity in RER values. This suggests that average values of 

VO2 were higher during IT. This modality-related rise in total energy expenditure can be 

attributed to a corresponding rise in carbohydrate utilisation stimulated by the increased 
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work intensity of IT exercise. It is well-established that with progressive increases in 

exercise intensity, shifts in substrate mobilisation and utilisation occur (Martin and Klein, 

1998). This study found that the higher intensities employed during IT evoked a higher 

proportion of energy expenditure to derive from CHO. Similar findings were documented in 

the publication of Bassami et al.’s (2007) study; this established an increased percentage 

of CHO oxidation upon increased work intensities.  

 

Mode, intensity and duration of exercise are all recognized factors which influence plasma 

glucose utilisation (Coggan, 1991). The results of this study indicate that exercise modality 

is also likely a determinant of substrate utilisation. There is a possibility that the extent to 

which CHO contributes to EE may have been underestimated as the anaerobic 

component of metabolism was not quantified. During increased exercise intensity if the 

energy requirements of working muscle are not met by an adequate oxygen supply and 

muscle oxygen stores are depleted, there is a rise in anaerobic glycolysis to maintain ATP 

supply (Koyal et al., 1973). The extent to which this may have occurred in this study during 

CT and IT was unknown. Measuring the accumulation of an anaerobic metabolite such as 

lactate could be an option, however the procurement of biochemical samples from working 

skeletal muscle is challenging. This is particularly true when muscle mass and muscle type 

are unknown, which is commonly the case (Scott, 2005).  

    

5.5 Carbohydrate Oxidation 

 

Increases in energy expenditure seen during IT seem to have been reached by an 

increase in CHO oxidation. This corresponds to the findings of previous studies (van Loon 

et al., 2001; Yasuda et al., 2002; Bassami et al. 2007) that also observed increased CHO 

oxidation upon increased exercise intensities. The greater utilisation of CHO during higher 

intensity exercise has been ascribed to a greater number of fast twitch muscle fibres being 

recruited (Gollnick et al., 1972; Johnson et al., 1973), which are primarily CHO dependent 

(Kang et al., 2004). The proportion of energy derived from CHO found in this study may 

have been greater than that found in previous studies involving CT versus IT exercise in 

lower body exercise. As stated by Gollnick et al. (1972) concentrations of muscle glycogen 

in the arm and leg of untrained males are similar with a lower respiratory capacity found in 

the arms as they are used less in day-to-day activities. It is this lower respiratory capacity 

of the muscle in arms compared to the legs that may evoke an increased gluconeogenesis 

(Ahlborg et al. 1986) and greater utilisation of CHO (Coggan, 1991).  
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5.6 Fat Oxidation  

 

The contribution of fat oxidation to total EE (%EE) was not significantly different between 

tests in this study. These results differ to that of Schwindling et al.’s (2013) study which 

found the %EE from fat to be significantly different between closer exercise intensities of 

52 (13) and 70(12)%VO2max. However this test compared a 1-hr constant load at the 

prescribed intensities, so it is not clear as to the effect of low intensity (40%VO2max) on 

percentage fat oxidation. The fact that no difference was seen may have been due to large 

inter-individual variations and therefore a lack of statistical power. The reasons behind the 

large variability in fat oxidation are discussed below.    

 

The results of this study found fat oxidation was significantly higher during CT exercise of 

moderate intensity (60%VO2peak) compared to IT containing bouts of low and high intensity 

(40% and 60% VO2peak). The results of this study correspond to the findings of previous 

studies which have shown maximum fat oxidation rates (Fatmax)  occur during low to 

moderate exercise intensities (35-65% VO2max) (Jones et al., 1980; Romijn et al., 1993; 

Arnos et al., 1997; Howley et al., 1997; Friendlander et al., 1998; Thompson et al., 1998; 

Bergman and Brooks, 1999) with decreased rates of oxidation seen at higher intensity 

exercise (>70% VO2max) (Romijn et al., 1993; Sidossis et al., 1997; Van loon et al., 2001; 

Bassami et al., 2007). The higher rates of fat oxidation during CT reflect a greater 

availability of fat to the working muscle and correspond to the raised amount of grams of 

fat utilised compared to IT. The exercise intensity for Fatmax during lower body cycling has 

been stated as 64 (4)%VO2max however no equivalent has been quantified for ACE. The 

Fatmax of upper body exercise is still unknown, although it may be lower during ACE. 

Overall, this study looked at just three different intensities making it hard to establish 

precisely the exercise intensity of arm crank ergometry that elicits Fatmax. However, it is 

clear that during CT of moderate intensity higher rates of fat oxidation are reached 

compared to IT, which is in accordance with the stated hypothesis for this investigation. 

 

5.7 Fat Oxidation and Exercise Intensity  

 

The decrease in fat oxidation seen during IT compared to CT in this study will be due to 

the employment of higher exercise intensities. Romijn et al. (1993) thoroughly investigated 

the lipid metabolism in response to varying exercise intensities. Researchers here 
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established that the decline in fat oxidation found at greater intensities of exercise is 

explained in part by a decline in plasma non-esterified fatty acid (NEFA) availability. 

Raising the plasma NEFA concentrations could not reinstate fat oxidation to levels seen 

during lower levels of intensity. Thus it is feasible that the decline in fat oxidation is 

correlated to the metabolism of endogenous CHO stores increasing.  

 

One theory is that during exercise of greater intensity, the elevated rate of muscle 

glycogenolysis raises the amount of glycogen derived acetyl-CoA; this raises the malonyl-

CoA concentration (Elayan & Winder, 1991) thereby decreasing the entry of long chain FA 

into the mitochondria by inhibiting the required enzyme needed, carnitine 

palmitoyltransferase I (Robinson & Zammit, 1982; McGarry et al., 1983). Despite fat 

oxidation offering more energy per gram, more oxygen is necessitated for its oxidation 

(Schwindling et al., 2013). Oxygen delivery to working muscles is limited during exercise 

hence the utilisation of CHO during high-intensity exercise. 

 

During intense exercise, the rate-limiting factor of muscle work is expected to be oxygen 

availability rather than FA availability, because sufficient energy substrates can be 

produced for a short time from the metabolism of internal CHO stores (Romiijn et al., 

1993). Moreover, lipid oxidation during high-intensity exercise does not form high-energy 

phosphate at a rate high enough to match its utilisation (Wilmore et al., 2008). This would 

explain why IT exercise (involving 80%VO2peak intensity) in this study saw a decrease in fat 

oxidation in contrast to CT exercise (60%VO2peak).  

 

5.8 Variability in Fat Oxidation      

 

Fat oxidation rates show significant variations making it harder to prove differences 

through statistical analysis. The estimation of fat oxidation may have been skewed by RER 

decreasing upon exercise onset due to a temporary rise in endogenous CO2 stores. This 

occurrence might have distorted the precise evaluation of fat metabolism via indirect 

calorimetry, a phenomenom that could realistically continue up to three minutes after 

exercise commenced (Chuang et al., 1999). For this reason Fatmax tests are established at 

six minutes to certify that gas exchange variables are at stable levels.  

Reducing the effect of exercise modality further on fat metabolism will be everyday 

variability associated with diurnal variation and nutritional status before exercise 

(Schwindling et al., 2013). The limitations of these factors are discussed below. In addition, 
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inter-participant variability exists which will also have affected results of this study as 

individuals have different Fatmax at different exercise intensities. High rates of fat oxidation 

exist over a large range of intensities, but beyond Fatmax rates drop significantly (Achten et 

al., 2002) which could also have contributed to the large inter-participant range of fat 

oxidation rates seen throughout the tests in this study.  

