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1.1 Introduction 

Dyspnea is a clinical term for the sensation of shortness of breath. It is a 

subjective experience perceived and reported by an affected person when 

referring to a feeling of the unpleasantness and discomfort related to breathing 

(Epstein, Manning, and Schwartzstein, 1995; Mukerji, 1990). Both healthy 

subjects and patients with heart and lung disease can experience this sensation, 

but a key difference is the level of activity at which this sensation becomes 

particularly troublesome (West et al., 2010). Typically, healthy subjects 

experience substantial dyspnea during heavy to severe exertion when demands 

on the cardiorespiratory system are high, e.g. during running, stair climbing or at 

high altitude (Mukerji, 1990). By contrast, patients with heart and lung disease 

are likely to experience this sensation during their day to day activities (Hajiro et 

al., 1999; Simon et al., 1990; Vivodtzev et al., 2006) which may, as a 

consequence, become more limited as their condition progresses.  So, dyspnea 

becomes an issue of clinical concern, likely indicative of disease, when it occurs 

at a level of activity in an individual that would not usually cause any difficulty 

(Mukerji, 1990). 

Although dyspnea is associated with a wide range of clinical conditions, it is a 

particularly significant symptom in Chronic Obstructive Pulmonary Disease 

(COPD) where it has a major impact on exercise capacity and quality of life 

(Hajiro et al., 1999; Soler-Cataluna et al., 2005; Wilson, 2006). Dyspnea is 

perceived and described variously by patients with COPD as: “hard work”, 
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“exhausting”, “painful”, “a constant struggle” or “a continuous fight” (Rocker et 

al., 2009). Some COPD patients can feel severely short of breath almost all the 

time leading to the avoidance of usual daily activities and descriptions of 

themselves of the type  “existing rather than living” are common (Pitta et al., 

2005; Rocker et al., 2009). Avoiding daily activities due to fear of dyspnea 

results in deconditioning and a deteriorating functional status as well as isolating 

COPD patients and imposing a growing burden on their carers (Reardon, Lareau, 

and Zuwallack, 2006). 

In non COPD populations, there is growing evidence that exertional dyspnea 

becomes an increasing problem in both elderly and obese individuals (Babb et 

al., 2008; Scano, Stendardi, and Bruni, 2009; Scano, Stendardi, and Grazzini, 

2005), probably related to decreasing cardiorespiratory capacity and increased 

metabolic demand associated with activity. Since patients with COPD are 

generally elderly and may be obese, then these factors are likely to exacerbate 

their exertional dyspnea. 

As dyspnea is a subjective experience, it is perceived and described differently 

by different individuals. It is defined by the American Thoracic Society (2012) 

as the “subjective experience of breathing discomfort that consists of 

qualitatively distinct sensations varying in intensity” (Parshall et al., 2012). In 

practice, researchers have used a number of different but related descriptors to 

help convey to their subjects the nature of the sensation being studied. Such 

terms have included “difficulty in breathing”, “air hunger”, “disordered or 
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inadequate breathing”, “uncomfortable awareness of breathing”, “labored 

breathing” or simply “breathlessness” (Parshall et al., 2012). Dyspnea is one of 

the most common clinical problems being reported by nearly half of the patients 

admitted to acute and tertiary care hospitals and is estimated to lead to 3-4 

million emergency visits in the USA annually (Parshall et al., 2012).   

1.2 Dyspnea and pain 

In considering dyspnea as a target for more effective symptom management, 

many authors have pointed to the parallels between dyspnea and pain. Pain is an 

unpleasant and aversive sensation which drives behaviour and thus serves a 

protective function for the organism, notably in avoiding or managing injury. 

Similarly dyspnea can be considered as driving behaviours, including limiting 

exercise, that are protective against abnormalities of gas exchange (Buchanan, 

and Richerson, 2009). On the other hand, chronic (intractable) pain and dyspnea 

serve no useful purpose and lead to substantial morbidity in situations where 

little can be done to treat the underlying cause. By considering dyspnea in this 

way, researchers have argued that the substantial advances in the way we think 

about and manage pain might lead to improved management of dyspnea. The 

hope remains that by reference to the much better studied phenomenon of pain, 

more effective strategies for managing dyspnea, perhaps including development 

of a “dyspnea analgesic”, might be realised (Mahler et al., 2010). Neuroimaging 

studies suggest that perception of both pain and dyspnea share a common neural 

substrate (Gracely et al., 2007; von Leupoldt et al., 2006), although the sensory 
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inputs that give rise to these perceptions are much less clearly defined for 

dyspnea than they are for pain.  

A key concept in pain research has been the categorisation of the symptom in 

terms of its sensory (intensity and quality) and affective (unpleasantness) 

dimensions (Banzett et al., 2000; Lansing, Gracely, and Banzett, 2009; Loeser, 

and Melzack, 1999; Wilson, and Jones, 1991). Several investigators have 

attempted to apply this construct to the measurement of dyspnea by asking 

subjects not only to rate the perceived intensity of the sensation, but also its 

quality (e.g. “hard work to breathe”; “urge to breathe”) and level of 

unpleasantness/emotional impact (Banzett et al., 2000; Carrieri-Kohlman et al., 

1996; von Leupoldt, Riedel, and Dahme, 2006). Thus for example, von Leupoldt, 

et al. (2006) reported that experimental modulation of mood in healthy subjects 

is associated with changes in the affective but not the sensory dimension of 

dyspnea induced by breathing through resistive loads (von Leupoldt, Riedel, and 

Dahme, 2006).  

1.3 Dyspnea in COPD  

Dyspnea is a fearful experience for the patient with COPD and is known to be a 

major factor promoting exercise avoidance in this population (O'Driscoll, 

Corner, and Bailey, 1999). In a study of 1556 tertiary care hospital patients, pain 

and  dyspnea, in approximately equal numbers, were identified as the main 

reasons for visiting the hospital (Desbiens et al., 1997). COPD is currently the 
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fifth leading cause of death worldwide and is expected to rise to third by 2020 

(Mannino, and Buist, 2007; Murray, and Lopez, 1997). Hence it can be assumed 

that an increasing number of people will have to live with this debilitating 

symptom and its psychosocial consequences.   

In attempting to better understand the physiological basis of dyspnea, many 

researchers have undertaken studies in healthy volunteers where experimental 

conditions can be more carefully controlled.  This raises the important issue of 

the extent to which experimentally-induced breathlessness in healthy individuals 

is analogous to dyspnea as a clinical symptom. For example, exertional 

breathlessness in healthy individuals was argued to be different and 

distinguishable from clinical dyspnea (Burki, 1980). On the other hand, others 

have pointed out that “patients generally say that breathlessness they experience 

currently is qualitatively similar to the breathlessness with heavy exercise they 

experienced before their illness, the only difference being now they have 

breathlessness with minor exercise, or even at rest” (Cockcroft, and Guz, 1987).   

Dyspnea is a major factor limiting exercise in COPD patients. O’Donnell et al. 

(1997) reported that following exercise, 75% of COPD patients describe their 

symptom primarily as “increased inspiratory difficulty” and/or “unsatisfactory 

inspiratory effort” (O'Donnell et al., 1997).  These descriptors are also 

commonly used by healthy individuals in describing their breathlessness during 

exercise (Hoit, Lansing, and Perona, 2007; Nishino et al., 2007; Petersen, Orth, 

and Ritz, 2008; Vázquez-García et al., 2006). It thus seems reasonable to 
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consider breathlessness/dyspnea as a single sensation, associated with increased 

ventilatory demands, across healthy and clinical populations. Although this 

debate continues, it is clear from the literature that in recent decades research in 

healthy individuals on the physiological mechanisms underlying dyspnea 

perception has had a significant impact on the way health professionals now 

think about and manage this symptom in clinical populations.  

Despite being a common and debilitating symptom, the therapeutic strategies 

available to manage dyspnea are extremely limited. By contrast with pain, there 

are no effective pharmacotherapeutic strategies available for dyspnea 

management. Research over the years has strongly suggested that the intensity of 

dyspnea is related to the prevailing level of respiratory drive and much of current 

best practice for dyspnea management (e.g. optimal bronchodilation, oxygen 

supplementation and improving peripheral muscle function) is focused on 

minimising the work of breathing associated with a given level of whole body 

energy expenditure. However, the extent to which respiratory drive might be 

suppressed for dyspnea management must be limited since symptom relief at the 

cost of respiratory failure is not an option. The ideal therapeutic goal, of a 

treatment that obtunds the unpleasant sensation associated with exercise without 

impacting on the regulation of breathing (i.e. a dyspnea “analgesic”), remains 

elusive. Whether an improved understanding of the genesis of dyspnea will help 

us develop such a therapy remains an open question.  
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In recent years, there has been an increased focus on dyspnea management in 

palliative care for both cancer (Abernethy, and Wheeler, 2008) and other 

terminal conditions including COPD. This reflects the increasing recognition of 

dyspnea as a substantial burden that affects all aspects of life (Gore, Brophy, and 

Greenstone, 2000; Solano, Gomes, and Higginson, 2006) and that research into 

the mechanisms underlying the genesis of this symptom is needed for its more 

effective management (Curtis, 2008; Goodridge et al., 2008; Spathis, and Booth, 

2008). In a study carried out in 118 hospitalised patients with COPD, relief from 

dyspnea was identified as the top priority for the improvement of the quality of a 

patient’s life (Rocker, Dodek, and Heyland, 2008). 

It has long been recognised that there is considerable variation in the intensity of 

dyspnea experienced by patients with equivalent degrees of clinical severity 

assessed using objective criteria (e.g. lung function status). A similar situation 

exists for pain. This has led to the view that within a specific patient population, 

there are likely to be individuals with either under-perception or over-perception 

of their dyspnea. Both are likely to be problematical in terms of optimal 

management. Under-perceivers may underestimate the seriousness of disease, 

and delay seeking treatment likely to improve outcomes (Banzett et al., 2000), 

whereas over-perception may lead to excessive use of therapeutic measures, with 

potential serious consequences (Bass, 1991). Under-perception and over-

perception of the dyspeneic sensation may well reflect the psychological state of 

the patient (Smoller et al., 1996), and it has been argued that improved insights 
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into the psychophysiological basis of the severity of dyspnea will make it easier 

to understand and cope with this symptom (Parshall et al., 2012). 

1.4 Dyspnea and peripheral muscle fatigue 

During lower limb aerobic exercise, peripheral muscle activation, if sufficiently 

intense, leads to a sense of leg fatigue. Such exercise also stimulates ventilation 

and it is generally assumed that events related to ventilation are the primary 

cause of exercise-induced shortness of breath (Buchanan, and Richerson, 2009; 

Sillen et al., 2011). However, it is conceivable that these two exercise-related 

symptoms complement one another such that the development of one symptom 

could potentiate the other, resulting in lower exercise tolerance. This could be 

especially significant in COPD patients where poor lung function coupled with 

deconditioning might exacerbate symptom-limited exercise capacity. 

Although dyspnea is a major limiting factor reported by COPD patients 

(Kinsman et al., 1983), research has shown that exercise in patients with COPD 

can be limited by leg fatigue, dyspnea or combination of these symptoms 

(Baltzan et al., 2011; Vorrink et al., 2011). In reviewing this issue, O’Donnell et 

al. (2007), found that in 403 patients with COPD, 63% of patients identified 

dyspnea as the main reason for their exercise limitation, 9% reported that it was 

leg fatigue and 27% of the patients reported a combination of dyspnea and leg 

fatigue (O'Donnell, and Laveneziana, 2007). It is noteworthy that healthy 
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subjects also give similar varying reports for stopping exercise  (Saltin, and 

Calbet, 2006; Wagner, 1996).  

Although it is clear that dyspnea and leg fatigue are two quite different exercise 

related symptoms, their exact relationship is still unclear and we do not know the 

extent to which leg fatigue impacts on dyspnea perception or vice versa. 

Therefore, we aimed to study the interaction between these two symptoms by 

exploring whether the well-defined relationship between exertional dyspnea and 

ventilation can be perturbed by altering the state of exercising muscles. To do 

this, we studied the effect on dyspnea of different exercise modalities producing 

equivalent levels of cardiopulmonary stress. This understanding will broaden our 

knowledge of how these two exertional symptoms are related. The findings of 

this research could prove beneficial in managing COPD patients if 

symptomology can be improved by conditioning peripheral muscles in addition 

to focusing on alleviating ventilatory constraints, improved peripheral muscle 

function could be more specifically targeted.  

1.5 Hyperinflation and dyspnea 

Dyspnea in patients with COPD is believed to be related to hyperinflation 

(Hannink et al., 2010), which is the condition-related increase in the volume of 

air remaining in the lungs at the end of expiration (End Expiratory Lung 

Volume, EELV). Patients with COPD and other pulmonary diseases have 

deteriorative changes in their lungs and airways leading to obstruction of air flow 
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(O'Donnell, 2006). While inspiration is little affected by this obstruction, 

expiration, during which airways narrow as elastic lung recoil occurs, becomes 

impaired leading to expiratory flow limitation (Cooper, 2009; Puente-Maestu, 

and Stringer, 2006).  This expiratory flow limitation, which can include airway 

collapse, leads to an inability to expel air during the time available for expiration, 

leading to an air trapping and a compensatory increase in EELV (Tantucci, and 

Grassi, 1999). The extent of this hyperinflation is largely determined by the 

degree of flow limitation (O'Donnell, 2006).  

During exercise, as the time available for expiration decreases, EELV increases 

further; this is termed dynamic hyperinflation. Dynamic hyperinflation is 

considered by many to be one of the primary causes of dyspnea in patients with 

COPD as breathing must take place at higher lung volumes necessitating an 

increase in the work of breathing to move a less compliant respiratory system. 

The dyspnea sensation is believed to be related to the increased neural output to 

respiratory muscles associated with the increased work of breathing. 

Although hyperinflation is clearly associated with dyspnea in patients with 

COPD, in reviewing this topic, O’Donnell (2006) pointed out there have been no 

epidemiological studies linking the development of hyperinflation and dyspnea 

with increasing severity of the condition. O’Donnell argues that it may take 

many years for hyperinflation to reach the critical stage at which troublesome 

dyspnea is perceived. This is because with increases in EELV, the chest wall 

adapts to accommodate the over distended lungs enabling the diaphragm to 
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generate pressure during resting breathing in spite of its increasingly shortened 

operating length. However, during exercise or with other acute respiratory 

stressors (e.g. a respiratory tract infection), this compensatory mechanism is 

inadequate resulting in excessive hyperinflation, severe dyspnea and consequent 

exercise intolerance and avoidance. 

Despite much debate on this topic, it remains unclear whether exercise-related 

dynamic hyperinflation per se is a significant cause of dyspnea or rather an 

associated event.  

1.6 Effect of mood on perception of dyspnea 

Numerous clinical studies have demonstrated the higher prevalence of both 

anxiety and depression in patients with COPD compared to aged-matched 

healthy subjects (Bratas et al., 2010; Clary, 2003; De Voogd et al., 2009; 

Hayashi et al., 2011; Julian et al., 2009; Lewis et al., 2007; Medinas Amoros et 

al., 2011; Petersen, and Ritz, 2011; Pietras et al., 2009; Pirraglia et al., 2011; 

Rietveld, and Prins, 1998; Ritz et al., 2010; Warmenhoven et al., 2013; Wilson, 

2006). However, the extent to which such psychopathology is a consequence of 

chronic dyspnea (and its associated impact on life quality) as opposed to dyspnea 

being exacerbated by poor psychosocial status is difficult to determine. Despite 

this uncertainty, it makes intuitive sense that those suffering with a chronic 

disabling condition would experience more negative emotions and that these in 

turn could heighten the severity of somatic symptoms. It is not surprising 
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therefore, that many researchers have explored the possibility of ameliorating 

dyspnea by treating related negative psychiatric or mood states in COPD 

patients. Both pharmacologic and non-pharmacologic approaches have been tried 

(Abernethy, and Wheeler, 2008; Casaburi, 2009; Dudgeon, and Rosenthal, 1996; 

Mitchell-Heggs et al., 1980; Rosser, and Guz, 1981; Woodcock, Gross, and 

Geddes, 1981) with varying degrees of success. However, the clinical potential 

of this type of therapy in dyspnea management is far from clear. In the last 

decade, a series of neuroimaging studies in healthy subjects have revealed that 

experimentally induced dyspnea is associated with activation of structures within 

the limbic system, in particular the insular cortex (Banzett et al., 2000; Brannan 

et al., 2001; Evans et al., 2002; Liotti et al., 2001; Peiffer et al., 2001). Since this 

area of the brain is known to be involved with emotion and mood, there is at 

least an anatomical basis for proposing that dyspnea perception could be 

influenced by mood. Support for this idea comes from studies showing positive 

relationships between negative mood/emotional state and dyspnea intensity 

(Bogaerts et al., 2005; Rietveld, and Prins, 1998; von Leupoldt et al., 2006). Of 

particular interest is the study of von Leupoldt, et al. (2006); by having healthy 

subjects view standard images known to modify mood (International Affective 

Picture Series - IAPS) they were able to demonstrate that these stimuli elicited 

increased ratings of the intensity of both pain and respiratory discomfort during 

negative compared to positive mood states. In these studies however, respiratory 

discomfort was induced using resistive load breathing, a sensation quite different 

from exertional dyspnea.  
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International Affective Picture System (IAPS): The International Affective 

Picture System (IAPS) is a set of colored photographs developed and distributed 

by the University of Florida, Centre for Emotion and Attention (Lang, Bradley, 

and Cuthbert, 2005). These emotionally evocative images have been shown to 

induce changes in mood assessed in three domains: valence, arousal and 

dominance; they are well validated and extensively used in psychological 

research to elicit positive, negative and neutral mood states.  

Recently von Leupoldt, et al. (2010) used IAPS to investigate the impact of 

mood modification on exertional dyspnea in patients with COPD (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

D
y
s
p

n
e

a
 

                         Pre-Exercise   Post-Exercise 

Figure 1.1: Mean levels of dyspnea intensity before and after 3 min bicycle 

exercise in 30 patients with COPD following viewing of “positive (□)” and 

“negative (■)” picture series. Showing negative images from IAPS significantly 

increased the perception of dyspnea compared to the viewing of positive 

images. 
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In this study they found experimentally-induced negative compared to positive 

mood was associated with significantly greater dyspnea “intensity” following 

exercise. Measures of dyspnea “unpleasantness” were not different between 

positive and negative mood states. This study used only modest levels of 

exercise and the levels of dyspnea were low. Further, the findings, drawn from a 

one point measurement, may not have been adequately powered to address the 

question. We aimed to re-examine this issue in healthy subjects at higher levels 

of exercise and using a neutral as well as positive and negative series of images 

recording multiple measures of mood and dyspnea. 

1.7 Dyspnea in non-respiratory disease 

Non-respiratory pathologies such as heart disease (Guazzi et al., 2009; Mahle et 

al., 2010), pulmonary arterial hypertension (Laveneziana et al., 2013), 

neuromuscular abnormality (Lanini et al., 2001; Weiner et al., 1998), cancer 

(Bruera et al., 1993; Travers et al., 2008), and endocrine disorders (Goswami et 

al., 2002; Klein, and Ojamaa, 1992) commonly have dyspnea as a presenting 

symptom. Moreover, troublesome dyspnea is often associated with obesity 

(Scano, Stendardi, and Bruni, 2009; Sin, Jones, and Man, 2002), and pregnancy 

(Hegewald, and Crapo, 2011; Tenholder, and South-Paul, 1989) or may be 

psychogenic in nature (Cottraux, 2009; Kaufman, Endres, and Kaufman, 2007). 

While respiratory or gas exchange constraints may be implicated in these 

conditions, it is clear that dyspnea can arise in the absence of lung disease. It can 

thus be concluded that dyspnea has multiple causes generally related to situations 
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where ventilatory capacity struggles to meet ventilatory demand; in other words 

when blood gas homeostasis is potentially compromised.  

1.8 Dyspnea assessment 

Dyspnea assessment is a critical part of patient evaluation and management as 

well as being important in research studies aimed at better understanding the 

symptom. The first attempt to rate this symptom was made by Fletcher et al. 

(1959), who developed a standardised scale for reporting the severity of dyspnea 

based on reported limitations in exercise capacity. This was subsequently 

modified to become the widely used Medical Research Council (MRC) dyspnea 

scale (Table 1.2). 

Using this scale, patients are asked to report how much their breathlessness 

limits their exercise capacity relative to five specified situations. Since the two 

extreme grades relate to (1) good health and (2) severe disability, the scale offers 

relatively little sensitivity in assessing the severity of this symptom.   
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Grade Degree of breathlessness related to activities 

1 Not troubled by breathlessness except on strenuous exercise 

2 Short of breath when hurrying on the level or walking up a 

slight hill 

3 Walks slower than most people on the level, stops after a mile 

or so, or stops after 15 minutes walking at own pace 

4 Stops for a breath after walking about 100 yards or after a few 

minutes on the level ground 

5 Too breathless to leave the house, or breathlessness when 

undressing 

 

Table 1.2: MRC breathlessness scale (adapted from Fletcher et al., 1959) 

 

Subsequently more discriminating questionnaires have been developed based on 

patient reports of exercise/activity limitation secondary to dyspnea. These 

include the Oxygen Cost Diagram (Mcgavin et al., 1980; Mcgavin et al., 1978) 

the Baseline and Transition Dyspnea Index (Mahler et al., 1985) and the 

Pulmonary Function Status and Dyspnea Questionnaire (Lareau et al., 1999; 

Lareau, Meek, and Roos, 1998).  
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An alternative to using reports of exercise capacity to assess dyspnea is to 

actually assess exercise capacity using a standard exercise stress test. These days 

cardiopulmonary exercise testing uses standard methodology, usually employing 

a cycle ergometer, to progressively increase the demands placed on the 

cardiorespiratory system while measuring both physiological and subjective 

(symptom) responses. In situations where exercise capacity is clearly limited by 

dyspnea, then reporting how much exercise is achieved gives a measure of the 

dyspnea severity. Less technically demanding approaches to assess exercise 

capacity as a measure of functional limitations imposed by dyspnea include the 

widely used Six Minute Walk Distance Test (Osses et al., 2010) and the Shuttle 

Walk Test (Revill et al., 1999; Ringbæk et al., 2010); these are considered more 

relevant to a patient’s everyday activities. Assessing exercise tolerance provides 

quantitative indices that are clinically useful. However, the extent to which 

factors other than dyspnea contribute to exercise performance is uncertain and 

the fact that only a single estimate of dyspnea severity (exercise capacity) is 

obtained makes this approach, by itself, too limited for studies aimed at 

elucidating the mechanisms of dyspnea. 

In the 1980’s investigators began to employ psychometric techniques to the 

direct quantification of the perceived intensity of the dyspnea sensation. Since 

that time two approaches have been validated and widely used for this purpose. 

Borg’s modified category ratio scale for perceived exertion (Borg, 1982) was 

adapted by Burdon and co-workers for the direct rating of breathlessness 

(Burdon et al., 1982) (Figure 1.3). The alternative approach was to utilise the 
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well-established Visual Analogue Scale (VAS), a 100 mm line with the two ends 

representing “no breathlessness” and “maximal breathlessness” (Stark, Gambles, 

and Chatterjee, 1982). Either of these scaling methodologies allows multiple 

assessments of the intensity of dyspnea during an exercise or other ventilatory 

stress test and thus enables investigators to relate the development of the 

symptom to physiological changes and/or experimental interventions. 

