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ABSTRACT

The benefits of structured rehabilitation programmes for patients with coronary artery disease
(CAD) are well recognised. In addition, patients with severe and complicated cardiac disease
are now also derving benefit from comgrehensive <ardiac rehabilitation programmes. Such
programmes include supervised exercise training, education, nutritional strategies, counselling
and behavioural intervention. Physical activity is also being included in the rehabilitation of
patients with other chronic diseases of lifestyle. An observation from the Cardiac Rehabilitation
Programme at the Sports Science Institute is that patients attending the programme for
rehabilitation of a cardiac condition, often also prasent with additional co-morbidities and
musculo-skeletal injuries. Thus the aim of the first chapter of this thesis was to profile patients

attending the Cardiac Rehabilitation Programme at the Sports Science Institute of South Africa.

This descriptive retrospective analysis evaluated the medical records of 313 patients, who
entered the programme during the period of January 1996 to August 2000. Of the total
population, 80% had documented CAD. The remaining 20% of the total population, attended the
programme for rehabilitation of another chronic lifestyle disease. Of the group of patients
presenting with CAD, only 31% presented with CAD as the sole disorder, 14% presented with
CAD and another chronic lifestyle disease, 26% with CAD and a chronic musculo-skeletal injury,
and alast group of 14% required rehabilitation for CAD plus another co-morbidity and a musculo-
skeletal injury. Furthermore, 11% presented with two or more risk factors, attending the
programme for primary prevention of CAD only, whilst 6% attended the programme for primary

prevention and the rehabilitation of another chronic disease.

Musculo-skeletal rehabilitation was required in 57% of the total population. Of the total 286
musculo-skeletal injuries noted, back injuries were the most common musculo-skeletal condition
(49%) with grade | molion segment abnormality the most common back injury (63% of back
injuries). Other common injuries included knee injuries (18%); shoulder injuries (13%) and hip
injuries {7%). These findings suggest that (1) the focus of cardiac rehabilitation programmes
should be shifted to ‘chronic disease’ rehabilitation; and (2) as previous musculo-skeletal injury is
so common, staff who possess musculo-skeletal rehabilitation skills should be employed in such
programmes. Indeed, we suggest that lumbar “prehabilitation” be taught to all patients enrolled
in the programme. These factors may necessitate an evaluation of the current status of cardiac

rehabilitation programmes in general, including provisions for musculo-skeletal rehabilitation,
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variety in exercise forms, adequate supervision, the necessary testing and exercise equipment,

and adequate reimbursement by medical aid schemes.

The final two chapters were designed to examine the methods of funclional capacity

assessment in cardiac rehabilitation.

The 6-minute walk test is a standard measure of functional capacity for patients attending
cardiac rehabilitation programmes. This test has been shown to be valid and reliable for
monitoring progress of patients with exercise intolerance and low functional capacity in phase |
and |l rehabilitation programmes. It is however still used to monitor the functional capacity of
patients in phase Ill (outpatient maintenance) or more vigorous cardiac rehabilitation
programmes. This study examined 10 patients with cardiac disease, {(mean age 54.6+7 yrs),
who attended cardiac rehabilitation and were participating in high-intensity exercise training 3
times per week. All subjects undertook the traditional 6-minute walk test (TWT) at 12-week
intervals to measure progress during the exercise programme. During the second part of the
trial at 9 months, subjects performed 2 tests in random order separated by a 30 minute rest
period, namely: (1)a TWT and (2) a 6-minute “unrestricted motion” test (ULT) around a 135m
indoor gymnasium track. Distances recorded during the initial TWT's, and those repeated at
12-week intervals were compared to determine the percentage of improvement over time.
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 attime periods 3
to 6 months (744.0 £ 75.1mvs. 772.9 £74.2m) and 6 to 9 months (772.9 £ 74.2mvs, 806.7 £
86.5m). However, the distance covered during the TWT at 9 months was significantly greater
than the initial TWT distance (p<0.05). A significant difference was found between the distance
covered during the ULT and each TWT performed at 0 months, 3 months, 6 months and 9
months (p<0.0002). Of significance however, is the discrepancy in the improvement in
functional capacity shown by the TWT (16%), and the ULT (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. It seems that the TWT does not
accurately reflect changes in functional capacity in patieats who are accustomed to higher

intensity exercise. Indeed, the results might mask significant progress in the programme. Thus
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it is questionable whether the TWT is an accurate measure of exercise capacily to be used in
stage Il of exercise rehabilitation. We therefore suggest that the "unrestricted locomotion test”

oe used to monitor functional capacity in phase Il cardiac rehabilitation programmes.

In the fourth chapter of this thesis, changes in functional capacity achieved during routine
exercise stress tests (EST) were examined. We observed that patients who regularly
participate in cardiac rehabilitation, experience improvements in functional capacity far greater
than is shown in their TWT or routine EST performed by their cardiologists. EST is currently
used o assess patient safety and determine functional capacity in patients participating in
cardiac rehabilitation programmes. The‘aim of this study was to compare changes in functional
capacity during routine EST and a 8-minute ULT around a 135m indoor gymnasium track. 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. Subjects 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. Average
total time during the baseline EST was 7:27 + 2:33 seconds. Subjects achieved a peak heart
rate (HR) of 142 + 20 bpm during this test. At 9 months the EST time significantly increased to
9:54 + 2:52 min (p<0.05) which translates into a 31% improvement in total treadmill time. Peak
HR increased to 152 + 10 bpm, but this change was not significantly different from baseline. In
contrast, the distance covered during the TWT at 0 months and the ULT at 8 months showed a
61% change in FC (p<0.0002). This test therefore yielded superior performance in patients

with high baseline functional capacity.

A further aim of this study was to assess the safety of the ULT compared to the EST. Results
showed that the maximum heart rates achieved were not significantly different during the TWT
and EST at 0 months. Heart rates were significantly higher during the EST at 9 months
compared to the TWT. Of importance, is that there was no significant difference in heart rates
achieved during the ULT and EST at 9 months. Thus one could conclude that subjects were
performing the ULT within the same safe heart rate limits as the EST. Italso may be deducted
that the TWT is an appropriate test to perform at initiation of cardiac rehabilitation, but may not
reflect (1) functional capacity or (2) heart rates that patients are capable of achieving at later

phases of cardiac rehabilitation.
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The results of this thesis therefore confirms that patients with varying disease profiles are
attending our programme. These results have implications for the staffing and equipment of
such programmes, and justify the shift from “cardiac rehabilitation” to “chronic disease’

programmes.

Secondly, it seems that traditional methods of functional capacity assessment inciuding the
traditional 6-minute walk test and routine exercise stress testing are relevant in assessing
safety to exercise and functional capacity in earlier phases of cardiac rehabilitation, but do
perhaps not accurately reflect the improvements experienced by patients in phase !l and IV
programmes. Therefore, we suggest that the ULT be used as a more accurale test of

iunctional capacity i later phases of cardiac rehabilitation.
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A REVIEW OF THE LITERATURE

INTRODUCTION

The World Health Organisation (WHO) considers cardiovascular diseases the world's leading
cause of mortality, claiming 12 million lives per year, a staggering quarter of the total number of
deaths worldwide (available at URL:  htip/Awww who.intmediacentre/releases/pr83/en.
Accessed 15 October 2003). Furthermore, the WHO Report (2002) shows for the first time that

most of the global burden due to cardiovascular disease is found in developing countries.

Although the prevalence of chronic diseases is declining in industrialised, developed countries
including the United States of America, Western Europe and Australia, these diseases pose an
increasing threat in poorer, developing counfries such as Africa, Asia and Lalin America
(Digenio 1993). South African statistics are particularly alarming. —After HIV/AIDS (30%),

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

These chronic conditions pose economic challenges to patients, families and the sustainability
of health care systems. Furthermore, if 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/releases/pr83/en. Accessed 15
October 2003). More than 50% of worldwide annual deaths can be prevented by a combination
of simple, cost effective national efforts, and individual action aggressively targeting the
established major risk factors (hypertension, high cholesterol, overweight, physical inactivity and
cigarette smoking). The prevention of subsequent cardiac events and maintenance of cardiac

and physical function is therefore a major challenge to our health care system.

PRIMARY PREVENTION OF CORONARY ARTERY DISEASE (CAD)

It is widely accepted that a sedentary lifestyle is a major risk factor for developing chronic
cardiac and other lifestyle related diseases. Pioneers including Ralph Paffenbarger have spent
the last few decades determining the quantity and quality of physical aclivity required for good
health and prevention of chronic diseases of 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 of physical activity may reduce the risk of developing certain chronic degeneralive
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ciseases and improve metabolic fitness, but may not necessarily improve overall aerobic
capacity or maximal oxygen uptake during exercise (VOamai) (ACSM, 1990). Thus there seems
fo be a distinction between physical activity for health and the prevention of chronic diseases of
lifestyle, and physical activity for fitness and performance. In addition, it seems that the lower
the baseline level of activity the greater the change in selected health-related benefits with even

a minimal increase in physical activity is achieved (Haskell 1394).

Historically, many of these chronic diséases and their associated risk factors were treated
mainly with drugs. However, the evidence supporting the benefits of exercise in the prevention
of chronic disease development lead to the formation of structured primary prevention
programmes. Such programmes for patients with risk factors for CAD {including hypertension,
hypercholesterolaemia, smoking, physical inactivity, stress and abesity) have been shown to be
more cost-effective than treatment programmes based singularly on medical management
(Digenio 1993). This is particularly relevant in South Africa, where preventative medicine is still
not fully incorporated into our health care system. Community based programmes are in a

unique position to develop such primary prevention strategies.

Other non-pharmacological interventions have also been shown to be effective in secondary
prevention programmes. These include smoking cessation, weight and stress management
and physical exercise components (Singh et al. 1992; Ornish et al. 1998). In comparison with
pharmacological interventions, these have been shown to be less costly, however their success

is dependant on patient compliance and long-term behaviour change.

These individual components are now incorporated into formal cardiac rehabilitation
programmes. [t's evolution as a discipline within cardiology and sports medicine is worthwhile

exploring.

HISTORICAL OVERVIEW OF CARDIAC REHABILITATION PROGRAMMES

The potential benefit of more vigorous exercise in patients with CAD was initially documented
by Herberden who observed that one of his patients was “nearly cured” after performing
physical activity (sawing wood) for 30 minutes each day over a 6-month period (Herberden et al.
1961). However, it took a number of years for these benefits to be formally implemented into

cardiac care programmes.

Tud
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Prior o the 1930's, patients were confined lo a 2-month period of bedrest after myocardial
infacction (M1). it was thought that physical activity would lead o the formation of ventncular
areurysm, ~gart gaure, cardiac rupture or sudden death. In the 1ate 1930', s perod was
shortened to 6-8 weeks (Mallory et ar. 1939). Patents were advised to avoid any strenugus
aclivity {including stair climbing) tor prolonged perioas, and sometimes indefinitely. It was rare

for a palientto return 0 anorma’ ifestyie and rastore nisher vocational status,

By the early 1950's, Levine and Lown showed the benafits of armchair exercises comparad o
extenaed bed rest (Levine et al. 1952}, Most patients in their sludy were sitting in a chair for up
to 2 hours on their st day of hospitalisation and this ime was gradualy increased during ther
slay in hospital.  Discharge time was 4 weeks for nearly ail patients. There were no
compiicalions associated with the addition of physical activity, Indeed, mortality rates were
iower in this group comparad 0 the control group who had been subjected to bed restenly. By

1956, early ambulation was prescribed within 14 days of the acute MI {Brummer et al. 1838).

Clirecians gradually realised the benefits of early amiulation in offisatting the delrimentat effects
of ce-adaptation, dsabilty and medical complications associated with proiongad pericds of bed
st Consequently, he length of nospitaisation decreased. Currently, it is estimated fhat most

patients mmain in hosoial for 3-5 days (Mewby el al. 2000).

Concern aboul the safety of unsupervised exercise after discharge, lead to the formalization of
phase 1, o in-palien! cardiac rehabilitation programmes, supervised Sy unit nursing slaff but
somelimes involving rehabiltation teams.  These programmes calersd mainly for low-sk
coronary patients but evolved o accommodate acditional risk reduction inlerventons for 2

araader cardiac palient pepulation, and focused almost exciusivaly on exercise Iraining.
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al. 1998). A recent study by the same authors showed that 10-minute stationary bicycling
sessions, 6 times per week for a 4-week period, at 80% of maximum heart rate, has a positive
influence on the endothelium-dependant vasodilatation of coronary arteries (Hambrecht et al.
2000).

