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Chapter 2  

Literature Review 

Background  

Regular exercise, which improves cardio respiratory fitness, is a powerful 

factor in enhancing health and well being. Not only those with active lifestyles 

gain substantial health benefits from physical activity but regular exercisers 

tend to have healthier lifestyles compared to non exercisers (Joliffe et al 

2000). Cardio respiratory fitness or aerobic capacity can be defined in terms 

of maximal oxygen uptake (VO2max). 

Howley and Franks (1992) found there were changes in heart rate, blood 

pressure and rating of perceived exertion as a result of an exercise 

programme. They showed that sub maximal tests are a good mechanism for 

showing improvements in cardio respiratory function. There was an increase 

in functional capacity with an increase in the intensity of the exercises. 

Heart rate is used to act as a marker of physiological strain of the exercising 

skeletal muscles (Buckley 2000). Froelicher and Myers (2000) stated that in 

conjunction with systolic blood pressure, heart rate plays a role as a key 

indicator of myocardial strain in specific cardiac patients.  

The importance of CR after myocardial infarction (MI) and coronary artery 

bypass grafts (CABG) has been widely acknowledged. Physical inactivity 

increases the risk of developing coronary heart disease two fold (National 

Institute of Health Consensus Developmental Panel). Structured exercise as a 

therapeutic intervention is central to cardiac rehabilitation as well as daily 

   



exercise which should also be encouraged as part of an ‘active living’ 

philosophy (Sign Guidelines 2000). 

The exercise component of cardiac rehabilitation has evolved from the 

recognition that physical deconditioning occurs following MI and the 

knowledge that regular exercise protects against cardiovascular disease (Pate 

et al. 1995). Improved physical fitness is an important outcome for cardiac 

rehabilitation. Accurate measurement of the exercise tolerance of cardiac 

patients prior to and on completion of a CR programme using an objective 

measure is important. 

HR is usually described as a % of MHR. This is based on the assumption that 

HRmax and VO2max coincide (Astrand and Rhyming 1954). Sykes (1998) 

reported heart rate may be affected by anxiety, poor stepping or cycling 

technique, erratic breathing pattern, time of day and certain medications and 

drugs, anyone using sub maximal tests should be fully aware of the correct 

technique. RPE Self monitoring needs to be taught well. It is a crucial factor in 

the ability to self monitor (Buckley 2000) this can be done by using Borg’s 

scale of perceived exertion (Borg 1998). Effect of encouragement on walking 

test performance has to be taken into account and as far as possible any 

encouragement was standardised Self paced tests are not standardised and 

performance can be influenced by encouragement and the patient’s 

motivation or mood (Guyatt et al 1984). 

 

   



2.1 Background to exercise and cardiac rehabilitation 

There is a well-established link between physical inactivity and cardiovascular 

mortality, and physical inactivity is an independent risk factor for the 

development of coronary heart disease (Powell, Thompson, Caspersen and 

Kendrick 1987). The greatest potential for reduced mortality is in the 

sedentary who become moderately active (Blair 1995). 

British Heart Foundation (BHF) statistics point to cardiovascular disease 

(CVD) as the main cause of death in the UK accounting for just under 238,000 

deaths per year, 39% of all deaths. The main forms of CVD are coronary heart 

disease (CHD) and stroke. CHD causes over117, 000 deaths a year in the 

UK: around one in five deaths in men and one in six women. CHD is the most 

common cause of death before the age of 65 in the UK. Nearly all deaths are 

from myocardial infarction (BHF CHD statistics 2004). 

The National Service Framework (NSF 2000) states that CHD is a 

preventable disease that kills more than 110,000 people in England every 

year. More than 1.4 million people suffer from angina and 275,000 people 

have a heart attack annually. CHD is the biggest killer in the country. The 

Government is committed to reducing the death rate from coronary heart 

disease and stroke and related diseases in people under 75 by at least 40% 

(to 83.8 deaths per 100,000 population) by 2010.  