 

  Table 1.3: Borg scale for dyspnea (ATS) 
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Several studies have compared the validity of these instruments in assessing 

dyspnea (Gift, and Narsavage, 1998; Martinez et al., 2000) and both show good 

reliability and give comparable results. Despite this, researchers have noted that 

some individuals have difficulty using these scales. For the Borg scale, the main 

concern has been the apparent mismatch between the numerical scale and the 

descriptors with which the numbers are paired (i.e. 3 = Moderate and 5 = 

Severe). For the VAS, the absence of any reference points between the extremes 

can be confusing when it comes to assessing the intensity of breathlessness. To 

deal with these concerns, a simple 0 - 10 scale has been shown to be just as valid 

as VAS in rating breathlessness and is preferred by subjects (Morris et al., 2007).  

For the proposed study, a novel exercise stress test, modelled on a short duration 

stair climb, has been developed and trialled in healthy volunteers (Morris et al., 

2007). By using a treadmill set at a steep gradient, it is possible to induce 

substantial dyspnea in a relatively short time with minimal residual exhaustion. 

This enables physiological variables to be monitored throughout the test, 

something that is not possible with the standard six minute walk test. By 

displaying a 0-10 scale in the subject’s visual field, which can be set using a 

controller on the treadmill, it is possible to obtain frequent or even continuous 

assessments of dyspnea. 
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1.9 Mechanisms of dyspnea 

Dyspnea is a sensation that can be reported only by conscious individuals. 

Although other perceptions (e.g. pain, hunger) can be studied in animal models 

through observing their behavior, this has so far not been feasible for dyspnea. 

As a consequence, our understanding of the neural basis of this important 

symptom is limited. In recent years, neuroimaging studies during 

experimentally-induced dyspnea in conscious subjects have implicated the 

involvement of the limbic system and related areas in this perception (Banzett, 

Mulnier, et al., 2000; Evans et al., 2002; Liotti et al., 2001; Peiffer et al., 2001) 

but at this stage relatively poor discrimination of these techniques makes 

interpretation difficult. 

Current thinking suggests that dyspnea results from a mismatch between central 

respiratory motor activity and incoming afferent information from sensory 

receptors in the airways, lungs, and chest wall structures (Burki, 1980; Burki, 

and Lee, 2010; Schwartzstein et al., 1990). Furthermore, there is support for a 

view that dyspnea is not a single sensory phenomenon but may comprise aspects 

of a sense of urgency to breathe (air hunger), a sense of breathing being 

physically hard (work or effort) and a sense of breathing feeling constrained 

(chest tightness); each component may result from activation of different neural 

pathways (Binks et al., 2002; Parshall et al., 2012; Schwartzstein et al., 1990). 

An important observation is that in healthy subjects the intensity of dyspnea is 

closely matched with the level of respiratory stimulation (as expressed by minute 
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ventilation) irrespective of the mode of stimulation (i.e. exercise, hypercapnia, 

hypoxia or acidosis) with the exception of volitional over breathing which is not 

dyspneogenic (Adams et al., 1985). Moreover, if respiratory stimulation is not 

accompanied by an appropriate ventilatory response, as in respiratory muscle 

paralysis, the sensation of dyspnea is heightened (Banzett et al., 2000). Such 

findings have led to the view that reflex stimulation of the respiratory neurons in 

the medulla (e.g. resulting from exercise or hypercapnia) leads not only to 

respiratory muscle activation but also to an ascending corollary discharge which 

can be modulated by feedback from peripheral receptors also relayed to the 

medulla. The likely sources of such afferent information are chest wall 

mechanoreceptors and/or pulmonary stretch receptors (Buchanan, and Richerson, 

2009; Lee, 2009) and pulmonary C fibers (Lin et al., 2005). It is supposed that 

this neural traffic then projects to areas in the cortex to generate a perception of 

dyspnea that can be modified by information from other brain regions. The exact 

cortical regions involved in the processing of this information are not well 

defined, although there is some evidence that the anterior insular cortex (Burki, 

and Lee, 2010; Evans et al., 2002; von Leupoldt et al., 2008), and the 

sensorimotor cortex (Schön et al., 2008) are involved. 

Thus, the currently available information permits an understanding of the general 

neural mechanisms of clinical dyspnea whereby quite modest levels of 

ventilatory stimulation would not be accompanied by an appropriate ventilatory 

response due for example to respiratory muscle weakness (e.g. myasthenia 

gravis) or abnormal lung mechanics (e.g. COPD). However, many questions 
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remain unanswered. In particular, little is known about the impact of a variety of 

psychophysiological disturbances that might contribute to an individual’s 

specific experience and underlie the wide range of clinical conditions giving rise 

to dyspnea. 

1.10 Treatment principles 

By contrast with pain, there are currently no effective medications for the relief 

of dyspnea (Dudgeon, and Rosenthal, 1996; Elkington et al., 2005). Sympathetic 

beta-2 agonists and other bronchodilators are widely prescribed for COPD and 

may provide some relief by reducing hyperinflation and the work of breathing 

(Boni et al., 2002; Welte, 2005). Benzodiazepines, targeted at reducing anxiety, 

have been shown to be effective in some studies but not others (Babb et al., 

2008; Mitchell-Heggs et al., 1980; Simon, Muller-Busch, and Bausewein, 2011; 

Woodcock, Gross, and Geddes, 1981). Of the pharmacological options, opioids 

appear to show the most promise with increasing use in palliative medicine 

(Abernethy, and Wheeler, 2008). A number of studies have demonstrated 

significant relief of dyspnea with standard therapeutic doses of opioids without 

significant respiratory depression (Mazzocato, Buclin, and Rapin, 1999). 

Nonetheless the mechanisms of opioid relief of dyspnea are poorly understood 

and concern remains about the potential of opioids to promote respiratory failure 

in individuals with already impaired respiratory mechanics. Further research is 

needed to define the most effective formulations and dose regimens of opioid for 

optimal dyspnea relief.  
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Oxygen therapy has been reported to relieve dyspnea in the presence of 

significant hypoxia (Marciniuk et al., 2011). However recent systematic reviews 

have questioned the effectiveness of oxygen for this purpose and pointed to the 

substantial physical constraints it imposes on the patient (Booth et al., 2004; 

Currow, and Abernethy, 2007; Eaton et al., 2002). 

There is now strong evidence that exercise training, as part of a pulmonary 

rehabilitation programme, improves dyspnea (Lacasse et al., 2002; Maltais et al., 

2008; Miyamoto et al., 2014; Mkacher et al., 2014; White et al., 2002). It is 

believed that peripheral muscle conditioning decreases the ventilatory drive at a 

given level of activity by decreasing lactic acid production in muscles (Casaburi, 

2009). The decrease in ventilatory drive is also accompanied by a reduction in 

dynamic (i.e. exercise-related) hyperinflation (Casaburi, 2009; Porszasz et al., 

2005) leading to a reduction in dyspnea on exertion.  

Although a number of options are now available for the palliation of dyspnea, 

none is highly effective (like analgesia for pain) and much individual variability 

in response has been noted. The aim of the proposed research project is to define 

more precisely how specific central and peripheral factors contribute to the 

overall perception of exertional dyspnea with a view to informing the 

development of more effective symptom management strategies in the future. 
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1.11 Significance of thesis 

This thesis is primarily aimed at improving our understanding of some of the key 

psychophysiological factors that determine the perception of exertional dyspnea 

in conscious human subjects.  

The first area of investigation explores the potential role of sensory feedback 

from the exercising muscles on the perception of exertional dyspnea. Leg 

fatigue, secondary to physical activity, is a common experience and can be 

presumed to be related to afferent feedback from exercising muscles. Similarly, 

dyspnea appears to be tightly linked with the respiratory activity accompanying 

exertion.  Both sensations are strongly identified as a reason for ceasing exercise 

in healthy individuals and patients with cardiorespiratory disease. In patients 

with chronic disease, rehabilitation programs focus on conditioning peripheral 

muscles since often little can be done to improve heart or lung function.  Such 

programs result in lower levels of dyspnea for a given level of activity and it is 

generally assumed that this result from less ventilatory stimulation (probably via 

decreased lactic acid production). However, it is also possible that altered  

afferent information from conditioned muscles could more directly impact on 

dyspnea perception either via feedback to medullary respiratory networks (via 

pathways which are known to exist) or more generally through altered central 

processing of multiple sensory inputs related to exercise. This thesis aims to shed 

light on this question by endeavouring to change the characteristics of afferent 

feedback from peripheral limb muscles under exercise conditions generating 
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equivalent levels of ventilation. This will be addressed in two ways. Firstly by 

altering the pattern of muscle contraction using different modes of treadmill and 

cycle exercise and examining the sensory responses for dyspnea and separately 

for leg fatigue (Chapter 2). Secondly, the dyspnea response to a standard 

treadmill stress stimulus will be compared before and after a bout of leg 

fatiguing resistance exercise (Chapter 3). 

Chapter 4 of thesis will examine the importance of emotional state on the 

perceived severity of exertional dyspnea. There is ample evidence that dyspnea 

severity associated with chronic cardiorespiratory disease correlates with 

psychiatric morbidity and for a given disease severity, prognosis is poorer for 

those with concomitant depression. What is less clear is the nature of the cause 

and effect relationship between dyspnea and psychological status. While it is not 

possible to induce overt psychological morbidity experimentally, techniques 

exist to modify mood through viewing of standard images. This thesis will 

examine the effect of this intervention on reported dyspnea during a standard 

exercise stimulus initially in healthy volunteers. 

Each experimental chapter will include an abstract, an introduction within the 

context of relevant scientific literature leading to justification of aims and 

hypothesis, describe methods employed, present results, and provide critical 

discussion of the findings. The thesis will conclude with a summary of the major 

findings of these experiments (Chapter 5). 
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It is hoped that the outcomes from this research will contribute to a better 

understanding of exertional dyspnea, in addition to providing a foundation for 

further research leading to improved quality of life in patients with heart and 

lung disease. 
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1.12 Aims and Hypothesis 

This thesis involves three experimental studies with the following aims and 

associated hypotheses: 

Experiment 1 

Aim: To document the impact of different exercise modalities on the 

development of the primary exercise limiting symptoms of dyspnea and leg 

fatigue and to explore possible interactions between these symptoms. 

 

Hypothesis: For a given level of cardiopulmonary stress, there will be no 

difference in the intensities of (a) perceived exertional dyspnea and (b) perceived 

leg fatigue during different modes of exercise performed on a treadmill and 

bicycle ergometer.  

 

Experiment 2 

Aim: To investigate whether experimentally-induced leg fatigue influences 

reports of exertional dyspnea during a standard exercise stress. 

Hypothesis: Experimentally induced fatigue in the lower limbs will increase the 

perception of exertional dyspnea independent of any effect on ventilation.  

 

 



CHAPTER 1: Overview 

30 

 

Experiment 3 

Aim: To explore the effect of experimentally-induced changes in mood state on 

reports of exertional dyspnea during a standard exercise stress test in healthy 

individuals. 

Hypothesis: For the same degree of cardiopulmonary stress, experimentally 

induced “positive” mood will be associated with decreased ratings of exertional 

dyspnea compared with experimentally induced “negative” mood. 
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Foreword 

 

There exists a substantial amount of published literature showing that during 

exercise in healthy subjects, above a certain threshold, the intensity of perceived 

dyspnea is closely linked to the level of exercise-induced pulmonary ventilation. 

Moreover, by substituting a degree of exercise ventilation with an alternative 

source of reflex ventilatory stimulation (e.g. hypercapnia), a number of studies 

has demonstrated that dyspnea remains tightly linked to ventilation. This 

generally-accepted concept of the intensity of dyspnea being primarily 

dependent on the level of reflex ventilatory stimulation is able account for 

clinical dyspnea secondary to increased respiratory impedance leading to 

increased respiratory drive in an attempt to maintain gas exchange. 

 

In taking the experimental approach described above, investigators have 

compared dyspnea at different degrees of exercise-related cardiopulmonary 

 

 



stress in the presence and absence of a second ventilatory stress (itself a 

potential confound) and from the observation that dyspnea is not different at iso-

ventilation have inferred that neural activation associated with exercising muscle 

contraction per se does not contribute to the genesis of exertional dyspnea.  

However, this inference can be theoretically challenged from a physiological 

standpoint, based on evidence from human and animal studies implicating both 

efferent drive to, and afferent feedback from exercising muscles in the genesis 

of exercise hyperpnea. From a clinical (and even fitness) perspective, there are 

reports that peripheral muscle deconditioning is associated with increased 

dyspnea at a given level of exercise although these observations do not take 

account of any differences in ventilation. 

 

The purpose of the study reported in this chapter was to investigate more 

directly the possible role of neural activity from exercising muscles impacting 

on dyspnea perception independent of its impact on ventilatory stimulation. To 

do this we designed three different common aerobic exercise tasks in healthy 

subjects which were matched for metabolic demand but employed different 

patterns of muscle activation. By comparing dyspnea at equivalent levels of 

oxygen consumption (and ventilation) we argued that any difference would 

indicate that this experience was subject to peripheral events extraneous to the 

cardiorespiratory system. 
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Abstract 

Background: Perceptions of dyspnea and leg fatigue are generally regarded as 

arising respectively from the respiratory system and from exercising muscles, 

and have been studied independently of one another. The aim of this study was 

to document the impact of different exercise modalities on the development of 

these primary exercise limiting symptoms, during equivalent cardiopulmonary 

stress in exercising healthy subjects. In particular we hypothesised that cycle 

ergometry would be associated with greater leg fatigue than treadmill exercise 

and that this would potentiate the concurrent dyspnea. Methodology: Following 

a familiarisation, 20 healthy subjects (age 21 - 44 years; 8 males) performed six 

5-min exercise tests, randomised among: 2 steep slope treadmill tests (speed ~4 

kph; grade 25%), 2 fast speed treadmill tests (speed ~7 kph; grade ~12%) and 2 

cycle tests on 3 separate days. Subjects reported either dyspnea or leg fatigue 

during each test. Breath by breath data for oxygen consumption (V̇O2, L/min), 

ventilation (V̇E, L/min), respiratory rate (fR, breaths/min) and heart rate (HR, 

beats/min) were recorded during each test. Results: The data were averaged 

over 30 S intervals and analyzed using repeated measures ANOVA. The mean ± 

SEM values for last 2 min of exercise bout for steep slope treadmill vs. bike vs. 

fast speed treadmill were: V̇O2 2.41 (0.11) vs. 2.30 (0.10) vs. 2.35 (0.12); V̇E 

59.0 ± 2.8 vs. 60.5 ± 3.1 vs. 61.6 ± 3.0; HR 150 ± 3 vs. 150 ± 3 vs. 149 ± 4; fR 

24.4 ± 1.3 vs. 28.0 ± 1.0 vs. 28.2 ± 1.2; dyspnea 5.0 ± 0.3 vs. 5.2 ± 0.3 vs. 5.2 ± 

0.3 and leg fatigue  4.8 ± 0.5 vs. 5.0 ± 0.3 vs. 5.2 ± 0.3. All variables were not 

statistically significantly different among these three conditions (p > 0.05). 

Conclusion: These findings indicate that at equivalent levels of 
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cardiopulmonary stress, reflected by similar levels of 2OV and heart rate, 

dyspnea intensity reflects the level of ventilation independent of different 

patterns of efferent and afferent neuromuscular activity. Similarly, the intensity 

of perceived leg fatigue primarily reflects whole body work and is relatively 

independent of different patterns of neuromuscular activity.  

Key words: dyspnea, leg fatigue, oxygen consumption, ventilation 
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2.1 Introduction 

During lower limb aerobic exercise, peripheral muscle activation leads to 

increases in cardiac output and pulmonary ventilation to meet metabolic 

demand. As such exercise increases in severity, perceived shortness of breath 

(dyspnea) and/or leg fatigue increase in intensity eventually contributing to 

exercise limitation. The nature of this symptom limitation can vary between 

individuals and between different types of exercise. It is generally regarded that 

neuromechanical events related to ventilation are the primary cause of exercise-

induced dyspnea (Buchanan, and Richerson, 2009; Sillen et al., 2011), whereas 

discomfort in the legs could reasonably be assumed to be related to metabolic 

events within exercising muscles which themselves would depend on cardiac 

output and its distribution.  

In patients with heart and lung disease, dyspnea can become a fearful experience 

(O'Driscoll, Corner, and Bailey, 1999; Parshall et al., 2012) and is a major factor 

promoting exercise avoidance in these populations (Meek, and Lareau, 2003; 

O'Donnell et al., 1997). In addition to their cardiac and/or ventilatory failure 

such patients often experience peripheral muscle dysfunction secondary to 

systemic inflammation (Agustí et al., 2002; Bernard et al., 1998; Casaburi, 

2001) and this presumably contributes to their other major exercise symptom, a 

sense of leg fatigue. Together these perceptions are regarded as the primary 

symptoms limiting exercise in both healthy individuals (Saltin, and Calbet, 

2006; Wagner, 1996) and patients with chronic obstructive pulmonary disease - 

COPD (Kinsman et al., 1983). Previously it was assumed that  dyspnea is the 
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primary cause of  exercise limitation  in patients with COPD (Kinsman et al., 

1983), however more recent systematic analysis has revealed that exercise in 

this population can be primarily limited by leg fatigue or dyspnea or a 

combination of the two (Baltzan et al., 2011; O'Donnell, and Laveneziana, 2007; 

Vorrink et al., 2011). 

These days, one of the primary therapeutic approaches to the management of 

COPD is exercise-based pulmonary rehabilitation focused on improving 

peripheral muscle function and thereby symptomatology, functional capacity 

and health-related quality of life (Nici et al., 2006; Nici, and Zuwallack, 2014). 

There is clear evidence that such an approach reduces exertional dyspnea and 

while there is a view that this is mediated though a muscle training-related 

reduction in ventilatory drive (Porszasz et al., 2005), there remains the 

possibility that afferent feedback from conditioned muscles may ameliorate 

dyspnea by more directly influencing the central neural processes that give rise 

to this sensation. Indeed, from observations on the exercise response in patients 

with Chronic Congenital Hypoventilation Syndrome (with deficient automatic 

control of breathing), it has been argued that dyspnea during exercise could arise 

from direct projection of limb afferents or locomotory center activity to the 

sensory forebrain (Shea et al., 1993).  

The purpose of the present study was to explore the potential modulating effect 

of afferent feedback from exercising limbs on dyspnea perception. In our initial 

approach to this we have elected to study healthy individuals and carefully 

document the development of these symptoms during different modes of 
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exercise which were matched in terms of their level of cardiorespiratory stress 

but varied in their pattern of peripheral neuromuscular activation. In particular, 

we aimed to test the hypothesis that for a given level of cardiopulmonary stress, 

bicycle exercise (which involves greater lower limb muscle activity) would be 

associated with a greater intensity of exertional dyspnea (and leg fatigue) 

compared with treadmill exercise. We further hypothesised that more forceful 

leg muscle contractions (steep treadmill) would induce greater dyspnea than 

more frequent ones (fast treadmill).  

In addressing this aim we accept that the symptom of dyspnea in clinical 

populations is likely to be quite different from the exercise-related shortness of 

breath experienced by healthy individuals. Consequently, we recognise that our 

study design does not directly address the problem of dyspnea in patients with 

chronic cardiorespiratory disease and that any interpretations are bound to be 

speculative with respect to clinical populations. To achieve this, 20 healthy 

subjects recruited from the general population, performed three different 

exercise protocols each on two occasions while reporting either exertional 

dyspnea or leg fatigue. The protocols comprised (i) cycle ergometry (ii) 

treadmill ergometry at a steep gradient and moderate walking speed and (iii) 

treadmill ergometry at a moderate gradient and fast walking speed. For each 

subject, exercise parameters were carefully set to ensure close matching of 

oxygen consumption throughout the exercise period. 

The preliminary findings of this study have been presented at an American 

Thoracic Society International Conference and published as an abstract in the 
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supplementary issue of the American Journal of Respiratory and Critical Care 

Medicine (Sharma, Morris, and Adams, 2012). 
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2.2 Methods 

2.2.1 Subjects 

The study was carried out on 20 healthy volunteers (Table 2.1) recruited from 

the Griffith University staff / student population following ethical approval by 

Griffith University Human Research Ethics Committee. The sample size was 

estimated based on data obtained in similar studies by our group (Morris et al., 

2007) to detect a 1.0 unit difference in dyspnea and leg fatigue ratings (0 - 10 

numeric scale) at a power of 90% with p < 0.05 of a Type I error. This 

calculation indicated a sample size of 17. Subjects were screened using the 

AHA/ ACSM Health/ Fitness Preparticipation Screening Questionnaire (ACSM, 

2013 Appendix B) to meet the established criteria for undertaking a submaximal 

exercise test without medical supervision. Exclusion criteria included presence 

of known cardiorespiratory disease, presence of symptoms suggestive of 

cardiorespiratory disease and age > 45 years. Resting blood pressure was 

measured in accordance with standard guidelines (ACSM, 2013) and reported as 

the mean of two measures. Failure to achieve a repeat systolic or diastolic 

pressure estimate within 10mmHg resulted in a third measurement being made 

and blood pressure reported as the mean of the closest two measures. Forced 

spirometry (Medikro Spirostar 2000, Medikro Oy, Kuopio, Finland) was 

performed according to standard guidelines (Miller et al., 2005). In this case the 

best two estimates of FEV1 and FVC had to be within 0.15 L of one another: the 

better of each of these measures was recorded. All subjects had resting blood 
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pressure and lung function values within their predicted normal range (Table 

2.1).  

Table 2.1:  General characteristics of participants (n = 20) 

Characteristics Male Female 

Age range (years) 21 - 42 22 - 44 

Mean age (years) 30.8 ± 8.9 33.9 ± 7.2 

Number of participants  12 8 

Systolic blood pressure (mmHg) 123 ± 10 121 ± 10 

Diastolic blood pressure (mmHg) 72 ± 15 75 ± 8 

Height (cm) 178.3 ± 7.1 171.2 ± 4.0 

V̇O2 max (ml/kg/min) 44.7 ± 5.2 34.7 ± 5.8 

V̇O2 max (% predicted) 104 ± 10 98 ± 15 

BMI (kg/m
2
) 24.3 ± 2.0 22.4 ± 3.6 

FEV1 (% predicted) 98 ± 11 102 ± 13 

FVC (% predicted) 102 ± 18 104 ± 12 

 

Values are expressed as Mean ± SD 

BMI = Body Mass Index, FEV1 = Forced Expiratory Volume in 1 s, FVC = 

Forced Vital Capacity. 

V̇O2 max = Maximal Oxygen Consumption estimated from Jackson et al., 

(1990). 
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The study involved four laboratory sessions on four different days with at least 

one visit per week and no studies undertaken on consecutive days. Subjects were 

asked to avoid consumption of all food and beverages, except water, for two 

hours preceding their laboratory session. All tests were carried out between 8 am 

to 5 pm at a laboratory temperature of 21 ± 1ºC and relative humidity of 55 ± 

5%. For any individual, repeat testing was performed at around same time of 

day. The baseline characteristics of subjects are detailed in Table 2.1. 