DIETARY INTERVENTION IN CARDIAC REHABILITATION PROGRAMMES
The relationship between dietary manipulation and cardiac protection has lead to the inclusion of a
dietary intervention component in comprehensive cardiac rehabilitation. Three studies in this area

deserve to0 be mentioned.

In 1970, Leren described the Oslo diet-heart study. Patients were advised to decrease the intake
of saturated fat and increase polyunsaturated fat in an attempt to decrease total blood cholesterol
concentrations (Leren 1970). A 23% reduction in subsequent coronary events was reported with

no impact on overall patient survival.

In the diet and reinfaction trial {DART), Mi survivors were advised to reduce their fat intake,
increase the ratio of polyunsaturated- to unsaturated fat, and increase fatty fish and fibre intake.
Subjects who were advised to increase fatty fish showed a 28% reduction in all-cause mortality

after 2 years compared to the control group who received no advice (Burr et al. 1989).

The Lyon Diet Heart Study, investigated the benefits of a Mediterranean-type diet on subsequent
coronary events and overall mortality in patients after MI (De Lorgeril et al. 1994). In comparison to
the control group, the experimental groups’ diet was high in the n-3 long-chain fatty acids precursor
(alpha linolenic acid), contained more vegetables and bread, fruits at least once a day, less red
meat {more poultry), and butter and cream were replaced with margarine high in alpha linolenic
acid. Areduction in coronary events and cardiac death in the region of 70% was achieved.

Combining the results of these studies, and outlined in a recent publication, it is advised that
patients with CAD should reduce total fat intake to 30% or less of total energy intake, reduce
saturated fat to one third of total fat and partially replace these by unsaturated fats, reduce

cholesterol to less than 300mg per day, and increase omega-3 fat intake {from fish-

12



grapeseed oil), increase the intake of fruits and vegetables and contro! salt or alcohol use

(Wood et al. 1998).

However, there is a need for more studies to be conducled in this area. Specifically, whilst
these studies showed positive resuits in developed countries, more research is required to
establish the effects of dietary changes more appropriate for low and middle-income countries
where national poverty and household budgets are not able to cater for the food types

prescribed in the above diets.

PSYCHOLOGICAL INTERVENTION IN CARDIAC REHABILITATION PROGRAMMES
Psychological interventions either as a standard component of cardiac rehabilitation or as a
stand-alone intervention have been reported to have a positive effect on coronary risk factors,
and have resulted in significant improvements in psychosocial well-being and a reduced

mortality and morbidity.

Many of the complications experienced by people who develop heart disease are not due to
physical iliness, but are related to anxiety and depression issues surrounding their heaith
(Poston et al. 2003). The positive effects of counselling and education in conjunction with
exercise training have been shown in the following groups: MI, coronary artery bypass graft
(CABG) and CAD patients (Oldridge et al. 19915, Maines et al. 1997), obesity (Lavie et al.
1996), depression (Milani etal. 1996) and elderly women (Lavie etal. 1993).

Anxiety and Depression
Significant morbidities including reduced functional capacity, blood lipid abnormalities, smoking,
higher levels of anxiety, hostility, bodily pain and reduced QOL have been associated with

depression {Milani etal. 1996).

Measures of anxiety and depression, emotional stress, lack of self-confidence, depression and
sccial isolation are all positively influenced by cardiac rehabilitation (Oldridge et al. 1991,
Schuler et al. 1992; Lindin et al. 1996; Milani et al. 1996; Maines ef al. 1997). These studies
suggest that the higher the levels of distress on initiation of a cardiac rehabilitation programme,

the greater the degree of improvement during the programme.
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Furthermore, depression and lack of social support have been linked to increased risk of post-
MI mortality at 1 year and 5 years (Frasure-Smith et al. 2000; Lespérance et al. 2002). These
patients were less likely lo have close friends, more likely to be unmarried and living alone.
Assessment of palients on entry to cardiac rehabilitation programmes should include questions
refated to typical social networks, and clinicians should be alerted to combinations of
depression and poor support structures. This will facilitate the identification of potential problem

areas that can be supported through psychological intervention.

Quality of Life

The success of a cardiac rehabilitation programme needs to be judged not only in terms of its
effect on mortality and morbidity, but also in terms of a patients’ perception of his/her well-being
and health-related quality of life (QOL). QOL is most commonly measured by questionnaires
and interviews and covers areas specific to physical function including experiences of pain,
fatigue and disability, psychological and emotional well-being and social function (Garralt et al.

2002).

There is uncertainty whether cardiac rehabilitation has a quantifiable effect on measures of
QOL. From practical observation, most patients enjoy and value their rehabilitation programme.
A study by Oldridge et al. {1991y) showed no difference in disease-specific and health-related
measures of QOL in low-risk patients who underwent rehabilitation compared to a control group
who received usual care at 12 months. However, at 8 weeks, the intervention group showed
small, but significant improvements in QOL and anxiety. The authors concluded that shorter
periods of cardiac rehabilitation have litlle lasting effect on QOL of patients who are moderately
depressed or anxious. Other studies have shown improvements in QOL after cardiac
rehabilitation (Dugmore et al. 1999; Gardner et al. 2003). A recent study showed improved
health-related QOL outcomes for patients participating in 13 weeks of cardiac rehabilitation
{Lavorato et al. 2003). Patients showed significant improvements in six of the eight categories
of the Medical Outcomes Survey - Short Form 36 (SF-16) (Ware, 1997) and in particular, in

physical functioning and vitality.
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The group of paients who most bensit rom cardiac rehabliglion are nigh-risk palients
{Sullivan et al. 1968). Even modest improvemants in thelr iunctional mitations as a resull of
thair disease may have a posilive eflect on therr perce ved QUL GOre can thers'ore argue hat
low risk palien's [such as the subjects .+ Oldridge's study) would oossibiy secover @ e
belere-event functional status regaraless of whather or not ikey engage 'n cardiac rehabiliation.
Paradoxically, the group of patienss whe benefit most from rehaoiltation fvery sick, edery,
women, nigh-nsk and sedentary palients) were exciwded from traditional grogrammes.
Thersfore further research is required which includes these subgroups of lhe cardise
rehabililation popuiation, to gain an accurate understanding of the eHeots of cardiac

rehabilitation on 000

Back-to-work status

There is alse discrepancy in the literalure regarding the benefils of cardise rehabiitation on 2
patents’ work status. A planned rehabilitation programme, which is aimea at the who'e
individual in his or her sccial seiting and not just at the cardiac condition in isolation, seems to
facilitate early return to work {Schiller el al, 1978, Hertanu et al. 1886]. In contrast, Sengtssen
at al. {1983} found no difference in the rate of return o work betwsen controls and a group of
patients parbeipating in regular rehavilitalion classes, Perk et al. [1980] showed similar resuis

ina group of post-CABG palients undergoing cardiac rehabilitation.

A possitie reason for this discrepancy is that in the new wodkd of work, mechanisation of many
jobs has resutted i less demending physical conditioning necessary for empioyment. As a
resull, cardiovascular finess is ot as important 2 determinant of readinass for return 1o work,
as cardiac function, Economic condifans, various mon-medical and psychosocial vanabies,
employer stereatypes and the availability of pension funds sesm 10 have a greater bearing on

return-to-wark figuras han functional capacity after a cardiac event,

Patient Education

Palienls view physicians [as opoosed to nurses or other health professionals) as the more
credible autherty of nformation to restors and maintain thew ealth (Karlik et al. 1987}, In
addition, garicipation in and compliance with cardiac rehabililation sesms to be enhanced when

patients are physician referred {(Wilhelmsen et g, 1975 Yales et al 2003). This experience
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provides both challenges and opportunities for chronic disease risk reduction and reversal
programmes in non-hospital settings. Doctors are often the first point of conlact after a sarious
cardiac event. Whilst the benefits of risk reduction are recognised, the reality is that doctors are
often too busy to educate patients on the importance of lifestyle madification and risk reduction.
This "treatment gap” remains a continual obstacle to the success of risk reduction interventions.
Therefore, it is then essential for formal cardiac rehabilitation programmes to include structured
educational processes (o guide and advise patients regarding physical, dietary and emational
issues. Single-concept learning, where one aspect of lifestyle management s promoted at a
time, is often more successful than inundating a palient with copious amounts of information,

most of which does not get retained.

Whereas these methods are being implemented in larger, more advanced and financially viable
programmes, the reality in poorer countries is that many programmes are operating with
diminished resources, both professionally and financially. Health professionals in such
programmes often wear a number of hats, providing advice and services in areas that are
beyond the scope of their expertise in risk reduction. As a result, they may need to limit their
focus to those interventions that show immediate results, and cannot afford to offer those that
have been shown to be beneficial, that are of a more long-term nature (i.e. behavioural

intervention),

PHARMACOLOGICAL INTERVENTION

Despite advances in interventions that prevent the recurrence of re-infarction, it is still true that
cardiovascular risk factors are being controlled sub-optimally, and that drugs including
anticlatelet-, lipid-lowering- and B-blocking agents are being under-prescribed in patients with
CAD. However, the impact of pharmacological intervention on survival and recurrent infarctions

and cost effectiveness remain uncertain (McAlister et al. 2001).

CLINICAL OUTCOMES OF CARDIAC REHABILITATION

The success of a CAD therapeutic intervention can be measured by its’ effect on the following:
mortality, morbidity, improvement in symptoms and functional capacily and exercise tolerance
{Ades st al. 2000). These outcomes can all be directly appreciated by the patient and should

therefore be considered essential in all cardiac rehabilitation programmes.
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Cardiovascular Symptoms

Patients with CAD most commoniy present with the symploms of stable exerional angina
Incucing shortness of breath and falique. Researcr shows avicence for tne mprovement of
carciovascular symptoms with exercise, including angina pector s 1N patients wth CAD, ard
symploms of heart failure in palients wilh LV systolic dysfunction {Redwood et al. 1972; _etac at
al. 1977, Lee et al. 1988; Verani et al. 1881). Improverents im dyspncea and fatigue have been
shown in patients with stabie chronic hean failure after engaging niong-term moderaie intensity

exercise training (Belardinelli etal. 1599},

Coronary Risk Factors

The Stantord Coronary Risk Intervention Project {SCRIP) showed that intensive mult-iactor risk
reduction resultec in a reduction in the rate of cororary atherosclerosis progression and cardiac
events in both men and women {Haskell et al. 1994). in this trial, 300 men and women, {mean
age 567 .4 years) with coronary atherasclerosis were randomly assigned lo a group that gither
received usual care from their physicians, or to the inlervention group that received mufliiactor
risk reduction.  The latter group received individualisec programmes with low-fat and -
cholestercl diets, exercise programmes, weight loss, smoking cessation and lipid lowering
mecication. The intervention group showed highly significant improverments in risk factors
ncluding LDL, HOL, plasma TG, apolipoprotein B and exercise capacity,  Furthermore,
hosonalisation for tnis group was decreased for nath cardiac and nan-cardiac events.

Serum Lipid Profiles

Epidemiclogical studies have shown a strong positive correlation between increasec
cardiovascular risk ang elevated total serum choiesterol, increased low-density lipcprotein
(LOL) chelestercl and low high-density lipoprotein [HOL) cholesterot {Law et al. 1998}
Furhermore, it is estimated tnat elevated serum  cholesterol concentrations cause
approximately one third of coronary artery disease world-wide (available at URL
hitp:www who inimediacentre/releasesiprdd/en.  Accessed 15 October 2003).  The
relationship netween elevated triglyceride {TG) concentralions and carciovascular risk .5 more
cifficult 1o determine and remains controversial. However it seems that there may be a positive

relationship between cardiovascular risk and high TG concentralions {Ginsberg et ai. 1957).
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The evidence suggests that an aggressive approach lo the reduction of elevated LDL
cholesterol in patients with CHD is beneficial. The intensity of the risk reduction should be
tailored fo the patients’ risk (NCEP Guidelines, 2001). The combination of reqular assessments
of blood lipids, aggressive lipid-lowering therapy and regular consultation with the primary care
physician seems 1o Iriple the compliance to drug therapy and significantly reduces LDL
cholesterol concentrations (Ades et al. 199%). It is therefore imperative that cardiac
renhabilitation programmes include reqular assessments of bicod lipid concentrations, provide

nutritional counselling and are involved in the supervision of drug therapy.

