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A REVIEW OF THE LITERATURE 

INTRODUCTION 

The World Health Organisation (WHO) considers cardiovascular diseases Ihe world's leading 

cause 01 mortality, claiming t2 million lives per year, a staggering quarter 01 the total number 01 

deaths worldwide (available at URL httpJlwww.who.inVmediacentre/releases/pr83/en. 

Accessed 15 October 2003). Furthermore, the WHO RepM (2002) shows lor the lirst nme that 

most 01 the global burden due to cardiovascular disease IS lound in developing countries. 

Although the prevalence of chronic diseases is declining in industrialised, developed countries 

including the United States of America, Western Europe and AustIalia, these diseases pose an 

increasing threat in poorer, developing countries such as Africa, Asia and Latin America 

(Digenio 1993). South Alrican statistics are particularly alarming. Aher HIV/AIDS (30%), 

cardiovascular disease (16.6%) was the leading cause 01 death in 2000 (Bradshaw et al. 2003). 

These chronic conditions pose economic challenges to patients, families and the sustainability 

of health care systems. Furthermore, il no action is taken to improve the global cardiovascular 

health, the WHO estimates that by the year 2020, 25% more healthy life years will be lost to this 

disease (available at URL: http://www.who.inVmediacentre/releasesipr83/en. Accessed t5 

October 2003). More than 50% 01 worldwide annual deaths can be prevented by a combination 

01 simple, cost effective national efforts, and indiVidual action aggressively targeting the 

established major (lsk factors (hypertension, high cholesterol, ovenweight. physical inactivity and 

cigarette smoking). The prevention of subsequent cardiac events and maintenance 01 cardiac 

and physicallunction is therefore a major challenge to our health care system, 

PRIMARY PREVENTION OF CORONARY ARTERY DISEASE (CAD) 

It is widely accepted thai a sedentary lifestyle is a major risk lactor lor developing chronic 

cardiac and other lifestyle related diseases. Pioneers including Ralph Paffenbarger have spent 

the last lew decades determining the quantity and quality 01 physical activity required lor good 

health and prevennon of chronic diseases 01 lifestyle. In a study of college alumni, the risk of 

death was diminished with an increase In physical activity levels from 500 to 3500 kcal per week 

(Paffenbarger et al. 1986). Similarly, the American College of Sports Medicine states that lower 

levels 01 physical activity may reduce the risk 01 developing certain chronic degenerative 
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Prior (0 Ihe 1930's, patients were confined 10 a 2'momh period 01 bedfest after myocardial 

Infarction (MI), 11 was thought Ihal phYSical actiVl(Y woula lead to II1e formation of ventricular 

a,',eurysrr" ~eart 'a:lure, cardiac 'upture or SUdden death. n Ihe lale 193J's, le!s pe'od was 

shortened 10 6,8 weeks iMallory 81 al. 1939). Palrents were aavised 10 aVOid any strenuous 

aclivity (Including stair climbing) lor prolonged periods, and sometimes Indefinitely. It 'Nas rare 

10' a palier,t 10 return :0 a norma' 'irestyie and restore ,;she vocational status, 

the early 1950's, Levine and Lawn Showed the benefits of armchair exercises compared to 

8xtlencledbed rest (LeVine et al. 1952). Mosl patients In their study were sitting In a chair up 

10 hours on their ';cst day of hospll8llsal;on and this ime was graouarly increased their 

in cospitaL Discharge li'1e was 4 wee<s for .1ear.y alf patients. There were no 

com plica lions associated with Ihe addition 01 physical activity. Indeed, mortality rates were 

lower in group 101M control whc had been subjected to bed rest 

ambulatilln was within 14 days of the acute MI (Brummer et at 1956). 

Clir,icr;lns WdUV,jIlY realised Ihe berletil, 01 aml)Ulailion in offsetting Ihe detrimental effects 

of ce··edaplaticln. disability and medical complications with prolonged ORrl(J(lS of bed 

rest. Consequently. ,he of Currenlly. il is a<"m~tpn that most 

pallems in 3'5 days et at 2000). 

(;mlCPI1'1 aboullhe of un,;up"rvised eXE!rci(,e after riiS!lhHl'DP lead to the formalization of 

supervised by Unit nurSing staff but 

teams, These programmes r~"'ron mainly :O{ lOW-fiSK 

CM'O"rv tl31ielnts but evnlvpo 10 accommodate risk reduction intervenlions for a 

caroiac patient populallon, lucu"eu almost exclusively on exercise training. 
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MODERN-DAY CARDIAC REHABILITATION 

Whereas early cardiac rehabilitation focused on simple lifestyle modification primarily through 

exercise conditioning, modern cardiac care includes an array of costly medical and surgical 

interventions designed to correct disease pathogenesis and rehabilitate the patient back into a 

healthy life. Although these technical procedures and advances are successful, they fall to 

address underlying causes of disease development caused by a sedentary, unhealthy lifestyle. 

The contemporary approach to secondary prevention cardiac rehabilitation is characterised by 

wide-ranging long-term services, involving medical evaluation, medically supervised exercise, 

cardiac risk factor modification, patient education, dietary-, counselling and other behavioural 

interventions (Wenger et al. 1995). The WHO defines cardiac rehabilitation as '~he sum of 

activities required to influence favourably the underlying cause of disease, as well as the best 

possible physical, mental and social conditions, so that they may, by their own efforts preserve 

or resume when lost, as normal a place as possible in the community. Rehabilitation cannot be 

regarded as an isolated form of therapy but must be integrated with the whole treatment of 

which it forms only one facer' (WHO, 1993). 

Essential components of a cardiac rehabilitation programme include an initial medical 

evaluation by a medical practitioner for risk stratification, medically supervised or directed 

exercise training, risk factor modification, medical surveillance/emergency support, dietary 

intervention and psychosocial/vocational counselling (Franklin et al. 1998, 8alady et al. 2000). 

PHYSICAL ACTIVITY AS A THERAPY FOR PATIENTS WITH CARDIOVASCULAR 

DISEASE 

Several studies have addressed the relationship between physical activity and secondary 

prevention of coronary artery disease. The major findings of these studies are documented in 

Table 1.1. 
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Table 1.1. Selected studies addressing physical activity in secondary prevention ot CAD and its' 

related conditions. 

Reference I Study Design Research Question . Main FindinCls and Conclusion 
O'Connor et • Review of Does thiS Jooled data · Total mortality, cardiovascular 
al. t989 22 RCT's refiect si~~ificant ber.eR:s mortality and fatal re·infarction 

• n = 4554 for MI patients participating were reduced after 3yrs . 

• TP: 3 yrs In cardiac ;ehabilitation • Odds Ratios were decreased lor 
programr;-:es? sudden death, but only at 1 year. 

• No differences between groups 
for non·fatal re·infarctions. 

Hambrecht • RCT What are :;,e effects of • Positive effect on regression 01 

et al. 1993 • n = 62 physical activity and a low coronary artery stenosis (25% 'Is. 

• TP: 12 fat diet on Rtness and 6% in experimental and control 
months progression of coronary groups respectively; p<0.001). 

atherosclerosis in patients • Preventive effect on progression 
with CHD? of coronary artery stenosis (10% 

vs. 45% in experimental and 
control groups respectively; 
p<0.OO1 ). 

Lavie et al. • Cohort Benefits of CA and • High baseline group showed 
1994 • n = 288 exercise :raining in CHD significant improvements in TG, 

patients with high baseline LDl and exercise capacity after 
levels of functional capacity training. 
compared 10 those with low • The improvement in lDl was 
baseline levels . greater in this group in 

companson to low baseline level 
patients. 

• Improvement in exercise capacity 
was less than in patients with low 
baseline levels. 

lavie et al. • Cohort Effects of CA and exercise • Modest improvements in blood 
1995 • n = 458 training on exercise lipids, obesity indices, 

• TP: 3·4 capacity, behavioural behavioural characteristics and 

months characteristics and HROOL OOl parameters. 
in elderly aatients ~65 • Marked improvement in exercise 
years) with CHD. capacity and mental health. 

These improvements are greater 
than those observed in younger 
patients. 

Lavie et al. • Cohort Effects of CR and exercise • Significant improvement in 
1995 • n=458 (83 training in women with exercise capacity. 

women; CHD vs. men with CHD. • No significant change in 8MI and 
375 men) lipids. 

• TP: 3·4 • All improvements similar 
months between men and women, but 

women's baselines 
measurements are lower. 

Joliffe et al. • Meta· Effects ot 'exercise only" , • "Exercise only" and 
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2000 analysis of 'comprehensive "comprehensive rehabilitation" 
RCT's rehabilitation" and "usual reduce all-cause mortality. 

• n = 7683 care" of patients with CHD. • Greater reduction wilh "exercise 

• TP >6 only" group compared to 'usual 
months care" group. 

• "ExerCise only" and 
"comprehensive rehabititation" 
reduce total cardiac mortaJi~ 
(31 % and 26% respectively) 
compared to 'usual care" group. 

• Therefore, exercise IS effective In 
reducing cardiac death. 

• Limitation: Subjects are 
predominantly male, middle-aged 
and low risk. 

Wannameth • Review E~ect of physical activity • Dose-response relationship 
ee et al. paper on CVO and CV A. between physical activity and 
2001 CVD. 

• Physical activity is associated 
with a lower risk of 
cerebrovascular accident. 

Cheng et al. • Review Modifying risk factors in • Evidence-based strategy in 
2002 paper symptomatic CHD patients. reducing risk for CVD Ihrough 

modification of major, 
ind8Qendent risk factors. 

AbbreViations: RCT =Randomlsed Controlled Trlilts; TP= Time period; MI=Myocardlal Inlarctlon; CHD=Coronary 
heart disease; CR=Cardiac Rehabilitation; TG = Triglycerides; LDL=Low Density Lipoprotein; HRQQL=Health 
Related Quality of Life; QOL=Ouality of Ute; BMI=Body Mass Index; CVD=Cardiovascular disease; 
CVA=cerebrovascular accident. 

EXERCISE PRESCRIPTION IN CARDIAC REHABILITATION PROGRAMMES 

Exercise training is now integral in the modern comprehensive care plan for patients with 

cardiovascular disease. Traditionally, standard and generic exercise prescriptions were 

provided for all patients with CAD. In contrast, individualised exercise programmes are 

presently prescribed based on patients' clinical profile, including risk factors, age and functional 

status (Ades 2001). This patient-centric approach to cardiac rehabilitation enhances patient 

compliance and encourages patients to take ownership of their rehabilitation process. 