2.2.2 Aerobic exercise paradigms 

The study required participants to undertake three different aerobic exercise 

protocols, each lasting 5 mins; there were two treadmill protocols and one 

bicycle ergometer protocol. All exercise bouts were designed to produce 

equivalent levels of cardiopulmonary stress, and each test was performed twice 

with reporting of either exertional dyspnea or leg fatigue.  For each individual 

we used prediction equations, published by ACSM (ACSM, 2013), to determine 

our three exercise protocols that would yield equivalent workload  intensities as 

follows: (a) A treadmill test at a relatively slow walking speed (~ 4 kph) at a 

steep (~ 25%) slope (STM) (b) A treadmill test at a relatively fast walking speed 

(~ 7 kph) at a less steep (~ 12%): slope (FTM) and (c) a bicycle test at a constant 

workload (bike). For each participant, these protocols were “fine-tuned” during 

an initial familiarisation visit to the laboratory (a) to produce a peak heart rate of 

80 - 85% of age predicted  maximum (b) to adjust the treadmill settings to match 

the measured peak V̇O2 attained during cycle ergometry.  
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2.2.3 Cardiorespiratory Measures 

During all exercise tests, subjects breathed through a facemask connected to a 

metabolic system (Quark, Cosmed Srl Italy). The system comprised a turbine 

flow meter recording both inspiratory and expiratory airflow with continuous 

gas sampling from the subject side of the flow meter supplying dried gas to 

rapidly responding oxygen (paramagnetic) and carbon dioxide (infra-red) 

analysers. Calibration for volume was performed using a 3 L syringe and gas 

analyzers via an automated system supplying room air and 16% O2/ 5% CO2; 

the calibration sequence also measured analyser delay/response time enabling 

breath-by-breath measurement of oxygen consumption (V̇O2) and carbon 

dioxide  production (V̇CO2) (Nieman et al., 2013; Vandarakis, Salacinski, and 

Broeder, 2013). In addition the metabolic cart generated breath-by breath 

measures of tidal volume (VT), respiratory frequency (fR), pulmonary ventilation 

(V̇E) and heart rate (HR) (via an integrated Polar monitor). Temperature, relative 

humidity, and barometric pressure were measured prior to each test and these 

values were entered into the metabolic cart for automatic correction of measured 

gas volumes to either BTPS (for respired volumes - VT and V̇E) or SPTD (for 

metabolic measures – V̇O2 and V̇CO2); body temperature was assumed to be 

37ºC for every subject. For safety, ECG and pulse oximetry (SpO2) were 

monitored throughout each exercise test (Prizm 5 patient monitor, Charmcare 

Co. Ltd, Seoul, Korea); the CM5 ECG configuration was used to optimise the 

detection of any exercise related rhythm disturbances. This also provided a 

back-up assessment of heart rate on the few occasions where Polar monitoring 

failed.  
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2.2.4 Rating of dyspnea  

Before each exercise test, subjects were asked to rate either the intensity of their 

exertional dyspnea or leg fatigue (see below). For dyspnea, subjects were asked 

to relate to their common experience of “getting short of breath (SOB)” while 

exercising; running to catch a bus or quickly climbing several flights of stairs 

were provided as examples of situations typically giving rise to this feeling.  

Subjects were requested to self-monitor their intensity of dyspnea throughout 

the exercise test and to rate this continuously (Harty et al. 1993) using a 

previously validated 0 - 10 numeric scale (Morris et al., 2007). Subjects were 

advised that a rating of “0” meant that they had no SOB such as they would 

experience at rest and that a rating of “10” meant extreme SOB - a level which 

would cause them to stop or lower their exercise intensity in order to gain relief 

from their SOB discomfort. Subjects were further advised that they should focus 

solely on their SOB and not allow other forms of discomfort to influence their 

ratings. The rating was made using a computer based system with a monitor 

mounted in front of either the bicycle or treadmill. The number displaced on the 

monitor was controlled by a clicker attached at the right hand side of the 

handbars/ handrail during exercise. The displayed number changed by 0.5 unit 

with each click and could either be increased (right click) or decreased (left 

click). During these tests they were asked to focus solely on their shortness of 

breath. The numeric value was logged every 2 seconds for subsequent analysis.  
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2.2.5 Rating of leg fatigue 

For leg fatigue subjects were asked to relate to their common experience of 

feeling fatigued or tired in the legs while exercising; walking/climbing or 

cycling up a steep slope were provided as examples of situations typically 

giving rise to this feeling. Ratings of perceived leg fatigue were made 

throughout exercise using a 0 - 10 scale as described for dyspnea (see above).  

Subjects were advised that a rating of “0” meant that they felt no fatigue in their 

legs such as they would experience at rest and that a rating of  “10” meant 

extreme leg fatigue – a level which would cause them to stop or lower their 

exercise intensity in order to gain relief from their leg fatigue discomfort. As 

with dyspnea, subjects were able to increase or decrease their ratings of leg 

fatigue by 0.5 unit using a clicker/monitor mounted on the ergometer. During 

these tests they were asked to focus solely on their leg discomfort. 

2.2.6 Experimental protocol 

Visit 1 (Familiarisation visit) 

The first visit which lasted for about 90 minutes involved familiarising the 

participant with the laboratory environment and the study procedures. During 

this visit, informed written consent was obtained and height, weight, resting 

blood pressure and forced spirometry measurements were performed. These 

together with the screening questionnaire were used to undertake risk 

stratification (ACSM, 2013). Subjects then practiced exercising on treadmill and 

constant workload cycle ergometers while wearing a sterilised facemask 
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connected to the metabolic system and familiarising themselves with the 

continuous assessment and rating of their dyspnea or leg fatigue. During this 

visit, we established individualised speed and grade combinations for STM and 

FTM treadmill tests. Based on the subject’s height, we estimated stride length 

and set the treadmill speed to achieve a brisk walking cadence of around 20 

strides/min for the FTM condition. For this condition we selected a treadmill 

slope of around 12% which we estimated from ACSM guidelines (ACSM, 

2013) would produce 80-85% of the maximum V̇O2 for a typical subject. Small 

adjustments in the set slope were made in line with our subjective assessment of 

an individual’s level of aerobic fitness based on their reported activity levels. 

For STM, we selected the maximum treadmill slope of 25% and used a slower 

speed predicted to achieve an equivalent V̇O2 to FTM (ACSM, 2013). The cycle 

erogmeter workload was set to produce the same V̇O2 as the treadmill modes. 

Any deviations in measured V̇O2 between the exercise conditions and/or any 

variation in peak heart rate from 80-85% predicted HRmax were noted and this 

information was used to “fine-tune” the settings for the respective ergometry to 

be used in the subsequent experimental visits (2 to 4; see below). As a safety 

measure, subjects were advised before each exercise test that they should stop 

the exercise if it became too hard or if they experienced any untoward sensations 

such as pain or light-headedness.  

Visit 2 to 4 (Experimental visits) 

Visits 2 to 4 generated the experimental data used in the study analysis; each 

visit took approximately 60 minutes to complete. After confirming with the 
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subject that they had not consumed anything or engaged in strenuous activity in 

the previous two hours, we instrumented them in preparation for undertaking the 

first 5 min exercise test. Just before starting the test, we recapped with the 

subjects the sensation we were asking them to rate and how they should use the 

rating scale to do this. We stressed the need for them to focus on a particular 

sensation (i.e. either dyspnea or leg fatigue) and not to pay attention to the other 

one. At the end of the first exercise bout, the facemask was removed and the 

subjects were asked if they were confident about the ratings given during the test 

(with a view to repeating the test in the event of unreliable ratings). They were 

then asked to remain in the lab for 30 mins during which they usually read. 

After this rest period, we confirmed that the subject had no residual perceived 

fatigue or shortness of breath from the first test before undertaking a second test.  

Across the three experimental visits, subjects performed six 5 min exercise 

bouts, two each of STM, FTM and Bike. For each of the exercise modes 

subjects reported either dyspnea or leg fatigue during a single test. The order of 

these tests was randomised except that we ensured that no subject repeated the 

same exercise protocol in a single day. We also ensured that across the group, 

the ordering of exercise tests was balanced (a) over the three visits and (b) 

whether the first or second test in a single day. Subjects were given no 

indication that the different exercise tests were designed to be of equivalent 

intensity. During each exercise test cardiorespiratory and subjective measures 

were collected for subsequent data analysis as described earlier. 
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2.2.7 Data analysis 

For every test, breath by breath physiological data and the “2s” data points for 

dyspnea and leg fatigue were averaged over 30 s intervals. These data were then 

analysed using two-way repeated measures analysis of variance (ANOVA) with 

experimental condition and time as factors. These data were also averaged over 

the 5 min period of exercise and the mean along with its standard error of was 

calculated for each variable. All the statistical analyses were carried out using a 

standard statistical package (IBM SPSS statistics 21.0) and a p value of 0.05 was 

used to establish statistical significance. Graphical presentations of the data were 

made using a software package SigmaPlot 11.0.  
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Figure 2.1: Continuous measures (5-breath moving average) of oxygen uptake 

(V̇O2), heat rate (HR), pulmonary ventilation (V̇E) dyspnea and leg fatigue on 

one participant during 5 min bouts of exercise on a slow speed/steep slope 

treadmill (
__

), fast speed/lesser slope treadmill (•••) and a bicycle ergometer (---). 
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2.3 Results 

2.3.1 Subjects 

All subjects studied were non-smokers, normotensive and none was overweight; 

all had their lung function within predicted normal range (Table 2.1). We did not 

observe arterial desaturation, cardiac arrhythmias or any contraindicative signs 

and symptoms related to clinical exercise testing. All participants indicated that 

they were confident in using the 0 - 10 numerical scale to rate their perceived 

intensity of dyspnea and leg fatigue associated with exercise. Figure 2.1 shows 

the cardiorespiratory and symptom responses of one individual to the 3 different 

exercise conditions. The effectiveness of matching of metabolic loads across the 

three exercise protocols in different individuals is shown by the 95% confidence 

intervals (95% CI) of the mean differences (x̅)  in paired comparisons of mean 

V̇O2 (over 5 mins of exercise) as shown below: 

Bike – STM: x̅ (95% CI) = 0.333 (-0.183 to 0.848) L/min
 

FTM – STM: x̅ (95% CI) = 0.209 (-0.348 to 0.776) L/min 

Bike – FTM: x̅ (95% CI) = 0.124 (-0.223 to 0.471) L/min 

 

2.3.2 Physiological data  

We did not observe any statistically significant differences in V̇O2, V̇CO2, V̇E, 

VT, fR and HR across the two treadmill and one bicycle protocols either in the 

tests where dyspnea was rated or in the tests where fatigue was rated. (2-way 
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repeated measures ANOVA, p>0.05). The interaction statistic indicated that for 

either sensory rating type there was no statistically significant difference 

between these exercise protocols in the pattern of change in any of these 

variables over the 5 min time period of exercise (p > 0.05). Figures 2.2 and 2.3 

show the key cardiorespiratory responses for dyspnea-rated and fatigue-rated 

tests respectively. 

 

Figure 2.2: Mean (SEM) levels of oxygen uptake (V̇O2), heart rate (HR), 

pulmonary ventilation (V̇E) and Dyspnea during the three 5-min exercise 

bouts performed on slow speed/steep slope treadmill (▲), bicycle ergometer 

(○) and fast speed/lesser slope treadmill (■). None of these variables was 

statistically significantly different between exercise conditions (see text).  
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Figure 2.3: Mean (SEM) levels of oxygen uptake (V̇O2), heart rate (HR), 

pulmonary ventilation (V̇E) and Leg fatigue during three 5-min exercise bouts 

performed on slow speed/steep slope treadmill (▲), bicycle ergometer (○) and 

fast speed/lesser slope treadmill (■). None of these variables was 

statistically significantly different between exercise conditions (see text). 

 

Further analysis of cardiorespiratory variables over the final 2 mins of exercise 

(i.e. at peak levels) also revealed no statistically significant difference between 

the three exercise conditions (Table 2.2). 

. 
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The possibility that the cardiorespiratory responses were different between the 

first and second (following a 30 min rest period) exercise bouts performed on 

the same day was examined by comparing these tests irrespective of exercise 

Table 2.2:  Mean ± standard error of means of measured cardiorespiratory 

variables, dyspnea and leg fatigue during last 2 min across three exercise 

conditions (n = 20). There was no statistically significant effect of different 

exercise conditions on any of these variables (see text). 

 

Variable STM Bike FTM 

V̇O2 (L/min) 2.41 ± 0.11 2.30 ± 0.10 2.35 ± 0.12 

V̇CO2 (L/min) 2.40 ± 0.12 2.35 ± 0.13 2.3.31 ± 0.12 

VT (L) 2.44 ± 0.11 2.53 ± 0.12 2.48 ± 0.13 

fR  (breath/min) 27.4 ± 1.3 28.0 ± 1.0 28.2 ± 1.2 

V̇E  (L/min) 59.0 ± 2.8 60.5 ± 3.1 61.6 ± 3.0 

HR (beats/min) 150 ± 3 150 ± 3 149 ± 4 

Dyspnea 5.0 ± 0.3 5.2 ± 0.3 5.2 ± 0.3 

Leg Fatigue 4.8 ± 0.5 5.0 ± 0.4 4.6 ± 0.4 

 

STM = slow speed/steep slope treadmill test, Bike = bicycle ergometer test, 

FTM = fast speed/lesser slope treadmill test. 

 

V̇O2 = oxygen uptake, V̇CO2 = carbon dioxide output, VT = tidal volume,  

fR = respiratory frequency, V̇E = pulmonary ventilation, HR= heart rate. 
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protocol (Figure 2.4). Over the 5 min period of exercise ANOVA showed no 

statistically significant difference in either V̇O2 or heart rate. 
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Figure 2.4: Mean (SEM) levels of oxygen uptake (V̇O2) and heart rate 

(HR) during first (○) and second (■) 5-min exercise bouts performed 

over all three experimental visits.   

 

Further analysis of these variables over the final 2 mins of exercise (i.e. at peak 

levels) also revealed no statistically significant difference between the first and 

second tests performed on the same day. The mean V̇O2 (mean ± SE during first 

test vs second test: 2.37 ± 0.06 L/min vs 2.47 ± 0.08 L/min, p >0.05) and heart 

rate (149 ± 2 bts/min vs. 151 ± 2 bts/min, p > 0.05) were statistically similar 

between the first and second tests. 

2.3.3 Exertional dyspnea 

The ratings of exertional dyspnea during the three exercise conditions are shown 

in Figure 2.2 together with the key cardiorespiratory variables relating to the 

. 
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tests where dyspnea was rated. Two-way repeated measures ANOVA revealed 

that the ratings of exercise induced dyspnea were not significantly different 

throughout the 5 min of exercise period across the three exercise conditions (p = 

0.201). Inspection of the interaction statistic indicated that there was no 

statistically significant difference between conditions on the development of 

dyspnea over the 5 min period of exercise (p = 0.627). Further analysis revealed 

no statistically significant difference in dyspnea over the final 2 min of exercise 

when exercise was in a relative steady state and dyspnea ratings were at their 

highest (Table 2.2). 

To thoroughly explore the relationship between dyspnea and ventilation across 

the different exercise protocols these variable have been plotted against one 

another (Figure 2.5). Comparison of the slopes (linear regression) of these 

relationships showed no statistically significant difference between conditions.   

 

2.3.4 Leg fatigue 

The ratings of leg fatigue during the three exercise conditions are shown in 

Figure 2.3. ANOVA showed no statistically significant effect of experimental 

conditions on these ratings (p = 0.429). The interaction statistic indicated that 

there was no difference in the rate of increase of leg fatigue over the exercise 

bout during the three exercise conditions. Further analysis revealed no 

statistically significant difference in leg fatigue over the final 2 min of exercise 

when exercise was in a relative steady state and leg fatigue ratings were at their 

highest (Table 2.2). 
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As with dyspnea, we plotted leg fatigue vs V̇E for three exercise conditions 

(Figure 2.5). Comparison of linear slopes showed no statistically significant 

difference between conditions. 
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Figure 2.5: Mean (SEM) levels of dyspnea and leg fatigue vs mean V̇E 

during 5-min exercise bouts performed on slow speed/steep slope treadmill 

(▲), bicycle ergometer (○) and fast speed/lesser slope treadmill (■).  

  

. . 
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2.4 Discussion 

The main finding of this study was that in healthy subjects, equivalent levels of 

cardiopulmonary stress achieved with treadmill and bicycle exercise induced 

equivalent levels of dyspnea and leg fatigue. These findings thus suggest that the 

intensity of these primary exercise-related symptoms reflect the overall level of 

cardiopulmonary stress with no apparent evidence of modulation related to 

contractile force or frequency.  

We employed three exercise protocols simulating walking up a steep slope, 

walking quickly and cycling uphill. We did not attempt to maximise differences 

in patterns of muscle activation but rather to investigate any impact on exercise 

symptoms related to different types of usual activity. Thus bicycle exercise 

places the majority the external work onto the leg muscles compared to 

treadmill exercise, whereas steep treadmill walking requires more forceful and 

less frequent contractions than fast treadmill walking. For each exercise mode, 

we used a 5 minute bout in order to examine both the transient and steady state 

symptom responses. We chose a level of exercise expected to generate 

appreciable intensities of these symptoms but not to result in exhaustion, 

enabling repeat exercise testing to be done in a single session.   

To normalise for the different physical size of our subjects, we used  prediction 

equations (ACSM, 2013) to target 80 - 85% of maximal predicted capacity. 

Using this approach together with trial runs on the familiarisation visit, we were 

able to adjust ergometer settings to closely match both oxygen consumption and 
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heart rate within individuals across the 6 exercise bouts. Figure 2.3, Figure 2.4 

and Table 2.2 confirm the close matching of all cardiorespiratory variables 

achieved across the three exercise modes. While the major muscle groups 

involved in both treadmill and bicycle exercise include gluteus, hamstring and 

quadriceps, they are stimulated differently in these two modes (Sloniger et al., 

1997). In addition, in both types of exercise, abdominal and back muscles 

constantly work to maintain an upright torso along with muscles in shoulders 

and upper arm, although again there are differences in the pattern by which they 

are activated (Bijker, De Groot, and Hollander, 2002; Nilsson, Thorstensson, 

and Halbertsma, 1985). In treadmill exercise, work done is primarily against 

gravity and this requires a more extensive recruitment of muscle groups in both 

the lower and  upper part of the body compared to cycle ergometry (Hsia et al., 

2009; Northridge et al., 1990). With treadmill exercise it is self-evident that 

compared to a lower gradient, for the same amount of work walking on a steep 

involves more forceful but less frequent contractions of the major ambulatory 

muscles. Further, within the treadmill exercise protocols, it has been observed  

that exercise on an inclined treadmill engages muscles of the inner thighs, the 

hamstrings, the gluteus, the quadriceps and the calf significantly more during 

activity on inclined treadmill compared to flat surface (Sloniger et al., 1997; 

Zatsiorsky, 2008). 

Despite the differences in type and force of muscle contraction during treadmill 

and bicycle exercise, to the best of our knowledge no study has been undertaken 

investigating the effect of these exercise modalities on exertional dyspnea at an 

equivalent level of cardiopulmonary stress. Earlier work in healthy individuals 
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has indicated that exertional dyspnea is primarily associated with brainstem 

ventilatory drive (Adams et al., 1985; Lane, Cockcroft, and Guz, 1987). More 

specifically, for matched ventilations (indicative of ventilatory drive in 

spontaneously breathing healthy individuals although not in the presence of 

increased respiratory impedance such as would occur in COPD),, it was shown 

that bicycle exercise alone did not induce greater dyspnea than a lower level of 

exercise coupled with either hypercapnia, hypoxia or metabolic acidosis (Lane, 

and Adams, 1993; Lane et al., 1987). However, previous studies were probably 

underpowered, utilised only cycle ergometry and did not assess subjective levels 

of physical exertion or leg fatigue. Moreover, since comparisons were made at 

different workloads, it would have not been possible to blind the subjects from 

this fact. In view of more recent studies on the role of exercising muscle afferent 

information on respiratory control (Johnson et al., 1993), as well as the widely 

demonstrated impact of peripheral muscle conditioning on exertional dyspnea 

(Nici et al., 2006; Nici et al., 2014), we sought to investigate the question of 

possible interactions between respiratory and peripheral muscle perceptions 

during exertion. Since our study design was to match whole body oxygen 

consumption in the different exercise modes, it was unsurprising that we 

achieved very similar levels of pulmonary ventilation in our three conditions. 

Moreover, the pattern of breathing (i.e. tidal volume and respiratory frequency) 

was very closely matched. Accordingly, the fact that reported levels of dyspnea 

were not statistically different between the conditions, is consistent with the 

thesis that exertional dyspnea in healthy individuals is primarily related to 

ventilatory drive and independent of specific activity from different exercising 
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muscle groups; this view is consistent with previous studies. (Adams et al., 

1985; Chonan et al., 1990; Demediuk et al., 1992; Lane, Adams, and Guz, 1990; 

Small et al., 1992). Set against this are recent findings that experimentally 

induced fatigue can independently potentiate the intensity of perceived dyspnea, 

(Grippo et al., 2010; Sharma, Morris, and Adams, 2012, see also Chapter 3), 

suggesting that afferent feedback from exercising muscles is capable of 

modulating respiratory perceptions. It is possible to reconcile the different 

conclusions from previous studies by proposing a threshold below which 

exercise-related afferent information does not impinge on respiratory 

perceptions below some critical level. Pre-fatiguing muscles may well induce 

such a state. Indeed our findings of statistically similar levels of perceived leg 

fatigue between different exercise conditions suggests that our study design did 

not adequately separate peripheral muscle inputs to impact on this putative 

mechanism. The lack of any significant difference in perceived leg fatigue 

across our three exercise conditions was somewhat surprising particularly 

between the cycle and treadmill exercise where in the former, we can presume 

that the muscles that were engaged in cycling were performing a greater 

proportion of the total work. Indeed the basis of the study design was the 

common experience that cycling tends to induce a greater degree of leg fatigue 

and walking uphill relatively more shortness of breath. However it is possible 

that such observations may be related to more intense levels of exercise than the 

80-85% predicted maximum that we employed. In view of this apparent 

discrepancy, we interrogated our data less conservatively by comparing the 

slightly higher fatigue level with cycling during late exercise (final 2 mins mean 
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± SEM = 5.0 ± 0.4) with that during fast treadmill walking (final 2 mins mean ± 

SEM = 4.5 ± 0.4 ) and co-varying out the potentially confounding lower V̇O2 

during cycling (Figure 2.4). Even with these criteria, we were unable to discern 

any statistical support for a difference in perceived leg fatigue between these 

two conditions. Since we did not collect any data on menstrual phase of female 

participants, we recognise that any fluctuations in steroid hormones during 

different phases of their menstrual cycle could be a potential confound in our 

interpretations (Kishali et al., 2006). However by randomizing and balancing 

our experimental design, any confounding effect of the menstrual cycle would 

have increased the “noise” in our data rather than introducing any systemic bias. 