Regular vigorous endurance-type training shows favourable changes in blood lipid profiles
(HDL cholesterol, TG concentrations, total:HDL cholesterol ratio, and to a lesser degree LDL
cholesterol) of patients with CAD (Hartung et al. 1981; Brubaker et al. 1996). These changes
are more pronounced when exercise training, education and dietary modification are applied in

combination {Ormish et al. 1990; Schuler et al. 1992).

Despite recommendations by the National Cholesterol Education Programme {2001}, recent
studies have shown that less than a third of patients with coronary heart disease have LOL
cholestercl concentrations of < 2.59 mmolA (McBride et al. 1998). Indeed, only 42% of patients
attending cardiac rehabilitation programmes have LDL concentrations at goal value (Wyman et
al. 2002). European research in the area of CAD prevention and reversal states that the lipid
goal for patienis with CAD should be achieving a total cholesterot below 5.0 mmol/l and an LDL
less than 3.0 mmol/l (Wood et al. 1998). If lifestyle changes fail to control these values, drug
therapy is advised, HMG CO-A reductase inhibitors [statins) are the drugs of choice in lipid
management as these lipid lowering agents have the strongest evidence in reducing morbidity

and morbidity in CAD patients,

Body Weight and Body Composition

Obesity is a significant independent predictor of cardiovascular disease in both men and women
{Hubert et al. 1983). Furthermore, in excess of 75% of the cardiac rehabilitation population is
overweight (BMI »25) (Brochu et al. 2000; Bader et al. 2001). These studies also showed that
compared 10 a confrol group who did not have CAD, obese subiects were younger and had a

greater risk factor profile (higher prevalence of diabetes mellitus and hypertension, larger waist
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circumference, lower exercise capacity and lower HDL concentrations). Obesity also has
implications for the diagnosis of other conditions. Hubert et al. (1983) found that intermittent
claudication may be under diagnosed in heavier palients who are unable to walk or exercise

sufficiently to elicit claudication symptoms.

Although there is ample research to suggest that a loss of weight and body fat results in
improved blood pressure, measures of insulin resistance, blood lipid concentrations and clotting
abnormalities (Calles-Escabdon et al. 1996; Lavie et al. 1996), there is no evidence that weight

reduction has a positive effect on secondary coronary events in cardiac patients.

The effect of an exercise-only regimen shows minimal and inconsistent resulls on weight
reduction in cardiac rehabilitation programmes (Lavie et al. 1996; Brochu et al. 2000). In
contrast, there is a much greater decrease in BMI when significant nutritional and dietary
intervention is coupled with exercise training (Ornish et al. 1990; Schuler et al. 1992; Savage et

al. 2002).

In light of these findings, obesity should be treated aggressively through exercise and
comprehensive lifestyle modification in cardiac rehabilitation programmes. A realistic goal
should be set between the clinician and patient, but an average weight loss per week is 0.5 to

Tkg until the goal weight has been reached (Wood et al. 1998).

Diabetes Mellitus

Decreased insulin levels and abnormal carbohydrate metabolism are independent risk factors
for the development of CAD. Research shows that patients with adult-onset diabetes (type | or
type Il diabetes) account for up to 16-46% of the population in cardiac rehabilitation
programmes (Cannistra et al. 1992; Cannistra et al. 1995). Furthermore, CAD is the ultimate
cause of death in more than 50% of diabetic patients, and often presents as silent myccardial
ischaemia {Langer et al. 1991). Patients with type Il diabetes often present with additional
modifiable risk factors and co-morbidities including increased LDL concentrations, decreased
HDL concentrations, raised blood pressure, smoking, obesity and clotting abnormalities {Turner

etal, 1998).
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A combination of weight loss and exercise has been shown 10 have a favourable influence on
reducing insulin requirements and gaining tighter control of blood glucose concentrations.
{Horton et al. 1988). Furthermore, higher-intensity exercise programmes have a positive
influence on plasma lipoprotein-lipids, glucose tolerance and insuiin sensitivity, all of which
affect the rate of atherogenesis {Hagberg 1991}, With reference to a previcus section in this
review, the promotion of higher-intensity exercise programmes in chronic disease seems to

produce more favourabile resulls than exercise of light or moderale intensity.

Hypertension

Hypertension is an established risk factor for the development and progression of chronic
diseases of lifestyle including CAD, cerebrovascutar disease, renovascular disease and heart
failure (Levy et al. 1996). It is estimated that high blood pressure alone causes 50% of CAD
globally {availlable at URL: htp//www.who.inVmediacentre/releases/pr8d/en.  Accessed 15
October 2003). Consequently the management of blood pressure is an important component in

any cardiac rehabilitation programme.

Yet, there is discrepancy in the literature regarding the effects of cardiac rehabilitation and
dietary modification on blood pressure in cardiac patients. Some studies found that exercise
fraining in hypertensive and normotensive patients leads to a modest decrease in blood
pressure both at rest and during submaximal exercise (Blumenthal et al. 1991), whereas others
found significant decreases in systolic and diastolic blood pressure respectively (Haskell et al.
1994). These discrepancies may be due to the confounding effects of additional advice given to
hypertensive patients including sodium restriction, moderation or abstinence from alcohoi and

the use of anti-hypertensive medications.

It seems that exercise training as a soie intervention has inconsistent effects on lowering blood
pressure, and therefore multifactorial cardiac rehabilitation that includes dietary intervention and

pharmacological therapies should be applied.
Smoking
Tobacco smoking has been reported to cause 20% of coronary artery disease universaliy

(available at URL: hiip/fwww.who.in¥mediacenlre/releases/pr8dfen. Accessed 15 October
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Teaching patient behavioural skills for coping with high-risk situations, providing relaxation training,
selectively prescribing bupropion or nicotine supplements, and maintaining long-term contact with
patients are strategies that should be included in a smoking cessation component of a cardiac
rehabilitation programme (Ades, 2001}, These strategies have been shown to reduce smoking by
17-26% and can prevent its relapse (Heller et al. 1993). Once more, incorporating a patients’
readiness to change their smoking habit or quit smoking altogether into the appréach may give rise

to more successful results.

Morbidity and Mortality

Studies by Oldridge et al. (1989) and O’Connor et al. (1989}, report an overall 20-25% reduction in
mortality after cardiac rehabilitation compared to control patients over a 3-year and 1-year follow up
period respectively. This mortality reduction is similar in magnitude to those reported with the use
of beta-blocking drugs after Ml or the use of angiotensin converting enzyme inhibitors in patients

with left ventricular systolic dysfunction and heart failure.

The overall contribution to this reduction in mortality after cardiac rehabilitation is multi-factorial.
Positive changes in psychological profiles (Frasure-Smith et al. 2000), lipid profiles (Redwood et al.
1972; Ades et al. 1999,), endothelium-mediated coronary vasodilation (Hambrecht et al. 2000;
Schahinger et al. 2000), fibrinolysis (Stratton et al. 1991), autonomic tone and heart rate recovery
post exercise (Malfatoo et al. 1998; Tiukinhoy et al. 2003) may all contribute.

Furthermore, mortality rates after Ml improved drastically with the introduction of intravascular
thrombolysis in the 1980’s (Muller et al. 1990). As a result, more patients survive MI's and are left
with variable amounts of healthy myocardium. This means that patients who might previously have
died after a cardiac event are now being referred to rehabilitation programmes as high-risk patients
and will require aggressive risk factor modification to halt or reverse the progression of their
coronary artery disease. These changes will inevitably have a huge impact on health care
expenditure and utifisation. This might also be an additional reason the efforts of cardiac

rehabilitation are not translated into clear positive outcomes.
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In view of the decrease in overall cardiovascular mortality, a decrease in morbidity is to be
expected. These include nonfatal MI's and other acute coronary syndromes and symptoms that
result in cardiac hospitalisations. Howevér, there seems to be incongruency in the literature
regarding morbidity outcomes after cardiac rehabilitation. Some studies show no decrease in the
recurrence of non-fatal myocardial infarctions compared to control groups (Oldridge et al. 1988y,
O'Connor et al 1989) whilst others show a significant decrease in morbidity (Dugmore et al. 1999)

and the recurrence of MI's over 5 years (Hedback et al. 1993) after cardiac rehabilitation.

As most of these trials were conducted before the use of thrombolytic and beta-blocking agents in
the treatment of M, it is unclear whether the effects of exercise on the overall cardiovascular
mortality rates will be of the same magnitude as previously described (Balady et al. 2000).
Furthermore, most of these trials are limited to predominately male, middle-aged and low risk
patients. Therefore, a subset of patients who would have benefited from cardiac rehabilitation {i.e.
women, high-risk and elderly patients) was excluded from these studies. Available data on the
benefits of cardiac rehabilitation in these populations will be discussed in a subsequent section of
this review. Suffice to say that the true benefit of cardiac rehabilitation in reducing morbidity and

mortality will only be obvious when data is available from a more inclusive study group.

SAFETY AND RISKS OF CARBIAC REHABILITATION.

Exercise can both protect against, and provoke sudden death (Albert et al. 2000). In particular,
young, highly motivated patients that frequently exceed their prescribed training heart rates

during structured exercise but also whilst exercising on their own, are at increased risk of

cardiac arrest (Schuler et al. 1992). Some research has found that even low-intensity exercise

training and testing may be harmful in patients recovering from anterior transmural myocardial
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infarction (Jugdutt et al. 1998). However. whereas sudden death from cardiac causes often
occurs during or just after physical exertion (Siscovick et al. 1984; Maron et al. 1996), it has
been shown that cardiac rehabilitation in a supervised setting is extremely safe. Haskell (1978)
estimaled a mortality rate of 1 death per 116,402 patient-hours from a multi-centre report of 30
programmes. A larger study showed a cardiac arrest rate of 1 per 111,996 patient-hours, a
non-fatal Ml rate of 1 per 293,990 patient-hours and a mortality rate of 1 per 783,972 patient-
hours {Van Camp et al. 1986).

The beneficial effects of exercise in both the healthy and diseased population do thus not come
without risks (Haskell 1994). However, it is reasonabie o conclude that the transient risks of
primary cardiac arrest are outweighed by the overall cardiovascular benefits of exercise

(Siscovick et al. 1984},

Certain precautions can be taken to enhance patient safety during exercise. These include
proper pre-exercise screening, adequate medical supervision during exercise, careful attention
to physical signs and symptoms during exercise, availability of and easy access lo emergency
equipment and hospitalisation. Furthermore, Haskell {1987) showed that of the 61 fatal and
non-fatal complications, 44 developed during the warm-up or cool-down phase. The use of
continuous electrocardiographic {ECG) monitoring during exercise was also associated with a
significantly lower rate of fatal complications in this trial.  This is especially important in
moderate- to high-risk patients. In most cases, myocardial ischaemia and ventricular fibriliation
can be avoided by close supervision and monitoring during exercise, and ensuring adequate

warm-up and cool-down periods.

The use of monitoring procedures such as hear rate monitoring (either via palpation or watch-
type heart rate monitors) is becoming more popular in cardiac rehabilitation programmes.
Indeed, all new patients on our programme, are issued with a heart rate monitor to use during
their first ten formal exercise sessions, and are thereafter encouraged to acquire one of their
own for further use. Educating patients on the importance of training within a safe heart rate

zone ensures that these principles can be applied to recreational activities.
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RISK STRATIFICATION

Risk stratification of patients who initiate cardiac rehabilitation is important for 2 main reasons.
Firstly, patients who are rated moderate- to high-risk, can be selected for more intensive
monitoring, pharmacotherapy, or referred for surgery or interventional cardiac catheritisation.
Alternatively, low-risk patients can be spared surgery and be encouraged to resume work and

activities of daily fiving sooner (Franklin et al. 1998).

Three factors determine the prognosis, and risk of future events after MI: the amount of residual
myocardium at risk, the extent of left ventricular dysfunction and the arrhythmic potential of the

heart {DeBusk etal. 1986; Pashkow, 1993).

Exercise stress testing aids in identifying patients who are at risk of developing ischaemia
during exercise and might need revascularisation (Krone et al. 1985). In addition, low-level in-
hospital exercise testing optimises the discharge process (Topol et al. 1987) and is an accurate

predictor of subsequent coronary events (Starling et al. 1981).

Risk stratification, in conjunction with clinical judgement provide gquidelines for patient
management throughout a programme. It is thus integral to the management of cardiac patients

regardless of whether they initiate rehabilitation or not {Krone etal. 1992).