 

The cost of this is enormous, in 2002 researchers at the University of Oxford 

published figures that estimated the total annual cost of all coronary heart 

disease (CHD) related burdens in the UK was £7.06 billion in 1999 (Liu, 

   



Maniadakis, Gray, & Rayner 2002). This study looked at direct and non-direct 

healthcare costs attributable to CHD, spending on prevention, accident and 

emergency care rehabilitation and drug treatment. The British Heart 

Foundation estimate the cost at nearer £1,750 million a year and because of 

days lost due to death, illness and informal care from CHD costs the economy 

about £5,300 million. Previous estimates have been in the range of £775 

million to £1.5 billion but these figures were less comprehensive with regards 

to the costs included (Liu et al 2002).  

 

The BHF Coronary Heart Disease statistics (2004) highlight the fact that that 

37% of CHD deaths are related to inactivity as compared to 19% of CHD 

deaths being related to smoking. Inactivity is the most prevalent risk factor for 

CHD with 70% women and 60% men in the UK not active enough to achieve 

health benefits from physical activity. 9% of deaths from CHD in the UK could 

be avoided if those who are currently sedentary or have a light level of 

physical activity increased their activity to a moderate level. These statistics 

are from national health surveys that are then applied to the general 

population (Health survey for England 1998)). 

 

Whilst mortality from CHD is falling, morbidity is rising. Over 1.2 million people 

in the UK have had a heart attack and approx 2 million are suffering from 

angina. 

   



The Global Burden of Disease study both observes and calculates the 

projected leading causes of mortality, in 1990 it led with ischaemic heart 

disease (IHD) and in 2020 it is thought it will lead with IHD (Murray 1997). 

Physical activity lowers the risk of CHD but it needs to be regular, of moderate 

intensity and aerobic (Goble 1991). The ACSM Guidelines advocate the 

minimum duration of aerobic exercise is 20 minutes at more than 50% VO2max. 

The challenge is to promote physical activity and to motivate the population 

whether that is the cardiac or general population to continue this as part of 

their daily life. 

 

The Allied Dunbar National Fitness Survey (1992) looked at 6000 adults in 

England, 80% of those people surveyed believed that exercise was good for 

them but 70% of men and 91% of women were not active enough to gain a 

health benefit. In the 2003 Health Survey for England the prevalence of 

activity among adults was found to decrease markedly with age, while the 

prevalence of cardiovascular disease increases with age.  

 

Regular, repeated, bouts of exercise result in a series of bodily adaptations or 

training responses. Aerobic exercise, also called cardiovascular training, 

demands large quantities of oxygen over a period of time. 

This results in adaptations such as: 

• A stronger heart – increased cardiac output; 

• More blood capillaries around the muscles; 

•  Improved oxygen extraction by the muscles; 

   



• Increased production of red blood cells; 

• The nervous system reduces its firing rate due to the greater stroke 

volume. 

(McArdle, Katch, Katch 1981, Saltin & Rowell 1980, Buckley, Holmes, Mapp 

2000)  

 

The extent to which these changes occur depends on the intensity and 

duration of the training and the initial fitness of the individual.   

 

This improvement is the result of increased ability to use oxygen to derive 

energy for work. Exercise training increases the maximum cardiac output and 

the ability of muscles to extract and use oxygen from blood. 

Exercise training results in decreased myocardial oxygen demands for the 

same level of external work performed. These changes are also beneficial in 

people with CHD, who after exercise training, may attain a higher level of 

physical work before reaching the level of myocardial oxygen requirement that 

results in myocardial ischaemia (Saltin & Rowell 1980). 

 

 

2.2 Exercise recommendations for those with coronary heart disease 

The current recommendations for exercise following a myocardial infarction 

and with CHD are aerobic exercise 3-5 days per week at 50-90% HR (heart 

rate) max for 20-30 minutes either continuously or intermittently (Leon 2005). 

 

   



2.3 Dangers of exercise for those with coronary heart disease  

The incidence of life threatening cardiovascular events in properly medically 

supervised cardiac rehabilitation programmes is relatively low (Scheinowitz, 

Harpez 2005). Fletcher et al (1996) stated that regular physical exercise is a 

safe and effective component of both primary and secondary prevention of 

cardiovascular events, it has been shown to be precipitating factor for 

myocardial infarction incurred by individuals who otherwise lead a sedentary 

existence (Willich et al 1993). 