Traditional programmes focused on two to four, 30-45 minute exercise sessions per week for a 

12-week period. Exercise was prescribed at a moderate-to-high intensity (65-85% of the 

maximum heart rate), with walking or stationary cycling being the preferred choice of 

cardiovascular activity. This type of exercise regimen results in a low caloric energy 
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expenditure (approximately 170 to 183 kcal per session) (Savage et al. 2000), and may explain 

the unpronounced effect of exercise on body weight and other cardiac risk factors. Later 

studies demonstrated the benefits of a high caloric exercise training programme (60-90 minute 

session, 5-7 days per week at a relatively low intensity of 50-60% of peak V02) in promoting 

weight loss and positively influencing cardiac risk factors in overweight coronary patients 

(Mertens et al. 1998; Savage et al. 2003). 

More recent research has pointed to the benefits of high intensity exercise programmes. 

Hagberg et al. (1991). found an increase in myocardial oxygenation after 1 year of high-intensity 

exercise. They suggest that the benefits of cardiac rehabilitanon are not only due to peripheral 

adaptations, but also to changes that occur in the myocardium itself. This does not imply that all 

patients should be encouraged to participate in high-intensity exercise. However, patients with 

CAD may be capable of performing higher intensity exercise than what we previously thought 

"phYSiologically possible". 

At the Cardiac Rehabilitation Programme at the Sports Science Institute of South Africa, we 

have found two distinct groups of patients - those who demonstrate superior exercise capacity 

and the ability to adapt at an advanced level of high intensity strength and endurance training 

and partake in competitive sporting events (referred to as "cardiac athletes"), and those who 

seem to be able to exercise only at a moderate intensity. Dreyer et al. (2000) studied this group 

to create a phYSiological profile and to identify the possible physiological and other factors that 

might help explain the variance in response to cardiac rehabilitation. Results from this study 

demonstrated that multiple complex factors (including superior exercise capacity, less profound 

smoking history, higher levels of habitual physical activity, fewer perceived barriers to action, 

lower serum cholesterol, greater cardiovascular efficiency) besides residual left ventricular 

function may influence levels of fitness achieved by cardiac panents during a rehabilitanon 

program (Dreyer et al. 2000, Honours thesis). These results emphasise the importance of 

identifying sub-groups of responders and adjusting exercise prescription accordingly. 

Previous research has suggested that an energy expenditure of between 1000 kcal and 1500 

kcal per week is suHicient for health benefits. A recent study showed that 72% of the panents 

attending cardiac rehabilitation accumulated 1000 kcal and 43% accumulated 1500 kcal and 
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through cardiac rehabilitation, physical activity and leisure time activity (Schairer et al. 2003). A 

minimum of 1600 kcal per week of leisure time physical activity may halt the progression of CAD 

whilst regression thereof may be achieved with weekly energy expenditure of 2200 kcal per 

week (Franklin et al. 2003). Furthermore, not all of the positive eHects of exercise can be 

attributed to a chronic metabolic adaptation over time. It seems that the acute eHect of a recent 

training bout contributes to the protective eHect of exercise (Thompson et al. 2003). These 

findings suggest that stable patients should participate in leisure time physical activity in 

addition to that performed as part of their cardiac rehabilitation programme so that they achieve 

a daily exercise session of 30 minutes of moderate to vigorous physical activity. 

Brisk walking has been shown to be suHicient to achieve cardio-respiratory and health benefits 

(Quell et al. 2002). In this study most patients besides the highly fit patients reached a target 

heart rate of more than or equal to 70% of their symptom limited heart rate (determined via an 

EST) during brisk walking. This has important implications for programmes that do not have a 

variety of cardiovascular equipment available. 

Other modes of training in cardiac rehabilitation programmes have been investigated. There 

has been concern regarding the safety of resistance training in the cardiac population, 

especially in patients with congestive heart failure (CHF), as there is the potential for a high 

a~erload to have a negative impact on le~ ventricular function (Karlsdot~e et al. 2002). 

However, resistance training studies have shown to be safe and effective in clinically stable 

patients (Franklin et al. 2003) resulting in an increase in skeletal muscle mass (Ades et al. 

1999a) and muscular strength, a reduction in body fat and preservation of physical function 

(Pierson et al. 2001). Furthermore, le~ ventricular function seems to remain stable during 

moderate intensity resistance training in CHF patients, confirming the safety of this form of 

therapy (Karlsdottle et al. 2002). 

A recent study demonstrated the benefits of resistance training on physical performance in 

elderly and disabled female cardiac patients (Ades et al. 2003). The women in this study 

improved their physical capacity over a wide range of household activities. These results have 

particular importance in older patients who often present with severe deconditioning and 

disability as a result of disease or co-morbidities. The inclusion of resistance training may lead 
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to an increased ability to perform dally living activities and therefore prolong independence for 

as long as possible. 

PHYSIOLOGICAL ADAPTATIONS TO EXERCISE TRAINING IN PATIENTS WITH CAD 

Patients with CAD who attend cardiac rehabilitation have shown an increase in exercise 

capacity, and an increase in measured and estimated maximal oxygen uptake (Wenger et al. 

1995; Maines et al. 1997). Patients also report an improved ability to perform activities of daily 

living including climbing stairs and carrying groceries (Ades et al. 1999 a). 

Patients who are more sedentary at baseline seem to experience a greater improvement in 

exercise tolerance with an increase in physical activity compared to their counterparts with 

higher baseline capacity (Hammond et al. 1985). However, exercise does show positive effects 

on exercise tolerance and selected risk factors, even in patients with higher levels of baseline 

physical activity (Lavie et al. 1994). 

The mechanism by which these adaptations occur, is still unclear. Results of early studies, 

most of which incorporated moderate-intensity activities, lead to the general belief that the 

benefits of cardiac rehabilitation were due mainly to changes in the periphery. However, the 

possibility that exercise might also exert a beneficial eHect on the coronary blood ftow to 

potentially underperfused myocardium muscle has been investigated. Results of a study on 

dogs, suggest that exercise training positively influences coronary collateral function and quality 

that would stimulate transport to underper/used regions in the heart (Heaton et al. 1978). 

Belardinelli et al. (1999) suggested that enhanced myocardial perfusion plays a role in post­

training improvements in functional capacity in patients with chronic heart failure. It has been 

established that myocardial ischaemia is the most potent trigger for tlle development of 

collateral vessels. As it is not desirable to subject any patient to increased periods of 

myocardial ischaemia for the sake of promoting collateral growth, exercise presents the best 

practical method of inducing temporary bouts of myocardial ischemia through increased oxygen 

demand (Kavanagh, 1989). 

Post-exercise adaptations in patients with CAD include a reduction in heart rate (HR) (Detry et 

al. 1971) and blood pressure (8P) for a ny given sub-maximal workload (Hertanu et al. 1986). 
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This results in a lower rate-pressure product (RPP) (a non-invasive index of myocardial oxygen 

demand at any workload), from light to vigorous activity. This adaptation is especially beneficial 

for patients with coronary artery narrowing, as it results in a more favourable balance between 

myocardial oxygen demand and supply during exercise. 

Certain authors did not find any changes In stroke volume and cardiac output after cardiac 

rehabilitation both at rest and during submaxlmal exercise (Detry et al . 1971). In contrast, 

others have found an increase stroke volume and cardiac output in patients without angina, and 

a decrease in patients with angina after exercise (Froelicher et al. 1984). 

Some studies have shown improved left ventricular function, and ventricular size and 

remodelling in MI patients participating in exercise training (Giannussi et al. 1993) . Conversely, 

others have reported no improvement in left ventricular function in patients with CAD (Letac et 

al. 1977; Cobb et al. 1982). 

The left ventricle (LV) responds to isotonic exercise through an increase in stroke volume at rest 

and during exercise. The mechanism of this response is still a subject of investigation. It seems 

that it may be mediated by an increase in end-diastolic volume (as per the Frank-Starling effect) 

or through changes in the contractile state of the heart. Some authors have found exercise to 

be associated with an increase in stroke volume through an enhanced contractile state (Stein et 

al. 1980). 

It has been suggested that exercise training may cause alterations in the vascular beds of the 

coronary vasculature leading to improved capacity to transport nutrients and waste products 

(Eshani et al. 1981 ; Ekelund et al. 1988). Animal studies have suggested that this adaptation is 

related to an increase in coronary blood flow capacity and coronary capillary diffusion (Laughlin 

1985; Laughlin et al. 1989) but further research is required to confirm this finding in human 

studies. 

Furthermore, it is also thought that the cardioprotective effect of exercise is related to its effect 

on the endothelium. Research suggests that physical training corrects endothelial dysfunction 

and results in an improved exercise capacity in patients with chronic heart failure (Hambrecht et 
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The group JI "~riAo'< who 'l10S( benet,( trom card,ac rehabilila ton are 

(Sullivan et at Even ["odest rrrprcvemenlS in thel( l'rrllatlOns as a result of 

their disease may have a elieci on their Jeree vaa OOL. can 'hal 

lew (lsk patien:s (sucr as tre scbjecis .r Oldriage's Sludy) would Jossib.y recover iO ""?Ir 

belore-ever: junctional status regaraless 0' whether 0r not trey engagen cardae rehab,liiallon. 

Paradoxically. the group of patien:s who benefit most Irorr reheaililation (ver{ a aer y, 

wo["en. .n.lgh-:,sk ana sedentary patients) were exeruded trom traaitional programmes 

Therefore lurtr.er research is required which Includes these 01 Ihe 

10 an accurate understanding 01 Ihe 01 cardldc 

rehabilitation on 

IHerature rega,ding the benents of cardiac rerlabi!i!ation on a 

pat'ents' work status. A planned rehabilitation programme. is aimed at the whoe 

individual in his or her soe:al sarting and not just at t1e cardiac condidon in isolattCln seems to 

facilitate early relUrn to work (Schiller et at, 1976; Hertanu al al. 1986). In centras!, 3engtsscn 

01 at. (1983) ~ound no difference in Ihe rale of return to work be~veen controls and a group of 

patients paruc:pating in regular rehab'lilation claSSeS. Perk at at. (1990) srowed similar results 

in a of palients undergoing cardiac rebabililauon. 

A oosrsibie reason discre:Jancy IS that in new world of 

less denlan,dlnq physical CIVlnifinnil1M necessarY 

mechanisation 01 many 

As a 

is not as important a delermmant 01 'M.,,;O~CC ra'um to 

·mEtaieal and OSllcnosciClal variables, 

employer stereotypes and the avallabiliPi 01 pension funds seem to have a greater bearing on 

relurn-lo-work figures than functional capacity after a event. 