PHASES OF CARDIAC REHABILITATION

There has been some confusion regarding terminology of the phases of cardiac rehabilitation.
Cardiac rehabilitation programmes are designed to progress patients through the following
phases (Franklin et al. 1998):

Phase |

This phase is generally known as the “in-hospital” period, which has decreased dramalically
from the traditional four to six weeks, to four to seven days. Individualised rehabilitation is
primarily education- and exercise-orientated. Referral is mainly physician-directed and usually

includes information about patients” medical history, needs, goals and expected outcomes.
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Phase li

Following hospital discharge {as early as one or two days post-discharge, and within three
weeks thereafter), a phase Il programme consisis of an initial cufpatient exercise intervention
phase of approximately 12 weeks.

Phase il

The next three to six months are typically classified as a phase Ill, exercise maintenance
programme, including continued encouragement of lifestyle modification.

Phase IV

This constitutes an indefinite period of maintenance of positive lifestyle behaviours achieved

whilst attending the cardiac rehabilitation programme.

DURATION OF CARDIAC REHABILITATION PROGRAMMES

Improvements in functional capacity, blood lipids, body composition and other cardiovascular
disease risk factors have been noted in patients who attend rehabilitation programmes for at
least a limited period of 3 months (Brubaker et al. 1996). These authors noted greater efficacy
in changing these parameters in an extended-length programme of longer than t year. Whilst
physical activity and physical function peaked at 3 months and maintained at programme
completion, psychological improvements were noted after the traditional 12-week rehabilitation
period {Morrin 2000). In Cldridge’s study, the effects of a 20-25% reduction in mortality were
evicentiy influenced if the rehabilitation period was greater than the usual 8-12 weeks (Qldridge

etal. 1983).

The results of the Lifestyle Heart Trial (Ornish et al. 1990) {involving a low-fat vegelanian diet,
stress management techniques and individually prescribed exercise) showed that a group of
heterogeneous patients with CAD, could make comprehensive lifestyle modifications, and
maintain them for at least 1 year outside hospital. They concluded that these vigorous
lifestyle changes may begin to reverse coronary atherosclerasis in the same period of time.
A recent study suggests that patients who attended a Phase lll maintenance programme or
an extended Phase Il programme were more likely to maintain exercise behaviours after 12

months (Bock et al. 2003}.
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In South Alfrica, the length of participation in cardiac rehabilitation programmes for patients is
currently limited by medical aid schemes to 36 sessions or 12 weeks. Some schemes will then
further aid patients in altending a maintenance phase for a subsequent 12 weeks. Alternatively,
patients may exit the formal outpatient programme after phase i, {for schedule conflicts or
financial reasens), with the goal of maintaining adequate heaith behaviours without any formal
support. However, chronic medical conditions are by definition iengthy and require continuity of
care. Furthermore, structured foliow-up procedures and long-term management systems (o
ensure positive oulcomas are oftan not in practise. In such a short ime period, patients are
often not educated sufficiently or empowered to manage their condition. Changes in nsk factors
are not often seen in this short time, and therefore the results of short duration cardiac

rehabilitation are not as impressive compared to the results of programmes of longer duration.

CARDIAC REHABILITATION IN SPECIAL POPULATIONS:
Whilst there is research showing the benefits of cardiac rehabilitation in young, male

subjects, the female and elderly populations have not been as well studied.

Women

Although the risk of Mi in women younger than 45 years is relatively low, there is an age-
related increase in risk so that over 65 years, the risk is almost equal to that of a man of the
same age. As it has been suggested that women experience higher post-infarction morbidity
and mortality compared to men, cardiac rehabilitation in women {and research in this area} is
becoming critical (Cannistra et al. 1992; Balady et al. 2000}. Whilst the benefits of cardiac
rehabilitation have been well documented in men, little data are available on the benefits of
such programmes in women. Of all randomised clinical trials, in which 4500 patients were

evaluated, only 3% were women {O'Connor et al. 1989).

Nevertheless, one study found that although women had a greater coronary risk factor profile
{nypertension, diabetes mellitus, higher total serum cholesterol values) than the men on the
programme, they demonstrated a similar 30% improvement in their peak functional capacity
after 12 weeks of training (Cannistra et al. 1992). In this study, younger women (< 50 years)
and those who smoked, and men with a positive family history, who smoked and had home

stress were less likely to complete the programme. Furthermore, black women tend to have
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exercise modificalions {Gallagher el al. 2003) More research in this area is required to
understand why women are missing from our programmes and what can be done 1o make

programmes more appealing and accessible to them.

Elderly

Exercise training can attenuate the deterioration of peak functional capacity, which declines
naturally with age. Unfortunately, most studies in cardiac rehabilitation exclude individuals
older than 65 - 70 years. However, in a study by Lavie et al (1993), a group of elderly patients
(> 65 years) demonstrated improvements in exercise capacity, obesity indexes and lipids
simifar to that of their younger counterparts (< 65 years). Similarly, Rejeski et al. (2002)
showed that exercise resulted in improvements in physical function (measured by a six minute

walk test}, with lower funclioning men showing the greatest improvement.

Whilst older patients that have suffered cardiac events are less fil, they may experience a
similar increase in functional capacily as their younger counterparts participating in exercise
training (Ades et al. 1990). Improvements in funclional capacity (measured in MET's) of 34% -
53% after 12 weeks of training in the older population have been reported (Williams et al. 1985;

Lavie ot al. 1983},

Older adults who have lower baseline functional capacity and subseguent risk for cardiac
morbidity and mortality seem to derive the greatest benefit from cardiac rehabilitation (Rejeski
et al. 2002). This benefit was enhanced when traditional exercise therapy was coupled with
reqular group-mediated counselling sessions, aimed al promoting independence and

confidence and thus resulting in greater compliance to cardiac rehabilitation.

These data emphasise the need for women and the elderly with coronary heart disease lo be

referred lo and encouraged to parlicipate in cardiac rehabilitation programmes.

MEASUREMENT OF IMPROVEMENT IN PHYSICAL CAPACITY DURING CARDIAC
REHABILITATION

ldentification of patients who are al risk for sudden death during exercise is an important goal

of exercise tesling (Zabel et al. 2002). Furthermore, assessing functional capacity is important
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These data emphasise the need for women and the elderly with coronary heart disease 1o be

referred to and encouraged lo participate in cardiac rehabilitation programmes,

MEASUREMENT OF IMPROVEMENT IN PHYSICAL CAPACITY DURING CARDIAC
REHABILITATION

identification of patients who are at nsk for sudden deatn during exercise is an important goal of
exercise testing (Zavel et al. 2002). Furthermore, assessing functional capacity is important in

evalualing a cardiac patient's prognosis and responsiveness to therapy (Weisman et al. 2001).

Measures of functional capacity in Cardiac Rehailitation Programmes are used to stratify risk
and determine safe levels of exercise prescription, assess programme efficacy, educate and
motivale patients, and to answer specific research questions. The most common current testing
procedures include exercise stress testing using a lreadmill or cycle ergometer, and the 8-

minute walk test,

Stress Electrocardiography

Non-invasive tests such as the exercise stress test (EST), detect myocardial ischaemia and left
venlricular dysfunction as a result of chronic CAD {DeBusk 1989; Smith et al. 2000). Further
goals of the EST are to assess functional capacity as a guide to further medical management or

adjustment of exercise prescriptions.

Although a number of different types of ergometers can be used for testing, the cycle and
treadmill are most commonly used. The protocol should generally involve large muscle groups,
and should be tolerated by the population being tested (McKelvie et al. 1989). The results of an
exercise test are influenced by a number of factors including patient selection, timing and mode

of the exercise test, test endpoint and cardiac medications,

Traditional indices that are noted during treadmill testing include peak HR achieved, 8P
response o graded exercise, ST segment changes, arrhythmias, exercise capacity, and any
abnormal cardiovascular symptoms including angina pectoris, shortness of breath and undue

fatigue {DeBusk et al. 1989).
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Peak treadmill workload (calculated in METS) is conversely related to the extent of cardiac
abnormality and disease. One MET is a measure of energy expenditure and is equivalent to an
oxygen uptake of 3.5mikg " .min"'. The inabllity to complete a 4-MET workload reflects severe
left ventricular dysfunction and indicates poor prognosis {DeBusk 1989). Exercise capacity has
been shown to be an independent predictor of all-cause and cardiovascular mortality in patients

who are able to perform maximal tests to exhaustion (Vanhees et al. 1994; Myers et al. 2002).

The use of the EST in screening for CAD in asymptomatic persons is not warranted (Smith et al.
2000). However, in this statement oy the AHA, exercise testing is deemed useful in targeling
risk factors and evaluating the cause of myocardial ischaemia in asymptomatic men who are
over the age of 40 years and have cardiovascular risk factors. The detection of myocardial
ischaemia is often dependant on the prevalence of underlying disease, specifically flow-limiting
coronary stenosis. However, if screening is done in asymptomatic patients, many positive tests
are regarded as false-positives. This questions the relevance of exercise testing in patients with

a low prevalence of disease (Smith et al. 2000).

Exercise-induced ST segment depression is frequently seen in patients with CAD, and is
associated with myocardial ischaemia (Michaelides et al. 1998). In patients who have
undergone percutaneous transluminal coronary angioplasty (PTCA), stress testing at 3 months
revealed ST-segment changes in other leads in the absence of restenosis, resulting in a false-
positive result (Michaelides et al. 1998). The significance of exercise testing in this context is
not clear. Stress testing has been shown to be valuable in assessing the prognosis of patients
with acute Mi. Patients who are able to undergo testing within a 3-week period of their Mi have
a montality rate of between one third and one sixth of patients who are unable to undergo testing

as aresult of unstable angina and heart failure (DeBusk et al. 1983).

In practice, patients undergo exercise stress testing at hospital discharge, where protocols of
arbitrary target heart rates of between 120-140 bpm are often used {Schlant et al. 1986).
Alternatively, patients undergo testing under the supervision of their cardiologist or physician
before joining a rehabilitation programme. Exercise stress testing enables cardiologists to
confirm their diagnosis, and to make or change decisions regarding further interventions, for

example coronary angiography (Bobbio et al. 1993). These results are used by programme
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staft in the programme design to ensure it is individualised and safe. Whereas these results
provide an accurate indication of safe limits for exercise. it is questionable whether patients’ true
functional capacity is accurately reflected. In our experience, exercise intensity is often under
prescribed based on these results. To this end it is essential to distinguish between heart rate-
and symptom-limited exercise testing as this has a direct bearing on the information used for

exercise prescription. This question will be investigated in a subsequent section of this thesis.

The safety of performing exercise testing has been documented. The risk of sudden death,
nonfatal Ml, and serious arrhythmias, was 51 per 10 000, 3.6 per 10 000 and 4.8 per 10 000
tests performed respectively in a group of patients with CAD (Stuart et al. 1980). However, this
risk is largely limited to patients who have left ventricular dysfunction or myocardial ischaemia.
Patients are often symptom limited long before the set heart rate target has been reached. In
patients with Mi, exercise testing 3 days after onset has been shown to be safe and predictive of

in-hospital clinical outcomes (Topol et al. 1987).

However, the EST is a laboratory test and its clinical relevance has been questioned in a
number of studies (Francis et al. 1994; Walsh et al. 1995). Silent CAD is unpredictable and has
lead to many physicians using exercise electrocardiography to screen for the disease (Sox etal.
1989). Whilst the exercise ECG has clinical relevance in the diagnosis of disease (Smith etal.
2000), it's practical application in the prescription of exercise is questionable. Certainly in
patients attending programmes of higher intensity (for example Phase lil patients), the use of
the exercise ECG for exercise prescripfion needs to be re-visited. This resulted in the
development of various corridor walk tests, all designed to assess exercise capacity in a more

natural way (Staniforth et al. 1998).

6- minute walk test

The 6-minute walk test is a standard measure of functional capacity for patients attending
cardiac and pulmonary rehabilitation programmes (Gyuatt et al. 1985; Wright et al. 2001).
Research has confirmed the value of the 6-minute walk test in various chronic disease
conditions. Itis a reliable assessment tool in patients with peripheral occlusive arterial disease
(POAD) {Montgomery et al. 1998). Furthermore, it is a simple, inexpensive yet practical test of

functional capacity with good correlation with bicycle and treadmill ergometry for patients with
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pacemakers (Langenfeld et al. 1990}, In heart faiture, it has been shown lo be highly
reproducible {O'Keeffe et al, 1998; Demers et al. 2001} and an accurate measure of variations
in functional capacity produced by pharmacoiogical interventions (Gualeni at al. 1998). it has
also been reported to predict peak oxygen uptake and survival (Cahalin et al. 1996, Rou! et al.
1998}, mortality and hospitalisation in patients with advanced congestive heart failure (Shah et
al. 20071).