 

The incidence of adverse events in 167 randomly selected cardiovascular 

programmes in the USA involving more than 51,000 patients which were 

treated to meta-analysis was found to be one cardiac arrest per 111,996 

hours of supervised exercise, one acute MI per 293,300 hours of supervised 

exercise and one fatality per 783,976 hours of supervised exercise (Van 

Camp 1986)., there were three fatalities. In a later article Vongvanich, Paul-

Labrador, Merz (1996) agreed that medically supervised exercise continued to 

have a low major complication rate. 

The potential risk of physical activity can be reduced by medical evaluation, 

risk stratification, supervision and education (Wenger et al 1995).  

 

2.4 Exercise and the actions of medicines 

Most people with cardiovascular disease take medicines that affect their 

physiological responses to exercise or their ability to exercise. The role of 

medication in treating heart disease is complex.  It is important to 

   



acknowledge that some drugs have side effects that may interfere with 

cardiovascular responses to exercise, exercise performance and some of the 

health benefits associated with exercise.  

Cardiac patients tend to be prescribed, unless contraindicated, aspirin, beta-

blockers (BB), angiotensin converting enzyme (ACE) inhibitors, GTN spray 

and a statin. 

Health professionals and patients need to have knowledge of how common 

drugs alter responses to exercise and the implications for the safety of 

prescribing exercise (Peel 1995). 

 

 

Medication Relevance to exercise 

Beta-blockers • Suppressed heart rate response 

• Risk of postural hypertension 

ACE inhibitors • Possible increased exercise with heart 

failure 

Statin • Aching legs 

Aspirin • None known 

GTN spray • Hypotension 

• Increases ischaemic threshold 

 

 
Table 2.1 Medication and the exercise implications 

 

   



Beta-blockers are one of the most widely investigated drugs in respect of the 

effect on exercise training. Due to the reduction in myocardial contractility and 

heart rate, myocardial oxygen demand is reduced, thus allowing for a 

prolonged diastolic phase and improved coronary perfusion. Patients with 

CHD taking beta-blockers have increased exercise capacity (Lowenthal, 

Saris, Packer, Haratz, Conry, 1980). It is known that beta-blockers prompt 

exertional fatigue in normal persons. The explanation is that the impairment of 

exercise-induced stimulation of glucose metabolism and lipolysis is 

responsible for early exhaustion while on these drugs; this may affect those 

with CHD (Peel, Mossberg, 1995). Tabet et al (2006) found that the Karvonen 

formula for calculating training heart rate range underestimates the heart rate 

at the anaerobic threshold in beta blocked patients which may lead to the 

under training of patients with coronary artery disease, in this study the 

maximal heart rate equation was used ([220-age (- 30 for those on beta 

blockers] x 0.8). 

 

ACE inhibitors do not seem to blunt the dynamic response to exercise 

(Lowenthal et al 1980). 

The aim of this study was to compare change, since both tests are being 

conducted on the same patients 

 

   



 

2.5 Incremental Shuttle Walk Test  

The ISWT is widely used to assess patients with chronic obstructive 

pulmonary disease. Obtaining consistent data for comparison and for the 

optimisation of the exercise prescription is important. The measurement of 

maximal oxygen consumption (VO2max) is considered to be the “gold standard” 

measurement of functional capacity and the ISWT has been shown to 

correlate with directly determined VO2max and therefore can be used as a 

measurement of functional capacity (Moloney, Clayton, Mukherjee, Gallagher, 

& Egan, 2003). This strong relationship was also demonstrated by Singh, 

Morgan, Hardman, Rowe, Bardsley, (1994), they also concluded that the 

shuttle-walking test is a valid field test of functional capacity. In 2001 Lewis et 

al found that the ISWT may provide a widely surrogate measure for peak VO2 

estimation in the assessment of patients for heart transplantation.   