We took the view that if we had extended the study duration from an average of 

2-3 weeks to 8-9 weeks, to control for the menstrual cycle, then we could have 

increased the likelihood of introducing other time-dependent confounds (e.g. 

seasonal effects or changes in fitness).  

Our failure to demonstrate an expected difference in perceived leg fatigue 

between cycling and treadmill exercise may reflect inadequate sensitivity with 

our rating tool although a 0.5 numeric discrimination available to our subjects in 

an adequately powered study should have been sufficient to detect anything 

other than a minimal effect. Consequently, we are drawn to speculation that 

during different forms of aerobic exercise, perceived leg fatigue is at least to 

some extent a function of the whole body work rather than being simply related 

to afferent information from specific muscle groups. This would be consistent 

with the view that perceptions of bodily discomfort (including dyspnea) are the 

result of complex central neural processing of information arising both 
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peripherally and centrally. Some support for this idea comes from the 

observation of Owens et al. (1988) that four out of eight COPD patients 

performing arm exercise reported leg fatigue as the main factor limiting exercise 

with the others identifying either dyspnea (2 subjects) or arm fatigue.  

As we did not measure any other aspect of muscle function (e.g. EMG or the 

blood lactate during exercise), our data do not provide any further insight on the 

development of leg fatigue during the different exercise conditions. Despite the 

failure to demonstrate positive interactions between dyspnea and leg fatigue 

during exertion, we feel that our findings are novel and our approach worthwhile 

in applying to clinical studies where different patterns of exertion could prove to 

be a useful therapeutic strategy in helping patients with debilitating levels of 

dyspnea to better manage their daily activities.  

Although we did not find any studies directly investigating the effect of different 

exercise modalities, matched for intensity, on dyspnea and leg fatigue, there 

have been a number studies comparing the physiological responses to exercise 

during treadmill and bicycle ergometry. These two types of tests constitute by 

far the most common modes of exercise both in exercise research and in clinical 

practice. Palange et al. (2000) compared maximal incremental cycling and 

treadmill walking in nine COPD patients and reported less dyspnea and greater 

fatigue with cycling at similar levels of cardiorespiratory stress (10% greater 

with cycling but not statistically significant). A study by Mathur et al. (1995) 

compared incremental cycling with incremental treadmill walking in 8 subjects 

with COPD and found that dyspnea was the major limiting factor in both types 
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of exercise tests. However, this study did not report if the level of dyspnea was 

different at equivalent levels of oxygen uptake or ventilation between the two 

exercise conditions. Further, a study by Man et al. (2003) in 84 people with 

COPD, found that dyspnea alone was more commonly reported as the reason for 

stopping an incremental walking test compared to incremental cycling (81% vs. 

34%). This study also reported that the level of objective leg fatigue (i.e. 

assessed by maximum voluntary contraction) was lower during the incremental 

walking test. On the other hand, both Page et al. (1994) and Riley et al. (1992) 

compared maximal incremental treadmill and bicycle exercise tests in patients 

with chronic cardiac failure and found identical ratings for perceived exertion.   

With respect to our two treadmill protocols, our findings provide no support for 

the suggestion by Duranti et al. (2004) that increasing treadmill speed or 

gradient might have different effects on chest wall kinetics and respiratory 

muscle power components which in turn could contribute to different levels of 

respiratory sensation.  

In summary, this study provides evidence that at equivalent levels of 

cardiopulmonary stress in healthy subjects, the intensity of the exercise related 

symptoms of dyspnea and leg fatigue were not affected by the mode of exercise. 

Within the limitations of the extent to which we modified patterns of peripheral 

muscle activation, there was no clear indication that dyspnea reflects anything 

other than the level of ventilation.  In addition, in this population, we found leg 

fatigue to be a function of the overall level of muscular work with no evidence 

of modulation by different activation patterns of the ambulatory muscles. 
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Further such studies in clinical populations are warranted to explore whether 

interactions between exercise symptoms exist under conditions of 

cardiorespiratory and/or peripheral muscle dysfunction. We acknowledge that 

this study was undertaken in healthy individuals inducing moderate levels of 

dyspnea and leg fatigue at submaximal exercise. Thus our findings may be of 

limited relevance to cardiorespiratory patients whose exercise limitation is likely 

to be associated with more severe levels of these symptoms. Nonetheless, 

mechanistic insights gained from such studies can be helpful in planning further 

investigations to better understand the nature of exercise limitation in clinical 

populations.  
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Foreword 

 

 

Although it seems reasonable to propose that perceptions of dyspnea and leg 

fatigue might arise respectively in the respiratory and ambulatory systems, it is 

conceivable that these exercise-related perceptions might interact 

neurophysiologically such that the development of one symptom could 

modulate the experience of the other. Therefore in designing the experiment 

described in Chapter 2, we expected that for a given level of cardiopulmonary 

stress, bicycle exercise would involve greater lower limb muscle activity and 

would be associated with a greater intensity of leg fatigue compared with 

treadmill exercise. Based on this assumption, we hypothesised that the greater 

level of peripheral muscle activation would lead to a greater intensity of 

exertional dyspnea at equivalent levels of cardiopulmonary stress.  
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Our failure to demonstrate the expected difference in perceived leg fatigue 

between cycling and treadmill exercise may mean that the lack of difference in 

dyspnea between these exercise modes could be explained by the inability of 

that protocol to elicit sufficient differences in neural activity to be discernible 

by our sensory systems. To further explore the possibility of an interaction 

between the two principal exercise perceptions, Chapter 3 describes a different 

approach based on recent published observations (Grippo et al., 2010) reporting 

changes in respiratory load perception in the presence of leg fatigue. We thus 

elected to use experimentally-induced leg fatigue prior to exercise as a means of 

exacerbating the amount of ambulatory neural traffic associated with a given 

amount of exercise. The main aim of the study reported in this chapter was to 

evaluate whether this alteration of peripheral muscle function, which we 

speculated would be more substantial than with the intervention reported in 

Chapter 2, would modulate exertional dyspnea at a given level of 

cardiopulmonary stress. 
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Abstract 

The genesis of dyspnea is complex. It appears to be related to central 

respiratory drive, although prevailing leg fatigue could independently potentiate 

dyspnea. This study hypothesises that experimentally-induced leg fatigue 

generates more intense exertional dyspnea for a given level of ventilatory drive. 

Methodology: Following familiarisation, 19 healthy subjects (32.2 ± 7.6 years; 

11 males) performed a 5 min treadmill test (speed: ~4 kph; grade: ~25%) on 

two separate days randomised between control (C) and experimentally induced 

leg fatigue (E) achieved by repeated knee extension against 40% body weight 

until task failure. Oxygen uptake (V̇O2, L/min), carbon dioxide output (V̇CO2, 

L/min), ventilation   (V̇E, L/min) and respiratory rate (fR) were measured breath 

by breath. Heart rate (HR) and perceived dyspnea intensity (0 - 10 numerical 

scale) were recorded continuously. Results: Data were averaged over 30 s 

intervals. Exertional dyspnea following E was statistically significantly higher 

(last 2 min E vs. C: 6.0 ± 0.2 vs. 5.0 ± 0.3, p < 0.001; repeated measures 

ANOVA) and accompanied by a significant increase in V̇E (E vs. C: 68.4 ± 4.2 

vs. 62.4 ± 3.5, p = 0.005) and fR (E vs. C: 26.7 ± 1.0 vs. 24.2 ± 1.3, p = 0.036). 

Dyspnea following E remained significantly higher after allowing for the V̇E 

confound (ANCOVA, p = 0.003). V̇O2, V̇CO2 and HR were not significantly 

different between the two exercise conditions. However the slopes for dyspnea 

vs V̇O2 and dyspnea vs V̇E were similar between E and C, which suggested that 

gain in dyspnea per unit change in V̇O2 or V̇E was not altered by leg fatigue.  

Conclusion: These findings support the hypothesis that the intensity of 
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exertional dyspnea in healthy subjects is exacerbated by peripheral afferent 

information from fatigued leg muscles. 

Key words: dyspnea, leg fatigue, oxygen uptake, ventilation  
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3.1 Introduction 

Dyspnea and leg fatigue are the two most common exercise related symptoms 

in both healthy populations (Saltin, and Calbet, 2006; Wagner, 1996) and 

patients with chronic cardiorespiratory disease like COPD, chronic heart failure 

and pulmonary arterial hypertension (Guazzi et al., 2009; Laveneziana et al., 

2013; Meek, and Lareau, 2003).  

In the past, it has been assumed that dyspnea becomes the major symptom 

limiting exercise in patients with chronic obstructive pulmonary disease 

(COPD) (Kinsman et al., 1983). However, a number of studies have shown that 

exercise in patients with COPD can be limited primarily by leg fatigue, dyspnea 

or a combination of these. In reviewing this issue, O’Donnell’s group (2007) 

have found that in 403 patients with COPD, 63% of patients identified dyspnea 

as the main reason for their exercise limitation, 9% reported that it was leg 

fatigue and 27% of the patients reported a combination of dyspnea and leg 

fatigue (O'Donnell, and Laveneziana, 2007). Similar reports of reasons for 

exercise limitation have been reported in healthy subjects (Saltin, and Calbet, 

2006). Moreover, non-cardiorespiratory diseases such as neuromuscular 

problems (Weiner et al., 1998), endocrine disorders (Goswami et al., 2002), and 

cancer (Travers et al., 2008) commonly have dyspnea as a presenting symptom. 

Troublesome dyspnea is also associated with obesity (Scano, Stendardi, and 

Bruni, 2009), pregnancy (Hegewald, and Crapo, 2011) and can be psychogenic 

in nature (Kaufman, Endres, and Kaufman, 2007).  
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Dyspnea is a fearful experience in patients with COPD and is known to be a 

major factor promoting exercise avoidance in this population (O'Driscoll, 

Corner, and Bailey, 1999). Avoiding daily activities due to fear of dyspnea 

results in deconditioning and a vicious cycle of deteriorating functional status 

as well as isolating COPD patients and imposing a growing burden on their 

carers (Cullen, 1999; Reardon, Lareau, and Zuwallack, 2006). Considering  the 

increasing burden of COPD worldwide (Mannino, and Buist, 2007; Murray, 

and Lopez, 1997), the prevalence of this debilitating symptom and its 

psychosocial consequences are likely to increase in the years ahead. A better 

understanding of the physiological basis of exertional dyspnea, could lead to 

management strategies that would enable sufferers to maintain higher levels of 

physical activity and improve life quality despite their lung disease. 

There is now a consensus of opinion that despite its complex and multifactorial 

nature, exertional dyspnea depends primarily on the increased ventilatory drive 

accompanying exercise (O'Donnell et al., 2007; Parshall et al., 2012). 

Sufficiently intense lower limb exercise also leads to a sense of leg fatigue. In a 

recent study, Grippo et al. (2010) reported that experimentally-induced  leg 

fatigue in healthy subjects was associated with a heightened perception of 

respiratory effort accompanying the addition of inspiratory resistive loads 

(Grippo et al., 2010). 

The purpose of the present study was to examine the impact of experimental leg 

fatigue in healthy subjects on the level of perceived dyspnea intensity during a 

standard exercise bout. In particular, we wished to test the hypothesis that pre-
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induced leg fatigue would increase the intensity of dyspnea during a standard 

exercise bout independent of the level of exercise ventilation. Such an outcome 

would be consistent with the idea that altered afferent information from fatigued 

peripheral muscles could directly contribute to dyspnea perception. More 

generally our study aimed to provide insight into how the cardinal exercise 

symptoms of leg fatigue and dyspnea interact. For instance, a heightened level 

of one symptom might potentiate the other resulting in lower exercise tolerance. 

To examine this hypothesis, we performed two identical dyspnea-inducing 

exercise tests on separate days in a group of healthy subjects recruited from the 

general population. Tests were immediately preceded by either an experimental 

leg fatiguing protocol or a period of rest. The preliminary findings of this study 

have been presented at an American Thoracic Society International Conference  

and has been published in an abstract form (Sharma, Morris, and Adams, 2012). 

  



CHAPTER 3: Effect of Muscle Fatigue on Dyspnea 

110 

 

3.2 Methods 

3.2.1 Subjects 

We recruited 20 healthy volunteers (Table 3.1) from the Griffith University 

staff/student population following approval by Griffith University Human 

Research Ethics Committee. Out of these 20 participants, 16 (10 males) had 

completed studies reported in Chapter 2. Subjects were screened using the 

AHA/ACSM Health/Fitness Preparticipation Screening Questionnaire (ACSM, 

2013), together with assessment of blood pressure and spirometry, to meet the 

criteria for undertaking a submaximal exercise test without medical supervision. 

As described in Chapter 2, we excluded participants with presence of known 

cardiorespiratory disease or symptoms suggestive of cardiorespiratory disease, 

or age > 45 years. Resting blood pressure was measured in accordance with 

standard guidelines (ACSM, 2013) as described in Chapter 2. Forced 

spirometry (Medikro Spirostar 2000, Medikro Oy, Kuopio, Finland) was 

performed as in Chapter 2 according to standard protocols (Miller et al., 2005) 

(Table 3.1).  The number of subjects recruited to the study was based on data 

obtained in a similar study by our group (Morris et al., 2007) giving a power of 

90% to detect a 1.0 difference in dyspnea (0 - 10 visual analogue scale) with p 

< 0.05 of a Type I error. This calculation indicated a sample size of 17. 

Participants were asked to attend our Research Laboratory on three different 

occasions with at least one visit per week and with no studies undertaken on 

consecutive days. All tests were carried out between 8 am to 5 pm at laboratory 

temperature 21 ± 1 ºC and relative humidity of 55 ± 5%.  
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3.2.2 Aerobic exercise protocol 

The study required participants to perform a short bout of exercise which 

induced a moderate to severe level of shortness of breath. We designed a 5 min 

dyspnea challenge treadmill exercise modelled on stair climbing at a relatively 

comfortable walking speed and steep slope (speed: ~ 4kph, and grade: ~ 25%) 

as a stimulus to induce exertional dyspnea (Morris et al., 2007). This 

arrangement allowed us to continuously record breathing and gas exchange 

variables using a commercial metabolic system (Quark - Cosmed Srl- Italy) 

along with monitoring of heart rate, ECG and arterial oxygen saturation.  

3.2.3 Cardiorespiratory measurements during exercise 

During all exercise tests subjects breathed through a facemask connected to a 

metabolic system (Quark, Cosmed Srl Italy) to record breath by breath 

measures of (V̇E), oxygen uptake (V̇O2), carbon dioxide output (V̇CO2), tidal 

volume (VT) and respiratory frequency (fR). Temperature, relative humidity, 

and barometric pressure were measured prior to each test and these values were 

used in the automatic correction of measured gas volumes by metabolic system. 

Heart rate (HR) was recorded using a Polar heart rate monitor linked directly to 

the metabolic system. For safety, ECG and arterial O2 saturation (SpO2) were 

monitored continuously using an ECG/pulse oximeter monitor (Prizm 5 patient 

monitor, Charmcare Co. Ltd, Seoul, Korea). The CM5 ECG configuration was 

used to optimise the detection of any exercise related rhythm disturbances.  
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3.2.4 Rating of dyspnea and leg fatigue 

Subjects continuously rated their intensity of perceived dyspnea during each 

test using a previously validated 0 - 10 numeric scale (Morris et al., 2007). The 

rating was made using a PC based system with a computer monitor mounted in 

front of the treadmill. The number displayed on the monitor was controlled by a 

clicker attached to the handrail of the treadmill. The displayed number changed 

by 0.5 unit with each click and subjects had the option of increasing or 

decreasing the value according to level of breathing exertion they experienced 

during the exercise. Subjects were advised that a rating of “0” meant that they 

had no shortness of breath (SOB) such as they would experience at rest and that 

a rating of “10” meant extreme SOB that would cause them to stop or lower 

their exercise intensity in order to gain relief from their SOB discomfort. 

We also obtained a single measure of the level of leg fatigue, using a similar 0 - 

10 number scale, during the last 10 s of exercise (reported verbally within 30 s 

of the test ending). As with dyspnea, they were advised that “0” meant that they 

felt no fatigue in their legs such as they would experience at rest and that a 

rating of “10” meant extreme leg fatigue that would cause them to stop or lower 

their exercise intensity in order to gain relief from their leg fatigue discomfort. 
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Table 3.1:  General characteristics of participants (n = 19)* 

Characteristics 

 

Male 

Mean ± SD 

Female 

Mean ± SD 

Age (years) 21- 42 (30.7 ± 8.3) 22- 44 (34.3 ± 6.1) 

Number of  participants 11 8 

Systolic blood pressure (mmHg) 122 ± 10 121 ± 9 

Diastolic blood pressure (mmHg) 71 ± 16 75 ± 8 

Height (cm) 177.0 ± 7.0 171.8 ± 4.0 

BMI (kg/m
2
) 24.3 ± 2.0 22.4 ± 3.5 

FEV1 (% predicted) 96 ± 12 106 ± 13 

FVC (% predicted) 104 ± 17 108 ± 12 

 

BMI = Body Mass Index, FEV1 = Forced Expiratory Volume in 1 second, FVC = 

Forced Vital Capacity. 

* 1of 20 recruited subjects was not studied due to exercise-induced cardiac 

arrhythmia (see text). 

 

3.2.5 Leg muscle fatiguing protocol 

To induce fatigue in the lower limbs, we used a knee extensor ergometer loaded 

with weights. The fatiguing protocol was modified from analogous fatiguing 

methodologies reported by Padua et al., (2006) and Gandevia (2001). After 

adequately familiarising the subjects with this protocol, we loaded the knee 

extensor ergometer with weights equivalent to approximately 40% of body 
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weight placed on both ends of the “weights” bar. Subjects were then positioned 

on a reclined seat with their feet resting on the floor (knees at 90 degrees) and 

the cushioned bar was positioned adjacent to their legs just above the ankles. 

Subjects were instructed to cross and relax their arms and extend their legs to 

approximately 180 degrees then flex them back to the resting position in a 

controlled movement (i.e. at the same speed as the extension); the rate of these 

extension/flexion cycles was set at frequency 0.5 Hz with the aid of a 

metronome. Subjects performed repeated knee extension until task failure 

which was assessed subjectively by the investigators as an inability to 

consistently maintain adequate extensions at the required pace. In line with 

Padua et al. (2006), we defined task failure as a point of time when the subjects 

fell four cycles behind the set pace or failed to complete two successive cycles. 

Once they reached task failure, they were asked to stop exercise and were given 

a 20 s rest period. Following this rest period, a second bout of knee extensions 

was performed again until task failure; this was followed by 30 s of rest. Four 

further bouts of exercise were undertaken with rest periods increasing by 10 s 

after each bout.  

In total, the average number of extension/flexion cycles achieved was 321 ± 

154 for males and 196 ± 45 for females. Since our aim was for subjects to 

perform the 5 min treadmill test immediately after the fatiguing protocol, we 

chose to assess the objective degree of fatigue (reduction in force of Maximum 

Voluntary Contraction – see section 3.2.6 for more detail) at the end of the 

exercise bout which was approximately 12 minutes after the completion of the 

fatiguing protocol.  
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3.2.6 Assessment of leg fatigue 

The degree of induced leg fatigue was estimated by quantifying the reduction in 

Maximal Voluntary Contraction (MVC) force of the preferred limb induced by 

the fatiguing protocol. MVC force measurement was carried out using a force 

transducer mounted to a fixed structure at ankle level and custom-built software 

(LabView - National Instruments). Subjects were seated comfortably with the 

pelvic region restrained with a seat belt. They were strongly encouraged to 

maximally extend their leg isometrically against a fixed resistance for a period 

of 5 s while maintaining a relaxed upper body. The procedure was repeated 

twice with 2 min intervals between trials. MVC was reported as the maximum 

force which was sustained for 2 s over the three tests. Reliability of the reported 

MVC was confirmed by the observation that for all subjects there was a less 

than 10% difference between the best two measures.  

3.2.7 Experimental protocol 

Visit 1 (Familiarisation visit) 

The first visit which lasted for about 90 minutes involved familiarizing the 

participant with the laboratory environment. During this visit, informed written 

consent was obtained and height, weight, resting blood pressure and forced 

spirometry were measured enabling risk stratification screening (ACSM, 2013). 

Subjects then practiced walking on the treadmill whilst wearing a facemask 

connected to the metabolic system. They were also trained to attend to 

symptoms of dyspnea and leg fatigue and to report the intensity of these 
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symptoms during exercise using the 0 - 10 scale. During this visit we 

established an individualised speed and grade combination (speed: ~ 4kph, 

grade: ~ 25%), referenced to the subject’s height and fitness level, to produce a 

peak of 80 - 85% maximum age predicted heart rate. This form of exercise, 

similar to stair climbing, has been shown to rapidly induce substantial dyspnea 

in healthy subjects (Morris et al., 2007). During this visit, subjects also 

practiced the MVC manoeuvers described above. 

Visit 2 and 3 (Experimental visits) 

Visits 2 to 3 generated the experimental data used in the study analysis; each 

taking approximately 50 minutes to complete. During each of the second and 

third visits, a single 5 min treadmill exercise test was performed. These two 

tests performed over two days, were randomly assigned to be preceded by (a) a 

period of rest (control - C) (b) the experimental leg fatiguing protocol 

(experimental - E). 

During these visits, we first confirmed with the subjects that they had not 

consumed anything or engaged in strenuous activity in the previous two hours. 

We then instrumented them in preparation for undertaking the 5 min treadmill 

test, preceded by either a 30 min rest period acting as control (C) or the 

experimental (E) leg fatiguing protocol (see above). Just before starting each 

test we recapped details of the rating scale with them and how it should be used 

throughout the test. At the end of exercise bout, after disconnection from the 

measurement devices, subjects were asked if they were confident with their 
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ratings given during the experiment. During each test (C and E) continuous 

measurements of cardiorespiratory variables and dyspnea were collected as 

described earlier. We also obtained a single measure of perceived leg fatigue 

during the last 10 s of the test. Subjects were given no indication that the two 

exercise tests were designed to be of equivalent intensity.  

MVC measurements were made (a) before the control exercise bout as an 

estimate of the non-fatigued state and (b) immediately after the experimental 

exercise bout (as described above) as an estimate of level of fatigue present 

during the exercise. After completion of the E test, and prior to leaving our 

laboratory, we confirmed with each subject, that they were sufficiently 

recovered to walk comfortably.  

3.2.8 Data analysis 

All cardiorespiratory variables and dyspnea ratings were averaged over 30 s 

intervals and analysed using two way repeated measures analysis of variance 

(ANOVA). Data for leg fatigue and maximum voluntary contraction force 

(MVC) were analysed using one way ANOVA. All statistical analysis was 

carried out using a standard package (IBM SPSS statistics 21.0). In order to 

explore possible mechanistic links between measured variables, we used 

regression analysis of individual responses to exercise in the E and C conditions 

and calculation of Pearson correlation coefficients to highlight any statistically 

significant associations. For all statistical analyses, a p value of < 0.05 was used 
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to establish significance. Graphical presentations of the data were made using a 

software package SigmaPlot 11.0. 
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3.3 Results 

3.3.1   Subjects 

Out of 20 subjects recruited, one subject was excluded due to development of 

exercise-induced PVCs during the familiarisation visit. All subjects studied 

were non-smokers, normotensive and had normal lung function; no subject 

showed arterial desaturation, cardiac arrhythmias or reported untoward 

symptoms during exercise. All subjects indicated that they were confident in 

using the numerical scale to rate their perceived intensity of dyspnea (and leg 

fatigue) associated with exercise. 