The validity of this test in earlier phases of cardiac rehabilitation and severe disease states is
therefore well recognised. However, the use of this test nas not been studied in later phases of
cardiac rehabilitation. It is questionable whether this test is accurale in assessing functional
capacity in patients who are accustomed to higher intensity exercise. This question will be

addressed in the third chapter of this thesis,

COMPLIANCE TO CARDIAC REHABILITATION SERVICES

Long-term adherence and compliance to lifestyle modification strategies is vital in the
improvement of patient outcomes. Results from a South African study showed that physical
work capacity and coronary risk factors only improved in those patients who attended cardiac
rehabilitation reguiarly (Digenio etal. 1991). Unfortunately, only half or less of those who initiate

health-related behaviours will continue (Franklin et al. 1997).

Compliance to cardiac rehabilitation is typically considered to decrease over time. In a review
by Oldridge {19914), he describes adherence rates for cardiac rehabilitation programmes 1o
generally exceed 80% for the first 6 months, fall to 70% at 12 montns and 35-60% at 2 to 4
years. In contrast, at 1 year, thera is a 4% compliance rate for anti-hypertensive medicaticn
{Dunbar-Jacob et al. 1991) and 82% for lipid-lowering agents {Kruse 1991). Littie is known
about compiiance to other interventions including nutritional counselling aimed specifically at

weight loss and blood lipid contral, but it is thought to be poor.
In order to encourage enroliment in cardiac rehabilitation programmes, it is essential to

understand the perceptions of patients who comply and those who don't. Table 1.2 shows the

factors that are related to high patient dropout that are either avoidable or unavoidable
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management). In this model, patients iocus only on those areas they feel ready to deal with.
It would then follow that programmes incorporating this approach show more successful
results.  These interventions are now incorporated into modern-day primary prevention as

well as secondary prevention programmas (e.q. cardiac rehabilitation programmes).

Programmes of longer duration have been shown to have higher rates of dropout (Gillum et
al. 1974). In conclusion, it would be beneficial to identify patients who are likely to dropout
early (Oldridge et al. 1983), and practitioners and exercise specialists should be trained to
recognise patients who do not seem enthusiastic about their programme, or who seem
unduly fatigued by either their work, or the exercise programme (Andrew et al. 1981). Itis
thus essential to implement proactive compliance-enhancing strategies in an effort to

encourage long-term participation in cardiac rehabilitation programmes.

COST-EFFECTIVENESS OF CARDIAC REHABILITATION

Cost-effectiveness is a measure of the efficiency with which financial resources are translated
into health outcomes (for example, longevity) (Sox et al. 1989). Whereas the benefits and
relatively low risks of cardiac rehabilitation programmes have been shown, the cost-efficacy of

such programmes is still questioned.

Although the data are limited, cardiac rehabilitation programmes have been shown to be cost-
effective with a direct saving to patients, the community and medical aid schemes (Levin et al;
1991, Oldridge et al. 1993). Furthermore, cardiac rehabilitation has been shown to predict
lower cardiac-related re-hospitalisation costs in post-coronary event patients, lessen the need
for chronic medications, and result in patients returning to work in shorter periods of time with
resultant diminished costs for sick leave (Hedback et al. 1987; Levin et al. 1991; Ades et al.

1992).

In a Swedish study, the cost for cardiac rehabilitation was offset by the lower rates of
hospitalisation and increased work productivity, resulting in a 5-year cost-saving to the Swedish
health-care system of $12,000 per patient {Levin et al. 1991). Similarly, a study by Oldridge et
al. (1993), expressed the cost-effectiveness of cardiac rehabilitation for post M patients,

adjusted for quality of life, as $9,200 per year of life saved in the United States of America.
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The cost-efficacy of cardiac rehabilitation compares favourably with the other forms of
preventalive measures prescrined in cardiclogy (e.g. CABG). Rehabilitation has been shown to
be more costeffective than the use of Captopril for hypertension or Lovastatin for
nypercholesterolaemia, but compares less favourably with smaking cessation or the use of
Aspirin and B-blockers after acute MI. Despite these data, third parties are still withholding

support of cardiac rehabilitation services in many cases, thus limiting its accessibility 1o patients.

CARDIAC REHABILITATION - STATUS QUO

Communily-based projects and services are often under-valued and under-utilised. Intervention
programmes can be provided through comprehensive and established cardiac rehabilitation
programmes or in low resource settings as part of clinic-based medical management. Friedman
etal. (1997) published a report showing excellent compliance rates (90%) and improvements in
submaximal work capacity and risk factors in indigent patients participating in a small cardiac
rehabilitation programme. The authors ascrive their success to an individualised, personal

appreach as opposed to more clinical, impersonal ambiences in larger, more affizent centres.

Accessibility to these programmes is still a major concern with only a certain portion of the
eligible population able to benefit from regular exercise iraining intervention, Group and home-
based programmes, and new advances in electronic communication and medicine technology
have increased accessibility to rehabilitation services. Furthermore, these programmes have
shown improved patient-physician communication and benefits in preventive care,
cardiovascular disease and in low risk CABG patients, either independently or in conjunction

with cardiac rehabilitation {Balas et al. 1997; Arthur et al. 2002; Southard et al. 2003).

Exciting new developments in this field include INTERWVENT, which is a comprehensive
cardiovascular risk reduction programme that has addressed many of the barriers to
participation to other such programmes. In their model, patients have the option of joining
formal cardiac rehavilitation programmes, or attending either a 12- or 52 week community
based risk reduction programme at easily accessible sites including shopping malls, hospitals,
doctor's surgeries and fitness facilities. Patients are guided and mentored during their

scheduled sessions by health care professionals including doctors, nurses, exercise
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physiologists, physiotherapists and dieticians. This programme makes use of various modalities,
including the Internet, audiocassettes, home based learning or one-on-one mentoring in a
comprehensive approach to risk reduction with the emphasis on long-term lifestyle behaviour. This
less costly approach showed significant improvements in systolic and diastolic blood pressure, LDL
cholesterol, triglycerides, VOamax and weight from baseline measures. The changes in total
cholesterol were significantly greater compared to those achieved in a conventional phase 2
- cardiac rehabilitation programme (Gordon et al. 2000). The programme has been shown effective
in a number of population groups including males, females, different ethnic groups, healthy
individuals and those with diabetes mellitus, stroke and CAD (Gordon et al. 2000).

SUMMARY OF LITERATURE REVIEW AND AIM OF THIS THESIS

Chronic disease risk reduction and reversal as both primary and secondary prevention approaches
has become imperative in combating CAD that is claiming millions of lives throughout the world.
Idealistically, cardiac rehabilitation programmes are the perfect dispensing depots for such
services. However, there are certain limitations to cardiac rehabilitation programmes (as we know
them), which may explain the lack of convincing benefits to such interventions, many of which have

been discussed earlier in this review.

Firstly, compliance with cardiac rehabilitation programmes remains remarkably low (Oldridge et al.
1988,), with only 10-47% of eligible patients participating in formal programmes (Wenger et al.
1995; Thomas et al. 1996; Evenson et al. 1998). It is therefore essential that health care
professionals involved in cardiac rehabilitation constantly re-evaluate whether programme goals
are being met. Furthermore, more innovative approaches should be investigated to ensure that

these services are accessible to a greater percentage of the population.

Secondly, standard 12-week cardiac rehabilitation programmes may not be of sufficient duration to

effectively treat CAD, which is a more chronic affliction.

Thirdly, most cardiac rehabilitation programmes are still focusing primarily on exercise training

only, and patients are not receiving adequate input in additional areas of lifestyle modification
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CHAPTER TWO

PHYSIOLOGICAL AND MEDICAL PROFILES OF PATIENTS ATTENDING CARDIAC RISK
FACTOR REDUCTION AND REVERSAL PROGRAMMES:
IMPLICATIONS FOR STAFFING AND EQUIPMENT.



INTRODUCTION

The delivery of cardiac rehabilitation services has undergone much transiormation during the
iast 3 decades. Early cardiac rehabllitation programmes catered mostly for those who had
recovered from uncomplicated Ml (De Busk et al. 1979; Kallic et al. 1979; Hung et al. 1984).
Contemporary programmes include patients recavering from complicated MI {Jugdutt et al.
1988), and thase who are recovering from procedures such as coronary artery bypass graft
(CABG), percutaneous transluminal coronary angioplasty (PTCA) and other forms of coronary
revasculansation (Heath et al. 1987; Ben-Ar et al. 1989; Schuler et al. 1992}, Furthermare,
many patients who have severe and complicated cardiac iliness, including kcardiac failure, are
now deriving benefit from comprehensive rehabilitative cardiac care, which comprises
supemvised exercise training, education, nutritional strategies, counseliing and behavioural
intervention.  Such programmes throughout the world are termed “Cardiac Rehabilitation

Programmes”, and are modelied on cardiovascular disease rehabilitation requirements.

Physical activity is also being included in the treatment plan for patients with other chronic
lifestyle diseases including chronic obstructive pulmonary disease (COPD), chronic renal
failure, osteoporosis, diabetes mellitus, peripheral vascular disease (PVD), arthritis, cancer,
fibromyalgia and chronic fatigue syndrome {American College of Sports Medicine: Exercise
Management in Patients with Chronic Disease). Conventional “cardiac” rehabilitation
programmes, however, would not have catered for patients with other chronic co-morbidities.
This would have important implications for the staffing and equipment of these "chronic
disease” rehabilitation programmes. For example, the exercise rehabilitation of a patient with
COPD involves severai different facets. Inadjunct to a personalised exercise regimen, specific
breathing techniques using methods including pursed lip breathing which slow the respiratory
rate shouid be taught. Oxygen should be administered to severely restricted patients. Oxygen
saturation measuring devices are essential, and patients are encouraged to measure their

oxygen saturation at different stages throughout their exercise sessions.

The recommended mode of exercise training for patients with rheumatoid- and osteo-arthritis is
non-weight bearing, low impact activities, where the load on the joints is reduced. In contrast,
patients with osteoporosis are encouraged to engage in resistance training and weight bearing
exercise, as it is now accepted that strength training contributes to the conservation of bone
loss in these patients. Diabetic patients should be educaled on the effects of the interaction of

timing of their exercise training and medication regimens. Equipment should be available for
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patients to monitor their blood glucose concentrations before and after exercise. In addition,
given the elderly population entering these programmes, a large proportion of patients require
rehabilitation for musculo-skeletal injuries {American College of Sports Medicine: Exercise
Management in Patients with Chronic Disease}. Yet the extent of these co-morbidities in

cardiac rehabilitation programmes nas not yel previously been documented.

Furthermare, the number of individuals wha become chronically affected and debilitated by
additional chronic diseases of lifestyle such as chronic obstructive pulmonary disease (CCOPD),
chronic renal failure, diabetes melfitus and peripheral vascular disease (PVD], and who have
cardiovascular disease and a major co-morbidity is increasing (Digenio 1993). Indeed, an
observation at the Cardiac Rehabilitation Programme at the Sparts Science Institute of South
Alrica in Cape Town is that patients often present with co-morbidities in addition to their core

cardiovascular disease concerns that need medical consideration when prescribing exercise.

AlM

Accardingly, the aim of the first chapter of this thesis is to determine the disease profile of
patients attending the Cardiac Rehabilitation Programme at the Sports Science institute of
South Alrica in Cape Town. This is a medically supervised exercise rehabilitation programme,

which caters for patients with chronic cardiac disease.

SUBJECTS AND METHODS
A retrospective review of medical records and interviews was conducted on all patients who
had been referred to the Cardiac Renabilitation Programme at the Sports Science Institute of

South Africa, between January 1996 and August 2000C.

The purpose and risks involved in the study were outlined to patients in an informed consent
form before initiating cardiac rehabilitation. The study was approved by the Ethics and

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

The initial evaluation of all patients consisted of a consultation with a medical doctor, which
inciudes a thorough medical history, & physical examinalion and biomechanical evaluation to
identify any musculo-skeletal abnormalities that require medical attention and consideration in
the prescription of exercise. An effort electrocardiogram and/or lung function testis performed

if required.
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The second visit to the rehabilitation centre comprised an assessment of risk factors (blood
pressure, finger-prick cholesterol concentration, heart rate), a test of functional capacity
(evaluated by the 6-minute walk test) and body composition (BMI, % body fat, waist and hip

girth measurements).