 

5.9 Practical Implications of Arm Ergometry 

 

The lower mechanical efficiency and higher RPE of ACE in comparison to lower body 

exercise (Eston et al., 1986), suggests that there is a greater calorific expenditure at any 

given absolute work rate. The physiological responses seen in this study suggest ACE to 

be a valuable tool for sports athletes in a sport that specifically requires upper body fitness 

as peak oxygen uptake is exclusive to a specific type of activity (Helegrud et al., 2007). 

Therefore, further ACE testing is required to gain relevant information for the purpose of 

training application. This can also be applied to the context of arm cycling for sport-specific 

athletes such as canoeists, swimmers and sailors or disability sports such as wheelchair 

racing and handcycling for whom upper body strength and fitness is of high importance. 

Findings of this study and previous investigations (Tabata et al., 1996; Helegrud et al., 

2007; Daussin et al., 2008) suggest that for the purpose of developing and maintaining 

endurance capacity, IT would be the more appropriate exercise modality.  

 

Arm crank ergometry is considered particularly useful for the cardiovascular health of 

those with disabilities or sedentary lifestyle (WIdman et al. 2006). Results of this study 

would suggest that IT expends more energy but higher rates of fat oxidation are found 

during CT. Regularly exercising to a level that increases fat oxidation and energy 

expenditure is vital in terms of general health and weight management. This has also been 

identified as the most valuable treatment to prevent conditions such as obesity (Achten et 

al. 2002), and is seen as important by both healthcare professionals and the general 

public (Thompson et al., 1998).  

 

Decreased cardiopulmonary fitness related to a higher risk of developing cardiovascular 

disease is particularly relevant to tetraplegia (Dallmeijer et al., 1999). The exercise 

selection for those with tetraplegia is limited, making ACE an obvious choice for activity. 

The results of increased VO2 seen during IT could be of value as the typical range for VO2 

amongst tetraplegia is lower than the general population (Van Loon et al., 1987). 
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Increasing VO2 by employing IT would appear to be a good option. However a previous 

study published by Coupaud et al. (2009) recommended moderate intensity work rates 

below the lactate threshold (LT) to be set for tetraplegics. Since this study did not test 

lactate production during exercise modalities it could not be stated whether LT was 

reached during IT however LT was probably reached during both modalities.  

 

A consideration of ACE in terms of exercise prescription is the transferability to real life. 

Few gyms do have arm crank ergometer machines installed for the purpose of arm 

warming up and injury rehabilitation, making arm cycling not nearly as accessible as leg 

cycling. However, the option of hand cycling exercise mode remains accessible to most 

individuals with a physical disability.       

 

5.10 Strengths, Limitations and Future Studies  

 

5.10.1 Indirect Calorimetry  

 

The method of using indirect calorimetry to measure respiratory gas exchange during 

continuous submaximal exercise is well recognised (Frayn, 1983). The use of this method 

however, during interval exercise displays complications ascribed to the high intensity 

during work intervals and the wide range of intensities between recovery and work 

intervals. In particular, the delay of time between O2 and CO2 exchange at a cellular level 

and the gas exchange measurement can impede the correct examination of metabolic 

states during varying intervals (Essen et al., 1977). Therefore, in the present study correct 

identification of true respiratory gas exchange values may have been precluded by this 

time lag. Indirect calorimetry has previously been thought to be inaccurate at higher 

intensities due to disproportionate CO2 production (Romijn et al., 1993). During higher 

intensity exercise [HCO3
-] pools are depleted through the buffering of [H+] due to the rise in 

muscle and blood lactate (Jeukendrup & Wallis, 2004) This results in excessive amounts 

of non-metabolic CO2 being produced and expelled thereby increasing VCO2, which 

directly affects RER and results in an overestimation of CHO use and a concomitant 

underestimation of fat oxidation (Christmass et al., 1999). The current study may have 

experienced this at 80% VO2peak during IT, and the estimation of carbohydrate and fat 

oxidation may be approximate. The extent to which this occurred in the study is unknown, 

however, Romijn et al. (2000) affirmed that up to 80-85% VO2max fat and CHO oxidation 

rates could be precisely interpreted. Similarly, 75%VO2max was stated by Jeukendrup and 
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Wallis (2005) as the highest intensity to which fat oxidation could be calculated, however, 

this was for leg cycling and may be lower in ACE. Indirect calorimetry is unable to 

differentiate between the various sources of fat used during exercise; the contribution of 

different sources may change during exercise compared to rest and in this study between 

exercise modalities.    

 

5.10.2 Nutritional Status 

  

Various studies have shown that when CHO consumption occurs before exercise, fat 

oxidation rates are reduced in the preceding hours (Gleeson et al., 1986; Wright et al., 

1991; Febraio and Stewart, 1996; Horowitz et al., 1997; Brooks, 1998). Despite instructing 

participants not to eat within two hours pre-exercise, there was no standardisation of food 

consumption before the test, therefore individual nutritional status was unknown. This may 

have affected results as some individuals may have experienced a CHO-induced decline 

in fat oxidation during exercise. Previous studies have implemented a ten- to twelve-hour 

fast pre-exercise to avoid the confounding effects of nutritional status (Achten et al., 2002). 

Whilst this secures more internal validity for the purpose of exercise testing and substrate 

utilisation measures it is not easily transferable to real life situations. Future studies could 

be recommended to modify the pre-exercise nutrition of participants regarding CHO intake, 

or establish a ‘standardised meal’ at a set time before exercise to reduce the impact of 

varying nutritional status upon substrate oxidation rates during exercise.    

 

5.10.3 Sample Group  

 

Small sample size was a limitation of the study as the large standard deviations made 

finding statistical differences more difficult and results less reliable. However, lack of 

statistical difference in the data does not mean a true affect of exercise modality should be 

excluded. Future studies would be recommended to employ a larger sample size to ensure 

precision and reliability or results.    

 

Employing a homogenous participant group in terms of gender, age and activity level has 

both strengths and disadvantages. Previous studies investigating the responses to ACE 

exercise have been limited by small participant number and heterogeneity of study groups 

(Franklin et al., 1983; Vander et al., 1984; Blomqvist, 1985). The homogeneity of this 



 

 28 

study’s sample group avoided this issue, but meant that results may be lees relevant to a 

wider population.  

 

Gender differences in metabolic responses to exercise have previously been found 

(Yasuda et al., 2002). Future studies could employ two sample groups; one female and 

one male group, to explore the influence of gender upon metabolic responses to CT and 

IT exercise in ACE. As discussed previously, training has been found to affect substrate 

oxidation rates (Bassami et al., 2007; Schwindling et al., 2013). Therefore should the 

present study be repeated in the future, employing groups of untrained and trained 

endurance or mode-specific athletes may result in fat and CHO oxidation differences 

emerging. Future studies could also explore the metabolic responses in groups of people 

at varying degrees of fitness or mode-specific levels. For example, a sedentary group 

versus a moderately active group versus a highly endurance trained group, or upper and 

lower body specialised sport athletes. Further specific groups of people could be used in 

future studies investigating the application of ACE in treating patients with cardiovascular 

problems or the assessment of substrate oxidation differences in the obese; for example 

groups of patients with claudication versus healthy individuals. 

 

5.10.4 Test Protocol 

 

A strength of this study was the use of relative exercise intensities for CT and IT sessions. 

Exercise intensity as a percentage of %Wpeak reflects an individuals work capacity. 

Exercise level controlled according to an external workload could generate large 

discrepancies in internal cardiovascular and metabolic amongst individuals (Mann et al., 

2013). Owing to this rationale, “individualising” exercise prescription based upon relative 

intensity is more commonly used (Hills et al., 1998; Carvalho et al., 2011; Garber et al., 

2011) Hence, this study investigated CT and IT exercise responses based upon individual 

prescribed intensities. This meant that exercise intensity was individualised thereby 

generating the same level of stress in each participant making results of metabolic 

responses comparable. If work rates are prescribed to a certain power output this might 

result in unfair testing as a certain power level (W) may be easier for an individual to carry 

out and therefore come at a lower energy cost compared to another individual.  