3.3.2   Leg fatigue 

The leg fatiguing protocol decreased the MVC force by an average of 22% and 

this was associated with a 29% increase in perceived leg fatigue (Table 3.2).  

Both these changes were statistically significant (p = 0.009 and 0.003 

respectively). Further analysis showed there to be no significant correlation 

between individual differences in MVC force and perceived leg fatigue 

measured during the fatiguing and non-fatiguing sessions (r = 0.19, p = 0.437). 

3.3.3   Physiological data 

We did not observe any statistically significant differences in the levels of V̇O2, 

V̇CO2, VT, or HR with exercise following experimental fatigue (E) compared 

with the control condition (C). However, overall V̇E was 12% higher and fR was 
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10% higher in the E compared to the C condition (p = 0.005) (Table 3.2; Fig. 

1). Post hoc analysis of the data collected during the final minute of exercise 

revealed no statistically significant difference (p = 0.157) in V̇E/ V̇CO2 between 

the E (27.7 ± 1.2) and C (26.1 ± 1.0) conditions. There was no significant 

difference in the pattern by which V̇E developed during exercise between the E 

and C conditions (p = 0.996). The relationship between V̇E and V̇O2 is shown in 

Figure 3.2, Panel C. Following the fatiguing protocol, subjects had a 

significantly higher V̇E throughout the exercise period. However the V̇E/V̇O2 

slope (over the final 3 minutes of exercise) was not significantly different 

between the E and C conditions (p = 0.23). 

3.3.4   Exertional dyspnea 

Throughout the 5 min period of exercise, the level of exertional dyspnea was 

24% higher in the E compared to the C condition (p < 0.001, Table 3.2; Fig 

3.1). There was no difference in the pattern by which dyspnea developed during 

exercise between the E and C conditions (p = 0.094). Further analysis revealed 

that there was no significant correlation between individual differences in 

dyspnea between the E and C conditions and corresponding  differences in 

ventilation (both averaged over the final 2 mins of exercise) (r = 0.002, p = 

0.995).  Moreover, there was no significant relationship between individual 

differences in dyspnea (final 30 s of exercise) and perceived leg fatigue (single 

end-exercise assessment) between the two exercise bouts (r = 0.28, p = 0.248).   
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In view of the statistically significantly higher levels of both exertional dyspnea 

and ventilation following experimental fatigue, we questioned whether the 

changes in dyspnea could be accounted for by the increased ventilatory drive. 

We thus re-analysed exertional dyspnea between the two conditions 

(experimental fatigued group vs. control group) using repeated measures 

analysis of covariance (ANCOVA) with ventilation as a covariate. This analysis 

showed that the level of exertional dyspnea remained statistically significantly 

higher in the experimental group compared to control (p = 0.003).   

In addition, we examined the relationship between the change in dyspnea per 

unit change in V̇O2 and V̇E between the E and C conditions (Figure 3.2, Panel 

A, B and D). Panels A and B show the relationship between dyspnea and V̇O2. 

From Figure 1 it can be seen that whilst dyspnea continues to rise markedly in 

the final 3 minutes of exercise, V̇O2 essentially plateaus with only a small rise 

(approx. 0.25 L/min) during the same period due to the constant load nature of 

the exercise. To account for this small rise in V̇O2, but large rise in dyspnea, we 

have re-plotted Panel A on a narrower range of V̇O2 in Panel B to highlight the 

changes in dyspnea over this time. From Panel B the dyspnea vs V̇O2 slope was 

calculated (E: 3.95 ± 0.74; C: 3.57 ± 0.75) and found to be non-significantly 

different (p = 0.72) between conditions. Similarly, we found there to be no 

significant difference (p = 0.98) in the dyspnea vs V̇E slope for either condition 

(Figure 3.2, Panel C; E: 0.22 ± 0.01; C: 0.2 ± 0.01). 

  



CHAPTER 3: Effect of Muscle Fatigue on Dyspnea 

122 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 3.2:  Measures of cardiorespiratory variables, dyspnea 

and leg fatigue during last 2 min of exercise following pre-

fatiguing (E) and control (C) conditions. 

Measured  Variables 

 

Experimental 

(E) 

Control 

(C) 

MVC force (N) 

V̇O2 (L/min) 

362 ± 74 

2.49 ± 0.13 

441 ± 96
*
 

2.40 ± 0.10 

V̇CO2 (L/min) 2.52 ± 0.12 2.40 ± 0.11 

VT (L) 2.48 ± 0.13 2.34 ± 0.13 

fR  (breath/min) 26.7 ± 1.0 24.2 ± 1.3
*
 

V̇E/ V̇CO2 28.1 ± 1.2 27.4 ± 0.9 

V̇E  (L/min) 68.4 ± 4.2 62.4 ± 3.5
*
 

HR (beats/min) 155 ± 3 150 ± 2 

Dyspnea 6.0 ± 0.2 5.0 ± 0.3
*
 

Leg fatigue 6.7 ± 0.3 5.2 ± 0.3
*
 

 

Values are expressed as last 2 min means ± standard error of 

means.  

*
 Statistically significant difference between experimental and 

control groups, p < 0.05. MVC = Maximum Voluntary 

Contraction of preferred leg, N = Newton, V̇O2 = oxygen 

uptake, V̇CO2 = carbon dioxide output, VT = tidal volume, fR = 

respiratory frequency, V̇E/ V̇CO2 = ventilator equivalent for 

CO2, V̇E = ventilation, HR = heart rate. 
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Figure 3.1: Mean ± SE levels of oxygen uptake (V̇O2), heart rate (HR), 

ventilation (V̇E) and Dyspnea during 2 identical exercise bouts performed on 

separate days preceded either by a leg fatiguing protocol (Experimental - ●) or a 
 

period of rest (Control - ○). V̇E and Dyspnea were significantly higher during 

Experimental compared to Control (p < 0.05). 



CHAPTER 3: Effect of Muscle Fatigue on Dyspnea 

124 

 

Panel A

VO2 (L/min)

1.0 1.5 2.0 2.5

D
y
s
p
n
e
a

0

2

4

6

8

Panel C

VO2 (L/min)

1.0 1.5 2.0 2.5

V
E

 (
L
/m

in
)

20

30

40

50

60

70

80
Panel D

VE (L/min)

20 30 40 50 60 70 80

D
y
s
p
n
e
a

0

2

4

6

8

Panel B

VO2 (L/min)

2.25 2.30 2.35 2.40 2.45 2.50

D
y
s
p
n
e
a

0

2

4

6

8

 

Figure 3.2. Mean ± SE levels of dyspnea vs oxygen uptake (V̇O2) for entire 

exercise challenge (Panel A), dyspnea vs V̇O2 for final 2.5 min of exercise 

(Panel B), ventilation (V̇E) vs oxygen uptake (V̇O2) for entire exercise challenge 

(Panel C) and dyspnea vs ventilation (V̇E) for entire exercise challenge (Panel 

D) during 2 identical exercise bouts performed on separate days preceded either 

by a leg fatiguing protocol (Experimental - ●) or a period of rest (Control - ○). 

  

. 
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3.4 Discussion 

The key finding of this study is that, in healthy subjects, experimentally-

induced limb muscle fatigue is associated with an increased intensity of 

dyspnea during subsequent aerobic exercise, compared with the same exercise 

without pre-fatigue.  

We induced peripheral fatigue in quadriceps muscle by using knee extensor 

exercise until task failure. Our approach was modified from isometric 

fatiguing protocols reported by other groups (Berchicci et al., 2013; Neyroud 

et al., 2012) to enable leg flexion /extension. We assessed fatigue by 

measuring the decrease in the maximal voluntary contraction (MVC) force 

(Gandevia, 2001) following the fatiguing protocol compared to that achieved 

in the resting state. Although the MVC force was measured on each of the two 

lab visits, it was performed before treadmill exercise on the control visit and 

immediately after exercise on the experimental visit. This meant that in 

assessing fatiguing, we were quantifying the effect of experimental fatigue 

together with a 5 min of inclined walking compared to the resting state. The 

significant decline in mean MVC force (22%), associated with an increase in 

perceived fatigue of 29%, was similar to the level found by other groups 

(Berchicci et al., 2013; Padua et al., 2006; Yates et al., 1987). Of particular 

relevance is the study by Yates and coworkers (Yates et al., 1987) who 

described the dynamics of force production recovery following exhaustive 

arm flexion exercise. These workers reported an average decline in MVC 

force of 25 - 20% with 7 -10 mins of recovery (analogous to the time of our 
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exercise bout plus time to reliably estimate post exercise MVC force). Further 

inspection of their data shows that after between 1 and 6 mins of recovery 

(equivalent to our period of treadmill exercise) fatigue ranged between 55 and 

30%. This would suggest that over the period of our dyspnea measurements, 

the actual level of fatigue in the exercising muscles was somewhat greater 

than the level we measured following exercise.  In our subjects, the levels of 

MVC force reduction induced by the fatiguing protocol ranged between 0 and 

40%. However, the lack of correlation between this measure and increases in 

either exertional dyspnea or perceived leg fatigue provides no evidence of a 

relationship across individuals between objectively measured fatigue and the 

intensity of exercise related symptoms. 

Our finding of a significant increase in exertional dyspnea following induction 

of peripheral muscle fatigue is consistent with the findings by Grippo et al. 

(Grippo et al., 2010). Although there are a number of methodological 

differences between our study and that of Grippo’s group, the principal 

difference is that their subjects rated the magnitude of respiratory effort during 

resistive loading at rest while ours rated the intensity of a commonly 

experienced respiratory sensation (i.e. shortness of breath) whilst exercising. 

Although both experiences are uncomfortable, most would agree that they are 

qualitatively quite different. Indeed, Grippo and co-workers acknowledged 

that their subjects denied that “air hunger” was a component of their 

respiratory discomfort whereas this perception is typically reported as a 

feature of exertional dyspnea (Simon et al., 1989). Despite these differences, 

the two studies are consistent in demonstrating increased respiratory 
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discomfort (dyspnea) in response to a fixed respiratory stimulus following 

induced leg fatigue. Whereas Grippo’s group speculate that increased sense of 

effort might reflect a modulation of cortical control of breathing, the present 

findings of greater exertional shortness of breath may implicate an impact of 

peripheral muscle fatigue on the central neural processes that give rise to the 

perception of exertional dyspnea including brainstem and suprapontine 

networks.  

A potential confound in interpreting findings from the present study, is that 

despite controlling for workload (and oxygen uptake) across the two exercise 

tests, ventilation was significantly greater following fatigue compared to 

control.  Since there is a well-established relationship between the magnitude 

of ventilatory stimulation during exercise and the associated intensity of 

dyspnea (Adams et al., 1985; Lane, Adams, and Guz, 1990) it is possible that 

the increased dyspnea that we observed could simply reflect the increased 

ventilation seen following fatigue. However, closer inspection of the data 

revealed that all subjects reported greater dyspnea following fatigue (0.5 to 2.0 

units) whereas 9 out of 19 showed either a lower or a slightly higher (< 5 

L/min
 
over the final mins of exercise) ventilation following fatigue. Moreover, 

in three subjects, experimental fatigue increased ventilation by greater than 

17.5 L/min placing the increase in ventilation outside 2 standard deviations of 

the mean of the rest of the cohort; these changes could therefore be considered 

as statistical outliers. We have elected not to exclude these data from our 

analysis since there is no technical reason to do so.  However, had we done so, 

the difference in mean ventilation between the two exercise conditions (over 
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the final 2 mins) falls from 7.0 L/min to 3.3 L/min with no corresponding 

change in mean dyspnea scores. In order to gain further insight into the effect 

of the ventilation following fatigue, on exertional dyspnea, we repeated our 

statistical analysis of the dyspnea data using a repeated measure analysis of 

covariance, with ventilation now included as a confounding variable. This 

analysis also revealed a statistically significantly higher level of exertional 

dyspnea following experimental fatigue compared to control. 

We also analyzed the change in dyspnea per unit change in V̇O2 and V̇E 

between E and C conditions (Figure 3.2). Previous studies have examined this 

relationship using an incremental exercise tests, for example; Ofir et al (Ofir et 

al., 2008) used an incremental cycle protocol to examine dyspnea responses in 

COPD patients compared with healthy controls. This study demonstrated that 

dyspnea/work rate and dyspnea/ventilation slopes were steeper in the COPD 

patients compared to the control. The current study did not use an incremental 

exercise, rather it was a steady state exercise, however we were able to 

examine change in dyspnea per unit change in V̇O2 and V̇E (Figure 3.2) over 

the final 2-3 minutes of exercise. Examining the data this way demonstrated 

that whilst dyspnea was higher in the fatigued state, the slopes for dyspnea vs 

V̇O2 and dyspnea vs V̇E were similar over the final 3 minutes of exercise 

(Figure 3.2, Panel B and D). This suggests that gain in dyspnea per unit 

change in V̇O2 or V̇E was not altered in the fatigued state, and that the higher 

dyspnea in the E condition may be related to the increased baseline level of 

V̇O2 and V̇E, which implied that the perturbations of leg muscle fatigue on 

central dyspneogenic effect remained constant during the exercise. We 
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acknowledge that our results only applies to a narrow range of V̇O2 and V̇E 

(Figure 3.2) and further work comparing this response across a wider range of 

V̇E and V̇O2, using an incremental exercise test experimental design, is 

warranted.  

With respect to our hypothesis, we would argue that our findings are 

consistent with the view that fatigued peripheral muscles give rise to increased 

exertional dyspnea over and above their stimulation of ventilation. As 

discussed above, the impact on ventilation is variable but remains significant 

whether or not the statistical outliers are included. From our data, we are not 

able to ascertain the mechanism of the enhanced exercise hyperpnea but 

possible explanations include increased anaerbiosis and/or increased 

activation of peripheral muscle afferent fibers. .  

With respect to our measurements of exercise symptomatology, there is clear 

evidence of an effect of induced muscle fatigue both on perceived leg fatigue 

and more interestingly on exertional dyspnea. In terms of the latter, our 

findings support those of Grippo and co-workers even though the 

methodologies used and the qualitative aspects of respiratory discomfort 

assessed were very different. Beyond measuring MVC force at a single time 

point, we did not quantify the degree or nature of fatigue but we did use a 

fatiguing protocol analogous to ones used by others (Padua et al., 2006; Yates 

et al., 1987). Muscle fatigue can be associated with modulation of contraction-

related neural activity in all types of muscle afferents (Taylor, Butler, and 
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Gandevia, 2000) raising the possibility of fatigue-related effects on respiratory 

perceptions arising from any single or combination of nerve fiber types. 

In discussing this possibility, Grippo and colleagues hypothesize that type III 

and/or type IV fibres are the most likely source of fatigue-related effects on 

respiratory perception. These fiber types carry information from so called 

ergoreceptors (Kao, 1963; Kaufman et al., 1983) and type IV fibers, 

innervated by metaboreceptors known to be chronically stimulated by fatigue 

producing metabolites (Kaufman et al., 1983). In a recent article, Dempsey et 

al (Dempsey, Blain, and Amann, 2013) have reviewed the evidence 

implicating type III - IV muscle afferents in exercise hyperpnea. It light of 

this, it is reasonable to assign a putative role for these afferents in the genesis 

of exertional dyspnea. Our findings would suggest that if fatigue-related 

modulation of such afferent activity is giving rise to dyspnea then it is doing 

so over and above its impact on ventilation. Such afferent information might 

act directly on neural networks responsible for respiratory perceptions or via 

other sensations (e.g. fatigue) that could modify respiratory perceptions. 

Another possibility is that the heightened exertional dyspnea that our subjects 

reported in the presence of peripheral muscle fatigue could be related to a 

generalized sense of discomfort arising from multiple sensory and/or cognitive 

processes.  

Our findings are potentially relevant to an understanding of the nature of 

exertional dyspnea in patients with chronic cardiorespiratory disease.  

Peripheral muscle dysfunction secondary to deconditioning and/or systemic 
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inflammation is now well established in patients with COPD (Agustí et al., 

2002; Bernard et al., 1998; Casaburi, 2001; Moga et al., 2012) and in those 

with heart failure (Olson, Joyner, and Johnson, 2010). Limb muscle 

dysfunction encompasses structural and functional alternation including a 

decreased proportion of fatigue-resistant fibers, decreased capilliarisation and 

reduced activity of metabolic enzymes (Grieve et al., 1999; Okita, Kinugawa, 

and Tsutsui, 2013; Vogiatzis, and Zakynthinos, 2013). These factors, in 

promoting earlier fatigue during exertion, could contribute to increased 

dyspnea, poorer exercise tolerance and impaired quality of life. 

In conclusion, this study provides evidence that experimentally-induced 

muscle fatigue in healthy subjects increases the intensity of exertional dyspnea 

compared with that reported for the same exercise following rest. The increase 

in dyspnea was not fully accounted for by the small and inconsistent increase 

in minute ventilation. Future studies could examine the impact of exercise 

dyspnea by inducing fatigue on non-ambulatory muscles. Contrasting the 

results of this study with those of the current study would potentially provide 

insight into whether any exacerbation of exertional dyspnea by prevailing 

fatigue was specific to the exercising muscle or related to a more general co-

morbid experience perhaps reflecting a central neural processing phenomenon.  

We note that this study was not without limitation. For example, we did not 

measure leg discomfort at the same time as we measured dyspnea. This would 

have enabled an examination of the relationship between changes in leg 

discomfort and dyspnea. However for the purpose of this study, we chose not 

to measure leg fatigue so as to not contaminate the perception of 
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breathlessness with the perception of leg fatigue and it would have required an 

additional visit to achieve this outcome. We acknowledge that clinical 

dyspnea in patients with heart and lung disease are likely to be quite different 

from exercise induced shortness of breath experienced by healthy individuals 

and that any interpretations made from current findings on clinical population 

are based on speculation. Thus our findings may be of limited relevance to 

cardiorespiratory patients whose exercise limitation is likely to be associated 

with more severe levels of exertional dyspnea. Nonetheless, mechanistic 

insights gained from such studies can be helpful in planning further 

investigations to better understand the development of dyspnea in clinical 

populations. 
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Foreword 

The first two experimental chapters of this thesis explored the possible 

contribution of neural activity associated with exercising musculature on the 

perception of exertional dyspnea, independent of cardiorespiratory stimulation, 

in healthy subjects. This research was conceived on accumulating evidence in 

the literature, both experimental and clinical, that afferent information from 

exercising muscles, notably from type III/ IV metaboreceptors, can impact 

directly on respiratory control mechanisms and thus potentially on respiratory 

perceptions. The study described in Chapter 4, set out to explore another 

potential, non-cardiorespiratory, modulator of dyspnea, that of central neural 

processing of sensory events giving rise to this experience. Again there is an 

extensive literature suggesting, by association, that such processing can have a 

substantial impact on how dyspnea, as well as other symptoms (e.g. pain), are 
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perceived. The purpose of this study was to explore this question 

experimentally by using an established intervention known to affect an 

individual’s mood state. We thus modulated mood state in healthy participants 

by having them view different series of standard images whilst undergoing a 

standardised exercise challenge. By assessing exertional dyspnea associated 

with a fixed level of cardiopulmonary stress in different mood states, we 

aimed to establish whether the concept of “central processing” modulation of 

dyspnea could be demonstrated experimentally in healthy individuals. 
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Abstract 

Background: Patients with chronic cardiopulmonary disease experience 

substantial dyspnea on exertion and are more likely to experience clinical 

depression. Treating depression to improve mood state in chronic disease 

improves quality of life but it is unclear whether this is related to reduction in 

exercise symptoms. This study aims to explore the interaction between mood 

state and exertional dyspnea in a healthy population. Methodology: Following 

familiarisation, 20 healthy subjects (27 - 54 years) performed six 5-min 

treadmill tests on 3 separate days.  On each day subjects viewed randomly-

assigned images designed to induce positive, negative or neutral mood states 

(International Affective Picture Series- IAPS). For each condition, at minute 

intervals, subjects rated dyspnea (sensory and affective domains) in the first 

test and mood (valence and arousal domains), in the second test. Oxygen 

uptake (V̇O2, L/min), carbon dioxide production (V̇CO2, L/min), ventilation 

(V̇E, L/min), respiratory frequency (fR, beats/min) and heart rate (HR, bpm), 

were measured throughout the exercise. Results: V̇O2, V̇CO2, V̇E, HR and fR 

were not statistically significantly different among the three mood states (p > 

0.05). Mood valence was significantly higher with parallel viewing of positive 

(last 2 min mean ± SE = 6.9 ± 0.2) compared to negative pictures (2.4 ± 0.2; p 

< 0.001). Both sensory (intensity) and affective (bother) domains of dyspnea 

were significantly higher during negative (sensory: 5.6 ± 0.3, affective: 3.3 ± 

0.5) compared to positive mood (sensory: 4.0 ± 0.4, p < 0.01; affective: 2.1 ± 

0.4, p = 0.002). Conclusion: These findings suggest that positive mood 
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alleviates both the sensory and affective domain of exertional dyspnea in 

healthy subjects. 

Key Words: Dyspnea, mood, treadmill exercise, cardiopulmonary disease  
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4.1 Introduction 

Dyspnea is a significant clinical symptom defined as a “subjective experience 

of breathing discomfort which varies in its qualitative components, their 

unpleasantness and their emotional/behavioral significance” (Parshall et al., 

2012). Although dyspnea probably shares neural correlates with the shortness 

of breath reported by healthy individuals during exercise, its manifestation in 

cardiorespiratory and related conditions is both debilitating (Hajiro et al., 

1999; West et al., 2010) and generally associated with poor prognosis (Abidov 

et al., 2005; Almagro et al., 2006; Soler-Cataluna et al., 2005). Consequently 

improved management of dyspnea continues to be a desirable therapeutic goal. 

There is a need to better define the nature of the relationship between clinical 

dyspnea and psychosocial status, and particularly the significance of comorbid 

anxiety and depression.  

To better understand the genesis of dyspnea, many researchers have pointed to 

the analogy of pain, (Buchanan, and Richerson, 2009). Although the sensory 

inputs that give rise to dyspnea are less clearly defined than they are for pain, 

studies suggest that perception of both pain and dyspnea share a common 

neural substrate (Desbiens et al., 1997; Gracely, Undem, and Banzett, 2007; 

von Leupoldt, and Dahme, 2007). This concept has further led to a 

categorisation of this symptom in terms of its sensory (intensity) and affective 

(bother/unpleasantness) domains (Banzett, Dempsey, et al., 2000; Lansing, 

Gracely, and Banzett, 2009; Loeser, and Melzack, 1999; von Leupoldt et al., 

2006; Wilson, and Jones, 1991).  
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Neuroimaging studies in healthy subjects have revealed that  dyspnea, 

experimentally induced in a variety of ways, is associated with activation of 

structures within the limbic system, in particular the insular cortex (Banzett, 

Dempsey, et al., 2000; Brannan et al., 2001; Evans et al., 2002; Liotti et al., 

2001; Peiffer et al., 2001). Since these brain regions are known to be activated 

in emotional states, it is reasonable to suggest that an individual’s dyspnea 

perception could be influenced by their mood.  