Patients view nh,lc"'.o,,c (as opoosed to nurses or atrer health professionals) as the more 

creolble author:ty ot .nformation 10 reSlore and main lain their realth (Karlik at al. 1987). In 

addition, in and compliance will: seems to be enMnced when 

patients are nh,rru,lo, referred (Wilhelmsen et ai. at aL 2003). This ext:rene,nce 
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Cardiovascular Symptoms 

Pallents with CAD most corron,y vese~: Wll~ t~e symploms 01 stable exMlona' engine 

Inc uClng shortness 01 breath and latl9ue. Researcr shows evicence lor Iremproverrent Of 

cadlovascular syrrptoms with exercise. includirg angina pector s In patients wth CAD, ard 

symptoms of heartlailure in palierts with LV systolic dysfunction (Redwood el al. t972 _erac at 

al. 1977; el al. 1988; Verani et al. 1981). Improvements w dyspnoea ard latigJe have been 

shown In patients wltn stable chroniC hean lallure a~er engaging n iong-term moderate Intensl:Y 

exercise training (Belardinerli et al. 1999). 

Coronary Risk Factors 

The Star,lord Coronary Risk Intervention Prolect (SCRIP) showed that intenSive mule-factor '5, 

redJctior resultec in a reduction in the rale of cororary atherosclerosis progression and cardiac 

events in both men and women (Haskell et aJ 1994). in this trial, 300 men and women, (mean 

age 56±7.4 years) with coronary atherosclerosis we'e ra~domly assigned to a group that eimer 

received usual care from their physicians, or 10 the Inter/ention group that received muiilfactor 

risk reduction_ The latter group received individualisec programmes with low-fat and -

chOlesterol diets, exercise programmes, weight loss, smoking cessation and lipid lowering 

mecication. The intervention group showed highly Significant Improvements in risk lactors 

including LDL, HDL, plasma TG, apo!ipoprotein B and exercise capacity. Furthermore, 

hos~italisation for Inis group was decreased for Doth cardiac and non"cardiac events. 

Serum Lipid Profiles 

Epidemiological studies nave shown a strong positive correlation between increasec 

cardiovascular risk and elevated total serum cho:esterol, increased low-density lipcprotein 

(LDL) cholestercl and low high-density lipoprotein (HDL) cholesterol (Law et al. 1998). 

Furthermore, it is estimated tnat elevated serum :holesterol concentrations cause 

aDproximately one third of :oronary artery disease world-wide (available at liRL 

httpJ/www.who.inVmediacentre/releaseslpr83/en. Accessed 15 October 2003). The 

relationship oerNeen elevated triglyceride (TG) concentrations and cardiovascular risk ;s more 

ciHicullto determine and remains controversial. However it seems that there may be a posilive 

relationship between cardiovascular risk and high TG concentrations (Ginsberg et al. 1997). 
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(Oldridge 1991,) Results Irom prevIous a prevIous study by Old ridge et al. (1990) showed that 

approximately 40% 01 dropouts occurred lor avoidable reasons, and 60% lor unavOidable. 

Table' .2. Factors relaled to high dropout rales in paDents altendlng cardiac rehabilitation 

programmes. 

Factor Avoidable Un-avoidable 
Patient Characteristics 
Smoker .. 
Overweight • 
Low seli-mollvation • 
Habllual phYSical acllvlty • 
Lack ollOIeresl in Ihe proqramme I 

I • · 
Programme Characteristics 
Type (indivldual/qroup) 

, 
• I 

Unlrlendly/Unhelplul slaff members 
, 

• 
Inconvenrenllocalion • 
Inconvenienllime • · 
Other 
Symploms • • 
Medlcallactors • 
Lack 01 suppon lrom family spouse or family • • 
Job-related factors (blue collar employment) • • 

Patient molivation to maintain healthy behaviour change and belief in the benelits 01 

exercise has a direct influence on overall compliance (Andrew et al. 1981). Palient 

involvement in their rehabilitation and feedback on their expectations of progress, 

programme performance and personal outcomes is vital and may have a positive eliect on 

dropout rates. Furthermore, as primary and secondary prevenlion programmes yet need to 

prove their cost-effectiveness, it is essential that patients' participation in these programmes 

is optimised and compliance enhancing programmes developed (Old ridge 1991 a) 

Recent research showed the value of incorporating a patients' readiness to change in the 

prescription of lifestyle modification (Prochaska 1993). This approach describes 6 stages a 

patient might go through when considering change (pre-contemplation, contemplation, 

preparation, action, maintenance, and termination). Outcomes are improved when 

rehabilitation and education is guided by the stage 01 change a patient may be at lor each 

individual intervenlion component (weight loss, exercise, smoking cessation and stress 
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including dietary interventio n, stress management and behavioura l counse lli ng. From this 

review of the literature, it is clear that exercise training alone has only a modest eHect on 

recognised risk factors. 

Fourth ly, one of the cha llenges facing cardiac rehabilitation programmes is the shift in the global 

disease burden from single-disease to multiple chronic conditions. With medical advances, 

patients' hospital stay is decreasing, and older, sicker patients are entering card iac 

rehabilitation programmes. The aim of Chapter Two of this thesis is to assess the multi­

disease profile of patients who attended the Cardiac Rehabilitation Programme at the Sports 

Science Institu te of South Africa from January 1996 to August 2000. This chapter will document 

medical and demographical characteristics, museulo-skeletal injuries and medication use. It is 

important to understand the full impact that this "new' patient profile in our programmes will 

have on programme structure including staffing and equipment. 

To quantify improvements in physical activity in patients attending cardiac rehabilitation 

programmes. exercise tests are used . At present, the six minute walk test and the exercise 

stress test are most commonly used. From this literature review, it is clear that both of these 

tests have limitations in certain phases of cardiac rehabilitation. In particular, it seems that the 

six minute walk tests' accuracy in portraying true functional capaci ty in later phases of cardiac 

rehabilitation is questioned. Chapter Three of this thesis will address the use of this traditional 

test vs. the "Unrestricted Locomotion Test" (ULT) where patients are instructed to cover as 

much distance as they can in 6 minutes, and are allowed to run if they wish. 

Chapter 4 will assess the safety of the UL T vs. the standard measure of safety in exercise 

prescription in patients attending cardiac rehabilitation , the stress ECG . 

The results of this study will contribute to the understanding of: 

• The patient profile of patients attending cardiac rehabilitation programmes and i ~s 

effects on equipment and staffing requirements. 

• Accurately assessing functional capacity during participation in phase III cardiac 

rehabilitation programmes. 
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Table 2.1: Number 01 men and women parliclpal lng '" Ihe Cardiac Rehabl lilalion Programme allhe 

Sports Science Insli lule at South Atflca. 

Total number 01 patients 
Males 
Females 

n 
313 
238 
75 

% of total population 
100 
76 
24 

313 patients were evaluated. Male participants constituted 76% and females 24% of the lotal 

programme populalion. 

Subject characteristics on entry to the programme 

Subject characterislics are listed in Table 2.2. All values are expressed as means:!: slandard 

devialions (SD). 

Table 2.2: Characteristics ollhe patienls attending Ihe Cardiac Rehabllilalion Programme allhe Sporls 
Science Inslitule of Soulh Africa 

Total Females Malos 
Average age (yrs) 56.9:!: 110 55.6:!:130 57. 3 ± 11.0 
Height (cm) 169.4 :!: 22.0 163.3 :!: 6.7 174.1 ±74 
Weight (kg) 83.8 :!: 8.0 72.6:!: 15.9 86.5 ± 169 
8MI 29.3 :!: 200 27.3 :!: 6.0 28.5:!: 5.6 
Waist circumlerence (cm) 99.7 :!: 14.3 924 ± 15.0 102.6 ± 132 
Hip circumference (cm) 105.7 = 112 106.8 ± 12.0 2060±104 
Waisl:hip ratio 0.9 ± 01 0.9 ± 0.1 098 :!: .01 
Body lat % 28.8 ± 6.5 33.7 ± 6.7 27.5 ± 6.0 
Resling heart rale (bpm) no ± 130 73.0 ± 13.0 710 ± 130 
Resling systoliC blood pressure (mmH9) 136.0:!: 18.0 134.0 ± 18.0 138.0 ± 18.0 
Resling diaslolic blood pressure (mmHg) 84.0 ± 110 820 ± 90 85.0 ± 11 .0 
6 minute walk dislance (m) 5693 ± 110.0 530.7 ± 103.3 574.9 ± 114.9 
Heart rate al lerminallon ollesl 104.0 ± 230 2070 ± 230 1010 ± 22.4 
Fingerprick cholesterol (mmolll) 5.0 ± 1.1 5.0 ± 1.0 5.0 t 1 2 
Fingerpnck glucose (mmol/I) (diabelic palienls 10.5 ± 39 9.8 ± 2.0 10.3 ± 3.7 
only) 
'Values are shemn as mean ± slandard devialions (SO). 
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Only 25% 01 the total programme population presented with CAD only, whilst patients wtlh CAD 

and an additional co~morbldity, and those with CAD requIring rehabilitation lor a musculo~ 

skeletal injury represented II % and 20~', 01 all parllclpants respectively These data are 

displayed graphically In Figure 2.1 

Figure 2.1: Proilies 01 patients with documented CAD lor secondary prevention, or 'Isk ractors lor CAD 
requiring primary prevenllon (n = 251). 

\00 

'" c 
OJ 

ro 
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! 
:J 
Z 

CAD onl'" CAD + co CAD ... M CAD ... CD ... M pp PP + CD 

Abbreviallons: CAD" Coronary Anery Disease; CAD + CD 0 CAD and a chron~ disease: CAD + M "CAD and a 
muscu!o-skeletal injury: CAD + CD t M :::: CAD, another chronic disease and a musculo·skeletal Injury: PP := 

Primary preventbn 01 CAD only; PP + CD :::: Primary prevention of CAD am another chronic disease; CD = 
Chronic disease only. 

The profiles of patients who had either documented cardiac disease, or required rehabilitation 

to prevent the development thereof, were further analysed. These data are displayed in Table 

2.5. 

Table 2.5: AnalysIs 01 cardiovascular disease and assoCiated condillons lor secondary prevenlion 
documenlallon (n=284). 

Condition n % of cardiovascular conditions 
I DiaQnosed CAD 161 I 56.7 

Chronic slable anqina 42 14.7 
Primary oreventlon oniv 28 9.8 
Arrhvlhmla 16 5.6 
Primary orevenllon + other chronic disease 12 4.2 
Ischaemlc cardiomvooalhy 9 3.2 
Valvular disease 5 I 1.8 
Chromc connestlve cardiac lallure 4 1.4 
Alnal seolum defect 2 0.7 
Cardiac hVOenrophv 2 0.7 
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Table 2.6: 

Interventions 
CABG 
PTCA 

Artery Disease, 

low 

results 

that requ 

are also presently 

and other coronary 

in 2.6. 