 

Exercise length of 30 minutes was considered an appropriate time length for non-

specifically trained participants as this was sufficient time to evoke differences in metabolic 
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responses between modalities. However, it is debatable whether 30 minutes was 

adequate to evoke an acceptable amount of NEFA liberation and mobilisation from 

adipose stores of fat. Plasma FFA and glucose availability have been shown to increase 

progressively over time during exercise at 60%VO2max (Romijn et al., 1993) therefore 

differences in substrate utilisation may have been seen had exercise continued for longer. 

      

The use of two and a half minute intervals was a limitation as endogenous CO2 stores may 

have resulted in skewed RER values and therefore miscalculations of fat oxidation rates 

might have resulted. Hence, this must be taken into consideration when analysing data. 

The use of three to six minute intervals in future studies should therefore be employed to 

decrease the impact that unstable gas exchange variables may have upon the calculation 

of CHO and fat oxidation rates. In order for future studies to compare metabolic responses 

to CT and IT more thoroughly, the use of ACE and leg cycling could be employed and 

results contrasted. This could aid investigations into the difference of muscle mass and 

fibre type upon metabolic responses to different exercise modalities.  

 

5.11 Conclusion 

 

In conclusion, the results of this study support the hypothesis that differences in substrate 

utilisation and physiological responses exist between continuous submaximal and interval 

exercise using an arm crank ergometer. Data has shown that energy expenditure is 

greater and fat oxidation levels are lower during interval exercise along with increased VO2 

values and differences in heart rate. Carbohydrate oxidation levels did not differ between 

exercise modalities, however, due to trends in data and the small sample size the 

possibility of differences existing should not be discounted. Future studies may exhibit 

more valid results by employment of larger sample groups, longer interval lengths, and 

pre-exercise nutrition modification. Methods to quantify or estimate the anaerobic 

component of substrate metabolism during exercise would aid future studies in gaining 

more accurate results. The findings of this study and future studies are beneficial due to 

the huge scope in ACE for upper body exercise training, diagnostic evaluation, functional 

testing and exercise prescription making the understanding of metabolic and physiologic 

responses during exercise critically important.  
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APPENDIX A 

 
ETHICS APPLICATION APPROVAL  

 
Ethics Application Approval 

PART ONE 
Name of applicant: Mary Alexander 

Supervisor (if student project): Paul Smith  

School: School of Sport 

Student number (if applicable): St2048735 

Programme enrolled on (if applicable): Sport and Exercise Science (Intercalated)  

Project Title: A comparison of energy expenditure and 
substrate use during constant load or high 
intensity interval exercise using an arm crank 
ergometer  
 Expected Start Date: 28/10/13 

Approximate Duration: 6 months  

Funding Body (if applicable):  

Other researcher(s) working on the 
project: 

 

Will the study involve NHS patients or 
staff? 

No 

Will the study involve taking samples of 
human origin from participants? 

Yes. Taking blood samples to measure blood 
lactate.  
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In no more than 150 words, give a non technical summary of the project 
The aim of this project is to compare two exercise modalities, continuous exercise versus 
periods of high & low intensity exercise (HIIT), using an arm crank ergometer. The reason for 
doing this is to compare physiological and metabolic differences between continuous and HIIT 
sessions giving us a better understanding about energy expenditure and substrate utilisation 
occurring. Therefore giving us a better understanding as to the best mode of exercise not only 
for sport training purposes but also clinical prescription for obesity & chronic illness. Much 
research on continuous vs interval training has been concentrated on lower body exercise 
such as cycling and treadmill (Helgerud et al., 2007; Daussin et al., 2007; Zafeiridis et al., 2010) 
but less has been focused on upper body effects. Studies have shown that exercise intensity is 
an important factor in cardiovascular fitness and in heart failure patients (Wisloff, 2007) and 
even for substantially improving insulin action in young men (Babraj, 2009). Relatively few 
investigations have used arm crank ergometry, but several recent reports have identified 
several important health and fitness benefits for those with chronic diseases, injury or 
physical disabilities where other modes of exercise such as lower limb activity is not possible. 
(Treat-Jacobson et al, 2009., Coupaud et al 2009.)   
 

Does your project fall entirely within one of the following categories: 
Paper based, involving only documents in 
the public domain 

No 

Laboratory based, not involving human 
participants or human tissue samples  

No 

Practice based not involving human 
participants (eg curatorial, practice audit) 

No 

Compulsory projects in professional 
practice (eg Initial Teacher Education) 

No 

If you have answered YES to any of these questions, no further information regarding your 
project is required.   
If you have answered NO to all of these questions, you must complete Part 2 of this form 
 
DECLARATION: 
I confirm that this project conforms with the Cardiff Met Research Governance 
Framework 
Signature of the applicant: 
 

Date:  
 

FOR STUDENT PROJECTS ONLY 
Name of supervisor: 
 

Date:                      28th October 2013 

Signature of supervisor: 
 
 
 
Research Ethics Committee use only 

Decision reached: Project approved  
Project approved in principle  

Decision deferred  
Project not approved  

Project rejected  
Project reference number: Click here to enter text. 
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Name: Click here to enter text. Date: Click here to enter a date. 

Signature: 

 
Details of any conditions upon which approval is dependant: 
Click here to enter text. 
 
PART TWO 
A RESEARCH DESIGN 
A1 Will you be using an approved protocol in your 
project? 

 

A2 If yes, please state the name and code of the approved protocol to be used1 
 
A3 Describe the research design to be used in your project 
Volunteers will be recruited from the Cardiff School of Sport and will need to attend the exercise 
physiology laboratory on three separate times with at least one day of rest separating sessions. On 
the first day participants will have their basic physical characteristics measured such as body mass, 
height, gender and age. They will sit relaxed for 10-min to allow resting data to be collected. 
Participants will be asked to complete a peak oxygen consumption (V02peak) test using an 
electrically-braked arm crank ergometer (Angio ergometer, Lode, Groningen, Netherlands), which 
involves sitting on a sturdy weight-training bench with arms out stretched in front holding onto 
the crank arms of the machine. The test will start at a moderate intensity of 50 W and participants 
will be required to maintain an imposed and constant crank rate of 75 rev·min-1. Thereafter, 
participants will continue cycling with 20 increase in power output every 2- min until the point of 
volitional exhaustion. During the exercise subjects will be connected to a calibrated gas analysis 
system (Oxycon Pro, Warwick, UK), which will be used for the purpose of measuring respiratory 
parameters including oxygen consumption (V02), carbon dioxide production (VC02) and ventilation 
volume (VE). Heart rate will be monitored throughout the test (Polar Electro, RS4000, Kemple, 
Finaland) taking recordings at the start, after each stage of progressive power output and the end. 
Blood lactate concentration will also be measured by means of obtaining a small capillary blood 
sample form the participant’s ear lobe. This will occur 5-min prior to exercise, upon immediate 
completion of the test and 3-min post-exercise. Measurements will be made using an automated 
system (Biosen C_Line Sport, Magdeburg, Germany) to establish resting and peak exercise blood 
lactate concentration. Throughout the exercise subjects will be asked to rate their perceived 
exhaustion (RPE), using Borg Rating of Perceived Exertion Scale, giving a score between 6-20 as a 
means of ascertaining the individual's grade of hard they feel they are working. The V02 peak test 
results will provide the researchers with a measure of peak aerobic power (Wpeak) that will 
subsequently be used to calculate individual, relative power outputs to be employed during the 
continuous and HIIT arm crank ergometry tests.  
 