The incremental shuttle walking test was originally developed for patients with 

respiratory disease but has recently been used to assess functional capacity 

before and after cardiac rehabilitation in patients who have undergone cardiac 

surgery (Tobin, Thow 1999 Arnott 1997) also those who have had 

pacemakers’ inserted (Payne, Skehan 1996). It has been used for those with 

chronic heart failure (Francis 2000, Morales, Montemayor , Martinez 2000) 

and awaiting heart transplantation (Lewis et al 2001). SIGN guidelines (2002) 

recommend its use as a tool to assess the exercise capacity of patients 

attending cardiac rehabilitation programmes. The test requires patients to 

walk at a gradually increasing speed until they reach a symptom limited 

   



maximum, for cardiac patients the end point is usually set at a specific 

workload (80% of maximum heart rate) or rating of perceived exertion (RPE of 

15).  The wide range of walking speeds in the ISWT allows the 

accommodation of all ambulant patients, from those with minimal disability to 

those with severe symptoms.  

Singh, Morgan, Scott, Walters and Hardman, (1992) found that the shuttle 

walking test constitutes a standardised incremental field walking test that 

provokes a symptom limited maximal performance. It provides an objective 

measurement of disability and allows direct comparison of patients’ 

performance. Indirectly it correlates with VO2peak (Green, Watts, Rankin, 

Wong, O’Driscoll, 2001). Macsween et al (2001) study did not support the use 

of the ISWT as a representative measure of aerobic power. The shuttle walk 

test is now widely used as a measurement tool for rehabilitation programmes 

throughout the UK (Singh 1992). For the results to be valid the initial test is 

counted as a practice (Singh 1992). Jolly et al (2008) confirmed the need for a 

practice walk test to be used when undertaking the ISWT. 

Fowler, Singh and Revill (2005) found that the ISWT correlates well with 

VO2peak and is a reliable measure of cardio respiratory fitness in patients with 

CHD following coronary artery bypass operation (CABG). 

This test measures the distance walked in metres.  

Singh, Jones, Evans and Morgan (2008) reported that the minimal clinically 

important improvement for the ISWT is 47.5m and patients were able to 

distinguish an additional benefit at 78.7m. 

 

   



 

2.6 Chester Step Test  

The CST was developed by Sykes (1995) to assess aerobic fitness by 

predicting maximal aerobic power (VO2max) of fire-fighters in fire brigades in 

Britain. Although originally designed for fit people subsequent research has 

validated its use for the less fit (Stevens and Sykes 1996).  It is one of many 

tests designed to provide a safe and practical means of assessing aerobic 

fitness under sub maximal conditions. Stevens and Sykes (1996) showed that 

the CST had error margins between 5 and 15 percent; however it is a 

reasonably accurate reflection of individuals’ fitness without the cost, time, 

effort and risk of maximal testing. Sykes & Roberts (2004) also confirmed its 

reliability and validity as an estimate of aerobic capacity in 68 subjects with a 

wide age and ability range. They proved that the CST is a valid test for the 

estimation of changes in aerobic capacity. This was further supported by 

Chatterjee S and Chatterjee P. et al (2004) when they conducted similar 

research comparing the direct measurement of VO2max by incremental cycle 

ergometry test and indirect measurement of a step test. In healthy individuals 

they suggested that the step test could produce a good estimation of VO2max. 

The reliability of the CST as a field-based test to detect improvements in 

aerobic fitness in healthy individuals is recommended (Buckley, Sim, Eston, 

Hession, Fox (2004)).  

 The CST was designed for use within occupational health and health and 

leisure settings as a practical means of assessing aerobic capacity (VO2max). 

   



Its error ranges in predicting VO2max can be between 5-15% (Stevens and 

Sykes 1996). 

The CST is an economical test. It is an incremental 5 level step test, 

commencing at a relatively slow pace of 15 steps per minute and increasing 

every 2 minutes to 20, 25, 30 and 35 steps per minute. The test is terminated 

when the subject reaches approximately 80% of maximum heart rate or an 

RPE of 15. VO2max can then be predicted by plotting the corresponding heart 

rate at different step levels, with a minimum of 3 points (level 3). Although a 

practice test is not suggested in the instructions the study by Buckley, Sim, 

Eston, Hession, and Fox (2004) found the test only reliable when a practice 

trial of the CST is carried out. 

Currently there are no studies looking at the correlation between the CST and 

ISWT. 

 

 

 

   