PTCA + stent insertion 
Pacemaker insertion 
Valve realacement 
Valve repair 
Cardioversion 
Endarterectomy 
1m ;Jiantation of cardio-defibnllator 

either secondary prevention, or had risk 

n 
72 
58 

4 
3 
2 
1 
1 

number of cond itions is 

ted with more than one cardiac 

MI were 

with 

the rehabilitation 

the of 

% of all inter 1It:IIlII.JnS 

39.1 
31.5 
19.1 
4.4 

2.2 
1.6 
1.1 

0.5 
0.5 

Abbreviations: PTCA percutaneous translumlnai coronary '" 'Y'U!-,''''''y, CABG coronary artery bypass ;rah 

161 A of 184 were 

some were 

most common in 

Ana 

d are 2.7. 
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Table 2.7: Analysis 01 all docur;oenled chronic diseases 01 :ireslyle (n= 175) 

C~~gn.ic o._ls_ea~~ g_fL.i~e ~ tyl~_ n % of all chronic diseases - _.. - ... 

Metabolic Diseases 49 28.0 ._- --.-----.----~-- .. ---_._- - _. - .----- - .--~-. 

IDDM (Type I) 6 
_ NI_QQM _O-yp.~J.IL~. ______ . ___ .. _ .. _________ ._~ _. _____ .... _. __ . .._._ .... __ __ ._ .. ______ .. ______ . __ . ___ .. _ 
_ B.~~Qj.@to~ise2.ses _____ . _________ 3? ________ _ 21L ___________ ~ __ _ 
COPD V 
Asthma 
CF 

10 

.l!.e~':..~~gL~ Disordeis ______ . ____ 1§.. ______ ____ J.~i ______________ . 
Neuromuscular disorder 1 
Depression 8 
CVA 12 
8ell's Palsy 
Polio 
Muscular Dystrophy 

1 
2 

MS 1 

Rheumatolo9~ Disord~~ 20 
Fibromyalg!aJCFS 20 

11.4 

Vascular Diseases 14 8.0 

------------

------~--.------------ .. - -.~--- - ---------~-----
PVD 14 
Musculo-skeletal Diseases 12 6.9 
Osteoporosis 12 

__ ~~~!~~.ti~Q~~o!E.~r_~ __ . ___ __ . ____________ }1. ___ . _ ____ _ ._. ~} _ ____ _ _ __ _ ___ _________ ._ 
Cancer 11 

----~-------~----

Immunological Disorders 2 1.1 
AutOimmune disease 
SLE 1 
-----------------~-.-

Infection 2 1.1 
HIV 
Cystitis 
Renal Diseases 0.6 
Renal failure 
Abbreviatioos: 100M = Insulin depefldant diabetes mellitus; NIODM = l\Jon-lnsulin dependant diabetes mellitus; 
COPD = chronic obstructive pulmonary disease; CF = cystic fibrOSIS; CFS = chronic latigue syndrome; HIV = 
human immunodeliclency virus; SLE = Systemic lupus erythematosus; CVA = Cerebrovascular accident; MS = 
Multiple Sclerosis; PVO = Perirtleral Vascular Disease) 

As previously stated, 20% (62 patients) of the total programme population attended our 

programme for chronic disease rehabilitation only. The above table lists all co-morbid 

conditions including the 20% "chronic disease only' group, but also those noted in the 

secondary and primary cardiac prevention group. Diabetes Mellitus, (particularly Type II 

diabetes), and respiratory disease, were the most common chronic diseases noted. 
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MEDICATIONS 

A medication Inventory was compiled 01 all medication taken by patients on the programme. 

These data are shown In Table 2.8 . 

Tabte 2.8: Medi cation taken by all patients a<lending the Cardiac Aehab,lit aton Programme. 

OESCRIPnON CLASS Talal per GENERIC NAME Total 
class per 

generic 
CARDIOVASCULAR SYSTEM 
Cardiac g1ycos~s Digitalis 10 Digdafis 10 
MIl-arrhy1hmcs Ami-arrhythmlcs 5 AIl,ooalOne , 
Atlri-hypenensrves AJpha-bbcl<ers 3 OoXallil 3 

8eta-bocicer5 11 3 ACetlulalol 18 
AlenOlOI 68 80,,,«,,,,, 2 
8<$01>'0101 14 

Le...al>.JnaJoI 1 
M~IOptOIOI 2 
Nadofol 2 
Propat1oo 3 
SolOk> 3 

Alpha- & Beta.lJlo:kers Garvedllol 
Sympa[het~ nervous Reserpine 
blockers 
CaJcium-channei blockers 45 .Arobdipcne besylate 17 

Diltiazem 11 
Febdipine I 
isra:fi!:>ine 5 
Nifedip~e 2 
Nisoldiplfle 2 
verapmil 

ACE-inhibitors 78 Benazapnl I 
CaplOpril 6 
Cilazapril 1 

Enalopril : 3 
Fosloopfil 
Lisinopril 7 
PeMdopA 27 
Guinapnl 6 
Ramip<i 14 
TranooXJprii 
Vafsartm 

Angiotensin recep(Q( 8 Ibresanan 
antagonists 

Losartarl 
Potassium-sparing 136) Arolloride 
C!iurebcs 6 

Bumetanide 
Spronolactone 

loop diuretICs 17 Furosemide 17 
Thiazide diuretics 13 Hydro-chlorolhiazide 2 

Melruside 3 
Indapamide 7 
Tamsulosin I 

ACE- & Calcium-channej 2 Verapamil .. Trandoiapri 2 

block'" 
ACE-tlhibi tor & Diuretics 3 Lisinop.-il + D«JretX: 3 
ACE-Inhibitor & Diuretics I OVinaprl' + Dtl)relK: 1 

8ela-bl:xker & DiuretICS 3 Atenolol ~ Chlonhalidone 3 
Antl-anginal agents Organc nitrates 20 Glyceral Trinilr.lrl! 6 

Isosorbide dMrate 3 
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,SC$Of(JlOO monolr31? H 

194 Asper 131 

mrnbil()f) 

Dlp'ircamch:; 2 
ECOII1i: 39 
,-epafln 
W31'<(1((: Sod;um ?: 

/"'.;:ofok!aerr,,c a.gents Stalins ! 136) Alorvasla.bi1 7" 
; 33 

C:ullD.S!a!Hi II 
S~n1as:ain '3 
Prav85ta:n 

Fi{;U\lE'S 3 8ezAbC{3ie 2 

--21 -, 

FSnOI8fJ. 
Y0rbu!aRrle 
FGtmOit!!'ol J 
SalmelE'''O! , 

& AmIf)()ph11i/~e 

CcmbiMttCli6 SalbuI3fPoi F Jp(21ro;jwn 
bromide 

GhJC!)OO(l}crnds GlucocortbJ'ds 10 ;3ec:cne!haso"e d:r:ropioM!e 5 
&desOillde II 
F1:1It.asone propiOnate 

,~xic<ytCs 8en1:Odialer: (',es '1 .J\!prazolan , 
3romazepam 
PralE'Oarn 
ZopllClOM 5 

M n-cepr€SSJnts Tticyc!lCs ,J Oclh~jlin 3 
Om£( 13 SU~OOe 

MII'ti12opi;)2 
,'1elazooot;e 2 
ArrHryptiire 7 
imipramine 2 

Seleclive ITcnO-BITinB W,;x:fObermde I 
cxidase Il1hibilOI$ 
Selectwe' semlon n 1 FillOxetme , 
(a'1.lptake ,J)nitlitc;s 

Setraline hydnxhk)n-de 
Pzroxehn€ 1 

t,,::hl:.:m 2 L::ruum t:aroonaie 1 
Ol:tler OIaf'lL3prin6 

80nnaslC bbsyn!neliC i'uman 2 
premIxed ((1suin 
8bsyn:heoc "\.lman 1 
regv!affsolvb!e ir,sa ir 

Otal agenrs 35 mCidl~ '0 
Gfibenciamllje 3 
Glirn8p,rioo 2 
-Glipir'>Ce 2 
\ieITQtmin 17 

Thyrold Thy;'i);d 7 Thyroxine 
CorocoS!etoos Co;tcQs!eroos S prednisone 5 

iriamdroonB aCBlontde 
Cortisor.e 2 

Sex nOI1TlOfieS 9 ConiugalOO O€Mfogens 7 
::stradkli 
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Comblnalions 

Other 
Contraceptive agents Contraceptive agents 
GASTROINTESTINAL TRACT 
GIT Proton pump mhlbltor 

Urinary alkilizer 
Amino-salicylate 
Minerals & electrolytes 
Laxative 
Histamine-2 receptor 
antagonist 
Dlgestants 
Other 

Liver. gall bladder & bile Liver dysfunction 

3 

5 

1 
1 

Oestradiol valerate 1 
Progesterone & oestrogen 2 
combination 
Tlbolone 
.~~ Oestradiol 

lansoprazole 3 
Pantoprazote 
Omeprazole 
Sodium bicarbonate 1 
Mesatazine 1 
Potassium chloride 1 
Psyllum hydrophilic muciliois 1 
Ramldine 2 

Pancreatin 
Sulphasalazlne 
Silymann 

MUSCULO-SKEL=-ET"A"'L'-'S"Y-"'S-;:TE"'M"-:c---.-:=c:-_ _ _ =-___ -:=-.",-:;-_____ -;c--__ _ 
Anti-gout agents Anti-gout agents 20 Allopurinol 15 

NSAIDS COx Inhibitors 

Selecllve COX-1 
inhibitors 

Analgesics & Anti~y!:etics Analgesic 
OSTEOPOROSIS 
Drugs affecting bone Bisphosphonates 
mineralisation 

Minerals & electrolytes 
CANCER 
Cytoslahc agents Cytotoxic agents 

ANTI-VIRALS FOR SYSTEMIC USE 
Anti-microbials Anti-viral agents 

AUTOCOIDS 
Autocoids Anti·hlstamines 

Decongestants 

OPTHALMICS 
Opthalmics Occular hypertension 

Glaucoma 
OTHERS 

8 

6 

5 

3 

4 

1 

1 

Allopurinol & Bensbromarone 2 
Colchicine 3 
Diclofenac 1 
Naproxen 
Piroxicam 
Sulindac 
Mefenamic aCid 
Indomericin 
Celecoxlb 

Paracetamoi 

Alendronate 

Etidronate disodium 
Sandoz Calcium Forte 

Methotrexate 
Docetaxel 

Indinavir 
Omelesc 
Ritanovir 
Zelilrex 

Celirizine 
Lorataline 
Mistabron 

DOlLolamide 
Pilocarpine 

1 
1 
I 
1 
1 
1 

6 

4 

1 
1 

Immunological, ____ --::'m~m'i'u"'noc:-"::5u'tp"'P'Crefss:"a ... n"-t __ -i-____ --cC!;yC":"OS;:-:ep"or"'In"-_ ___ _ 
Others Smoking cessation Nicotine 