On their second visit to the laboratory participants will again be asked to sit in front of the 
ergometer for 10-min prior to exercise. They will wear the same heart monitor and 
respiratory mask as before to obtain physiological data at rest and during exercise. 
Participants will then complete a continuous bout of moderate exercise performed at 60% 
Wpeak for 30-min, maintaining an imposed crank rate of 75 rev·min-1 throughout. Respiratory 
parameters measured during this bout of exercise will include oxygen consumption (VO2) and 
respiratory exchange ratio (RER). These parameters taken together will subsequently be used 

                                                        
1 An Approved Protocol is one which has been approved by Cardiff Met to be used under supervision of designated 
members of staff; a list of approved protocols can be found on the Cardiff Met website here 
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to estimate total aerobic energy expenditure, as well as the proportion of carbohydrate and 
fat used by the body to produce chemical energy. A small capillary blood sample will be taken 
from participants’ earlobes 5-min before exercise and at 5–min intervals throughout each 30-
min exercise bouts. Additionally, ratings of perceived exertion (RPE) will be reported by 
participants throughout both 30-min tests at 5–min intervals.   
On the third test day participants will complete a high-intensity, interval training session. The 
same approach will be used for measuring respiratory parameters and heart rate. For this test 
participants will perform 30-min of exercise consisting of six, 2.5-min intervals at work rates 
of 40 and 80% Wpeak. Participants will be asked to report RPE at the end of each high intensity 
interval and capillary blood samples will be collected 5-min before exercise and at the end of 
each 40% Wpeak interval throughout the test. Additionally, heart rate will be recorded during 
the last 10-s of each interval.  
 
A4 Will the project involve deceptive or covert research? No 
A5 If yes, give a rationale for the use of deceptive or covert research 
 
 
B PREVIOUS EXPERIENCE 
B1 What previous experience of research involving human participants relevant to this 
project do you have? 
I have conducted laboratory practical sessions at the University of Bristol during my first two 
years of medicine and have measured data in the exercise physiology laboratory at Cardiff 
Metropolitan. I also have experience assisting in a physiology research project whilst working 
at the Defence Science and Technology Laboratory. This involved conducting ECG tests, core 
body & skin temperatures and respiratory parameters, collecting data, equipment calibration, 
as well as general laboratory maintenance.  
B2 Student project only 

What previous experience of research involving human participants relevant to this 
project does your supervisor have? 

Paul Smith is a senior lecturer in the Physiology & Health Discipline who has acted as a 
supervisor for previous undergraduate and postgraduate projects. He is a leading researcher 
in the field of upper-body exercise where the exercise mode of arm ergometry has been 
employed by a range of individuals. Paul has been publishing research findings for more than 
12 years and has a vested interest in the health-related benefits of exercise, which underpins 
the rationale of the research being proposed herein.  
 
C POTENTIAL RISKS 
C1 What potential risks do you foresee? 
There are few potential risks using arm ergometer. One potential risk is that the subject may 
faint during the peak oxygen consumption test, however, this is a small risk as the participant 
will be doing the exercise voluntarily until exhaustion. The chief potential risk would be cross 
contamination of blood samples when collecting from the ear lobe and potential transmission 
of HBV or HIV infection. A full risk assessment will be carried out on the equipment in the lab.  
C2 How will you deal with the potential risks? 
To minimise the chance of a participant fainting they will have completed a health 
questionnaire in advance so as to ensure they are fit to exercise. They will also be instructed 
to remain well hydrated and fed in a reasonable amount of time prior to exercise. To minimise 
the possibility of cross contamination of blood personnel taking the blood samples will have 
been Hepatitis B vaccinated and will be wearing gloves. Specifically trained staff, either in the 
form of a technical assistant or a member of staff, will be careful ensure injuries to themselves 
and participants are avoided.  
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Participant Information Sheet 
Title of project  

A comparison of energy expenditure and substrate use during constant load vs. high intensity interval exercise and its impact on 

post exercise hypotension, using an arm crank ergometer  

Invitation  

 This is an invitation for you to join a research study and let you know precisely what is involved.  

 Two students Alex Coull and Mary Alexander are organizing this study. Dr Paul Smith is supervising the study, from the Physiology & 

Health Discipline of the Cardiff School of Sport at Cardiff Metropolitan University. Dr Michael Hughes from the Cardiff School of Sport 

will also oversee the dissertation.  

 Alex, Mary and Paul are all happy to provide you with more information regarding the study if you need it to aid your decision 

whether to join or not. Contact details for key individuals mentioned above are provided at the end of this information sheet.  

 

Background of Project  

Substrate Use and Energy Expenditure: 

Much research has been conducted into the health and aerobic fitness benefits from continuous exercise training. However, the concept using 

of high-intensity interval training (HIIT) to increase aerobic fitness has been less widely studied. This is particularly true of upper body 

exercise as most HIIT investigations have been conducted using lower body exercise modes such as treadmill running or cycling. Arm crank 

ergometry testing provides a useful alternative method for the evaluation and management of people with both cardiac disease and lower limb 

impairment. Arm crank ergometry is vastly important for athletes who are upper-body trained, such as swimmers, kayakers and canoeists. Not 

only is this important in a sporting context but also offers an alternative means of exercise for those who are unable to participate in lower 

body exercise such as those with chronic diseases, physical disabilities, the elderly and obese. Therefore, providing a method to maintain a 

healthy lifestyle and achieving aerobic fitness in those who otherwise would have no mode of exercise. Performing either upper and lower 

body exercise will result significantly different physiological effects on the body. This study intends to investigate the physiological and 

metabolic affects of upper body exercise to determine whether it is an appropriate mode of exercise for the application of exercise prescription 

and training.  

We want to determine which modality of exercise on the arm crank ergometer is the most beneficial in terms of improving aerobic fitness and 

expending energy. We will be comparing the physiological, metabolic responses and the use of carbohydrate and fat as energy sources during 

30-min of constant load and HIIT exercise.  

 

Post Exercise Hypotension:  

It is a well documented phenomenon that a person’s blood pressure (BP) drops in the minutes and hours following a bout exercise; known as 

post exercise hypotension. Research has also demonstrated the benefit of using of high intensity interval training over more traditional 

continuous constant-load exercise, to improve aerobic fitness.  

However there is a lack of papers looking at the impact of these two varying patterns of exercise on the post exercise hypotension response. 

Within this field there is also minimal research employing upper body modes of exercise, such as arm crank ergometry, as opposed to 

predominantly lower body activities like treadmill running, yet the body’s response to upper and lower body exercise varies considerably. Arm 

crank ergometry provides an alternative means to developing and maintaining aerobic fitness in those with chronic disease, injury or 

disability. It is also a relevant mode of exercise for athletes who are specifically upper-body trained. 

This study therefore aims to investigate whether continuous load or submaximal interval training using an arm ergometer, produces greater 

post exercise hypotension. Inducing a greater or more prolonged hypotension in resting BP can be utilized as a non-pharmacological technique 

to lower the risk of developing hypertension and cardiovascular disease. Clinicians will therefore benefit from knowledge of which exercise 

prescription is more affective at lowering BP in a patient population likely to benefit from arm ergometry. 

 

Participation 
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Why have you been selected? 

We are currently recruiting male participants between the ages of 18-30 years. All participants will be non-smokers who are involved in 

recreational exercise activities, defined as completing at least one hour’s exercise four times a week. We will check that your resting blood 

pressure is within the normal range before the study begins. Unfortunately, therefore, if you smoke, are inactive or hypertensive you are not 

suitable for this study.  You will not have been approached by any researchers, but have either received an email or viewed posters advertised 

throughout the Llandaff and Cyncoed campuses of Cardiff Metropolitan University.  

It is entirely voluntary to participate, there is no obligation of any kind to join the study and the researchers and Cardiff Metropolitan 

University will not discriminate in any way against those who do not wish to participate or decide to withdraw their assistance during the 

study. It is also important to note that your personal details and information will remain anonymous and be treated in the strictest confidence.  

 

What happens if you change your mind? 

We will respect any decision to withdraw from the study, for any reason and at any point. You do not need to state the reason for pulling out of 

the study and no penalties will be issued. Please contact the researcher via telephone or email in this instance, via the contact details at the end 

of this information sheet.  