STUDY POPULATION
313 patients were enrolled into the rehabilitation programme during the specified time. These
patients represent a cross-section of age, gender, race and ethnic groups, and medically

referred and self-referred patients.

DATA COLLECTION

All initial medical examinations and testing of functional capacity were conducted at the Sports
Science Institute of South Africa. Clinical and demographic data extracted from the medical
assessment included:

1. Demographic data

I. Age on entry to the programme.

2. Anthropometrical analysis of body compasition

On the first visit, height {to the nearest 0.5cm) and weight (to the nearest 100g) were measured
using a Seca (Model 708) scale with a calibrated ruler. BMI was then calculated by dividing
body weight in kilograms by height in metres squared (kg/m?). Waist and hip circumference

were measured with a tape measure,

The thickness of the right triceps, biceps, subscapular and supra-iliac skinfolds were measured.
The mean of the three skinfold measurements at each site was calculated and the equivalent
fat content was determined as a percentage of the body mass according to the method of

Durnin and Womersly (1974).

3. Assessment of functional capacity using the 6-minute walk

Patients performed a 6-minute walk test to determine maximum distance covered (meters) and
peak heart rate (opm). Subjects were instructed to cover as much distance as possible by
walking around a 135-metre indoor rubber track in six minutes. During the test, patients were

aware of the time to completion.
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4. Medical profiles

From the review of patients’ medical files, the documented disease states were determined and
categorised as follows:

Documented coronary artery disease (CAD) only - (CAD).

This group comprised patients who attended the programme for rehabilitation of CAD only.

CAD and the presence of another chronic disease - {CAD+CD)

This group required medical and exercise intervention for an additional chronic disease in
addition to the patients’ chronic cardiac considerations. Cnronic Diseases include diabetes
mellitus (non-insulin- and insulin-dependant diabetes), COPD, asthma, cystic fibrosis, cancer,
osteoporosis, fibromyalgia and chronic fatigue syndrome, renal failure, neuromuscular
disorders, clinical depression, cerebrovascular accident (CVA) and peripheral vascular disease

(PVD).

CAD and a diagnosed musculo-skeletal injury requinng rehabilitation - (CAD+M).

A musculo-skeletal injury was documented if the patient presented with a musculo-skeletal
condition, which would require specific rehabilitation as directed by the sports physician who
assessed the patient on entry into the programme. Injuries are classified into joint categories

by anatomical location.

CAD, another chronic disease and a musculo-skeletal injury - (CAD+CD+M)
This group of patients had CAD as their main medical consideration, but also reqqired specific

medical advice and rehabilitation for another co-morbidity and a musculo-skeletal injury.

Prmary prevention of CAD only - (PP).

This constituted a group of patients with two or more risk factors for CAD. These included
hypertension (> 140/90 mmHg), hypercholesterclaemia (>5 mmol/), obesity (BMI >25),
physical inactivity, smoking, age (males >55 years and females >45 years) and a family history
of CAD.

Primary prevention and another chronic disease - {PP+CD).
Patients who attended the programme primarily for the rehabilitation of another chronic
disease, but also presented with risk factors for CAD (as described above) requiring medical

attention, were placed in this category.
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Chronic disease (excluding CAD} only (CDY.
This group constituted patients seeking rehabilitation for a chrenic disease other than CAD.

4. Surgical interventions
Revascuiarisation and other coronary surgical procedures vere documented. These included:
CABG, PTCA with or without stent, valve replacement or repair, endarterectomy and

implantation of cardio-defibrillator.

5. Medications

A medication inventory was compiled for all patients entering the programme.

6. Musculo-skeletal injuries

An injury was defined as a musculo-skeletal compiaint leading the patient to seek medical
advice in this regard. These chronic or acute musculo-skeletal injuries as assessed by the
medical doctor, were classified into joint categories, and then further sub-categorised inlc

specific joint injuries based on anatomical location.

OA and RA are well-recognised chronic degenerative joint disease states, but present mostly
as patients complaining of pain of the large weight-bearing joints and resuitant deformity and

limitation of movement. Thus they have been included as injury during classification.

STATISTICAL ANALYSIS
Descriptive statistics were carried out on all test results. Results are expressed as means &
standard deviation (SD), and as percentages of the relevant group, rounded off to the neares!

one decimal point.

RESULTS
Gender distribution of patients on the programme
Table 2.1 shows the number of men and women who were enrolled consecutively into the

programme.
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Tne age of male and female participants was not significantly different, with the male
participants only slightly older. The risk profile of the group showed a raised BM! and waisthip
ratio, normal blood pressure and cholesterol concentrations and elevated glucese values for

the group of diabetic patients.

Medical profiles
Initial anaiysis of medical profiles involved classifying palients as those presenting with CAD
{alone, or in conjunction with ancther chronic disease), or those who have a chronic disease

only. Data are shown in Table 2.3.

Table 2.3: Medical profiles of all patients attending the Cardiac Rehabilitalion Programme (n=313).

Category n % of total programme population
CaD 251 80.2
CD only 62 19.8

Abbreviations: CAD = Coronary Artery Disease; CD = Chranic Disease.

Patients with documented CAD (n = 251) constituted 80.2% of the total programme popuiation.
The remainder of the group {n = 62) presented with another cnronic disease requiring

rehabiiitation. These two groups are further analysed in Tables 2.4 and 2.7.

Profile analysis of patients with CAD
The profiles of patients with documentad CAD were further analysed to determine the

composition of this group. These resuits are shown in Table 2.4

Table 2.4: Profiles of patients with documented CAD for secondary prevention, o risk factors for CAD
requiring primary pravention {n = 251}

n % of total programme population | % of CAD population
CAD only 78 24.9 31.1
CAD + M 84 20.4 5.5
CAD +CD H 10.9 13.5
CAD +CD+ M H 10.9 13.5
PP 27 8.6 10.8
PP+ CD 14 4.5 5.6

Aboreviations: CAD = Coronary Artery Disease; CAD + CD = CAD and a chranic disease; CAD + M = CAD and a
muscula-skeletal injury, CAD + CD + M = CAD, another chronic disease and a musculo-skeletal injury. PP =
Primary prevention of CAD only; PP + CD = Primary prevantion of CAD and another chranic disease, CD =
Chronic dissase only.
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| Myocarditis 1 04
Ventricular dysplasia 1 04
Neurocardiogenic syrcope 1 0.4

Abbrevigtions: CAD = Coronary Artery Disease,

251 patients had documented CAD that required either secondary prevention, or had risk
factors for CAD requiring primary prevention. The total number of CAD conditions is higher
than the number of patients (n = 84} as some patients presented with more than one cardiac
condition. Traditionally, only low risk patients with CAD or post Ml were thought eligible for
cardiac rehabilitation. These results show that higher risk patients with arrhythmia and

ischaemic cardiomyopathy are also presently attending the rehabilitation programme.

Surgical interventions
Revascularisation and other coronary surgical procedures undergone by the group of patients

with CAD are listed in Table 2 5.

Table 2.6: Analysis of all revascularisation and other coronary surgical procedures (n=184).

Interventions n % of all interventions
CABG 72 38.1

PTCA 58 315

PTCA + stent insertion 35 19.1

Pacemaker insertion 8 44

Valve replacement 4 2.2

Valve repair 3 1.6

Cardioversion 2 11

Endarterectomy 1 0.5

implantation of cardio-defibnllator 1 0.5

Abbrevialions: PTCA = perculaneous iransluminal caranacy angioplasty, CABG = coronary artery bypass graft.

161 patients required cardiovascular surgery. A total of 184 surgeries were documented, with
some patients undergoing multiple surgical procedures. CABG and balloon angioplasty were

the most common procedures performed in this group.

Analysis of chronic diseases profiles

The identified chronic diseases requiring additional medical intervention are listed in Table 2.7.

CHAPTER TWO 45









Platelet aggragation
il

Haalpidgerme agents

Anu{onguians

Sladng

Fralps

{138}
i3

soorhcie monoirae
Ao

Dipprciamcie
Ecainn

“apant
Wartgen Sackum
Morvastalin

Fpaslan
Srvasiacn
Pravastaon
Barabbraky
Fengiae

RESPIRATORY SYSTEM

Branchodiairs

Ghaocoricods

Hetulisery

Sympaite- el

Mathyhanthings &
contanations
Gombinaliong

CGilycoenrtinoids

Commnations

28

Saltarmal
Fanplars
Terbuiakog
Fompieral
Sameterol
Amnaphylice

Salbulamol « Jorairpium
heoeide

Beclomethasone dpropionals
Budasonds

Futicasang groponae
Bgeome « Arovent Nabubser

CENTRAL NERYOUS SYSTEM

o S Gk wa £Hr £

e PR G

Sedativg nypngtcs
Asxicivtes

A -gaprassants

Anti-nsvehoics
ENDOCRINE SYSTEM

Banrodiazapines
Benrdarennes

Taryeis
Ot

Selectve mono-aming
ifase oo
Salactve sarolonn
seruptake inbibitors

Lihwm
Cther

L

L

Triazoiam
Alnrazalam
Homazepar
Frazesam
Zophelong
(s ez irt
Sulpincie
Minazcpine
Mpfamdone
ATV RIS
Fnpraming
bl e

Fipareing

Setralineg hydrochknce
Paroxeting

Lanium carbonate
Olanzapring

RN Ny

A - g TR

R Y

Anpdiabetc agenis

Thyrowt
Cortcosleromds

Sex aprmonss

Inguing

Cral agants

Thyried
Connosmrods

CRrogeEns

15

(<]

Siagynhelic human Bophans
gzl

Bpnase  biosynthelic aman
pramied nsuin

Hiogyrthabo human
requiarsoldle Rauin
Glciazide

Glinenciamice

Glimeprice

Glisirce

Setformin

Trroxing

Pragnisong

Tramcanione aceins
Carisorg

Conjugaled 0gstmgens
Estradicl

Cestraciol

oyt

R i L S e

P B N S

CHaPYER Two

49






The most common drugs ingested are anti-coagulants {aspirin} (194 patients), lipid lowering

agents (136 patients), beta-blockers (113 patients) and ACE-inhibitors (78 patients). Only 18

patients on the programme were not taking any medication.

Combinations of drugs are often prescribed to target multiple cardiac risk factors or other co-

morbid conditions. The regimens of medication usage taken by patients in our sample are

detailed in Table 2.9,

Table 2.9: Combinations of medication ingested by patients participating in the Cardiac
Rehabilitation Programme at the Sports Science Institute of South Africa (n=241).

GROUP n % of all combinations
Bela-blocker + Diuretic 3 1.2
Beta-blocker + Calcium-channel blocker 5 2.1
Beta-blocker + Nirate 1 0.4
Beta-blocker + ACE-inhibitor 8 3.3
Beta-Dlocker + Lipid lowering drugs 40 16.6
Beta-blocker only 20 3.3
Bata-tlocker + Aipha-blocker 1 0.4
Algha-blocker only 1 0.4
ACE inhibitor + Cakium-channel blacker 4 1.7
ACE-inhibitor + Diwretic 14 5.8
ACE-nhibitar + Lipd lowering drugs 13 5.4
ACE-nhibitor only 22 9.1
Caicium-channel blocker + Diuretc ! 0.4
Calcum-channel blocker + Lipid lowering drugs & 2.5
Calcium-channel blocker + Nitrates ! 0.4
Calcium-channel biocker anly 7 29
Quurelic + Nitrate 1 0.4
Diuretic only 3 1.2
Lipd lowenng drugs + Nitrate ! 0.4
Lipid lowenng drugs only 3 137
Nitrates only 2 08
Beta-blocker + Calclum-channel blocker + Lipid lowenng drugs + Nitrate 2 08
Beta-blocker + Calcium-channel blacker + Lipid lowering drugs 8 33
Beta-biocker + Calcium-channel blacker + Diuretic + Lipid lowenng drugs 1 0.4
Beta-biocker + Lipid lowaring drugs + Nirate 4 1.7
Beta-blocker + Oiuretic + Lipid lowering drugs f 2.4
Beta-blocker + Lipid lowering drugs + Alpha -blocker 1 0.4
ACE-inhibitor + Beta-blocker + Lipid lowering drugs 12 5.0
ACE-nhibitor + Diuretic + Lipid lowering drugs 1 0.4
ACE-nhibitor+ Beta-blocker + Calcum-channel blocker + Lipid lowaring drugs 2 0.8
ACE-inhibitor + Cakium-channel blocker + Diuretic 2 08
ACE-inhititor + Lipid lowering drugs + Nitrale ! 0.4
ACE-inhibitor + Beta-blocker + Diuratc + Lipid lowering drugs 2 0.8
ACE-inhibitor + Calcium-chnannel blocker + Lipid lowedng drugs 2 0.8
ACEdnhibitar - Beta-blocker + Diuretic s 0.4
ACE-inhibitor + Diuretic + Nitrate ! 0.4
ACE -nhibitor + Beta-blocker + Oiuretic + (Alpha- + Beta-blocker) 1 0.4
ACE inhibitor + Diuretic + (Alpha- + Beta-blocker) ! 0.4
ACE-nhibitor + Divretic + Lipid lowering drugs + {Alpha- + Beta-blocker} 1 0.4
ACE inhibitor + Diuretic + (Alpha- + Beta-blocker) 2 08
ACE-nhibitor + (Alpha- + Beta-blocker) ! 0.4
Calcium-channel biocker + Diuretic + Lipid lowering drugs 1 0.4
Calcm-channel blocker + Lipid lowering drugs + Nitrate f 0.4
Cacwm-channel blocker + Diuretic + Nirate ! 0.4
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Thus, the aim of this chapler was to determine disease profiles of patients attending the
Cardiac Risk Reduclion and Reversal Programme at lne Sports Science Institule of Soulh

Africa, Cape Town.