1 -r -
Motor Neuron Disease Riluzole 

Abbreviations: ACE - Angiotensin converting enzyme; COPO - Chronic obstructive pulmonary disease; GIT 
Gaslro-Intestinal Iract; NSAID " Non-steradal anti-inflammatory; COX; Cycio-oxygenase Inhibiolor; COX 2 " 
Specirlc cyclo-oxygenase-2 inhibitor; HRT = Hormone replacement therapy 
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Ij€ta-DiocKer ;. 
Beta-blocker;. Calcium-channel blocker 
Beta -blocker ,\Jilrate 
Beta-blocker ;. ACE-inhlb~or 
Beta -blocker Lipid lowering drugs 
Beta-blocker only 
Beta-blocker;. A1pha-bbcker 
Alpha-blocker 
ACE ~nhlbitor ;. blocker 
ACE ~nhlbltor ;. Diuretic 
ACE ~nhibitor ;. iJpid lowering drugs 
ACE~nhlbltor only 
Calclum-channel blocker;. Diurenc 
Calcium -channel blocker;. Lipid lowering drugs 
Calcium -channel blocker i- Nitrates 
Calcium -channel blocker only 
Diuretic ;. Nitrate 
Diuretic only 
Lipid 
lipid 
Nltrales only 

drugs;. Nitrate 
drugs on~ 

of 

Beta-blocker;. Calcium-channel blocker;. Lipid drugs ~ Nitrate 
i3ela-blocker ;. Calcium-channel blocker;. lowering drugs 
i3eta-biocker ;. Calcium-channel blocker;. ;. lipid lowenng drugs 
i3eta-blocker ~ Lipid Iowenng drugs;. Nitrate 
Beta-blocker;. Diuretic;. LiDid lowenng 
Beta-blocker;. Lipid ;. "1r"O"'",W","'" 

ACE~nhibitor;. Beta-blocker;. lowering drugs 
ACE~nhibrtor ;. Diuretic ;. Lipid lowering drugs 
ACE~nhibitor;. Beta-blocker;. Calcium-channel blocker + upid lowering drugs 
ACE -inhibitor CaJclum-channei blocker;. Diuretic 
ACE ~nhlbitor upid lowering drugs;. Nitrate 
ACE-inhibitor Beta-blocker ~ Diuretic + lipid Iowenng drugs 
ACE-Inhibitor CaJclum-cnannel blocker;. lipid lowering drugs 
ACE ~nhlbltor ~ Bela ·blocker + Diuretic 
ACE -inhibitor Diuretic + Nitrate 
ACE~nnibitar + Beta-blocker Diuretic (Alpha- + Beta-blacker) 
ACE-inhibitor;. Diuretic, (AJpha- ;. Beta-blocker) 
ACE ~nhlbitor ;. Diuretic + LiOid 
ACE ~nhibltar + DiuretIC ;. (Alpha - ;. Ij€ta-QlOCKer 
ACE-mhibitor + (Alpha- + Beta-blocker) 
Calcium -channel blocker + DIUretic;. lipid lowering drugs 
Calcium-channel blocker + Lipid ;. Nitrate 

CHAPTER Two 

Beta-blocker) 

cardiac risk factors or 

taken 

20 

4 

14 

13 
22 
I 

6 

I 

33 
2 
2 
8 

4 

I 

12 
1 
2 
2 
1 
2 
2 

1 
2 

16.6 
8.3 
0.4 
0.4 

.7 
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0.4 
5.0 
0.4 
0.8 
0.8 
0.4 
08 
0.8 

0.4 
0.4 

04 

0.4 

0.4 

in our 

18 

co-

are 

51 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Oluretic ~ L,pld lowerl1g d'Ugs .. Ni:tale 0.4 
Oluretic + (ACE·lI'lhtbJlQ( .. CalciOOl-chamet blocker) .. Alpha-agonist 0.4 
Nitrate .. (ACE·tOhibltor .. Calcium-channet blocker) 0.4 

Abb(evla tions: ACE = Angiotensin convening enzyme: COPO = Chronic Obstructive puimonary disease: GIT = 
GaSIrO'IOIesl"al Iracl: NSAID ~ Non·sleroidal anli·in l ~mmaIOI'f: COX = CyCl:)-oxygenase inhiblQlor: COX 2 = 
Specllic cyc lo·oxygenase·2 rnh ibnor: HRT = Hormone replacemeOilherapy 

The most common medlcallon groupings are beta -blocker and lipid lowering agenls (n=40) and 

ACE ·inhlbitors and lipid lowering agents (n= t3) . 33 patients ingested lipid lowering medicalion 

only, whjlsl20 patients ingested beta-blockers only and 22 patients were taking ACE·inhibitors 

only. 

Musculo-skeletal injuries: 

A total 01 t78 patients (57% of the total programme population) required rehabilitation for one 

or more musculo -skeletal injuries. Diagnosed musculo-skele tal injuries on entry to the 

programme are classified by anatomical location in Table 2.10. 

Table 2.10: Classification of muscufa-skeletal injuries by anatomicaflocation (n=286). 

Joint n % af total iniuries 
Cervical and Thoraca-Iumbar Spine 141 49.3 I 
Knee 52 18.2 
Shoulder 37 12.9 I 
Hip 21 7.4 
Ankleifao! 17 6.0 
Hand 9 3.1 
Lowerleg 5 1.7 
Elbow 4 1.4 

49% of the injuries noted were classified as cervical and thoraco-Iumbar injuries. 

Subsequent analyses of each anatomical locations' associated injuries, are described in Tables 

2.1 1 to 2.18. 
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Table 2.11: AnalysIs of cervical and thoraco-Iumbar Inlunes requinng medical advice and musculo­

skeletal rehabilitation as part 01 the comprehensive disease management programme (n=141) 

'SPecific cervical and thoraco-tumbar injuries n % of total back injuries 
Grade I molion segment abnormality 89 63.1 
Grade II motion segment abnormalily 16 11 4 
Cervical spondylosIs 14 9.9 
Post laminectomy 6 4.4 
Venebral fracture 4 2.8 
Lumbar skeletal muscle spasm 1 3 2.1 
Soondylolysis 2 1.4 
SpondylolisthesIs 2 1.4 
RA 2 1.4 
OA 1 07 
Cervical disc lesion 1 O} 

, Sheuerrman's disease 1 1 O} 
-Abbrevlauons. RA - rheumatoid arthritIS, OA = osteo-arthntlS. 

Table 2.12: Analysis of knee Injunes requiring medical advice and musculo-skeletal rehabilitation as 
part of the comprehensive disease management programme (n=52) 

Specific knee injuries n % of total knee injuries , 

Patellar femorat pain 17 32.7 I 

Post menisectomy 15 28.9 
OA 9 173 
Post arthroscopy 3 5.8 
Post ACl reconstruction 3 5.8 
Post knee replacement 2 3.8 
Post MCl reconstruction 1 1.9 1 

I ~st tibial osteotomy I ~ I ~; 
Abbreviations ACl = anterior cruciate ligament, MCl - medial collateral ligament, OA = os teo-arthritis, RA -
rheumatoid arthritis 

Table 2.13: Analysis of shoulder Inluries requiring medical advice and museulo-skeletal rehabilitation as 
part of the comprehensive disease management programme (n=37). 

Specific shoulder injury n % 01 total shoulder 
injuries 

Rotator cuff injury 25 67.6 

Glenohumeral OA 5 I 13.5 

Frozen shoulder 5 I 13.5 
Post acromioplasty 1 2.7 
AC jOint injury 1 2.7 

- -AbbreViations. AC JOint - acromioclavicular Jom!, OA - osteo-arthrJtls 
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Table 2.14: AnalysIs of hip injuries requiring medical advice and musculo-skeletal rehabilitation as part 
of the comprehensive disease management programme (n=21) . 

Specific hip injuries n % of total h~injuries 
OA 14 66.7 
Hamstring in lury 3 142 
RA 2 9.5 
Post hip replacement 1 4.8 
Gluteus medius amputation 1 4.8 
AbbreViations: AA = rheumatoid arthnlts: OA = osteo-arthntls 

Table 2.15: Analysis of ankle/foot injuries requlflng medical advice and musculo-skeletal rehabilitation 
as part of the comprehensive disease management programme (n= 17). 

Specific ankle/foot injuries n "10 of total anklelfoot 
injuries 

Post ankle sprain 8 47.1 
Post achilles rupture and repair 5 29.4 
Acnilles tendinopathy 3 17.6 
OA 1 5.9 
AbbreViations. OA = osreo-arthrltIS. 

Table 2.16: Analysis of hand/finger injuries requiring medical advice and musculo-skeletal rehabilitation 
as part of the comprehensive disease management programme (n=9). 

Specific handlfinger injuries n "10 of total handlfinger 
injuries 

OA " 33.3 J 

RA 3 33.3 
Post wrist tendon surgery 3 33.3 
AbbreViations: AA = rheumatoid arthritiS: OA = osteo-arthntls. 

Table 2.17: Analysis of elbow injuries requiring medical advice and musculo-skeletal rehabil itation as 
part of the comprehensive disease management programme (n=4). 

Specific elbow in juries n % of total elbow injuries 
Medial epicondylopathy 3 75.0 
Lateral epicondylopathy 1 25.0 
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Table 2.18: AnalysIs 01 lower leg Inlunes :equlnng medical advice and llusculo·skelelal rehall<lIlalion 
as part of Ihe comprehensive disease managemenl programme (n=5) 

Specific lower leg injuries n % of total lower leg 
injuries 

Gasirocnemlus/soleus tear I I 20 
Tibial penoslaigla I i 20 
Tibia Iraclure I I 20 

I Olher 2 I 40 

Diverse musculo·skeletal inlurles were noted in alllolntS. Grade i motion segment abnormality 

is the most common cervical and thoraco·lumbarlnlury (89 patients). The most common knee 

injury requiring rehabilitation was patellar femoral pain (n=17), whilst nearly as many patients 

required rehabilitation post menisectomy (n= 15). Ankle sprains, diagnosed by the physician on 

entry to programme, were present in 8 patients, and the most common shoulder iniury was 

rotator cuH damage (n=25). OA of the hip was present in t4 patients, and OA and RA was the 

most common hand/finger iniury. Only 2 categories of elbow iniuries were noted namely lateral 

and medial epicondylopathy. Lower leg iniuries were not very common, with only 5 patients 

requiring rehabilitation. 

DISCUSSION 

With changes in the early care of cardiovascular patients, has come a shift and advancement in 

the rehabilitation of these patients. As only 10-47% of eligible patients currently participate in 

formal programmes of cardiac rehabilitation programmes (Wenger et a) 1995; Thomas et al. 

1996; Evenson et a) 1998), the challenge for future rehabilitation programmes lies in 

developing strategies to make services accessible to all patients requiring medically directed 

and supervised exercise training as part of a multi·faceted treatment plan. 