 

What would happen if you joined the study?  

Logistics - To begin with you will be asked to complete a questionnaire about your past medical history and physical health to confirm you are 

suitably fit participate. Either Paul, Mary or Alex are happy to answer any queries about the study and once you are happy you need to sign a 

consent form confirming your decision to participate. You will be asked to attend the physiology department a total of three times, with at least 

one but no more than seven days in between. Please do not exercise the day before attending the lab. You will be asked to provide written 

consent for your participation in the study.  

 

VOpeak Test – On the first day you will have your basic physical characteristics measured such as body mass, height, age and resting blood 

pressure. You will complete a peak oxygen consumption (VO2peak) test. You will be asked to arrive at least 15-mins before the start of the test in 

order to sit quietly without talking at the ergometer, with your arms resting at heart level, to take your ‘resting’ (baseline) data. Throughout 

you will be required to wear a respiratory mask, linked directly to a calibrated gas analysis system. This machine will be used to measure your 

breathing parameters including values of oxygen consumption (V02) and carbon dioxide production (VC02). Your heart rate will also be 

monitored throughout the test using a chest strap and receiver in the form of a watch.  

After a light warm-up of unloaded cycling, the test starts with you cycling against a moderate resistance of 50 W. You are aiming to maintain a 

crank rate of 75 revolutions per minute (rpm) for as long as possible, whilst 20 W increases in the external load are added every two minutes. 

We will terminate the test when you are exhausted and cannot maintain the desired crank rate. The peak aerobic power output (Wpeak) you 

achieve during this test will be used to calculate the appropriate power outputs for the continuous and interval exercise tests. You need to rest 

the day before each of the two later tests, which may be in either order.     

 

Continuous Load (CL) Test – This test requires you to exercise at a set resistance of 60% of your Wpeak, for 30-min, maintaining 75 rpm. As 

previously mentioned, you should arrive at least 15-mins early and sit without talking and with both arms at heart level. You will wear the 

same heart monitor and respiratory mask as before to obtain your resting levels and same exercise measurements during the test. Your blood 

pressure will be measured using a blood pressure cuff and stethoscope over your arm whilst resting.  

During the initial test small capillary blood samples will be obtained from your ear lobe to measure blood lactate concentration. This will occur 

5-min before exercise, at the end of the test and 3-min after exercise. Throughout the exercise, at 5-min intervals, you will be asked to rate your 

perceived exhaustion (RPE), using a Borg Rating of Perceived Exertion Scale, giving a score between 6-20 as a means of evaluating your 

opinion of how difficult you are finding the exercise – this is a subjective process and there is no right or wrong answer. Respiratory 

parameters measured during this bout of exercise will be used to calculate total aerobic energy expenditure and the proportion of 

carbohydrate and fat used to produce energy during exercise. 
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Post-exercise, you will be asked to remain in the same seated upright position for 60-minutes, again with your arms at heart level. Blood 

pressure measurements will be taken at 10-min intervals during this post-exercise period. Water will be provided as required throughout this 

hour. You are free to leave the lab after the total 1-hr 45-mins.  

 

High Intensity Interval Training (HIIT) Test - This test involves a total of 32.5-min exercise, spilt into thirteen 2.5-min bouts, starting at 

40% and alternating to 80% of your Wpeak. Your target crank rate remains at 75 rpm. The pattern before, during and after exercise is the same 

as above, i.e. 15-min rest, 30-min exercise, 60-min rest. The same approach will be used for measuring respiratory parameters and heart rate. 

You will rate your perceived exertion at the end of the heavy (80%) intervals, whereas blood samples will be obtained at the end of each light 

(40%) interval. Additionally, your heart rate will be recorded during the last 10-s of every 40% and 80% WPeak interval performed.   

Are there any risks? 

We are confident that your participation in this study carries no significant risks. The exercise protocol is standard and the researchers are 

trained and practiced in using the equipment. Extra training has been undertaken for those collecting blood samples. I echo that you can 

withdraw at any point, if you do feel at risk/unsafe. 

 

What are your Rights? 

Joining the study does not mean you have to give up any legal rights. In the very unlikely event of something going wrong, the Cardiff 

Metropolitan University fully indemnifies its staff, and participants are covered by its insurance  

 

Are there any special precautions to  consider? 

Alcohol / Caffeine – we ask you do not consume alcohol or caffeine during the 24-hr period preceding each visit to the lab. These substances 

can affect the data readings.  

Exercise – we ask you do not complete strenuous exercise during the 24-hr period preceding each visit to the lab; instead be as well rested as 

possible during this period. This should allow you to perform at your best.  

Food – we ask that you do not consume food during the 2-hr period preceding each visit. However we recommend you ensure by your own 

judgment that you have taken on board enough energy to perform the test comfortably and to the best of your ability. (Advice: eat something 

within 3-4 hours prior to each laboratory visit) 

Health – you should not be completing these tests if you are feeling unwell. Please inform the researchers if this is the case and we can make 

necessary rearrangements/cancellations. 

 

What happens to the results? 

The main researcher is the sole individual responsible for collecting and storing the data throughout the study. We will then investigate the 

physiological and metabolic responses along with the substrate utilization experienced in both forms of activity and research the most 

appropriate mode of exercise that could be used to improve aerobic fitness, strength and aid weight loss. The seven recorded blood pressure 

values will be mapped for each pattern of exercise. Results will be used to determine the impact of the two training approaches on lowering 

blood pressure in the hour post-exercise. 

Once all data has been collected and analyzed, all forms will be destroyed. The results will be anonymous and will be reported in an 

undergraduate dissertation and it is also possible that the results might be published in a scientific journal or presented at a scientific 

conference.  

 

Are there any benefits of taking part?  

There are no direct benefits to you for taking part; however the results of the study may provide you with an important insight into the 

benefits of continuous vs. interval upper body exercise training for the purpose of improving your general fitness and overall wellbeing.  

In terms of inducing post exercise hypotension, the results of this study may have clinical benefit in terms of promoting long term health and 

aerobic fitness, and preventing hypertension and cardiovascular disease. This is particularly important in those people unable to participate in 

traditional lower body activities such as running or cycling. When the study is complete we will let you know what we have found, but will 

treat your data in the strictest confidence.  
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How will we protect your privacy?  

All your details, the information you give us, and the measurements we record from you are strictly confidential. Suitable steps will be taken to 

ensure you cannot be identified from any of the stored data, forms or written-up documents, and that all of you information remains 

anonymous and treated in confidence. Your personal details, including name and address, will be stored separately to the data collected. Only 

the researchers will have assessed to these details.  The only information that will not be destroyed after completion of the study is your name, 

address and participant consent form; these are required to be kept for 10-years by Cardiff Metropolitan University. You will be given a copy of 

this later information for your own records. If you have any questions, concerns or would like more information about this proposed study 

please feel free to contact us. 

 

Contact Details 

Mary Alexander Mobile – 07900331914 

   Email – st20048735@outlook.cardiffmet.ac.uk  

 

Alex Coull  Mobile – 07769 220075 

   Email – st20048764@outlook.cardiffmet.ac.uk 

 

Paul Smith  Office- 02920 416687 

   Email – psmith@cardiffmet.ac.uk   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:st20048735@outlook.cardiffmet.ac.uk
mailto:st20048764@outlook.cardiffmet.ac.uk
mailto:psmith@cardiffmet.ac.uk
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Participant Consent Form 
UWIC Ethics Protocol Number:  Participant name or study ID number:  

UWIC PARTICIPANT CONSENT FORM 
Title of Project: A comparison of energy expenditure and substrate use during constant load 
or high intensity interval exercise using an arm crank ergometer  
 
Name of Researchers:  
Mary Alexander  

Participant to complete this section. Please initial each box. 
1. I confirm that I have read and understand the information sheet 
dated ............................  for the above study. I have had the opportunity to consider the 
information, ask questions and have had these answered satisfactorily.   
    
          c 
2.    I understand that my participation is voluntary and that I am free to withdraw at any 
time, without giving any reason, without my relationship with UWIC, or my legal rights, 
being affected. 
          c 
3. I understand that relevant sections of any of research notes and data collected during 
the study may be looked at by responsible individuals from UWIC for monitoring purposes, 
where it is relevant to my taking part in this research.  I give permission for these 
individuals to have access to my records.      
          c 

4 I agree to take part in the above study 
          c 
Name of Participant                                                                 Date           
 
Signature of Participant…………………………………………. 
 