Rietveld and Prins (1998) reported increased breathlessness in asthmatic 

children who were in a more negative emotional state. Similarly von Leupoldt 

et al. (2006), using resistive load breathing in healthy subjects, found that 

dyspnea becomes more unpleasant (but not more intense) with negative mood. 

More recently, von Leupoldt et al. (2010) found that negative mood increased 

dyspnea intensity, but not the bother (unpleasantness),  in exercising COPD 

patients. 

The purpose of this study was to further examine the impact of induced 

changes in mood state on exertional dyspnea in healthy subjects. Like von 

Leupoldt et al. (2010) we have used the viewing of images from the  

“International Affective Picture Series” – IAPS (Lang, Bradley, and Cuthbert, 

2005) to modulate mood while assessing both the sensory and affective 

domains of experimentally-induced dyspnea. We chose to use an exercise 

challenge modelled on stair climbing (Morris et al., 2007) and to measure the 

effects of both positive and negative changes in mood on dyspnea throughout 

the exercise while accounting for any related changes in breathing. We 
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hypothesised that for the same degree of cardiopulmonary stress “positive” 

and “negative” mood states would be associated with respectively decreased 

and increased ratings of the sensory and affective domains of dyspnea 

compared with an experimentally induced “neutral” mood state. To examine 

this hypothesis, 20 healthy subjects recruited from healthy population 

performed identical dyspnea-inducing exercise tests while viewing randomly 

assigned positive, neutral and negative mood inducing standard images on 

separate days. As indicated in previous experimental chapters, the fact that this 

study was conducted in healthy individuals means that the findings may have 

little or no relevance to clinical populations. Unlike the exercise-induced 

shortness of breath experienced by healthy individuals, the symptom of 

clinical dyspnea, which impacts on a sufferer’s daily activities, could be 

mechanistically quite different. 
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4.2    Methods 

4.2.1  Subjects 

The study was carried out on 20 healthy individuals (38.8 ± 10.7 years; 9 

females) recruited from Griffith University staff following approval by 

Griffith University Human Research Ethics Committee. The sample size was 

determined based on previous data obtained in a similar study (Morris et al., 

2007) to detect a 1.0 unit difference in dyspnea rating (0 - 10 scale) at a power 

of 90% with p < 0.05 of a Type I error. Subjects were screened using the 

AHS/ACSM Health/Fitness Preparticipation Screening Questionnaire (ACSM, 

2013) to meet the standard criteria for undertaking a submaximal exercise test 

without medical supervision. Primary exclusion criteria were the presence of 

known cardiorespiratory disease or symptoms suggestive of cardiorespiratory 

disease. Resting blood pressure was measured adhering to standard ACSM 

guidelines (ACSM, 2013) and forced spirometry was performed also 

according to standard guidelines (Miller et al., 2005) as detailed in Chapters 2 

and 3. All subjects had resting blood pressure and lung function values within 

their predicted normal range (Table 4.1) 

This study required participants to visit the Exercise Physiology Research 

Laboratory on four different occasions with no two visits on consecutive days 

nor separated by more than one week. All tests were carried out between 8 am 

to 5 pm at a laboratory temperature of 21 ± 1ºC and relative humidity of 55 ± 
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5%. In most cases individuals were studied at around the same time of day for 

each of their visits. 

The baseline characteristics of subjects are detailed in Table 4.1.  

Table 4.1:  General characteristics of participants (n = 20) 

Characteristics Male Female 

Age (years) 27 - 56 (36.2 ± 10.0) 29 - 54 (38.2 ±  8.7) 

Number of participants 11 9 

Systolic blood pressure (mmHg) 123.8 ± 6.0 112 ± 11 

Diastolic blood pressure (mmHg) 82.2 ± 4.5 75 ± 8 

Height (cm) 181.5 ± 5.3 167.2 ± 7.0 

BMI (kg/m
2
) 25.2 ± 2.0 23.9 ± 4.3 

FEV1 (% predicted) 90 ± 9 102 ± 17 

FVC (% predicted) 100 ± 14 102 ± 16 

 

Values are expressed as Mean ± SD 

BMI = Body Mass Index, FEV1 = Forced Expiratory Volume in 1 s,  

FVC = Forced Vital Capacity. 

 

 4.2.2 Aerobic exercise protocol 

The study required participants to perform six 5 min dyspnea challenge 

treadmill exercise test modelled on stair climbing at a relatively comfortable 

walking speed and steep slope (speed: ~ 4kph, and grade: ~ 25%) as a stimulus 

to induce exertional dyspnea (Morris et al., 2007) while viewing mood 
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modulating images (see below). This arrangement allowed us to continuously 

record breathing and gas exchange variables using a commercial metabolic 

system (Quark - Cosmed Srl- Italy) along with monitoring of heart rate, ECG 

and arterial oxygen saturation using a ECG/Pulse oximeter monitor (Prizm 5 

patient monitor, Charmcare Co. Ltd, S. Korea).  

4.2.3    Cardiorespiratory measurements during exercise 

During all exercise tests, subjects breathed through a facemask connected to a 

metabolic system to record breath by breath measures of  oxygen uptake 

(V̇O2), carbon dioxide output (V̇CO2), tidal volume (VT),  respiratory 

frequency (fR) and ventilation (V̇E). Temperature, relative humidity, and 

barometric pressure were measured prior to each test and these values were 

used in the automatic correction of measured gas volumes by the metabolic 

system. Heart rate (HR) was measured using a Polar monitor linked to the 

metabolic system.  

4.2.4   Experimental modulation of mood 

The study required subjects to perform two identical 5 min bouts of treadmill 

exercise, separated by an interval of at least 30 min, on three different days 

while viewing a series of images from the International Affective Picture 

System (IAPS) displayed on a computer monitor in front of the treadmill. 

IAPS comprises more than 1000 pictures that show a lot of different events 

that occur in life, some good, some bad and some neutral. Each image in the 
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IAPS bank has a population-based rating of its effect on mood in three 

domains (valence, arousal and dominance) (Lang et al., 2005). 

To establish an experimental intervention designed to induce a different mood 

state on the three different days, we selected 3 sets of 24 images associated 

with high, low and median scores for valence (pleasant, unpleasant and 

neutral). Each set was modified (i.e. substitution of 5 - 7 images) to ensure 

population rating equivalence for male and female subjects. Using custom 

built software, each image in a set was displayed for 6 s (Lang, Bradley, and 

Cuthbert, 2008) in a monitor placed in front of the treadmill followed by a 4 s 

interval before the next image appeared. At minute intervals throughout 

exercise, the viewing of IAPS images was interrupted to allow subjective 

ratings of either mood or dyspnea during the exercise test. We elected to 

obtain dyspnea ratings during the first test and mood ratings during the second. 

Rating of both dyspnea and mood were made in two domains (see below).  

4.2.5  Assessment of mood 

Mood rating was made during the second of the two daily exercise tests using 

a Self Assessment Manikin (SAM) scale (Lang et al., 2005) integrated with 

the custom built software. To obtain this measurement, the viewing of IAPS 

images was interrupted every minute for 14 s to allow subjective ratings of 

mood. Although images were selected based solely on their valence rating (as 

described above), during our intervention we obtained the mood ratings for 

both  the valence and arousal domains (Lang et al., 2005) using the SAM 



CHAPTER 4: Effect of Mood on Exertional Dyspnea 

 

156 

 

rating scale. We did not attempt to rate the dominance domain mainly for 

logistical reasons. 

The two SAM scales (valence and arousal) were displayed consecutively for 

7s each, at minute intervals during the 5 min exercise test, enabling the subject 

to rate their prevailing mood in each domain with valence rated first. Mood 

‘valence’ was described to subjects as how unhappy or happy viewing the 

images made them feel. This SAM scale comprised 9 stylised faces ranging 

from extremely unhappy (rated as “1”) to extremely happy (rated as “9”). 

Mood ‘arousal’ was described as how calm or excited viewing the images 

made them feel. These ratings were made with a second SAM scale consisting 

of 9 faces ranging from extremely calm (rated as “1”) to extremely excited 

(rated as “9”). Both versions of the SAM scale described above are reproduced 

in the addendum to this chapter. 

Before each rating period, subjects had viewed 4 or 5 different images from 

the set of 24. Thus over the 5 min period of exercise, subjects had viewed 

approximately 20-22 of the image set. SAM scales appeared with the middle 

(5) face highlighted and subjects used a clicker attached to the handrail of the 

treadmill to select the image that best represented how viewing the pictures 

made them feel. Ratings were recorded as the numerical equivalent of the 

selected image.  
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4.2.6 Assessment of dyspnea 

During the first of the two daily exercise bouts, subjects were asked to report 

their prevailing intensity of exertional dyspnea at minute intervals. To achieve 

this, a previously validated 0 - 10 numeric scale (Morris et al., 2007) was 

displayed over the 14 s rating period. Subjects were advised that a rating of 

“0” meant that they had no shortness of breath (SOB) such as they would 

experience at rest and that a rating of “10” meant extreme SOB that would 

cause them to stop or lower their exercise intensity in order to gain relief from 

their SOB discomfort.  

For this study, in addition to dyspnea intensity, we elected to measure dyspnea 

affect (bother) as described in earlier studies (Lansing et al., 2009; Wilson et 

al., 1991). For this domain, we first familiarised our subjects with the concept 

of rating how much their shortness of breath was bothering them. To do this 

we used a standard script specifically designed for this study (see addendum). 

As with intensity of dyspnea, subjects were advised that “0” meant that any 

shortness of breath was not bothering them at all while “10” meant that any 

shortness of breath (not necessarily maximal intensity) was extremely 

troubling. They were provided with examples of how these two domains might 

not depend on each other. For instance, a marathon runner who is winning 

may have a high intensity SOB coupled with minimal bother, whereas a 

healthy person rest at rest may be extremely bothered by a feeling of SOB 

even at a low intensity. 
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The two domains of dyspnea (sensory and affective) were displayed 

consecutively for 7s each, at minute intervals during the 5 min exercise test, 

enabling the subject to rate their prevailing dyspnea in each domain with 

intensity rated first. Ratings were made by selecting a number from 0 - 10 

displayed on the monitor in front of treadmill using the clicker attached on the 

handrail of the treadmill.  

4.2.7  Assessment of leg fatigue 

During the first of the two daily exercise tests, we obtained a single measure of 

the level of perceived leg fatigue at the end of exercise using a 0 - 10 scale. As 

with dyspnea, they were advised that “0” meant that they felt no discomfort in 

their legs such as they would experience at rest and that a rating of “10” meant 

extreme leg discomfort that would cause them to stop or lower their exercise 

intensity in order to gain relief from their leg discomfort. This single rating 

was obtained verbally, immediately on removal of the facemask.  

4.2.8 Experimental protocol 

Visit 1 (Familiarisation visit):  

The first visit which lasted for about 90 minutes involved familiarising the 

participant with the laboratory environment. During this visit, informed 

written consent was sought and height, weight and resting blood pressure were 

measured to facilitate risk stratification. Subjects then practiced walking on a 

steep slope treadmill (~25%) at a comfortable walking speed (~ 4kph) while 
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wearing a facemask connected to the metabolic system to obtain continuous 

breathing and gas exchange (see above). During these exercise bouts, we also 

monitored ECG and SpO2. Heart rate was recorded using a Polar heart rate 

monitor linked directly to the metabolic system. In addition, whilst exercising, 

subjects practiced (a) viewing neutral (dummy) IAPS images (b) rating their 

perceived dyspnea (see above) and (c) rating their mood (see above). In 

training subjects to attend to IAPS images and report associated mood 

changes, we used a standard script modified from that described in the IAPS 

technical manual  (Lang et al., 2005). A similar approach was used to 

familiarise subjects with how they should assess and report exertional dyspnea 

(see above and addendum). During this visit, we established an individualised 

speed (~4 kph) and grade (~25%) combination based on the subject’s height 

and fitness level, to produce a peak of 80 - 85% age-predicted maximum heart 

rate in all tests. 

Visits 2 - 4 (experimental visits):  

Visits 2 to 4 generated the experimental data used in the study analysis; each 

visit took approximately 60 minutes to complete. At each experimental visit, 

subjects performed two 5 min treadmill exercise tests at an individualised 

speed and grade established on the first visit. These two tests were separated 

by an interval of 30 minutes. Throughout each test, subjects attended to the 

IAPS images as described above. On any single visit, subjects viewed only a 

single set of images (i.e. positive, negative or neutral) and the ordering of sets 

was randomised between subjects.  
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Prior to undertaking exercise on each of these visits, subjects completed a 24- 

point Brunel Mood Scale questionnaire (BRUMS) (Terry et al., 1999; Van 

Wijk, Martin, and Hans-Arendse, 2013) to enable the assessment of any 

significant differences in baseline mood between the three visits. Following 

this, we confirmed with subjects that they had not consumed anything or 

engaged in strenuous activity in the previous two hours. We then instrumented 

subjects in preparation for undertaking the first 5 min exercise test. Just before 

starting the test, we recapped with subjects our standard instructions for 

viewing pictures, for rating the sensory and affective domains of dyspnea, and 

the fact that we would request a verbal rating of perceived leg fatigue at the 

end of the test. At the end of the exercise test, measuring devices were 

disconnected and subjects were asked if they were confident with their ratings 

given during the test. Subjects remained in the lab for a further 30 minutes rest 

period. Before starting the second exercise bout, we confirmed that the subject 

had no residual perceived fatigue or shortness of breath before instrumenting 

them for the second exercise bout. During this test subjects viewed the same 

set of images that they viewed in the first test but now rated their mood in the 

valence and arousal domains (see above). Just before starting the second test 

we recapped with the subject our standard instructions for viewing images and 

rating the valence and arousal domains of their mood.  

We falsely advised our subjects that although the duration and nature of the 

exercise would be the same, the speed or slope could change from test to test 
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and that they should focus on purely reporting their exercise symptoms (see 

Discussion). 

4.2.9 Data analysis  

Physiological data were averaged over 1 min intervals and, together with 

minute by minute ratings of mood or dyspnea, were analysed using two way 

repeated measures ANOVA (with experimental condition and time as factors). 

Data for the 24-point Brunel Mood Score questionnaire were first grouped into 

six category domains; Tension, Depression, Anger, Vigor, Fatigue, Confusion 

(Terry et al., 1999; Van Wijk et al., 2013) and analysed using one way 

ANOVA. Ratings of leg fatigue were also analysed using one way ANOVA. 

All statistical analyses were carried out using a standard statistical package 

(IBM SPSS statistics 21.0); a p value of 0.05 was used to establish statistical 

significance. Graphical presentations of the data were made using a software 

package SigmaPlot 11.0.  
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4.3 Results 

4.3.1  Subjects 

All subjects studied were normotensive and had normal lung function (Table 

4.1). We did not observe arterial desaturation, cardiac arrhythmias or any 

contraindicative signs or symptoms associated with exercise testing. All 

subjects indicated that they were confident in attending to the series of IAPS 

images and in rating the associated mood variation in the valence and arousal 

domains. Subjects were also comfortable with their ratings of the sensory and 

affective domains of exertional dyspnea. 

4.2.2   Baseline mood profile 

Statistical analysis revealed no significant difference in any of the six category 

domains of BRUMS between the three exercise conditions.  

4.3.3   Modulation of mood 

The ratings of mood associated with the viewing of IAPS images during 

standard exercise are shown in Figure 4.1 (panels A and B).  Analysis of 

variance revealed a highly statistically significant effect of experimental 

condition (IAPS -related mood modulation) on rating of mood valence           

(p < 0.001). Post-hoc analysis (2-way repeated measures ANOVA on paired 

conditions) showed significant differences between positive (last 2 min mean 

± SEM = 6.9 ± 0.2) and neutral (4.9 ± 0.2) conditions (p < 0.001) and between 



CHAPTER 4: Effect of Mood on Exertional Dyspnea 

 

163 

 

neutral and negative (2.4 ± 0.2) conditions (p < 0.001).  Inspection of the 

interaction statistic indicated that there was a statistically significant difference 

between conditions in the changes in valence over the 5 minute period of 

exercise (p = 0.005). Post-hoc analysis showed significant differences between 

negative and neutral images (p = 0.001), whereas trends over time were not 

significant between positive and neutral images (p = 0.172).   

Mood arousal ratings during three exercise conditions showed a statistically 

significant effect of experimental condition (p = 0.002). Post-hoc analysis 

revealed statistically significantly higher arousal ratings with viewing of 

negative images (last 2 min mean ± SE: 5.2 ± 0.4) compared to neutral images 

(3.2 ± 0.2; p = 0.001). However, arousal ratings when viewing positive images 

(4.1 ± 0.3) were not significantly different from those for neutral images (p = 

0.115) (Figure 4.1). Inspection of the interaction statistic indicated that there 

was no statistically significant difference between conditions in the changes in 

arousal ratings over the 5 min period of exercise (p = 0.201).   

4.3.4   Physiological data 

The statistical analysis using 2 way repeated measure ANOVA revealed that 

two tests performed for each mood condition produced statistically similar 

level of V̇O2, V̇E, and HR. Statistical analysis also revealed there was no 

significant effect of viewing the different categories of images during a 

standard exercise bout on any of the cardiorespiratory variables (V̇O2, V̇CO2, 

VT, fR, V̇E and HR) (Table 4.2).  
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Table 4.2: Last 2 min mean ± SEM of measured cardiorespiratory 

variables and perceived leg fatigue during exercise while viewing sets 

of images designed to induce a positive, neutral or negative mood 

(n=20). There was no statistically significant effect of image type on 

any of these variables. 

Variable Positive Neutral Negative 

V̇O2 (L/min) 2.63 ± 0.15 2.70 ±  0.14 2.67 ±  0.13 

V̇CO2 (L/min) 2.69 ± 0.15 2.76 ± 0.14 2.71 ± 0.12 

VT (L) 2.30 ± 0.18 2.30 ± 0.18 2.37 ± 0.14 

fR  (breaths/min) 3.5 ± 1.4 31.26 ± 1.3 31.9 ± 1.5 

V̇E  (L/min) 73.0 ± 3.8 73.9 ± 4.2 73.4 ± 4.4 

HR (beats/min) 154 ± 3 155 ± 3 153 ± 3 

Leg fatigue 4.2 ± 0.5 4.9 ± 0.5 4.8 ± 0.4 

 

V̇O2 = oxygen uptake; V̇CO2 = carbon dioxide output; VT = tidal volume;    

fR = respiratory frequency; V̇E = ventilation; HR = heart rate.  

 

Each of the three exercise bouts with a positive, neutral and negative mood 

intervention was performed twice with rating of dyspnea and mood 

respectively in the first and second test within a day. V̇O2, V̇CO2, VT, fR, 

V̇E, and HR values in the Table represent the test when subjects rated 

sensory (intensity) and affective (bother) domains of dyspnea (Test 1 on each 

experimental visit); 2-way ANOVA revealed no statistically significant 

difference between the repeat tests for each condition. None of these 

variables were statistically significantly different between exercise conditions  
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4.3.5 Exertional dyspnea   

The ratings of exertional dyspnea in both sensory (dyspnea intensity) and 

affective domains (dyspnea bother) are shown in Figure 4.1 (Panels C and D). 

The viewing of the different categories of IAPS images had a highly 

statistically significant effect on the intensity of dyspnea (sensory) during a 

standard exercise bout (p < 0.001). Post-hoc analysis revealed a statistically 

significantly higher level of dyspnea intensity (sensory) with viewing of 

negative images (last 2 min mean ± SE: 5.6 ± 0.3) compared to viewing 

neutral images (4.7 ± 0.4; p = 0.011). Similarly, dyspnea intensity when 

viewing positive images (4.0 ± 0.4) was significantly lower than when viewing 

neutral images (p = 0.013). The interaction statistic indicated that there was a 

statistically significant effect of image category on the rate at which dyspnea 

intensity increased over the 5 min exercise bout (p < 0.001). Post-hoc analysis 

revealed that compared to viewing neutral images, positive images 

significantly slowed the rate of dyspnea intensity increase (p = 0.004) whereas 

negative images were associated with a greater rate of increase of dyspnea 

intensity (p = 0.003). 

Dyspnea bother (affective) ratings showed a statistically significant effect of 

experimental condition (p = 0.006). Post-hoc analysis revealed that there was 

no significant difference when viewing neutral images (last 2 min mean: 2.4 ± 

0.3) compared with either positive images (last 2 min mean: 2.1 ± 0.4) or 

negative images (last 2 min mean: 3.3 ± 0.5). However, viewing negative 

images was associated with significantly greater dyspnea bother compared to 
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viewing positive images (p = 0.002).  The interaction statistic indicated that no 

difference in the rate of increase of dyspnea bother over the exercise bout 

during the three conditions.  

4.3.6   Leg fatigue 

Statistical analysis revealed that there was no significant effect of viewing the 

mood changing images on the ratings of leg fatigue at the end of exercise 

(Table 2.2).  
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Figure 4.1 Mean (SEM) levels of Mood Valence (Panel A), Mood Arousal 

(Panel B), Dyspnea Intensity (Panel C) and Dyspnea Bother (Panel D) during 6 

identical exercise bouts performed on three separate days. During each exercise 

bout, subjects viewed either positive (●), neutral (○) or negative (▼) IAPS 

images and rated either the two domains of mood (valence: 1= extremely 

unhappy, 9 = extremely happy; arousal: 1 = extremely calm, 9 = extremely 

excited) or the two domains of dyspnea (intensity: 0 = no dyspnea, 10 = extreme 

dyspnea; bother: 0 = not at all bothering, 10 = extremely bothering).  

Symbols represent statistically significant difference between: * positive and 

neutral, † negative and neutral, ‡ positive and negative.   
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4.4 Discussion 

The main finding of this study is that, in healthy subjects, experimentally 

induced positive and negative mood states during exercise were associated 

respectively with lower and higher ratings of dyspnea intensity compared with 

the same exercise performed in a neutral mood state. Neither altered mood 

state was accompanied by significant changes in dyspnea bother relative to the 

neutral condition but negative mood was linked to higher levels for this 

measure compared with the positive state.  

We used an exercise protocol previously shown  to induce appreciable levels 

of dyspnea in healthy subjects and  modulated their mood state during exercise 

by asking them to view selected  images (to induce happy, neutral or unhappy 

mood states) from the International Affective Picture Series – IAPS (Lang et 

al., 2005). This instrument has been extensively used across a range of 

psychophysiological studies in both healthy and clinical populations 

(Buchholz et al., 2001; Jayaro et al., 2008; Stins, and Beek, 2007; Verdejo-

Garcia et al., 2006; von Leupoldt et al., 2010; Wagner et al., 2004; Wolf, 

Miller, and Mckinney, 2009). In designing our protocol we elected to obtain 

ratings at 60 s intervals throughout the 5 min of exercise. We chose to use a 6s 

single image viewing period in line with the IAPS methodology and elected to 

separate each image with a 4 s interval to facilitate subject reflection between 

images. This required that each image set comprised 24 images from the IAPS 

bank of more than 1000. Images were selected based on their published 
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valence scores (see Addendum) to separate as much as possible the median 

scores for the unhappy (close to 1), neutral (close to 5) and happy (close to 9). 