To this end, collecting and analysing data on patient disease profiles and the subsequent 

impacts on programme construction, is central in setting new standards and guidelines for the 

future practice of cardiac rehabilitation. Rehabilitation programmes need to service patients' 

individual medical profile by means of a holistic approach to thell management. 
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Tnus, tne aim of tnis chapler was to determine disease profiles of patienls attending Ihe 

Cardiac Risk Reduction and Reversal Programme at tne SPOl1S SCience Institute of South 

Africa, Cape Town. 

80.2% of the lotal study pooulatlon had documented coronary artery disease (CAD), whilst the 

remaining 19.8% attended the rehabilitation programme lor another chronic lilestyle cisease. 

Analysis 01 the profiles 01 the CAD patients reveals t13t there is a relatively small group 01 

patients presenting with CAD only (31 %j. 25% olthe group required rehabilitation for CAD and a 

chronic musculo-skeletal inlury. A lurt1er 14"0 presented with CAD and additional co-morbid 

conditions. Patients who had CAD, plus another chroniC diSease and a musculo-skeletal injury 

represented 14% 01 the group. Lastly, 11% attended the programme for prlmarl prevention of 

CAD only, and 6% attended the programme for primary prevention and the rehabilitation of 

another chronic disease. 

Thus, ll1e first importanllinding 01 this study is the high prevalence of additional co-morbidities in 

patients attending cardiac rehabilitation. Tradilional rehabilitation programmes focused on single 

disease management (e.g. for CAD only). The results from Ihis study highlight the need for 

implementalion 01 multiple disease and injury rehabilitation as a slardard service offered to 

patients enrolled in cardiac rehabilitation programmes. This concept is supported by recent 

researcn suggesting that rehabilitation programmes adopt a multi-disciplinary approach to mulli" 

disease management (McAlistair el at. 2001). 

These results have a significant impact on exe,rC!C;8 prescription in cardiac rehabilitation. 

Typically, walking and cycling programmes at mOderate-to-high intersity, 2-4 times per week 

lor 30-45 minutes per session, have been prescrioed for cardiac patients (Ades 2001). It nas 

been documented that this low caloric energy expenditure (270-183 keal per session) may not 

have the desired effect on risk factors, specifically body weight and related lactors including 

insulin resistance, hypertension and hyperlipidemia (Schairer et al. 1998, Savage et al. 2000). 

A recent publication by Haskell et al. (2001) showed that the required dose of exercise 

prescribed may var; based on different desired outcomes. For example, to achieve a 

signilicant reduction in blood pressure, an estimated 1200 kcaVwk dose 01 exercise is needed. 

To treat insulin resistance however, a dose of 1800 kcallwk is necessary. The prescription of 

exercise including the mode, Irequency, intensity and duration, appears 10 be specific to the 
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erothematosis (SLE) (Chazerain et aI., 2001). When statins are prescribed in combination with 

other drugs that inhibit the metabolism of agents in the liver, these side-eHects (especially 

myopathy) occur more frequently (Boger, 2001). Therefore, when rehabilitating patients in an 

exercise setting a thorough knowledge of such agents IS important to ensure that possible side­

eHects may be identified and possibly minimised. 

In a multi-disease rehabilitation programme, diverse drug therapy regimens may complicate the 

exercise prescription. Therefore it is essential that health professionals providing these services 

are aware of the effects of medication on the ability to exercise and should be familiar with the 

possible interaction of different combinations of drugs (i.e. beta-blockade and lipid-lowering 

agents). Furthermore, as target levels of blood pressure and lipids are hardly reached even in 

cardiac rehabilitation programmes, it is the responsibility of the programme staH to assist the 

physicians in monitoring the efficacy of the prescribed pharmacological programme in the 

treatment of hypertension, hyperlipidemia and diabetes. 

Cardiac rehabilitation programmes are traditionally thought of as being costly and have 

therefore had little financial support from the medical aid industry. However, research has 

shown cardiac rehabilitation to be an eHective intervention for patients with CAD (Wenger et aI., 

1995). Whereas the majority of literature describes the efficacy of cardiac rehabilitation in 

patients with MI, there is a growing body of evidence that cardiac rehabilitation is effective in 

patients with angina, heart failure, CABG, PTCA and heart transplantation (Wenger et al. 

1995). Survival benefits of 20-24% have previously been demonstrated in cardiac rehabilitation 

participation of patients with MI (O'Connor et al. 1989; Oldridge et al. 1988b). However most of 

these trials were mainly based on exercise interventions. When these "usual care" trials were 

compared to trials that incorporate multi-disciplinary interventions, the treatment effects were 

not as impressive (McAlistair et al. 2001). Several reasons have been proposed for these 

results including labelling patients as having a single disease for a management programme. 

This may lead to sub optimal care of their co-morbid conditions and would therefore not impact 

on the all-cause mortality (McAlistair et al. 2001; Redelmeier et al. 1998). 

There is paucity of data regarding economic factors from which to determine the eHiciency of 

cardiac rehabilitation (i.e. determining life-years gained or years of life saved) (Oldridge 1998). 

Limited results from 8 trials suggest that cardiac rehabilitation is indeed cost-effective (Levin et 

al. 1991; Ades et al. 1992; Edwards et al. 1993; Bondestam et al. 1995; Allison et al. 1995; 
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With the varying needs of patients with different chronic diseases, it is imperative that staffing 

with the necessary expertise in exercise training and prescription in these conditions are 

employed in similar programmes. Furthermore, knowledge of final phase museulo-skeletal 

rehabilitation techniques and of the effects and side-effects of commonly used medications is 

essential. Similarly, the programme should have the necessary testing and emergency 

equipment to cater for the different chronic disease populations, e.g. cardiac disease, COPD. 

diabetes mellitus and arthritis. It seems that a shift in the focus of traditional cardiac 

rehabilitation is necessary to accommodate for the changing disease profiles of patients enrolling 

in these programmes. Indeed the name of our programme has subsequently changed from "The 

Cardiac Rehabilitation Programme" to "The Chronic Disease Risk Reduction and Reversal 

Programme". 

These factors may necessitate an evaluation of the current status of cardiac rehabilitation 

programmes in general, including provisions for musculo-skeletal rehabilitation, variety in 

exercise modalities, adequate supervision and the necessary testing and exercise equipment, 

and reimbursement by medical aid schemes. The role of the Biokineticist, a speciality in South 

Africa focusing on the rehabilitation of both healthy individuals and special needs populations, is 

particularly important in the new generation cardiac or chronic disease rehabilitation 

programmes. Such individuals are trained in instructing patients on museulo-skeletal 

rehabilitation and chronic disease modification by using exercise as the cornerstone of their 

approach. 

In conclusion, the arguments presented in this chapter must be advanced to health care funders 

to support the reimbursement of modern "chronic disease rehabilitation", which incorporates not 

only rehabilitation of patients' major cardiovascular disease, but essentially treats the patients in 

a holistic manner in an attempt to provide multi-disease management. This will ultimately in all 

likelihood result in a direct cost-saving to the health care funder. Furthermore, as the impact of 

co-morbid chronic diseases has not been taken into consideration previously, the cost efficacy of 

cardiac rehabilitation needs to be re-calculated. 
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CHAPTER THREE 

EVALUATION OF FUNCTIONAL CAPACITY DURING CARDIAC REHABILITATION 

IS THE SIX-MINUTE WALK TEST AN ACCEPTABLE MEASURE OF FUNCTIONAL 

CAPACITY IN PHASE III CARDIAC REHABILITATION PROGRAMMES? 
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INTRODUCTION 

Exercise testing IS a useful tool when assessing physical fitness. determining functional 

capacity, defining patient prognosis, developing a safe and effective exercise prescription and 

gUiding and monitoring the efficacy of a rehabilitation programme (White st al. 2001). 

As both programme and patient progress In phase II cardiac rehabilitation is based on 

outcome measures including improvement in functional capacity, it is important that the tests 

used are accurate. Patient motivation has a direct influence on overall compliance to the 

cardiac rehabilitation programme and, as dropout rates in cardiac rehabilitation programmes 

are high, efforts need to be made to improve compliance to ensure patients derive maximum 

benefit from such progra mmes. Patient involvement in their rehabilitation process and 

feedback regarding progress, programme performance and personal outcomes is vital. In this 

regard, results from functional capacity testing and risk factor re-assessments should be used 

to motivate patients to commit further to their rehabilitation programmes. 

Exercise testing is also necessary to adjust the progra mme type and intensity for patients 

progressing from one phase of cardiac rehabilitation to the next. Normally, exercise 

prescription is based on the results of a symptom-limited exercise stress test (EST), where the 

exercise target heart rate is set at a percentage of the maximum heart rate achieved during a 

symptom-limited test (ACSM's Guidelines for Exercise Testing and Prescription, 2000). 

However, it is not always financially or logistically possible for patients to undergo EST at 

regular intervals. Therefore, whilst patients' may experience an increase in fitness and 

functional capacity during cardiac rehabilitation, their exercise programmes may only get 

adjusted after they perform an EST at intermittent intervals. Inexpensive, practical and easy to 

administer tests are therefore very useful in both assessing functional capacity and guiding the 

exercise prescription. 

A number of sUb-maximal exercise tests of functional capacity have been identified as accurate 

and reliable in cardiac rehabilitation. These include the 6-minute walk test, the shuttle-walk 

test, the 12-minute walk test, and the exercise stress test (Weisman et al. 2001; Morales et al. 

2000). As the 6-minute walk test is most widely advocated, and is indeed the measure of 

functional capacity used in our programme, this chapter will focus on its relevance to a phase II 

cardiac rehabilitation population. 
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Figure 3.1: Distance covered (meters) during the traditional6-minute walk tests at 0,3,6 and 

9 months of cardiac rehabilitation .. = p<OOS vs. distance covered at baseline . 

1000 * 
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Time period (months) 

Although the distance covered during the TWT tended to increase from 0 to 6 months, there 

was no statistically significant difference between distance covered at 0 months and 3 months 

(695.7 ± 60.8m vs. 744.0 ± 75.1m), or 0 months and 6 months (695 .7 ± 60.8m vs. 772.9 ± 

74.2m). Furthermore, no significant difference was found in distance covered at time periods 3 

to 6 months (744.0 ± 75.1m vs. 772.9 ± 742m) and 6 to 9 months (772.9 ± 74.2m vs. 806.7 ± 

86.5m). 

However, the distance covered at 9 months was significantly greater than the initial distance 

(p<0.05). 

Figure 3.2 illustrates the comparison between the traditional walk test (TWT) performed at 3 

monthly intervals, and the unrestricted locomotion tests (UL T) at 9 months. 
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Figure 3.2: Distance covered (meters) during the traditional 6·minute walk test at 0,3,6 and 9 

months, and during the unrestricted locomotion test at 9 months .• = p < 0.05 vs. distance 

covered at baseline. ri = P < 0.0002 vs. distance covered at baseline, 3 months, 6 months and 

9 months. 