80.2% of the total study population had documented coronary antery disease (CAD), whilst the

remaining 13.8% attended he rehabililation programme for anolher chronic lifestyle cisease.

Analysis of the profiles of the CAD palienis reveals that thare is a relabively small group of
patients presenting with CAD only (31%). 25% of the group required rehabilitation for CAD and a
chronic musculo-skeletal injury. A further 14% presented with CAD and additional co-morbid
conditions. Palients who had CAD, plus another chronic disease and a musculo-skeletal injury
represented 14% of the group. Lastly, 11% attended the programme for primary prévention of
CAD only, and 6% attended the programme for primary prevention and the rehabilitation of

another chronic disease.

Thus, the firstimporiant finding of this study 1s the high prevalence of additional co-morbidities in
patienis attending cardiac rehabilitation. Traditional cehaoilitation programme s focused on single
digease management {e.q. for CAD only). The results from this stugy highlight the need for
implementation of mulbiple disease and injury rehabilitation as a stardard service offered to
patients enrolled in cardiac rehapilitalion programmes. This concepl is supported by recent
researcn suggesting that rehabilitation programmes adopt a multi-disciplinary approach to mulli-

disease managemenl (McAlistair el al. 2001).

These results have a significant impact on exercise presciiption in cardiac rehabilitation.
Typically, walking and cycling programmes at moderate-to-high intersity, 2-4 times per week
ior 30-45 minutes per session, have been prescrived 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 fzctors, specifically body weight and related factors including
insulin resistance, hypertension and hyperlipideria {Schairer et al, 1998, Savage etal. 2000).
A recent publication by Haskell et al. {2001) showad lhat the required dose of exercise
prescribed may vary based on different desired outcomes.  For example, to achieve a
significant reduction in blood pressure, an estimaled 1200 kealfwk dose of exarcise Is needed.
To treatinsulin resistance however, a dose of 1800 kealiwk is necessary. The prescrption of

exercise including the mode, frequency, intensity and duration, appears io be specilic 1o the
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nalure of each disease. Therefore, knowledge of exercise prescriplion in various lifeslyle-
relaled diseases is essential for any staff member of a rehabilitation programme. This ensures
thal patients exercise al an intensity which relates to their clinical and demographic
characteristics, and which is sufficient fo illicit positive changes in respeclive disease

paramelers.

The second important finding of this sludy is the low percentage of patients attending the
programme for primary prevention of CAD. This may be due to the cost of the programme and

failure of the medical ad groups to adequately reimburse these services.

The third important finding was the high occurrence of musculo-skeletal injuries in this group
undertaking rehabilitation. 57% of the total programme population required musculo-skeletal
rehabilitation. Cervical and thoraco-lumbar injuries were the mosl common musculo-skeletal
condition (49%) with grade | motion segment abnormality of the lumbar spine being the most
common back injury (63%). Other common injuries included knee injuries (18%); shoulder

injuries (13%) and hip injuries (7%).

As previous musculo-skeletal injury is extremely common, staff with the necessary expertise
should be employed in such programmes. The high prevalence of mechanical low back pain is
perhaps not surprising, but may emphasise an opportunity to incorporate rehabilitation
techniques into cardiac rehabilitation programmes.  Indeed, we suggest thal lumbar
‘prehabilitation” be taught to all patients enrolled in cardiac rehabilitation programmes. To this
end, we have incorporated a rehabilitation directed strength training course for all new patients

on our programme, focusing on core stability and injury prevention.

The variety in disease profiles of patients atlending cardiac rehabilitation has an impact on the
various drug regimens of these patients. On analysis, the most common medication regimen
was the combination of aspirin, beta-blocking drugs and lipid lowering agents.  This is in
accordance with standard praclice of cardiovascular disease management. Furthermore, the
most common group of lipid lowering drug were hydroxy-3-methyl-glutaryl-coenzyme A (HMG-
CoA) reductase (statins). Statin-induced myopathy, in the form of musculo-skeletal pain and/or
crealine phosphokinase elevation, is the most serious and commonly seen side effect of users of
this family of drugs (Sinzinger, 1999; Boger, 2001). The main musculo-skeletal abnormalities are

muscle pain and weakness, tendinopathy and a few cases of drug-induced systemic lupus
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DeBusk et al. 1985; Oldridge et al. 1993; Ades et al. 1997). However, as varying intensities,
different study designs and data collection techniques were utilised in these 8 studies, it is
difficult to conclude from these data that the programmes are in fact cost-effective (McAlister et
al. 2001). Cardiac rehabilitation programmes have not yet been subjected to extensive

economic evaluation, although traditional programmes are thought to be cost-effective.

In the absence of true patient disease profiles, drawing valid conclusions on cost-efficacy may
be inaccurate. A recentpublication by Oldridge et al. (2001), suggests that the high prevalence
of cardiovascular and metabolic co-morbid conditions in middle and older-age adults should be
taken into consideration when investigating cost-efficacy of cardiac rehabilitation programmes.
The findings of this chapter show that only 31% of the total programme population required
rehabilitation for a cardiac condition only. Disregarding the other patients’ disease states and
rehabilitation needs, would result in an inaccurate reflection of the programme population
profile and possibte biased outcomes and applications. Modern "chronic disease” rehabilitation
programmes therefore, have the potential to provide more relevant data for cost-efficacy
studies and secondly, can be more cost-effective by addressing multiple medical concerns in

addition to CAD factors.

Another important finding of this chapter is the small proportion of women (24%) participating in
this cardiac rehabilitation programme. This is in accordance with research showing low rates of
enroliment of women into phase Il cardiac rehabilitation programmes. A number of studies
suggest that women may be missing from our programmes for reasons including older age
(despite similar disease profiles), lower physician recommendation, enroliment, resources such
as transport and distance to travel, and lastly, patient preference (i.e. women not wanting to
exercise) (Ades et al. 1992; Benz Scott etal. 2002). As discussed in Chapter One, much of the
knowledge about women and cardiac rehabilitation has been extrapolated from studies
performed on younger males. Ades et al. (1992) showed that maximal exercise capacity
increased similarly in both male and female cardiac patients, suggesting that women gain similar
benefits from cardiac rehabilitation than their male counterparts. As physician referral remains
the most powerful predictor of cardiac rehabilitation participation in older patients [Ades et al.
1992, it is essential that physicians adequately counsel and refer women to cardiac
rehabilitation programmes. The results of our study did not provide insight as to the reasons for

the low number of female participants.
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As discussed in Chapter One, the validity of the 6-minute walk test in earlier phases of cardiac
rehabilitation and severe disease states has been established (Gyuatt etal 1985; Wrightetal.
2001). However, the use of the 6-minute walk test in later phases of cardiac rehabilitation is
not as well researched. It is our experience that many patients in phase Ili and IV cardiac
rehabilitation are able to tolerate higher exercise intensities and even participate in competitive
running and cycling events. Yet, this improvement in exercise tolerance is not apparent when
one considers the results of their 6-minute walk tests at 12-weekly intervals. [n addition, we
have noted that during follow-up interviews, patients are concerned that the results of their 6-
minute walk tests do not adequately reflect their perceived functional improvement on the
programme. Thus, it is questionable whether this test is an accurate measure of exercise

tolerance and capacity to be used in later stages of exercise rehabilitation.

Most patients in our phase IIl programme are regularly participating in running activities as part
of their normal rehabilitation classes. As we felt that the 6-minute walk test was potentially not
adequately reflecting changes in functional capacity in patients attending phase Il and [V
cardiac rehabilitation, we introduced an additional test where patients were allowed to walk, jog
or run for the duration of the 6-minute test. We termed this test the “unrestricted locomotion

test” (ULT).

AlM
The aim of this chapter was to determine if the traditional 6-minute walk test (TWT) is an

acceptable measure of functional capacity in phase Ill cardiac rehabilitation.

A secondary aim of this chapter was to compare the changes in functional capacity reflected in
the TWT and an unrestricted locomotion test (ULT) during a period of 3 months of cardiac

rehabilitation.

SUBJECTS AND METHODS

10 male patients (mean age 54.6 + 7.0 years) with stable cardiac disease attending the
Cardiac Rehabilitation Programme at the Sports Science Institute were recruited for this study.
Subjects were excluded if they had silent ischaemia during their previous exercise stress test,
or developed any new cardiovascular symptoms including angina, dangerous arrhythmia, or

any serious orthopaedic injury during the study period.
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Ouring the first part of the trial, subjects were asked 1o undertake the TWT at baseline, 3

months and 6 months of a standard cardiac rehabilitation programme.

The second part of the trial took the format of a randomised crossover trial where patients
completed both the TWT and ULT at @ months. The tests were conducted on the same day

and separated by a 30-minute rest period.

Subjects did not perform the ULT at basaling, 3 months and 6 months, as we were concerned
that patients may exceed their maximum target heart rates in these early phases of the
programme. Whilst safety is still an important factor to consider in later phases of cardiac
rehabilitation, patients are able to perform activities of higher intensity as a result of the positive
adaptations to cardiac rehabilitation. We therefore felt it safe to incorporate the ULT as a test
of functional capacity at 9 months, provided patients reqularly participated in higher intensity

classes as described below,

All tests were conducted at the Sports Science Institute of South Africa during patients’ cardiac
rehabilitation classes. All subjects signed informed consent to participation in the study and
were allowed to withdraw from the study at any peint. This study was approved by the Ethics
and Research Committee of the Faculty of Medicine at the University of Cape Town.

EXERCISE PROTOCOLS

All patients attended at least two exercise sessions per week during the study period, A typical
session consisted of approximately 10 minutes warm-up, followed by 30-40 minutes of
cardiovascular exercise (e.g. cycling, light jogging or walking), resistance training, and a 10-
minute cool-down and stretching period. By the time patients entered phase I, they were
accustomed to higher intensity cardiovascular training, and were participating in super circuit
classes which entail activities inctuding running and resistance training on a requiar basis.
Palients exercised at an intensity of 75-85% of their maximum heart rate as determined by a
paseline symptom-limited exercise stress test (EST). Subjects were instructed to maintain this
constant level of exercise training during the trial. No changes were made to their medication

or other medical treatment throughout the tnal.
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WALKING PROTOCOLS

During the TWT, subjects were instructed to walk as fast as possible around a 135m indoor
rubber track to delermine maximum distance covered (m) and peak hear! rate (bpm). During
the ULT, subjects were instructed to cover as much distance as possible and were allowed to

run or jog if they desired.

During both lests, the investigator recorded the number of laps covered. To standardise the
protocol, subjects were not encouraged or molivated during either protocol (Guyatt el al. 1984).
Throughout the tests, patients were aware of the lime to complelion. Peak heart rate was

recorded by palpating the radial artery as the subject stopped the exercise lest.