In making this experimental intervention we wanted to ensure that the ratings 

of mood and dyspnea were made during the same study session but not within 

the same exercise bout so as to increase the likelihood of independent 

assessment of these different perceptions. We rated dyspnea (sensory and 

affective domains) in the first of the two exercise bouts since this was our 

primary outcome measure and we wanted to standardise our protocol across 

subjects and conditions. 

Several studies have examined the impact of IAPS-induced mood changes on 

dyspnea. von Leupoldt and co-workers (von Leupoldt et al., 2006; Von 

Leupoldt et al., 2008) found no difference in dyspnea intensity between 

positive and negative moods in healthy subjects but did observe both increased 

and  decreased  dyspnea bother  when viewing negative or positive images 

compared to neutral images. This contrasts with our findings of larger mood 

related effects on dyspnea intensity than on dyspnea bother. This difference 

may well be explained by the fact that that while we used exercise to induce 

dyspnea, their subjects breathed through a resistive load (3.57kPa/L/s) at rest 

(von Leupoldt et al., 2006), a condition which these authors acknowledge 

‘only mirrors some aspects of [clinical] dyspnea’  (von Leupoldt et al., 2008). 

Support for this explanation is provided by this  group’s (von Leupoldt et al., 

2010) subsequent report of increased dyspnea intensity, but not dyspnea 

bother, with negative compared to positive mood, in individuals with COPD 
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made dyspenic by 3 min of constant load cycle exercise (75% W max).  More 

recently, Allen and co-workers (Allen, and Friedman, 2012) noted lower levels 

of both dyspnea intensity and dyspnea bother in healthy subjects viewing 

positive images (compared to no viewing). These authors induced dyspnea 

with slow paced deep breathing (6 breaths/min), a sensation which would 

likely have been very different from the exertional dyspnea that our subjects 

experienced.  

While our findings in healthy subjects are consistent with the mood-related 

effects on exertional dyspnea intensity in COPD patients (von Leupoldt et al., 

2010), our observations add to those in the clinical group in several respects. 

Firstly, we have been able to confirm that the modulating effect of mood on 

exertional dyspnea exists in healthy subjects as well as in individuals whose 

daily activities are impacted by this symptom. Secondly, by including a neutral 

mood condition in our design we have been able to demonstrate both 

alleviation and worsening of exertional dyspnea associated with positive and 

negative mood changes away from a baseline state. Moreover, our results 

show a significant difference in dyspnea bother between the positive and 

negative conditions, which were not found in the COPD study. Like von 

Leupoldt et al. (2010), we selected our image series primarily to discriminate 

for valence but unlike them we did not see any difference in the arousal scores 

between the positive and negative mood states (i.e. both states were associated 

with heightened arousal compared to neutral). Our assessment of mood state 

indicates that even though our subjects were actively engaged in exercise 
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while having their cardiorespiratory responses measured, we were able to 

successfully shift and maintain mood valence in either direction using the 

IAPS intervention. Under these conditions, the progressive increase in dyspnea 

intensity with continued exercise was enhanced with negative mood and 

ameliorated with positive mood. This suggests that mood could be a more 

powerful modulator of this symptom in situations where the symptom is more 

severe.  

In designing this study, we were concerned that the need to complete the 

exercise bouts over a number of days could mean that any day-to-day 

variations in baseline mood could impact on exertional dyspnea over and 

above the effect of our experimental condition. However, analysis of each 

subject’s baseline (i.e. before exercise) mood (BRUMS) on each of the three 

laboratory visits confirmed that day-to-day variation in baseline mood state 

was not a confounding factor.  

In order to investigate the effect of mood on exertional dyspnea, it was 

important that all exercise bouts were performed at the same intensity and not 

surprisingly this was confirmed by essentially identical mean values for 

oxygen uptake and heart rate across the three experimental conditions. 

Moreover, we observed no differences in either respiratory frequency or tidal 

volume associated with the different mood states thus eliminating the potential 

confound of mood impacting on dyspnea through its effect of breathing. A 

further concern was that in viewing images that were clearly either pleasant or 

disturbing, our subjects could modulate their exercise symptom ratings as a 
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result of an “expectation” that they would feel better or worse. We addressed 

this issue by falsely advising our subjects that although the duration and nature 

of the exercise (e.g. walking on a steep treadmill for 5 min) would be the 

same, the speed or slope could change from test to test and that they should 

focus on purely reporting their exercise symptoms.  

In examining the effect of experimental changes in mood on perceived 

intensity of leg fatigue, we noted that the difference between the positive and 

negative conditions (4.2 vs 4.8 ) was considerably less than the corresponding 

(final) dyspnea intensity (4.1 vs 5.8) scores. Post-hoc analysis of these data 

pairs confirmed a difference in statistical outcomes (fatigue: p = 0.066; 

dyspnea p = 0.014). This may be reflective of differences in the neural 

substrates of these two types of exercise-related discomfort such that mood has 

a greater impact on the more centrally generated sensation of dyspnea 

compared to the more peripherally induced sensation of leg fatigue.  The fact 

that the two concurrent symptoms were differently affected by the altered 

mood state gives us confidence that our subjects’ ratings during these studies 

were not unduly influenced by expectation bias.   

In trying to understand what our findings tell us about the neural basis of the 

mood modulation of exertional dyspnea, it is relevant to consider what is 

known about the patterns of neural activation accompanying the viewing of 

IAPS mages. Using fMRI in healthy subjects, Aldhafeeri et al. (2012) found 

activations selectively in the hippocampus, amygdala and visual cortex when 

viewing negative compared to neutral images and in the superior and middle 
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frontal gyrus, prefrontal cortex and posterior cingulate gyrus with positive 

images. Similarly with fMRI, Hariri et al. (2002) found activation of the 

amygdala during viewing of unpleasant IAPS images compared to geometric 

shapes. Neural imaging of experimental (albeit not exertional) dyspnea has 

also activated the amygdala (Evans et al., 2002; von Leupoldt et al., 2008) 

alongside associated limbic structures particularly the anterior insula (Banzett, 

Mulnier, et al., 2000; Liotti et al., 2001; Peiffer et al., 2001). Accordingly, it is 

tempting to speculate that central processing of neural activity within these 

brain regions, known to be concerned with emotionally driven behaviors, is 

important in both the perception of dyspnea and its modulation by mood state.  

Support for this idea comes from studies demonstrating that tolerance of  pain, 

which also has a strong amygdalic/ limbic representation (Wiech, and Tracey, 

2009; Yang, and Symonds, 2012), is increased or decreased when viewing 

positive and negative IAPS images respectively (De Wied, and Verbaten, 

2001; Kenntner‐Mabiala, and Pauli, 2005; Tang et al., 2008), although not all 

studies have shown this (Butler, and Finn, 2009; Rhudy, and Meagher, 2000, 

2001). 

Widespread clinical evidence, shows there is an increased prevalence of 

anxiety and depression in individuals with COPD (Mikkelsen et al., 2004; 

Singer et al., 2001) and that the presence of these comorbidities is associated 

with poorer health outcomes (Bratas et al., 2010; Clary, 2003; De Voogd et al., 

2011; Hayashi et al., 2011; Julian et al., 2009; Lewis et al., 2007; Medinas 

Amoros et al., 2011; Pietras et al., 2009; Ritz et al., 2010; Warmenhoven et al., 
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2013; Wilson, 2006). Whether these associations are causative and if so in 

which direction is not established, although there is suggestive evidence that 

onset of anxiety and depression results in a worsening of dyspnea (Neuman et 

al., 2006). Managing dyspnea in patients with moderate COPD has been 

reported to improve depression and negative emotion (Nguyen, and Carrieri-

Kohlman, 2005; Smoller et al., 1998) and treating psychopathology as a means 

of alleviating dyspnea is not a new idea although pharmacological approaches 

have so far not proved to be clinically useful. Opioids can provide relief of 

severe dyspnea in palliative care but the side effects make their use 

problematical for the management of ADL-related dyspnea (Abernethy, and 

Wheeler, 2008; Mazzocato, Buclin, and Rapin, 1999). Benzodiazepines have 

been extensively used to manage dyspnea; however, a recent systematic 

review failed to show any clear benefit in advanced disease (Simon et al., 

2010). More promising are the findings from a number of studies showing 

improvement in dyspnea following cognitive behavioral therapy in patients 

with COPD (Norweg, and Collins, 2013). Current recommendations for 

Pulmonary Rehabilitation articulate the need for the teaching of relaxation and 

stress management techniques to help with the management of dyspnea in 

COPD and other chronic conditions (Nici, and Zuwallack, 2014; Vogiatzis, 

and Zakynthinos, 2013) although evidence supporting the additional benefit 

gained over and above other components of PR, particularly exercise, is 

lacking (Ries et al., 1995).  
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The results of the current study clearly show that in healthy subjects, 

perception of exertional dyspnea can be modulated by experimental alteration 

in emotional state. This supports the view that strategies aimed at improving 

an individual’s mood are worthwhile pursuing in an attempt to alleviate the 

morbidly associated with chronic exertional dyspnea. Our findings do not 

indicate any specific approach that might be effective in a chronic disease 

population but they do suggest that there is a sound psychophysiological basis 

for conducting further research in this area. 

In summary, this study provides evidence that experimentally induced positive 

mood alleviates the unpleasant sensation of both the sensory (intensity) and 

affective (bother) domain of exertional dyspnea. The possible mechanisms for 

this observation and its implication for patients with chronic cardiorespiratory 

disease are discussed.  
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1. Standard script: Instruction to the participant  

Title: Effect of Experimental Modulation of Mood on Exertional Dyspnea 

Thanks very much for your interest in participating in this study. In this study, 

we are trying to find out more about the feeling of shortness of breath that arises 

during exercise. This is a big problem for people with heart and lung disease and 

by studying healthy people we can better understand how shortness of breath is 

affected by different factors. In this project we will be trying to affect your mood 

by showing a series of standard pictures. The study will involve 4 lab visits. 

Today we will familiarise you with the tests that you will undertake in your next 

three visits. In each of these visits you will do two 5 minute treadmill tests 

separated by an interval of 30 minutes. 

 During each test you will be viewing a series of pictures displayed on the screen 

placed in front of you. These pictures represent a lot of different events that 

occur in life, some good, some bad and others neutral. We would like you to pay 

close attention to these pictures and think about how they make you feel.  At 

regular intervals during the exercise we will ask you to rate either: 

a. How the pictures make you feel or: 

b. How short of breath the exercise is making you feel. 

You will rate one of these during one test and rate the other in the second test. 

There are no right or wrong answers so simply respond as honestly as you can. 
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First, I will explain how we would like you to tell us about how the pictures 

make you feel. If you look at the sheet in front of you (sample below), you will 

see 2 sets of 9 figures. We call this set of figures SAM. You will use these 

figures to rate how you felt while viewing the pictures in the preceding period. 

SAM shows 2 different kinds of feelings: Happy vs Unhappy and Excited vs 

Calm and you will make these 2 ratings after a set of pictures. 

Unhappy vs. Happy 

 

 

Calm vs. Excited 

 

 

You can see that each SAM figure varies along each scale. The first SAM scale 

is the happy - unhappy scale which ranges from a frown to a smile. One extreme 

of the scale represents  unhappy, annoyed, unsatisfied, melancholic, bored and if 

you felt completely unhappy while viewing the pictures you can indicate this by 

selecting the figure on the left (#1) (demonstrate). The other end of the scale 

represents happy, pleased satisfied, contented, hopeful and if you felt completely 

happy while viewing the pictures you can indicate this by selecting the figure on 

the right (#9) (demonstrate). The other figures allow you to indicate intermediate 
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feelings of pleasure. If you felt completely neutral, neither happy nor unhappy, 

you should select the figure in the middle (#5). 

The second scale is the excited - calm scale which ranges from sleepy to highly 

aroused (notice size of internal explosion). One extreme of the scale represents  

relaxed, calm, sluggish, dull, sleepy, unaroused and if you felt completely calm 

while viewing the pictures you can indicate this by selecting the figure on the left 

(#1) (demonstrate). The other end of the scale represents stimulated, excited, 

frenzied jittery wide awake, aroused and if you felt completely aroused  while 

viewing the pictures you can indicate this by selecting the figure on the left (#9) 

(demonstrate). The other figures allow you to indicate intermediate feelings of 

arousal. If you felt completely neutral, neither calm nor excited, you should 

select the figure in the middle (#5). 

Some of the pictures may prompt emotional experiences; others may seem 

relatively neutral. Your ratings should indicate how you actually felt while you 

watched these pictures.  

Note: Each aspect of how you feel will be rated every minute. You will get 7 

seconds to make a rating for each dimension. The first rating you made will be 

how happy/unhappy and the second how calm/ aroused.   

Now I would like to show you a few examples of the sort of pictures we will be 

using in the next visits. 
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Neutral (samples shown to participants) 

IAPS Picture No: 7235 

 

 

 

 

 

 

IAPS Picture No. 7150 
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Good (samples shown) 

IAPS Picture No:  8350 

 

 

 

 

 

 

IAPS Picture No: 7492 
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Bad (samples shown) 

IAPS Picture No: 1112 

 

 

 

 

 

 

 

IAPS Picture No: 3102 

 

 

  



Chapter 4 - Addendum 

 

197 

 

Rating of shortness of breath 

Now I will explain how we would like you to tell us about your shortness of 

breath during exercise.  

I assume that you are familiar with the feeling of shortness of breath that 

develops as you do more and more exercise. Is that correct? For example; at the 

moment you are not doing any physical activity so you should not be 

experiencing any shortness of breath. However, once you start to exercise (for 

instance briskly walking up stairs) you will notice that your breathing starts to 

feel slightly uncomfortable and that this builds up as you continue climbing the 

stairs. After some time your breathing may feel extremely uncomfortable, so 

much so that it limits your exercise (i.e. you have to stop or slow down). 

 In this study we will use a 0 to 10 numeric scale to rate how short of breath the 

exercise is making you feel. If you feel no shortness of breath, you should rate 0 

and if your shortness of breath is so intense that you have to stop exercising, you 

should rate 10. You should use the numbers in between to indicate how strong 

your shortness of breath is relative to those extremes. For instance when this 

sensation becomes just noticeable you might like to represent it by number 1. On 

the other hand if you only just manage to hang on, you might want to rate it as 9. 
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Sample rating scale: Intensity of shortness of breath  

 

 Sample rating scale: Bother/unpleasantness of shortness of breath  

 

Practice: 

What if you felt moderate? Slight (but definitely noticeable could go on for 

hours)? Severe (but tolerable for several minutes)? 

What I have just described is how we would like you to tell us about the intensity 

your shortness of breath (in other words how strong it is). However, like emotion 

we have a second scale for you to tell us how much your shortness of breath is 

bothering you. Again 0 means your shortness of breath is not bothering you at all 

while 10 means that your shortness of breath is extremely troubling to you. For 

instance you might be running a half marathon, feel severely breathless but it is 

bothering you very little (how will you rate?). On the other hand you might be on 

the beach and become aware that your breathing doesn’t feel right – it may be 

fairly slight but it could be very troubling to you. 
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Another analogy would be examples of pain. Sometimes you might be 

experiencing a pain of that may or may not be bothering you depending on how 

you feel and whether you knew what was causing the pain. So a pain with an 

intensity of say 5 may be bothering you just a bit (say 2) or very much (say 8). 

Again there is no right or wrong answer. It’s up to you to reflect on how you are 

feeling when the scales appear and give us your best estimate using the number 

scales. 

Note: Each domain of two dimensions will be rated every minute. You will get 7 

seconds to make a rating for each dimension. The first rating you made will be 

intensity level of your discomfort and the second how much it is bothering you. 

Today we won’t be using any data from this visit, so you will have the freedom 

to ask any questions you might have even during the exercise. This won’t be the 

case in coming visits as we will use the data from those tests in our research. 

Today you will be required to do some trial treadmill tests that will help us to 

estimate the appropriate grade and speed combination of treadmill corresponding 

to 85% of your maximal age predicted heart rate. The exact treadmill settings 

may change from visit to visit so please think about how you feel during each 

test. Each treadmill exercise will be of 5 minutes while viewing images 

displayed in the monitor in front of you (Show the examples). During each test, 

we will record your breathing by using this metabolic cart, and for this purpose 

during treadmill exercise, you will be wearing a facemask that will be connected 

to the metabolic cart. We will also record your heart rate by using this Polar 

heart-rate monitor. Besides this, ECG and SpO2 will be monitored for your 
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safety. The test will require you to walk on the treadmill for 5 minutes while 

focusing on either shortness of your breath or your mood that you experience 

during the exercise. As both the shortness of breath and mood are subjective 

feelings, you will be asked to rate either one of these sensations during each test 

using the scales that are displayed during the tests. 
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Table 4.3:  Sample - Brunel Mood Scale Questionnaire (BRUMS) 

Please look at the each term on the left in turn and circle the appropriate number 

which best describes how you are feeling today. 

 Not  at all A little Moderately Quite a bit Extremely 

1. Panicky 0 1 2 3 4 

2. Lively 0 1 2 3 4 

3. Confused 0 1 2 3 4 

4. Worn out 0 1 2 3 4 

5. Depressed 0 1 2 3 4 

6. Downhearted 0 1 2 3 4 

7. Annoyed 0 1 2 3 4 

8. Exhausted 0 1 2 3 4 

9. Mixed-up 0 1 2 3 4 

10. Sleepy 0 1 2 3 4 

11. Bitter 0 1 2 3 4 

12. Unhappy 0 1 2 3 4 

13. Anxious 0 1 2 3 4 

14. Worried 0 1 2 3 4 

15. Energetic 0 1 2 3 4 

16. Miserable 0 1 2 3 4 

17. Muddled 0 1 2 3 4 

18. Nervous 0 1 2 3 4 

19. Angry 0 1 2 3 4 

20. Active 0 1 2 3 4 

21. Tired 0 1 2 3 4 

22. Bad tempered 0 1 2 3 4 

23. Alert 0 1 2 3 4 

24. Uncertain 0 1 2 3 4 

      



Chapter 4 - Addendum 

 

202 

 

 

 

IAPS Pictures Used for Modulation of Mood          

 

Table 4.4:  Happy Pictures- Male 

 

Description Picture No. Valence SD 

Puppies 1710 8.02 1.21 

Skier 8190 8.13 1.29 

Flowers 5200 6.96 1.62 

Sports Car 8510 7.62 1.54 

Waterfall 5260 7.47 1.71 

Seal 1440 7.96 1.59 

Sailing 8080 7.73 1.25 

Sport Car 8510 7.62 1.54 

Motorcyclist 8260 6.90 1.60 

Money 8501 8.14 1.24 

Hiker 5629 6.89 1.59 

Bungee 8179 6.96 1.58 

Family 2340 7.65 1.36 

Motorcyclist 8251 6.49 1.58 

Athletes 8540 7.28 1.59 

Winner 8330 6.22 1.15 

Desert 7580 7.4 1.77 

Nature 5760 7.69 1.28 

Hang Glider 8161 6.5 1.55 

Baby 2050 7.8 1.54 

Sunset 5830 7.37 1.8 

Bride 2209 7.12 1.33 

Rafters 8400 7.43 1.4 

Seagulls 5831 7.07 1.1 
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Table 4.5:  Happy Pictures- Female 

 

Description Picture No. Valence SD 

Seal 1440 8.43 1.44 

Puppies 1710 8.59 0.99 

Courtyard 5779 7.72 1.41 

Skier 8190 8.08 1.48 

Balloons 2791 7.25 1.36 

Mountains 5820 7.65 1.51 

Ferris Wheel 7508 7.03 1.57 

Desert 7580 7.59 1.44 

Hot Air Balloon 8162 7.39 1.62 

Water Slide 8496 7.94 1.75 

Seagulls 5831 8.05 1 

Flowers 5200 7.69 1.37 

Tubing 8420 7.9 1.5 

Money 8501 7.67 1.97 

Nature 5780 7.68 1.44 

Happy Teens 8461 7.54 1.35 

Family 2340 8.34 1.1 

Polar Bears 1441 8.14 1.33 

Rabbit 1610 8.39 0.91 

Fireworks 5480 7.69 1.45 

Mountains 5600 7.83 1.28 

Skyline 7570 7.27 1.48 

Sunset 5830 8.54 0.82 

Father 2057 8.39 0.94 
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Table 4.6:  Neutral Pictures- Male 

 

Description Picture No. Valence SD 

Bridge 7547 5.25 0.9 

Book 7090 4.95 1.54 

Men 2397 5.06 1.22 

Bees 1390 5.00 1.43 

Key Ring 7059 5.04 0.66 

Bees 1390 5 1.43 

Mug 7009 4.96 1.05 

Pill 7046 4.40 1.33 

Outlet 6150 5.17 1.13 

Clock 7211 4.98 1.57 

Rug 7179 5.11 0.95 

Tool 7056 4.98 1.12 

Fan 7020 5.02 1.22 

Hammer 7034 5.00 1.1 

Plate 7233 5.01 1.21 

Pole 7161 4.99 0.86 

Basket 7010 4.95 1.43 

Tool 7056 4.98 1.12 

Buffalo 1675 5.45 1.39 

Pole 7161 4.99 0.86 

Medical Worker 2394 5.36 1.29 

Hair Dryer 7050 4.81 0.71 

Iron 7030 4.82 0.99 

Propeller 2575 5.69 1.13 
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Table 4.7:  Neutral Pictures- Female 

 

Description Picture No. Valence SD 

Towel 7002 5.03 0.98 

Lamp 7175 4.95 0.80 

Dice 7058 5 1.32 

Outlet 6150 5 1.21 

Basket 7010 4.92 0.48 

Abstract Art 7185 5.08 0.64 

Buffalo 1675 5.1 1.52 

Fingerprint 2206 4.2 1.3 

Key Ring 7059 4.84 0.92 

Rolling Pin 7000 5.06 1.1 

Farmer 2191 5.14 1.71 

Clothes Pin 7052 5.24 1.39 

Clock 7211 4.69 1.92 

Mug 7009 4.89 0.96 

Fan 7020 4.94 0.88 

Bowl 7006 5.09 0.81 

Blade 7233 5.15 1.66 

Chess 2840 4.9 1.23 

Building 7491 4.79 1.09 

Plate 7233 5.15 1.66 

Clothes Rack 7217 5 0.78 

Tool 7056 5.12 0.96 

Twins 2890 5.02 1.1 

Spoon 7004 5.14 0.59 
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Table 4.8:  Unhappy Pictures- Male 

 

Description Picture No. Valence SD 

Snakes 1111 3.76 1.52 

Attack 6550 3.39 2.63 

Dead Man 9433 2.39 1.38 

Attack 6562 3.52 1.28 

Fire 9495 4.06 1.7 

Baby Tumour 3170 1.77 1.31 

Accident 3015 1.83 1.19 

Sad Child 2800 2.31 1.36 

Snake 1026 4.62 1.61 

Fire 9921 2.6 1.68 

Dog 9570 1.9 1.4 

Assault 9428 2.47 1.17 

Gang 6821 2.96 1.93 

Mutilation 3000 2.21 1.86 

Hospital 3220 2.59 1.28 

Battered Fem 3180 2.27 1.33 

Dirty 9300 2.90 2.07 

Starving Child 9040 1.88 1.17 

Stick Thru Lip 9042 3.93 1.98 

Mutilation 3225 2.06 1.24 

Burn Victim 3053 1.5 1.16 

Mutilation 3060 1.94 1.39 

Gun 2811 2.84 1.35 

Hospital 3220 2.59 1.28 
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Table 4.9:  Unhappy Pictures- Female 

 

Description Picture No. Valence SD 

Toddler 2095 1.48 0.97 

Baby Tumour 3170 1.2 0.57 

War 2683 1.97 1.64 

Snakes 1111 2.81 1.64 

Mutilation 3000 1.17 0.54 

Suicide 6570 2.1 1.61 

Hospital 2205 1.65 1.05 

Injury 3266 1.26 0.56 

Sad Children 2703 1.59 0.87 

Snake 1090 3.29 1.91 

Mutilation 3010 1.29 0.82 

Sad Child 2800 1.41 0.79 

Mutilation 3030 1.51 1.07 

Ship 9600 1.9 1.18 

Attack 3530 1.51 1.00 

Attack Dog 1525 2.67 1.64 

Burn Victim 3053 1.15 0.73 

Native Boy 2730 1.8 1.31 

Mask 2770 3.90 1.69 

Dead Cows 9181 1.98 1.98 

Crying Boy 2900 2.16 1.52 

Baby 2053 2.17 1.90 

Aimed Gun 6230 2.06 1.59 

Eye Disease 3160 2.55 1.3 
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Summary and Conclusions 

Dyspnea (shortness of breath), which is a subjective experience of 

unpleasantness and discomfort related to breathing (Parshall et al., 2012), is 

considered normal in healthy subjects during high to severe intensity exercise. 