Q) 
u 
C 
<0 -(/) 
o 

# ~TWT 

~LlLT 

o mths 3 mths 6 mths 9 mths 9 mths 

Tirre perioo (rmnths) 

During the UL Tat 9 months, all subjects jogged or ran for the full 6-minutes and completed the 

ULT without any CAD symptoms. 

A significant difference was found between the UL T and each TWT performed at 0 months. 3 

months, 6 months and 9 months (p<0.0002). 

Distances covered by individual patients at each of the tests illustrated above are shown in 

Figure 3.3. 
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Figure 3.3: Individual distances covered (meters) during the traditional 6-minute wa lk test at O. 

6 and 9 months. and during the unrestricted locomotion test at 9 months. • = p<O.05 vs. 

distance covered at base line; # = p<O.002 vs. distance covered at baseline. 3 months. 6 

months and 9 months. 
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It is important to note the individual variance in improvement for each subject. Patients who 

perform the best at baseline are not necessarily those who perform the best after 9 months of 

cardiac rehabilitation . 

The improvement in functional capacity at different time intervals is shown in Table 3.4. 

Table 3.4: Improvement in distance covered (meters) between various time periods. 

Test period Difference in distance (m) % Improvement between tests 
0-3 months 
3 - 6 months 
6 - 9 months (TWT) 
0-9 months (TWT) 
0-9 months (ULT) 
9 months TWT - 9 months ULT 

48.3 
28.9 
33.8 
111 .0 
389.2 
278.2 

7 
4 
4 
16 • 

56 # 
35 # 

Abbreviations: TWT = Tradit ional Walk Test; UL T = Unrestricted Locomotion Tes!. (' : p < 0.05; It: p < 0.0002) 
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A greater improvement is seen from 0-3 months (700), compared with the slight increase in 

functional capacity from 3 to 6 months (4%), and 6 to 9 months (4%). However, there was no 

statistically significant difference between any of the TWT tests at the different time inteNals. 

Once more, it is important to note individual differences in improvement. 

Of significance however, is the discrepancy in the improvement in functional capacity shown by 

the TWT (16%), and the UL T (56%) at 9 months. Whilst both tests at 9 months are statistically 

different to baseline distance covered, a mean 35% (278.2m) discrepancy in reporting 

functional capacity is found. This suggests that there is considerable reserve, as one would 

expect in runners. Thus is it questionable whether the traditional 6-minute walk test is 

accurately conveying functional capacity at this later stage of cardiac rehabilitation. 

DISCUSSION 

It is well recognised that the prescription of exercise is an essential component of any cardiac 

rehabilitation and secondary prevention programme. The exercise prescription should be 

based on a recent exercise test that documents the cardiac patients' functional capacity and 

cardiac and haemodynamic response to exercise. Signs and symptoms associated with 

exertion should also be documented (Williams, 2001). The 6-minute walk test, originally 

designed to assess functional capacity in patients with capo (Butland et al. 1982), is of 

particular value in assessing patients with more severe disease who may be too weak to 

tolerate maximal exercise testing (Miyamoto et al. 2000). The 6-minute walk test is also widely 

advocated as a simple, inexpensive and easily administered test of functional capacity that is 

better tolerated than treadmill tests (Montgomery et al. 1998). Furthermore, these tests may be 

more practical and related to activities of dally living than bicycle and treadmill ergometry 

(Guyatt et al. 1985; Lipkin et al. 1986; Langenfeld et al. 1990; Hendrican et a/. 2000). 

The first important finding of this chapter is that only small increments in improvement in 

functional capacity are demonstrated when using the 6-minute walk test at 12 weekly intervals 

during phase II, III and IV cardiac rehabilitation. Furthermore, it seems that there is a mismatch 

with the training intensity that patients are accustomed to and patients' perception of their 

functional capacity. 
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The second important finding of this chapter is that the ULT elicits a greater improvement in 

functional capacity compared to the TWT in phase III and IV patients. Therefore it is perhaps 

apparent that patients who are accustomed to higher intensity exercise are limited by other 

factors including biomechanical walking speed when performing the TWT. Despite the 

significant difference in distance covered using the TWT at 9 months compared to baseline 

measures, this gradient is shallow compared to the improvement in exercise training intensity 

and functional capacity reported by patients. The results of the TWT might therefore mask 

significant progress in functional capacity. This results in a "plateau" in performance and is not 

a true reflection of their present functional capacity as seen from the results of our study. 

Indeed, results mask significant progress in the programme. 

It is important to distinguish the reasons for conducting a test of functional capacity. Firstly, the 

test can be performed in order to assess disease severity and baseline functional capacity -

generally in phase I or in patients with intermediate to severe disease. Secondly, to assess 

improvement in functional capacity in patients who have a superior exercise tolerance and 

milder disease states. Thirdly, to design the initial programme, and appropriately adjust 

subsequent exercise programmes. This would have significant bearing on the type of test 

selected. From the results of this study, if improvement in functional capacity is the main 

objective, it seems that the ULT may be of more value and conveys a more accurate reflection 

of functional capacity than the TWT in phase III and IV cardiac rehabilitation . 

The majority of research on the TWT has been conducted on patients with chronic airflow 

limitations and chronic heart failure (Guyett et al. 1985). As discussed in Chapter One, the use 

of this test in later phases of cardiac rehabilitation has not been established . From the results 

of our study, it may be concluded that the traditional 6-minute walk test is appropriate in 

assessing functional capacity in patients at the initiation of a phase I cardiac rehabilitation 

programme, but is not a very reliable test to report functional capacity in patients in a phase III 

programme who demonstrate greater exercise tolerance and who have participated in running. 

Continually increasing and monitoring exercise caloric expenditure during cardiac rehabilitation 

remains a challenge in cardiac rehabilitation (Williams, 2001) . These suggestions should be 

based on safe and accepted guidelines, and the results of an exercise test (i.e . the 6-minute 

walk test) . However, if the test used does not reflect true functional capacity, it may result in 

exercise intensities that are lower than what the patient is capable of. This, in turn may result 
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In less impressive overall improvements after cardiac rehabilitation, Furthermore, low self­

motivation is a factor that is consistently associated with dropout of patients in supervised 

rehabilitation programmes (Oldrldge, 1991 a), Positive re-enforcement of improvement in 

functional capacity may act as a compliance-enhancing strategy, A possible method of 

overcoming low-self motivation is to set goals that are adjusted at regular intervals during the 

programme, These results should be based on the results of exercise testing that accurately 

reflect functional capacity. As shown in our study, the unrestricted locomotion test yielded 

superior levels of functional capacity, and would therefore result in adjusting programmes to 

different, and possibly more realistic intensities. 

The main goal when selecting an exercise protocol is to find a balance between an Intensity 

that will not prematurely fatigue the subject, and at the same time allow the patient to reach a 

maximum power output (or effort) during the exercise test (McKelvie et al. 1989). The intensity 

of the test should be increased to a symptom-limited maximum. This procedure is safe 

provided standard contraindications to exercise testing, and termination criteria are strictly 

adhered to (ACSM's Guidelines for Exercise Testing and Prescription, 2000). The following 

criteria should be considered: the test should represent major functional fitness components; 

be able to detect physical changes due to training/exercise; be easy to administer and score, 

and reasonably quick to administer; require minimum equipment and space; be capable of 

being self- or partner administered in the home setting; be safe to perform without major 

medical risks (McKelvie et al. 1989). From the results of our study, the UL T meets these 

criteria. 

In conclusion, the results of this chapter suggest that both the TWT and the ULT may be of 

practical use for smaller centres that do not have the financial resources to acquire traditional 

exercise stress ECG equipment. However, we suggest that the UL T be used in later stages of 

cardiac rehabilitation to monitor functional capacity accurately and to adjust exercise 

prescrip tion accordingly. 

Limitations of this study 

As discussed previously, we did not include the UL T at baseline, 3 months and 6 months due 

to safety concerns. Based on the ACSM's Guidelines for Exercise Testing and prescription 

(2000), run tests might be inappropriate for sedentary individuals at risk for cardiovascular and 

musculo-skeletal complications. As we had not yet determined the safety of this novel test of 
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functional capacity, we did not include it in earlier in the programme The purpose of the next 

chapter of this thesis to evaluate the safety of the lilT compared with conventional exercise 

stress ECG testing. 
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CHAPTER FOUR 

EXERCISE STRESS TESTING UNDERESTIMATES IMPROVEMENTS IN FUNCTIONAL 

CAPACITY IN PATIENTS ON CARDIAC REHABILITATION PROGRAMMES 
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INTRODUCTION 

"Exercise testing should be conducted when it is anticipated that the results will aHect patient 

managemeM' (Rodgers et al. 2000). Regular assessments of functional capacity are therefore 

important to assess patient prognosis, disease progression, and to adjust exercise prescription. 

As described in Chapter One, several studies have documented the benefits of exercise stress 

testing (EST) in the diagnosis of cardiac disease and assessment of safety during exercise. 

The results of stress testing are used to categorise patients into high-, moderate- and low-risk 

categories. Clinically these results can be used to gauge resumption of physical activity and 

return to work after a major cardiac event. 

Current practice in the Cardiac Rehabilitation Programme at the Sports Science Institute of 

South Africa is for patients to be referred with an accompanying report of their EST performed 

by their cardiologists. Data from the test are o~en limited to the total treadmill time and stage 

of the protocol achieved, the heart rate at which the test was terminated and any signs or 

symptoms noted during the test. Programme staff use these results as a guideline to design a 

programme that is both safe and of a sufficient degree of diHiculty to elicit positive responses to 

training. Based on ACSM Guidelines for Exercise Testing and Prescription (2000), target heart 

rates are generally set at 65-85% of the maximum heart rate achieved during the test. 

Research shows that random target heart rates of between 120-140 bpm (Schlant et al. 1986), 

or a MET level of 5 (ACSM Guidelines for Exercise Testing and Prescription, 2000) are often 

used as termination criteria during testing rather than a patients' true functional capacity. Such 

sub maximal exercise testing would be useful in determining adverse signs and symptoms that 

may be a preclusion to exercise, but may not indicate maximal functional capacity. Therefore, 

basing the exercise prescription on the results of such protocols might result in intensities that 

are lower than what patients are potentially capable of. It would therefore be questionable 

whether EST results should be used as the basis for exercise prescription. 

In addition, it seems that patients assess their ability to perform various physical activities even 

before undergoing an EST, and may alter this perception post-test based on the results (Ewart 

et al. 1983). Not allowing the patient an opportunity to perform the exercise test to the best of 

their physical ability may therefore have important psychological eHects. 
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Yet, to monitor safety, patients should undergo EST at regular intervals during their 

participation in a cardiac rehabilitation programme However, it is our experience that often it is 

not financially or logistically possible for patients to undergo EST more than once per year. 