Name of person taking consent………………………………… Date…… 
Signature of person taking consent……………………………… 

When completed, 1 copy for participant and 1 copy for researcher  
This consent form is available in Braille and in large print 

 
Physical Activity Readiness Questionnaire (PAR-Q) 

STRICTLY CONFIDENTIAL 

Please answer questions truthfully and completely. The sole purpose of this questionnaire is to ensure that you are in a fit 

and healthy state to complete the exercise test. 

Name ............................................................ D.O.B .................................  

Please Circle as appropriate.  Yes  No 

1. Have you had to consult your doctor in the last 6 months?   Yes     No     if yes, please give relevant details to test 

supervisor  

2. Are you presently taking any form of medication?  Yes     No     if yes, please give relevant details to test 

supervisor 

3. Do you / have you ever suffered from: Asthma (or other breathing problem inc. bronchitis) Yes    No 

     Diabetes      Yes    No 

     Epilepsy      Yes    No 

     Hypertension (High blood pressure)   Yes    No 

4. Do you suffer, or have you ever suffered from, any form of heart complaint?   Yes    No 

5. Is there a history of heart disease in your family?     Yes    No 
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6. Do you currently have any form of muscle or joint injury?    Yes    No 

7. Do you know of anything that may prevent you from successfully completing the tests that have been outlined? Yes

    No 

8. Have you ever suffered from palpitations, heart murmur or dizziness spells?     Yes

    No 

Do you have any questions before proceeding? 

 

As a participant I certify that I have answered these questions truthfully to the best of my knowledge. 

Participant’s signature: 
Date: 
Practitioner’s signature: 
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:;<RISK ASSESSMENT (RA99)                                   Page 1 -  (Hazards)  
(V3/07) 

School / Unit and Area: Sport/Physiology  
Assessment 
Number:  

         1 

Risk Assessment 
undertaken by: 
Recommended to be 2 or more people 

Mary Alexander  

Alexandra Coull  

Description of the work 
activity being assessed: 

     Collection & Analysis of Capillary Blood Samples 

Persons Affected: Staff                   Students                        Others 

Details of Others: visitors, consultants, external clients 

 

HAZARD IDENTIFICATION 
 

Please provide details of the hazards associated 
with the area or task. 

 

EXAMPLES INCLUDE: 
Working at height, Manual Handling, Electricity, Fire, Noise, Contact 
with moving parts of machinery, Dust etc 

RISK RATING - without Controls 
 

The Risk Rating (RR) and Degree of Risk are 
determined by multiplying the Severity (S) of injury 

by the Likelihood (L) of occurrence. 
Please see UWIC Risk Rating Matrix for details 

S L RR 
Degree of 

Risk 

1 Cross contamination 4 2 8 High 

2 Blood diseases 4 2 8 High 

3 Stab wounds 1 2 2 Low 

4 Fainting 3 2 6 Moderate 

5 Hygiene 1 3 3 Low 

6      

7      

8      

9      

1
0 

     

Example - 1. Electric Shock (office) 4 3 12 
Unacceptabl

e 

x x x 

file:///C:/my%20documents/Health%20&%20Safety/Risk%20Assessments/UWIC%20Risk%20Rating%20System.doc
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:;<RISK ASSESSMENT (RA99)                                  Page 2 – (Controls)  

 

CONTROLS TO BE APPLIED 
Examples Include:  

Elimination, Substitution for something less hazardous, 
Barriers or fixed guards, standard operating procedures 

and personnel protective equipment 

Date 
Applied 

RISK RATING - with Controls  

S L RR 
Degree of 

Risk 

1 
Immediate disposal of sharps in a 
medical sharps bin. 

25/10/1
3 
 

4 1 4 Mod 

1 
Immediate disposal of clinical waste 
(soft) contaminated with bodily fluids in 
clinical waste bags. 

25/10/1
3 
 

4 1 4 Mod 

1,
2 

Non-allergic gloves must be worn. 

25/10/1
3 
 

4 1 4 Mod 

2 
Samples only taken by people with a 
current Hepatitis b vaccination. 

25/10/1
3 
 

4 1 4 Mod 

3 
Sample only to be taken by or under the 
supervision of an experienced 
phlebotomist 

25/10/1
3 
 

1 1 1 Low 

4 
Subject must be seated when blood is 
sampled. 

25/10/1
3 
 

3 1 3 Low 

5 
Work surfaces must be non-porous and 
cleaned with disinfectant.  

25/10/1
3 
 

1 2 2 Low 

6 
Rigid enforcement of procedures and 
protocols for safe blood sampling. 

25/10/1
3 
 

    

7 
Informed consent forms must be 
completed by all subjects prior to 
sampling. 

25/10/1
3 
 

    

       

1. 

Examples of possible controls: 
All appliances are to be PAT tested. 
Any new items are to be reported to 
estates. 

07/06/0
7 

4 1 4 Moderate 

Once all potential hazards have been identified and a Risk Rating has been 
applied, please go to page 2 and provide details of the control measures required 
to reduce the risk to an acceptable level. 
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Users to undertake visual checks prior 
to use. 
Damaged equipment to be removed 
from use.  

Date of First 
Assessment: 

25/10/13 
 

Review Date 
of overall 
Assessment: 

25/10/14 
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:;<RISK ASSESSMENT (RA99)                                   Page 1 -  (Hazards)  
(V3/07) 

School / Unit and Area: Sport/Physiology 
Assessment 
Number:  

5 

Risk Assessment 
undertaken by: 
Recommended to be 2 or more people 

Mary Alexander  

Alexandra Coull  

Description of the work 
activity being assessed: 

                         Maximal Aerobic Test (VO2max/peak) 

Persons Affected: Staff                   Students                        Others 

Details of Others: visitors, consultants, external clients 

 

HAZARD IDENTIFICATION 
 

Please provide details of the hazards associated 
with the area or task. 

 

EXAMPLES INCLUDE: 
Working at height, Manual Handling, Electricity, Fire, Noise, Contact 
with moving parts of machinery, Dust etc 

RISK RATING - without Controls 
 

The Risk Rating (RR) and Degree of Risk are 
determined by multiplying the Severity (S) of injury 

by the Likelihood (L) of occurrence. 
Please see UWIC Risk Rating Matrix for details 

S L RR 
Degree of 

Risk 

1 
Risk of fainting/dizziness due to the maximal 
nature with of the test. 

4 2 8 High 

2 Risk of falling of cycle ergometer 4 2 8 High 

3 
Risk of cardiac problems associated with 
maximal exercise. 

4 2 8 High 

4 Hygiene. 0 4 4 Moderate 

5 Strain or muscle injuries.  3 2 6 Moderate 

6 Injury from contact with moving parts 4 2 8 High 

7 
Breathing irregularities/difficulties when using 
mouth pieces/valves. 

2 2 4 Moderate 

8 
Risks associated with cycle ergometer see RA 
numbers 14/15/16/26. 

    

9      

1
0 

     

Example - 1. Electric Shock (office) 4 3 12 
Unacceptabl

e 

x x x 

file:///C:/my%20documents/Health%20&%20Safety/Risk%20Assessments/UWIC%20Risk%20Rating%20System.doc
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CONTROLS TO BE APPLIED 
Examples Include:  

Elimination, Substitution for something less hazardous, 
Barriers or fixed guards, standard operating procedures 

and personnel protective equipment 

Date 
Applied 

RISK RATING - with Controls  

S L RR 
Degree of 

Risk 

1 

Subject monitored for at least 30 
minutes following test. If subject feels 
faint they must take a supine position on 
a mat with legs elevated. 