However, this experience is indicative of a clinical problem when it occurs at a 

level of activity that would not cause any difficulty for a healthy individual 

(Wagner, 1996). Dyspnea is a very common and debilitating symptom in patients 

with heart and lung disease which can impact severely on quality of life (Guazzi 

et al., 2009; Meek, and Lareau, 2003), and is difficult to treat (West et al., 2010). 

Compared to another major clinical symptom pain, understanding of how 

dyspnea develops is limited, and this may be constraining our ability to better 

target therapies aimed at managing it more effectively, in situations where little 

can be done to treat the underlying cause. Despite decades of research into 

dyspnea, it has been difficult to elucidate the neurophysiological mechanisms 

that give rise to its sensory perception (Parshall et al., 2012). Animal studies are 

not feasible, mechanistic studies in clinical populations are challenging and 

hitherto many of the controlled experimental studies in healthy volunteers have 

investigated types of respiratory discomfort (e.g. constrained or resistive 

breathing) quite different from dyspnea on exertion which is how it usually 

presents clinically.  

The studies reported in this thesis were targeted at addressing some key issues 

relating to the potential modulation of exertional dyspnea. Mostly, we have used 

a standardised treadmill exercise challenge, modelled on uphill walking, 
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designed to induce an appreciable level of dyspnea without exhaustion. The 

approach has been to carry out a series of well controlled and appropriately 

powered interventional studies in healthy volunteers aimed at improving our 

understanding of some important psychophysiological factors that influence the 

perception of dyspnea in conscious human subjects. It is hoped that the findings 

of these studies will provide a foundation for further research in clinical 

populations which may lead to the development of better management strategies 

and improved quality of life in patients with heart and lung disease.  

The first study reported in this thesis was focused on elaborating the relationship 

between the primary exercise symptoms of dyspnea and leg fatigue (i.e. 

uncomfortable sense of leg effort). To do this we designed three different 

exercise protocols that would induce equivalent levels of cardiopulmonary stress 

but arising from different patterns of peripheral muscle activation. A group of 20 

healthy participants performed two bouts of three exercise tests over three 

different days comprising, cycle, fast treadmill and steep treadmill protocols. For 

each repeated protocol either dyspnea or leg fatigue was reported throughout 

exercise. Under these conditions we anticipated that bicycle exercise would 

induce greater leg fatigue resulting from a larger proportion of whole body work 

being done by these muscles. However, this was not the case leading to the 

conclusion that perceived leg fatigue may be more dependent on total body work 

and less so an afferent activity from specific muscle groups than might be 

assumed. For dyspnea, the lack of any difference between the modalities is 

consistent with the existing view that the intensity of this symptom primarily 
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affects the level of ventilatory drive with different patterns of muscle activation 

having no discernible modulating effect.  

The second study was aimed at exploring the potential role of sensory feedback 

from fatigued exercising muscles on the perception of exertional dyspnea. 

Exercise limitation is typically associated with both dyspnea and leg fatigue 

(O'Donnell et al., 2007), and both sensations are strongly identified as a reason 

for ceasing exercise in healthy individuals and patients with cardiorespiratory 

disease (Kinsman et al., 1983; O'Donnell, and Laveneziana, 2007). However, it 

is not clear whether prevailing leg fatigue exacerbates the level of dyspnea or 

vice versa. In patients with chronic disease, rehabilitation programs focus on 

conditioning peripheral muscles and such programs result in lower levels of 

dyspnea for a given level of activity. It is generally assumed that this results from 

less ventilatory stimulation (possibly via decreased anaerobic metabolism at a 

given level of exercise). However, it is possible that altered  afferent information 

from conditioned muscles could modulate dyspnea perception either via changed 

peripheral muscle afferent activity directly innervating brain areas concerned 

with respiratory control/sensation (Grippo et al., 2010) or more generally 

through altered central processing of multiple sensory inputs related to exercise. 

This question was addressed by performing two identical treadmill exercise tests 

on two separate days with and without the pre- induction of experimental fatigue. 

The results from this study showed evidence that experimentally induced muscle 

fatigue increased the intensity of exertional dyspnea in excess of that which 

could be explained by an increase in of the level of ventilatory drive. Our 
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findings suggest peripheral afferents from fatigued exercising muscles have a 

role in modulating the intensity of dyspnea supporting previously reported 

findings during resistive loaded breathing (Grippo et al., 2010). These findings 

provide potentially important insights about the nature of exertional dyspnea in 

patients with cardiopulmonary disease where muscle dysfunction secondary to 

deconditioning and systemic inflammation is now well established (Casaburi, 

2001; Moga et al., 2012). 

The third study reported in this thesis examined the importance of emotional 

state on the severity of exertional dyspnea. Patients with chronic 

cardiopulmonary disease experience substantial dyspnea on exertion (Hajiro et 

al., 1999) and are more likely to experience depression (Mikkelsen et al., 2004; 

Singer et al., 2001). Further, treating dyspnea in these populations has been 

found to improve mood and quality of life (Smoller et al., 1998), perhaps 

suggesting that interventions targeted at improving mood might reduce dyspnea. 

Hence, this study was designed to further examine the impact of experimentally 

induced mood changes on exertional dyspnea in healthy subjects. Twenty  

healthy volunteers, exercised on a steep slope treadmill while viewing standard 

mood changing images - International Affective Picture Series (IAPS) - 

developed by the University of Florida (Lang, Bradley, and Cuthbert, 2005). 

More specifically, we induced happy, neutral or unhappy mood states in the 

exercising subjects and measured their levels of exertional dyspnea. The findings 

of this study revealed that positive mood alleviates both sensory and affective 

domains of dyspnea, but not leg fatigue, compared to that reported during the 
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negative mood. The finding in healthy subjects suggests the possibility of 

improvement management of dyspnea in clinical populations by focusing more 

on improving their emotional state.  

Thus the findings of these three experimental studies provide important 

mechanistic insights for a better understanding of exertional dyspnea in a healthy 

population and potentially for patients with heart and lung disease. Our current 

understanding of the genesis of this sensation, suggests a “mismatch” between 

central respiratory motor activity and afferent information from sensory 

receptors in the airways, lungs, and/or chest wall structures (Burki and Lee, 

2010). While such a respiratory-based mechanism does accord well with 

experimental observations and is able to encompass a range of pathological 

disturbances associated with (principally) cardiorespiratory disease there is 

substantial associative, mainly clinical, evidence that non-respiratory systems 

may have a significant modulating effect either to potentiate or ameliorate the 

intrinsic sensation. Two areas in particular offer therapeutic potential in 

managing conditions where dyspnea is a major cause of morbidity which cannot 

be relieved by treating the underlying cause (as is the case in many chronic 

cardiopulmonary conditions).  

The first is suggested by the robust finding from pulmonary rehabilitation studies 

that aerobic training reduces exertional dyspnea. While this may be an indirect 

effect mediated via a reduced ventilatory drive, there exists the possibility that 

peripheral muscle conditioning is able to affect dyspnea more directly via a 

modulation in neural activity (afferent and/or efferent) associated with a set 



Chapter 5: Summary and Conclusions 

 

216 

 

pattern of exercise. Findings from the study reported in Chapter 2 were equivocal 

in that although no difference in dyspnea could be demonstrated between 

treadmill and cycle ergometry (the latter presumably associated with greater leg 

muscle activation for a given degree of cardiorespiratory stress), we were also 

not able to demonstrate the expected difference in perceived leg fatigue between 

the two exercise modes. One possible explanation therefore (other than neural 

traffic to exercising muscles does not impact on dyspnea) was that in healthy 

subjects, the difference in neural activation of leg muscles between conditions 

was not of sufficient magnitude to be consciously perceived. 

This question was investigated further in the study reported in Chapter 3. 

Findings from this study indicated that experimentally-induced muscle fatigue 

prior to exercise was associated with increased dyspnea when differences in 

ventilation (i.e. compared to a non-fatiguing control condition) were controlled 

for. It has been proposed that type III and/or type IV fibres are the most likely 

source of fatigue-related effects on altering the perception of respiratory resistive 

loads (Grippo et al., 2010). Thus it seems reasonable to assume that the 

heightened level of exertional dyspnea could be mediated through fatigue 

producing metabolites that stimulate these metaboreceptors. Support for this 

possibility comes from studies showing that these afferents projects to cortical 

areas of the brain (Balzamo, Lagier-Tessonnier, and Jammes, 1992).  Moreover, 

apart from peripheral skeletal muscles, Type III and IV afferents are also present 

in the diaphragm and their activation modifies the EEG signal in the sensory 

cortex (Balzamo et al., 1992). This observation lends support to our speculation 
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that fatigue related modulation of such afferent could influence dyspnea. In 

addition to the possible effect of fatigue on metaboreceptor feedback, it needs to 

be acknowledged that for a given degree of external work, efferent activity to 

fatigued exercising muscles would likely have been greater than that in the 

control condition, presenting an alternate explanation for the neural basis of the 

fatigue-related increase in dyspnea. 

The second area of potentially clinically significant modulation of dyspnea 

relates to the phenomenon of psychogenic dyspnea. Conditions where this is 

most striking include panic attack and hyperventilation syndrome, experiences 

that can be associated with significant dyspnea in the absence of any obvious 

organic cause. Again such conditions are accompanied by disturbances in 

breathing although little is known about the interaction between these physical 

and sensory events. More mainstream clinical issues concern the interaction 

between chronic cardiopulmonary conditions and psychiatric morbidity, 

principally anxiety and depression. Although much investigated and targeted 

therapeutically, it has proved difficult to unravel the relationship between 

anxiety/depression and symptom morbidity not least from a “cause and effect” 

perspective. 

Studies reported in Chapter 4 of this thesis explored the effect of experimental 

modulation of mood states on perception of exertional dyspnea in healthy 

subjects. The IAPS images that we employed in modulating mood states have 

been shown to activate limbic areas of the brain, areas that neuroimaging studies 

have indicated as crucial in the perception of dyspnea.  Our findings that positive 
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mood alleviates exertional dyspnea whereas negative mood heightens it, points 

to the potential clinical significance of managing dyspnea by focusing on the 

effective treatment of co-existing psychiatric morbidity. Such psychopathologies 

are known to be associated with poorer health outcomes (Bratas et al., 2010; 

Clary, 2003) and are likely to contribute to a vicious cycle of worsening dyspnea 

and deteriorating mental health (Mikkelsen et al., 2004; Singer et al., 2001).  We 

propose that our demonstration of mood-related modulation of exertional 

dyspnea in health suggests the need for carefully designed studies in clinical 

populations to better understand the nature and therapeutic potential of 

maintaining good mental health in individuals suffering from dyspnea secondary 

to irreversible cardiorespiratory disease.  

The current clinical approach of managing chronic dyspnea still relies heavily on 

managing respiratory and/or circulatory disorders in an attempt to optimise 

limited cardiorespiratory function and prevent acute exacerbations. The findings 

of the studies reported in this thesis, although undertaken in a healthy population,  

suggest that management of dyspnea might be enhanced by placing a greater 

emphasis on targeting extra cardiopulmonary systems, notably peripheral muscle 

function and mood state, in patients with heart and lung disease. Our findings 

support the idea that effective PR programs, designed to optimise conditioning of 

ambulatory muscles in a way that ensures that the mood enhancing qualities of 

regular exercise (well described in healthy populations) is a worthwhile goal in 

attempting to alleviate the morbidity associated with chronic exertional dyspnea. 
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We acknowledge that the findings in healthy individuals reported in this thesis, 

means that the relevance of this work to understanding clinical dyspnea is 

speculative. Dyspnea experienced by those with cardiopulmonary disease is 

likely to be both mechanistically and qualitatively different from the common 

experience of shortness of breath felt by healthy individuals and of course much 

more severe. However, we suggest that our findings point to the need for well-

designed interventional studies in dyspenic populations with a view to 

developing the potential of extra-cardiopulmonary therapeutic strategies for the 

more effective management of this debilitating symptom. In particular, we 

propose that the findings reported in Chapters 3 and 4 of this thesis warrant 

further investigation in patients with cardiorespiratory disease.  
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PARTICIPANT INFORMATION SHEET AND CONSENT FORM 

 

Project Title 

Effect of experimental modulation of mood on perception of exertional 

dyspnea 

Primary Investigator 

Professor Lewis Adams 

School of Allied Health Sciences 

Griffith University, Gold Coast 

Tel: (07) 5552 8992 

Email: lewis.adams@griffith.edu.au 

 

Professor Norman R. Morris 

School of Allied Health Sciences 

Griffith University, Gold Coast 

Email: n.morris@griffith.edu.au 

 

 

Associate Investigator 

Pramod Sharma 

School of Allied Health Sciences 

Griffith University, Gold Coast 

Tel: (07) 5552 8281 

Email: pramod.sharma@griffithuni.edu.au 

 

Why is this research being conducted? 

This research will form a part of a PhD research thesis and will provide important 

information for planning nationally funded research in patients with lung disease. 

A major symptom reported by people with heart and lung disease is shortness of 

mailto:lewis.adams@griffith.edu.au
mailto:n.morries@griffith.edu.au
mailto:pramod.sharma@griffithuni.edu.au
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breath (breathlessness), which occurs in association with an unusually low level of 

physical activity. The symptom can become extremely unpleasant and leads to 

anxiety in sufferers, as their ability to complete activities of daily living is 

increasingly limited. Despite being a major problem for many people, 

breathlessness is difficult to treat partly because we do not fully understand how 

this symptom arises. By improving our understanding, we hope to find better 

ways of treating breathlessness and reduce suffering in people with heart and lung 

disease.  

This project aims to study the effect of emotional state on the severity of 

breathlessness during exercise. In studies of this kind, researchers seek to alter a 

person’s mood by showing them a series of pictures which are either pleasing 

(e.g. a sunset), uncomfortable (e.g. a snake) or neutral (e.g. a table). In this study 

we will have healthy subjects looking at these pictures while exercising on a 

treadmill and ask them to tell us about their breathlessness.  

What you will be asked to do? 

You will be asked to attend the research laboratory in the Griffith University 

School of Allied Health Sciences on four separate occasions to undertake short 

bouts of exercise on an inclined treadmill while viewing different sets of pictures. 

This treadmill exercise is designed to make you short of breath. Each session will 

take approximately 90 minutes and you will be asked to wear appropriate 

footwear and clothing. 
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During the first session you will be familiarized with exercising on a treadmill, 

whilst wearing a face mask, to measure your breathing. During each treadmill test 

you will be viewing a standard set of pictures that are designed to change your 

mood. We will also show you how to report your breathlessness and mood using 

specialised scales. In this first visit, we will be looking to set the treadmill at a 

level that corresponds to no more than 85% of the level you would achieve during 

maximal exercise. Prior to this exercise bout, we will place electrodes on your 

chest, so that we can monitor your heart rate. You will also be asked to wear a 

sensor on your finger, which measures the amount of oxygen in your blood. 

During the second, third and fourth visits, you will be asked to perform two 5 

minute treadmill exercise tests separated by an interval of 30-min. Both tests will 

be performed while viewing a series of pictures which will be pleasing, disturbing 

or neutral.  

The basis by which participants will be screened or selected 

Eligibility to participate in this study requires that you are 18 years of age or over. 

You will also be asked to complete a short standardized health screening 

questionnaire, to ensure that exercise will pose minimal risk to you. On your first 

laboratory visit, you will also be asked to perform some standard breathing tests to 

check for normal lung function.  

 

 



Appendix 

   

  

230 
 

The expected benefits of the research 

There are no direct benefits to you for your participation. The desired outcome of 

this research is to add to the current knowledge of mechanisms contributing to 

shortness of breath and to provide comparative data in healthy people for a similar 

study involving patients with lung disease.   

Risks to you 

As with all exercise there are some risks to you as a participant. We will use 

standard processes to ensure these risks are minimized. Risks to you include the 

possibility of some respiratory and muscular discomfort, associated with 

exercising at a moderately-high level. This level of discomfort is comparable to 

that experienced when walking up several flights of stairs quickly. Should you 

experience an unusual level of fatigue, nausea or dizziness you should stop 

exercising. Two qualified personnel will be present during all testing to ensure 

your safety. Your heart function will be monitored by ECG during testing. By 

wearing appropriate attire and following standard safety guidelines in undertaking 

exercise in a laboratory, minimization of risks and falls will be ensured.  

Your confidentiality 

Information collected for this study will remain confidential in accordance with 

legal, government and other regulatory obligations. Paperwork including health 

screening questionnaires and consent forms will be kept in a locked filing cabinet 
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in a locked office in the School of Rehabilitation Sciences, accessible only by the 

chief investigator.  

Recording of data in the laboratory will not be identifiable by any third parties, 

due to the use of a unique code as identification, generated for each participant. 

On completion of all testing, data collected on the computers attached to the 

laboratory equipment will be overwritten. Data will remain in the de-identified 

format for the generation of spread sheets and further data analysis, which will be 

performed to test the hypotheses of this study. At no point will any participant be 

named in any publications including the research student’s thesis. The data 

collected remains the property of the chief investigator and will also be kept in a 

locked filing cabinet in a locked office.  

Your participation is voluntary 

Participation in this study is voluntary. If you agree to participate, you remain free 

to withdraw your consent and discontinue your involvement in this study at any 

point in time. Your decision on participation will in no way impact on your 

relationship with the School of Rehabilitation Sciences or the investigators 

involved in this research. A $30 book token is offered in the appreciation of your 

support at the end of your participation in the study. 

Questions/ further information 

We are happy to answer any questions you have at any time during the course of 

this study. Please contact a member of the research team, listed with contact 
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details on the front page of this information sheet, to assist you with any 

questions.  

 The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement 

on Ethical Conduct in Human Research. If you have any concerns or complaints 

about the ethical conduct of this research project you should contact the Manager, 

Research Ethics on 3735 5585 or research-ethics@griffith.edu.au. 

Feedback to you 

Feedback will be available to you on completion of this research project, 

estimated to be in early 2013. Once data reporting has been finalized, you will be 

invited via email to access your results and the overall results of the study.  

Privacy Statement 

The conduct of this research involves the collection, access and/or use of your 

identified personal information. The information collected is confidential and will 

not be disclosed to third parties without your consent, except to meet government, 

legal or other regulatory authority requirements. A de-identified copy of this data 

may be used for other research purposes. However, your anonymity will at all 

times be safeguarded. For further information consult the University’s privacy 

Plan at http://www.griffith.edu.au/about-griffith/plans-publications/griffith-

university-privacy-plan or telephone (07) 3735 5585. 

mailto:research-ethics@griffith.edu.au
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Finally, our thanks 

On behalf of all the staffs in the School of Allied Health Sciences, we would like 

to thank you for participating in the study that we are conducting at Griffith 

University.  
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SAMPLE CONSENT FORM 

By signing below, I confirm that I have read and understood the information 

package and in particular have noted that: 

 I understand that my involvement in this research will include the 

completion of four laboratory sessions at which I will be asked to exercise 

and my physiological responses will be recorded. 

 I have had any questions answered to my satisfaction. 

 I understand the risks involved. 

 I understand that there will be no direct benefit to me from my 

participation in this research. 

 I understand that my participation in this research is voluntary; 

 I understand that if I have any additional questions I can contact the 

research team- Professor Lewis Adams (07) 55528992 or research 

assistant Pramod Sharma at (07) 555 28281; 

 I understand that I am free to withdraw at any time, without comment or 

penalty; 

 I understand that I can contact the Manager, Research Ethics, at Griffith 

University Human Research Ethics Committee on 3735 5585 (or research-

ethics@griffith.edu.au) if I have any concerns about the ethical conduct of 

the project. 

 ___________________________________  ______________________ 

Participant      Date 

 

____________________________________  ______________________ 

Investigator(s)      Date 

mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
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AHA/ACSM Health/Fitness Facility Pre-participation Screening 

Questionnaire 

 

Help us assess your health status by marking (x) all true statements  

History of heart problems 

You have had: 

___ A heart attack 

___ Heart surgery 

___ Cardiac catheterization 

___ Coronary angioplasty (PTCA) 

___ Pacemaker / implantable cardiac defibrillator / rhythm disturbance 

___ Heart valve disease or rheumatic fever 

___ Heart failure 

___ Heart transplantation 

___ Congenital heart disease 

 

Symptoms 

___ You experience chest discomfort with exertion 

___ You experience unreasonable breathlessness 

___ You experience dizziness, fainting, or blackouts 

___ You take heart medications 

 

Other health issues 

___ You have diabetes 

___ You have asthma or other lung disease 

___ You have burning or cramping sensation in your lower legs when walking 

short    distances 
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___ You have musculoskeletal problems that limit your physical activity 

___ You have concerns about the safety of exercise 

___ You take prescription medication(s) 

___ You are pregnant 

___ You have had a back, hip, knee or ankle injury in the last 6 months 

___ You have or have had a medical condition affecting you back, hips or knees 

(e.g. arthritis) 

___ You have or have had a medical condition that you think could limit your 

ability to exercise 

 

 Cardiovascular risk factors 

___ You are a woman who has had a hysterectomy, or is postmenopausal 

___ You smoke, or quit smoking within the last 6 months 

___ Your have had low or high blood pressure  

___ Your blood cholesterol level is high 

___ You do not know your cholesterol level 

___ You have a close blood relative who had a heart attack or heart surgery 

before ages 55 (father or brother) or age 65 (mother or sister) 

___ You are physically inactive (i.e., you get less than 30 minutes of physical 

activity on at least 3 days per week) 

 

 

Name       ________________________________________________________  

 

 
Signature________________________________Date_____________________
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