Depending on exercise tolerance, patients' training programmes should be updated every 1 -3 

weeks to maintain interest in the programme and instil a sense of progress at each update 

(ACSM Guidelines for Exercise Testing and Prescription, 2000). If EST were to be the 

measure of functional capacity by which to guide exercise programme revision, many patients 

would not be progressed at a sufficient and safe pace. The use of walking tests that are 

inexpensive, more easily administered tests and can be conducted at more regular intervals 

may therefore be more important tests of functional capacity in cardiac rehabilitation 

programmes where constant evaluation is necessitated. 

In the previous chapter of this thesis, we showed that the 6-minute walk test tended to 

underestimate patients' true functional capacity, especially during later stages of cardiac 

rehabilitation. Indeed, patients who are accustomed to higher intensity exercise show better 

results in functional capacity when performing the unrestricted locomotion test during phase III 

and IV cardiac rehabilitation. We therefore recommended that the unrestricted locomotion test 

(UL T) be used as a more accurate measure of functional capacity in later stages of cardiac 

rehabilitation. 

AIM 

The first aim of this chapter was to compare changes in functional capacity (Fe) noted during 

EST, the traditional 6-minute walk test (TWT) and 6-minute unrestricted locomotion test (UL T) 

at baseline and after 9 months of cardiac rehabilitation. 

As safety during exercise testing is a major concern, the second aim of this chapter was to 

investigate whether patients perform both the EST and ULT within safe heart rate ranges. 

SUBJECTS AND METHODS 

7 patients (average age 50.8 ± 3.0 years) with stable cardiac disease and who had undergone 

baseline EST using the Bruce protocol were recruited for this study. All patients also 

participated in the study described in the previous chapter. 
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Subjects were excluded if they developed any new cardiovascular symptoms including angina 

or dangerous arrhythmia, silent ischaemia during exercise testing, or any serious orthopaedic 

injury during the study period. 

Sublects undertook the TWT at 0 and 9 months, and the ULT at 9 months as described in 

Chapter Three. Routine EST results at 0 months and 9 months were obtained from each 

patient's cardiologist. The following data are provided by cardiologists and were extracted for 

evaluation: protocol used, time to completion (min:sec), stage of Bruce protocol achieved, peak 

METs achieved and maximum heart rate (bpm) achieved. No cardiac abnormalities including 

ischaemia or arrhythmia were reported as termination criteria. 

Functional capacity was determined from the total treadmill time during the EST and distance 

covered during the TWT and LILT. Improvement in total treadmill time and distance covered is 

expressed as a percentage, rounded off to the nearest one decimal point. Maximum heart 

rates achieved during the TWT, ULT and the EST were compared at 0 and 9 months. 

All tests were conducted at the Sports Science Institute of South Africa during patients' cardiac 

rehabilitation classes. All subjects signed informed consent to pa rticipation in the study and 

were allowed to withdraw from the study at any point. This study was approved by the Ethics 

and Research Committee of the Faculty of Medicine at the University of Cape Town. 

STATISTICAL ANALYSIS 

Descriptive statistics were carried out on all test results. Results are expressed as means ± 

standard deviation (SO). All walk tests were compared using repeated ANOVA and Tukey 

HSD tests. Total treadmill time during the EST was compared using T-Tests for dependant 

samples. Statistical significance was established at the p<O.OS-confidence level. Improvement 

in functional capacity is expressed as a percentage, rounded off to the nearest one decimal 

point. 

Correlations between the total treadmill time and the distance covered during the TWT and 

LILT were compared using the Pearson-Moment Correlation. 
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RESULTS 

Subject characteristics on entry to the programme 

Subject characteristics are listed in Table 4.1. 

Table 4.1: Characteristics of all palients on enlry 10 Ihe programme (n=7). 

Average age (yrs) 
Height (cm) . 
Weight (kg) 
8MI 
Waist circumference (cm) 
Hip circumference (cm) 
Waist:hip ratio 

Mean + SO 
SO.8 ± 3.0 
1745±90 
77.5 ± 9.0 
25.4 :t 2.9 
84 ± 15.7 
94.7 ± 12.4 
0.9 ± 0.4 

Abbreviations: BMI :: Body Mass Index. Values are shown as mean:: standard deviations (SO). 

The average age of this group is slightly less than the 10 subjects studied in the previous 

chapter (50.8 ± 3.0 years vs. 54.0 ± 7.0 years), but they have similar BMl's (25.4 ± 2.9 vs. 25.0 

± 2.9) and waist:hip ratio's (0.9 ± 0.4 vs. 0.9 :t 0.3). 

MEDICAL PROFILES 

Patients' medical diagnoses are shown in Table 4.2. 

Table 4.2: Medical profiles of all study participants. 
SUbject Diagnosis 
1 CAD, previous MI 
2 CAD 
3 CAD, previous MI 
4 CAD, previous MI 
5 Pacemaker: Arrhythmia 
6 CAD: NIDDM 
7 CAD, previous MI 
Abbreviahoos: MI :: Myocardial Infarction: CAD:: Coronary Artery Disease; NIDDM :: Non-Insulin Dependant 

Diabetes Mellrtus. 

Disease histories included CAD only (n=1), CAD + MI (>6 months) (n=4). Arrhythmia (n=1), 

CAD + NIDDM (n=1). 
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Tests of Functional Capacity 

Exercise Stress Test (EST) Results 

EST data are shown In Table 4.3. Total treadmill time (min:sec) is expressed as the time to 

completion o~ the graded EST. All sublects performed the EST using the Bruce protocol. Peak 

MET's and maximum heart rate (bpm) achieved were recorded on termination of the test. 

Table 4.3: Data obtained from the Bruce protocol EST at 0 and 9 months (n= 7). 
Initial EST 9 month EST 

Total treadmill time (mln:sec) 
Stage of Bruce protocol achieved 
Max MET achieved 
Max heart rate achieved (bpm) 

7:27 ± 2:33 9:54 ± 2:52 • 
III IV 
9.5 13 
142 ± 20 152 ± 10 

Abbreviations: EST =Exercise Stress Test: MET =Metabolic equivalent. Values are shown as mean ± standard 
deviations (SO). ': p<O.OS. 

There was a significant improvement in total treadmill time from 0 to 9 months (7:27 ± 2:33 

min:sec vs. 9:54 ± 2.52 min:sec) (p<O.05). This translated into a 30.8% improvement in total 

treadmill time from 0 to 9 months. 

The improvement in total treadmill time achieved by each subject is shown below in Figure 4.1. 

Figure 4.1: Improvement in total treadmill time during the Bruce protocol EST at 0 and 9 
months for individual subjects. . 
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As illustrated above, all subjects improved their total treadmill time after 9 months. This 

improvement however, was greater in some sublects (e.g. subject 5,75%) than others (e.g. 

subject 4, 17%). 

Figure 4.2 shows the correlation between the total treadmill time achieved during the EST at 0 

and 9 months. 

Figure 4.2: Correlation between total treadmill time (min :sec) during the EST at 0 months and 
9 months (p<001; r=0.94). 
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There was a positive correlation between the total treadmill time achieved during the EST at 0 

months and 9 months. Therefore patients who perform the best at 0 months, seem to perform 

the best at 9 months. 

Maximum heart rates achieved during the EST at baseline and at 9 months are shown in 

Figure 4.3. 

CHAPTER FOUR 80 



Univ
ers

ity
of

Cap
e T

ow
n

142 20 b 

o b 

ni>rwo,~n the 

k test test 

at 0 mon 

at9 

was 

in 

to at 9 



Univ
ers

ity
of

Cap
e T

ow
n

the 

alO 

alO achieved 85°/0 of their 

of their 

the U there was no 

the 

in covered the at 0 months 

4.4. 

covered (0 and 

1500 

1000 

c 
" 1:1 1:1 o c 

" 

o+---~--~--~--~--~--~--~ 

a 2 

with 

and at9 

3 

Su 

4 

covered at 9 

5 6 7 

an 

in 

and 

heart rates 

the TWT 

in the heart rates 

the at 9 IS 

(9 

82 



Univ
ers

ity
of

Cap
e T

ow
n

4.5: tin 

CHAPTER 

were 

ULT 

and 

at 9 

U at 9 months. 

31% rovement 

6 % rovement 

in 

at 0 are 

were not 

are in 4.7. 

than 

9 

1). 

9 

83 



Univ
ers

ity
of

Cap
e T

ow
n

Figure 4.6: Maximum hear! (ale (bom) achieved dUllng Ihe EST and TWT al 0 monlhs. p;O.06. 
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DISCUSSION 

In order to effectively monitor and track improvements in functional capacity , it is essential to 

use an exercise protocol that accurately measures true changes in functional capacity. We 

observed that patients who regularly participate in cardiac rehabilitation exercise training 

classes, experience improvements in functional capacity far greater than is shown by either the 

traditional 6-minute walk test and the conventional EST. 

The first relevant finding of this study was that patients showed a greater improvement in 

functional capacity when performing the ULT (61%) compared to routine EST (31 %) at 9 

months of cardiac rehabilitation . It is important to note that subjects ach ieved an average 9 

MET's during EST at 0 months, which would classify them as having a high baseline exercise 

tolerance. The results of the UL T therefore show superior performance in patients with high 

baseline exercise tolerances, despite underlying cardiovascular disease. 

Furthermore, the variable response shown in improvement in functional capacity during both 

the ES T and the walking protocols, suggests that individualised exercise prescription is 

important to ensure that patients are progressed through the various phases of cardiac 

rehabilitation at th.e adequate pace . 

However, a possible limitation of this study may influence the interpretation. The EST records 

were obtained from routine visits by the patients to their cardiologists. It is not possible to be 

sure that the termination criteria used during these assessments were the same. Standard 

termination criteria include physical exhaustion, severe angina, ST -segment depression of 

more than 2 mm, hypotension of more than 20 mmHg, increase in blood pressure greater than 

260/115 mmHg, signs of poor perfusion , complex arrhythmia, failure of heart rate to increase 

with increased exercise intensity or the patients' request (ACSM Guidelines for Exercise 

Testing and Prescription, 2000). However, many tests are terminated once the patient reaches 

a fair level of work or when the physician is satisfied that there are no cardiac abnormalities 

during exercise. Indeed, as described in the review of the literature in Chapter One, arbitrary 

target hearts rates of, for example, between 120-140 bpm are often used as termination criteria 

(Schlant et al. 1986). Yet, the EST results used in our study are representative of the results 

that are routinely provided by cardiologists when referring patients to cardiac rehabilitation 

programmes. We suggest that the intensities reached during routine practice EST is 

insufficient and cardiologists should be encouraged to perform tests of maximal functional 
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"Not by might, nor by power, but by My Spirit, says the Lord" 

Zechariah 4:6. 