25/10/1
3 
 

3 1 3 Low 

1 
Appropriate warm down procedures (5 
minutes) to prevent blood pooling.  

25/10/1
3 
 

3 1 3 Low 

1 
Ensure subject ingests some 
carbohydrates within 30 minutes of test 
completion (sports drink preferable). 

25/10/1
3 
 

3 1 3 Low 

2 
Test observer adjacent to ergometer at 
all times to support subject. 

25/10/1
3 
 

3 1 3 Low 

3 
Informed consent forms must be 
completed by all subjects prior to 
sampling. 

25/10/1
3 
 

4 1 4 Low 

3 
Health screening questionnaire. Test 
must not be performed on subjects with 
previous/current cardiac problems.  

25/10/1
3 
 

4 1 4 Moderate 

4 
Bike, gas analysis equipment, floor and 
bucket to be sterilised in accordance 
with laboratory guidelines.  

25/10/1
3 
 

0 3 3 Low 

5 
Extensive and appropriate information 
on test procedures/techniques during 
and at termination of the test. 

25/10/1
3 
 

3 1 3 Low 

6 
Instruction and familiarisation of/with 
associated equipment.  

25/10/1
3 
 

2 1 2 Low 

7 
Instruction and familiarisation of/with 
mouthpiece and associated equipment.  

25/10/1
3 
 

2 1 2 Low 

8 
Follow risk assessment guidelines for 
relevant exercise mode: 14/15/16/26 

25/10/1
3 
 

    

Once all potential hazards have been identified and a Risk Rating has been 
applied, please go to page 2 and provide details of the control measures required 
to reduce the risk to an acceptable level. 
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Date of First 
Assessment: 

25/10/13 
 

Review Date 
of overall 
Assessment: 

25/10/14 
 

 

:;<RISK ASSESSMENT (RA99)                                   Page 1 -  (Hazards)  
(V3/07) 

School / Unit and Area: Sport/Physiology 
Assessment 
Number:  

7 

Risk Assessment 
undertaken by: 
Recommended to be 2 or more people 

Mary Alexander  

Alexandra Coull  

Description of the work 
activity being assessed: 

            Sub-maximal Exercise Testing/Training 

Persons Affected: Staff                   Students                        Others 

Details of Others: visitors, consultants, external clients 

 

HAZARD IDENTIFICATION 
 

Please provide details of the hazards associated 
with the area or task. 

 

EXAMPLES INCLUDE: 
Working at height, Manual Handling, Electricity, Fire, Noise, Contact 
with moving parts of machinery, Dust etc 

RISK RATING - without Controls 
 

The Risk Rating (RR) and Degree of Risk are 
determined by multiplying the Severity (S) of injury 

by the Likelihood (L) of occurrence. 
Please see UWIC Risk Rating Matrix for details 

S L RR 
Degree of 

Risk 

1 
Risk of fainting/dizziness due to the maximal 
nature with of the test. 

4 2 8 High 

2 Risk of falling 4 2 8 High 

3 
Risk of cardiac problems associated with 
maximal exercise. 

4 2 8 High 

4 Strain or muscle injuries.  3 2 6 Moderate 

5 Injury from contact with moving parts 4 2 8 High 

6 
Breathing irregularities/difficulties when using 
mouth pieces/valves. 

2 2 4 Moderate 

7 
Risks associated with treadmill/cycle 
ergometer see RA numbers 14/15/16/19/26 

    

8      

9      

x x x 

file:///C:/my%20documents/Health%20&%20Safety/Risk%20Assessments/UWIC%20Risk%20Rating%20System.doc
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CONTROLS TO BE APPLIED 
Examples Include:  

Elimination, Substitution for something less hazardous, 
Barriers or fixed guards, standard operating procedures 

and personnel protective equipment 

Date 
Applied 

RISK RATING - with Controls  

S L RR 
Degree of 

Risk 

1 
Appropriate warm down procedures (5 
minutes) to prevent blood pooling.  

25/10/1
3 
 

3 1 3 Low 

1 
Ensure subject ingests some 
carbohydrates within 30 minutes of test 
completion (sports drink preferable). 

25/10/1
3 
 

3 1 3 Low 

2 
Test observer adjacent to ergometer/ 
treadmill at all times to support subject. 

25/10/1
3 
 

3 1 3 Low 

3 
Informed consent forms must be 
completed by all subjects prior to 
sampling. 

25/10/1
3 
 

4 1 4 Moderate 

3 
Health screening questionnaire. Test 
must not be performed on subjects with 
previous/current cardiac problems.  

25/10/1
3 
 

4 1 4 Moderate 

4 
Extensive and appropriate information 
on test procedures/techniques during 
and at termination of the test. 

25/10/1
3 
 

3 1 3 Low 

5 
Instruction and familiarisation of/with 
associated equipment.  

25/10/1
3 
 

2 1 2 Low 

6 
Instruction and familiarisation of/with 
mouthpiece and associated equipment.  

25/10/1
3 
 

2 1 2 Low 

7 
Follow risk assessment guidelines for 
relevant exercise mode: 14/15/16/19. 

25/10/1
3 
 

    

1
0 

     

Example - 1. Electric Shock (office) 4 3 12 
Unacceptabl

e 

Once all potential hazards have been identified and a Risk Rating has been 
applied, please go to page 2 and provide details of the control measures required 
to reduce the risk to an acceptable level. 
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1
0 

      

1. 

Examples of possible controls: 
All appliances are to be PAT tested. 
Any new items are to be reported to 
estates. 
Users to undertake visual checks prior 
to use. 
Damaged equipment to be removed 
from use.  

07/06/0
7 

4 1 4 Moderate 
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School / Unit and Area: Sport/Physiology Lab 
Assessment 
Number:  

26 

Risk Assessment 
undertaken by: 
Recommended to be 2 or more people 

Mary Alexander  

Alexandra Coull  

Description of the work 
activity being assessed: 

                            Arm Ergometer / Handcycle 

Persons Affected: Staff                   Students                        Others 

Details of Others: Visitors/Consultants/ External Clients 

 

HAZARD IDENTIFICATION 
 

Please provide details of the hazards associated 
with the area or task. 

 

EXAMPLES INCLUDE: 
Working at height, Manual Handling, Electricity, Fire, Noise, Contact 
with moving parts of machinery, Dust etc 

RISK RATING - without Controls 
 

The Risk Rating (RR) and Degree of Risk are 
determined by multiplying the Severity (S) of injury 

by the Likelihood (L) of occurrence. 
Please see UWIC Risk Rating Matrix for details 

S L RR 
Degree of 

Risk 

1 
 Strain or muscle injuries from improper 

use or technique  
1 4 4 Moderate 

2  Injury from contact with moving parts 1 4 4 Moderate 

3      

4      

5      

6      

7      

8      

9      

1
0 

     

Example - 1. Electric Shock (office) 4 3 12 
Unacceptabl

e 

x x x 

file:///C:/my%20documents/UWIC%20Lab/Health%20&%20Safety/Risk%20Assessments/UWIC%20Risk%20Rating%20System.doc
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CONTROLS TO BE APPLIED 
Examples Include:  

Elimination, Substitution for something less hazardous, 
Barriers or fixed guards, standard operating procedures 

and personnel protective equipment 

Date 
Applied 

RISK RATING - with Controls  

S L RR 
Degree of 

Risk 

1 

 Correct detailed instruction on 
form and technique. 