STATISTICAL ANALYSIS

Descriptive statislics were carried out on all test resulls. Results are expressed as means +
standard deviation (SD).  All walk tests were compared using repeated ANOVA and Tukey
HSD lests.  Statistical significance was established at the p<0.05-confidence level.
Improvement In distance covered at 12 weekly intervals, is expressed as a percentage,

rounded off to the nearest one decimal point.

RESULTS
Subject characteristics on entry to the programme

Subject characteristics are listed in Table 3.1, All values are expressed as means + standard

deviations (SD).

Table 3.1: Characteristics of all palients on enltry to the programme.

............................................................... Mean £ 50

Average age [yrs) 54.0 +7.0

Height (cm) 176.0+738

Weight (kg) 770+886

BMi 250+29

Waist circumferance (cm) 86.0 £ 12.8

Hip circumference (cm) 974+ 104

Waistnip ratio 0903

Abbreviaions: BMI = Body Mass Index.
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Compared to the risk profile of the total programme population described in Chapter Two, these
10 patients are slightly younger (54.0 + 7.0 years vs. 56.3 £ 11.0 years), have a lower BMI

(250 £ 2.9vs.29.3 £ 20.0) and waist:hip ratio (0.9 £ 0.3 vs. 1.36.1).

MEDICAL PROFILES
Patients’ medical diagnoses are shown in Table 3.2.

Table 3.2: Medical profiles of all study participants,

(74
o
or

ject Diagnosis

CAD, pravious M
CAD

CAD, previous M

CaD

CAD, previous M|

Pacemaker; Arrhiythmia

CAD

CAD; NIDDM

CAD, previous M, CVA

10 CAD, previous M

Abreviations: Ml = Myocardial Infarction; CAD = Coronary Arery Disease; NIDDM = Non-insulin Dependant
Diabetes Maillitus, CVA = Cersbrovascular Accident,

Rl ges B R e DR ¥ L I <NEE O B N

Disease histories included CAD only {n=3), CAD + previous Ml {>6 months) {n=5), Arrhythmia
(n=1), CAD + NIDDM {n=1),

Tests of Functional Capacity
Figure 3.1 shows the results of the comparative 6-minute walk tests performed at 3-monthly

intervals. Values are shown as mean = standard deviations {SD).
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Figure 4.3: Maximum heart rate {bpm) achieved guring the EST at 0 and 9 months of cardiac
rehabilitation.
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No significant difference was found between the maximum heart rate achieved during the EST

using the Bruce protocol at 0 months and 9 months {p=0.24).

Traditional 6-minute walk test (TWT) and unrestricted locomotion test (ULT) results
Distance covered and peak heart rates achieved during the TWT at 0 and 9 months, and the

ULT at 9 months, are listed in Table 4.4,

Table 4.4: A comparison of distance covered and maximum heart rates achieved during the TWT at 0
and 9 months, and during the ULT at 9 months,

Test Distance {m) Heart Rate {bpm)
TWT at 0 months 8871 £ 54,1 121429

- TWT at § months 8093 +£973° 116+ 26
ULT at § months 1102.2 £ 1424 ¢ 155+ 9

"= p<08 vs. distance covered during 1he TWT 2t 0 months; # = p<0.0002 vs. distance covered dunng the TWT
at @ months and 9 months,

The distance covered during the TWT at 9 months was significantly greater than the distance
covered at baseline. Distance covered during the ULT was significantly greater than that
covered during the TWT at both 0 and 9 months. Furthermore, an 18% improvement in
functionai capacity was shown in distance covered during the TWT at 0 months and at 9
months. In contrast, a 61% improvement is shown when the initial distance covered during the

TWT is compared to the distance covered during the ULT at 9 months.
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During the TWT at 0 months, palients achieved 85% of their symptom-limited heart rates during
the EST. At9 months, they achieved 76% of their symptom-limited heart rates during the TWT.
Interestingly, at 9 months, when performing the ULT, there was no difference in the heart rates

achieved during the EST and ULT.

The improvement in distance covered during the TWT at 0 months and the ULT at 9 months is

shown in Figure 4.4.

Figure 4.4: Distance covered during the TWT {0 months) and ULT (9 months) for individual
subjects.

1500-
a  ( months (TWT)
. ’ ++ g months (ULT)
E 10004 ‘ S
@
U &
o o
o a
@ o a @ & a
S 500
0 T 1 1 i 1 1

0 1 2 3 4 5 6 7

Subjects

Each subject improved the distance covered at 9 months during the ULT. Again, the
improvements varied with subject 1 showing far less an improvement (30%) than, for example,

subjact 7 (90%).

Improvement in functional capacity
Figure 4.5 shows the improvement in functional capacity shown in total treadmill time during
the EST using the Bruce protocol at 0 and 9 months, and the total distance covered during the

TWT at 0 months and the ULT at 9 months.
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Figure 4.5: % Improvement in functional capacity shown by EST and ULT at 9 months.
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The ULT elicited a much greater percentage improvement (61%) in functional capacity

compared to that shown by the EST (31%]).

Heart rates achieved during the EST, TWT and ULT

The maximum heart rates achieved during the TWT and EST at 0 months are displayed in
Figure 4.6. Although there was a trend toward significance, the maximum heart rates achieved
during the EST and TWT at initiation of cardiac rehabilitation were not significantly different

(141.7 £, 20 bpm vs. 121.1 + 29 bpm; p=0.06).

Maximum heart rates during the TWT and EST at 9 months are shown in Figure 4.7,
Significantly higher maximum heart rates were achieved during the EST than during the TWT

at 9 months.

Figure 4.8 shows the maximum heart rates achieved during the ULT and EST at 3 months. No

significant difference was found {152 = 10 bpm vs. 155 = 9 bpm; p=0.51}.

Figure 4.9 shows the correlation between the maximum heart achieved during the TWT and
EST at 0 months. No significant correlation was found. Similarly, no correlation was found
between the maximum heart rates achieved during the ULT and EST at 9 months as shown in
Figure 4.10,
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Figure 4.9: Correlation between maximum heart vate {bpm) achieved during the TWT ard EST at 0
months (p=0.16; r=0.6)
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Figure 4.10; Correlation between maximum heart rate (bpm) achieved during the ULT and EST at 8
months (p=0.25; r=5).
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capacity if the results are to be used in exercise prescription during cardiac rehabilitation.
Indeed, the American College of Sports Medicine advocates that unless a patient shows any
untoward signs and symptoms, they should be encouraged to give their best effort so that the
maximal exercise tolerance can be determined accurately (ACSM Guidelines for Exercise
Testing and Prescription, 2000). Itis important to consider the purpose of the EST: Exercise
tests can be performed to assess disease severity and prognosis, or to evaluate functional
capacity. The findings of this chapter highlight the need to interpret routine EST results for

exercise prescription with caution, especially at later stages of cardiac rehabilitation.

Our findings are supparted by those of Hammond et al. (1985) who suggested that setting
exercise prescriptions from the results of routine symptom-limited stress testing might result in
too low exercise intensities. This may explain why resuits from cardiac rehabilitation are not as
impressive as expected. Our results show that patients are able to endure intensity levels far
greater than that achieved during routine EST. These results were achieved during the ULT,
and are also evident on observation of patients during their normal cardiac rehabilitation
classes. It follows then that perhaps the results of the ULT should be used as a more accurate

indicator of the exercise intensity for patients attending later phases of cardiac rehabilitation.

The second important finding of this study was that significantly lower heart rates were
achieved during the TWT compared to the EST at 9 months. This finding suggests that
patients did not achieve the maximum heart rates they were capable of during the TWT, and

that the TWT does not reflect true functional capacity in later phases of cardiac rehabilitation.

Thirdly, the heart rates achieved during the EST and ULT at 9 months were not significantly
different, Therefore, patients did not exceed heart rates that were deemed “safe” by their
cardiologists during the ULT. The ULT can therefore safely be undertaken by cardiac low-risk
patients who regularly attend high intensity sessions and have no musculo-skeletal

abnormalities that may be aggravated by unrestricted locomotion.

One of the limitations discussed in the previous chapter of this thesis was that subjects did not
perform the ULT on initiation of the cardiac rehabilitation programme. In this chapter therefore
we set out to investigate it's safety vs. more traditional indices of functional capacity including
the EST and TWT. Whilst our study shows the safety of the ULT during phases Il and IV

cardiac rehabilitation, further research is necessary to prove it's safety in patients starting
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cardiac rehabilitation. Some authars have suggested that the design of an exercise testing
protocol should match the expected abilities of the patients being tested (Staniforth etal. 1998).
It may therefore be appropriate to select the type of test based on the peak METs achieved
during the EST. Perhaps patients who achieve low levels of functional capacity should perform
the TWT and those who achieve a high baseline functional capacity should be allowed to waik

or jog during their exercise test,

A test that assesses both functional capacity and patient prognoss is more likely to be clinically
useful than one that assesses patient prognosis alone (DeBusk 1989). From the results of our
study, the ULT appears to be a more accurate test of functional capacity in pnase Ili and IV
cardiac rehabilitation. However, whereas many studies have shown the value of the 6-minute
walk test in the diagnosis and prognosis of cardiac disease, further research should be
conducted on the ULT to establish it as a recognised test of prognosis and functional capacity

in later phases of cardiac rehabilitation.

In conclusion, the results of this study show that EST underestimates the improvement in
functional capacity in patients participating in phase ill and IV cardiac rehabilitation
programmes. |t is therefore suggested that all cardiac rehabilitation patients perform the ULT
as a better measure of functional capacity. Whilst the EST is valuable in determining the safety
of patients to exercise and to assess any new cardiac abnormalities, we suggest that exercise

prescription should not be based solely on the results of the EST.
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CHAPTER FIVE

SUMMARY AND CONCLUSIONS



SUMMARY

The aim of this thesis was firstly to characterise patients attending cardiac risk reduction and
reversal programmes, and secondly to evaluate test of functional capacity during later phases

of cardiac rehabilitation programmes.

The first study of this dissertation reported in Chapter Two, established that 80% of the
patients attending the Cardiac Rehabilitation Programme at the Sports Science Institute of
South Africa had documented CAD, and the remaining 20% attended the programme for
rehabilitation of another co-morbidity. In addition, only 31% of the group of CAD patients
presented with CAD only. The remainder of the group either required rehabilitation for
musculo-skeletal injuries (most commonly grade | motion segment abnormality of the lumbar
spine) or an additional co-marbidity in conjunction with their cardiac condition. This study also
confirmed previous research that the number of female participants in cardiac rehabilitation

programmes is much lower than the number of males participants.

The experiments reported in Chapter Three found that the traditional 6-minute walk test
showed only small increments in improvement in functional capacity when performed at 12
weekly intervals during phase 11, Il and IV cardiac rehabilitation. Secondly, the unrestricted
locomotion test elicits a greater improvement in functional capacity compared to the TWT in
phase Il and IV patients. The resuits of this study 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 ULT be used in later
stages of cardiac rehabilitation to monitor functional capacity accurately and to adjust exercise

prescription accordingly.

In Chapter Four, the safety of the ULT was investigated by comparing the maximum heart
rates achieved during this test and those achieved during routine exercise stress tests (EST).
This study showed that the heart rates achieved during the ULT after 9 months of cardiac
renabilitation were not significantly different to the heart rates achieved during the EST at 9
months. Patients were therefore performing the test within safe heart rate limits. A further

important finding'of this study showed that the EST underestimates improvement in functional
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capacity compared to the percentage improvement shown by the ULT. It appears that both
traditional walk indices and routine EST underestimate true functional capacity in patients who

reqularly participate in high intensity cardiac rehabilitation.

CONCLUSIONS

This thesis confirms that the traditional cardiac rehabilitation population is changing and now
includes patients requiring medical intervention and rehabilitation for co-exisling musculo-
skeletal injuries and additional co-morbidities. These findings have implications for staffing and
equipment of such programmes, and should be considered to enable the holistic treatment of

patients.

Secondly, the choice of test of functional capacity is important in ensuring that patients receive
accurate feedback regarding their progress during participation in cardiac rehabilitation
programmes. Reasons for performing such tests should quide one’s choice - for example, if
safety to perform exercise is the goal, the EST may be the best choice. However, if the accurate
assessment of functional capacity is the aim, the TWT or ULT is advocated. These tests can
also be used in community-based intervention programmes. It is our suggestion that patients
participating in phase Ill and IV cardiac rehabilitation perform the ULT as a better measure of

functional capacity, as the TWT may mask significant improvements in functional capacity.
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