25/10/1
3 
 

1 2 2 Low 

2 

 Ensure ergometer is securely 
fixed. 

25/10/1
3 
 

1 2 2 Low 

3 

 Maintain and check equipment is 
safe for use. 

25/10/1
3 
 

1 2 2 Low 

4 

 Ensure the ergometer is in a safe 
position to use. Ensure there is 
enough space to use the 
equipment safely. 

25/10/1
3 
 

1 2 2 Low 

5 

 Make sure the subject feels fit 
and able to perform the exercise. 

25/10/1
3 
 

1 2 2 Low 

6       

7       

8       

9       

1
0 

      

1. 

Examples of possible controls: 
All appliances are to be PAT tested. 
Any new items are to be reported to 
estates. 

07/06/0
7 

4 1 4 Moderate 

Once all potential hazards have been identified and a Risk Rating has been 
applied, please go to page 2 and provide details of the control measures required 
to reduce the risk to an acceptable level. 
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Users to undertake visual checks prior 
to use. 
Damaged equipment to be removed 
from use.  

Date of First 
Assessment: 

1/7/2011 
Review Date 
of overall 
Assessment: 

1/7/2012 

 
 

 

RISK ASSESSMENT (RA99)                                   Page 1 -  (Hazards)  
(V3/07) 

School / Unit and Area: Sport/Physiology Lab 
Assessment 
Number:  

27 

Risk Assessment 
undertaken by: 
Recommended to be 2 or more people 

MA  

AC  

Description of the work 
activity being assessed: 

Biosen Lactate Analyser 
 

Persons Affected: Staff                   Students                        Others 

Details of Others: Visitors/Consultants/ External Clients 

 

HAZARD IDENTIFICATION 
 

Please provide details of the hazards associated 
with the area or task. 

 

EXAMPLES INCLUDE: 
Working at height, Manual Handling, Electricity, Fire, Noise, Contact 
with moving parts of machinery, Dust etc 

RISK RATING - without Controls 
 

The Risk Rating (RR) and Degree of Risk are 
determined by multiplying the Severity (S) of injury 

by the Likelihood (L) of occurrence. 
Please see UWIC Risk Rating Matrix for details 

S L RR 
Degree of 

Risk 

1  Cross contamination. 4 2 8 High 

2  Blood diseases. 4 2 8 High 

3  Stab wounds 4 2 8 High 

4  Hygiene 4 2 8 High 

5      

6      

7      

x x x 

file:///C:/my%20documents/UWIC%20Lab/Health%20&%20Safety/Risk%20Assessments/UWIC%20Risk%20Rating%20System.doc
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CONTROLS TO BE APPLIED 
Examples Include:  

Elimination, Substitution for something less hazardous, 
Barriers or fixed guards, standard operating procedures 

and personnel protective equipment 

Date 
Applied 

RISK RATING - with Controls  

S L RR 
Degree of 

Risk 

1 

 Rigid enforcement of procedures 
and protocols for safe use of 
machine – refer to 
manufacturer’s guidelines/ 
instructions 

25/10/1
3 
 4 1 4 Moderate 

2 

 Experienced users to help in 
experienced users 

25/10/1
3 
 

4 1 4 Moderate 

3 

 Non-allergic gloves must be worn 
at all times 

25/10/1
3 
 

4 1 4 Moderate 

4 

 Sharps must be immediately 
disposed of in a medical sharps 
bin. 

25/10/1
3 
 

4 1 4 Moderate 

5 

 Any soft tissue or other material 
contaminated with bodily fluids 
should be disposed of in the soft 
clinical waste bin. 

25/10/1
3 
 

4 1 4 Moderate 

6 

 Work surfaces where blood is 
tested must be non porous and 
cleaned with disinfectant. 

25/10/1
3 
 

4 1 4 Moderate 

7       

8       

8      

9      

1
0 

     

Example - 1. Electric Shock (office) 4 3 12 
Unacceptabl

e 

Once all potential hazards have been identified and a Risk Rating has been 
applied, please go to page 2 and provide details of the control measures required 
to reduce the risk to an acceptable level. 
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9       

1. 

Examples of possible controls: 
All appliances are to be PAT tested. 
Any new items are to be reported to 
estates. 
Users to undertake visual checks prior 
to use. 
Damaged equipment to be removed 
from use.  

07/06/0
7 

4 1 4 Moderate 
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APPENDIX B 

 
SUBSRATE QUANTITIES 

B.1 Total grams of CHO (gmin-1) used in participants a during continuous (CT) and b 
interval (IT) exercise 

a 
Mean values are expressed as ± SD. *significantly different (p<0.05) between tests. 

 
 
 
 

b 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Mean values are expressed as ± SD. *significantly different (p<0.05) between tests. 
 

 
 
 
 

  

 
CT 

 
5 10 15 20 25 30 

1 2.52 2.57 2.37 2.02 1.63 1.03 
2 2.35 1.78 1.00 1.75 1.57 1.47 
3 2.04 1.39 1.61 1.88 1.53 1.51 

4 0.55 0.29 0.00 0.00 0.00 0.00 
5 1.32 0.64 0.22 0.28 0.06 0.48 
6 0.00 0.00 0.44 0.52 0.10 0.78 
7 3.14 3.18 2.25 2.28 1.88 2.63 
8 2.97 2.92 1.94 1.80 1.73 2.04 

Mean 1.86±1.14* 1.59±1.22 1.23±0.94* 1.32±0.09* 1.06±0.84 1.24±0.85 

 
IT 

 
5 10 15 20 25 30 

1 3.19 1.26 1.41 0.93 0.29 0.00 
2 3.09 2.11 2.57 2.73 2.79 2.24 
3 2.97 3.00 1.93 1.65 0.63 1.02 
4 2.91 2.79 2.91 2.05 3.02 2.17 
5 2.94 1.94 1.94 2.07 1.87 2.64 
6 3.66 2.76 3.17 2.54 3.05 2.79 
7 4.00 2.72 3.33 3.27 3.72 3.58 
8 3.61 2.78 3.35 3.36 3.85 3.60 

Mean   3.30±0.41* 2.42±0.60 2.57±0.74* 2.32±0.82* 2.40±1.35 2.26±1.23 
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B.2 Individual values of of fat used (gmin-1) in participants a during continuous (CT) and b 
interval (IT) exercise 
 
a             
 

 
CT 

 
5 10 15 20 25 30 

1 0 0 0.16 0.33 0.42 0.09 
2 0 0.24 0.19 0.46 0.33 0.49 
3 0 0.27 0.18 0.09 0.29 0.34 
4 1.39 1.48 1.59 1.21 1.22 1.29 
5 0.12 0.38 0.56 0.55 0.59 0.39 

6 1.35 1.34 1.27 1.22 0.96 0.94 
7 0 0 0.37 0.31 0.49 0.23 
8 0 0.04 0.44 0.47 0.52 0.46 

Mean 0.4±0.6 0.5±0.6 0.6±0.5 0.6±0.42 0.6±0.3 0.53±0.4 

 
Mean values are expressed as ± SD. *significantly different (p<0.05) between tests. 

 
 
 
 

 

b 

 
IT 

 
5 10 15 20 25 30 

1 0 1.01 0.97 1.21 1.5 1.62 

2 0 0 0.23 0.13 0.04 0.25 

3 0 0.39 0.43 0.57 1.22 1.12 

4 0 0.09 0.04 0.46 0.05 0.35 

5 0 0.44 0.37 0.34 0.49 0.18 

6 0.06 0.45 0.28 0.57 0.41 0.54 

7 0 0.52 0.3 0.22 0.12 0.18 

8 0 0.38 0.16 0.23 0.06 0.18 

Mean 0.01±0.02 0.4±0.3 0.3±0.3 0.47±0.3 0.5±0.6 0.6±0.5 

Mean values are expressed as ± SD. *significantly different (p<0.05) between tests. 
 


