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Abstract
Cardiac rehabilitation (CR) is a comprehensive approach to recovery developed to
help overcome the complications associated with cardiovascular disease. However, despite
the reported advantages of CR, little is known of the benefits associated with long-term,
maintenance CR, as many previous studies have focused on short-term CR. Furthermore,
there remains a significant gap in evidence regarding the effects of CR in specific
demographics, specifically women and elderly, due in part to the significant disparity in
referral to CR and consequently, representation in CR research. Therefore, this study aimed
to examine the physical activity (PA) habits, physical function as well as quality of life
(QOL) perceptions of those elderly individuals participating in community-based,
maintenance CR.

Thirty-nine elderly (71.8% female; age 70.5±5.5 years) individuals participating in
community-based, maintenance CR were recruited from two local CR clubs in Dunedin,
New Zealand. Participants were assigned to either the CAD group (defined as history of MI,
coronary angioplasty or stent insertion, valve surgery or coronary artery bypass graft
surgery, n=13) or the non-CAD group (no history of CAD, n=26) based on the history of
cardiovascular disease. Self-report questionnaires on demographics, medical history, PA
habits and QOL were completed. Participant physical function was assessed through a Short
Physical Performance Battery (SPPB), 30-second chair-to-stand test, handgrip strength test,
Six-Minute Walk Test and Ten-Meter Incremental Shuttle Walk Test. Objective PA was
measured by seven-day accelerometer wear.

1

Overall, the CAD group performed significantly more moderate-to-vigorous
physical activity (MVPA) per week (329.7±233.3 mins versus 160.6±149.5 mins, p=0.013).
However, only 26.3% of all participants in the present study were categorised as being
physically active by current PA guidelines (≥30 mins, ≥5 days/week). No differences were
seen in self-reported PA habits except for moderate-intensity PA, which was statistically
significantly higher in the CAD group. Body composition was the only significantly
different anthropometric measure between the two groups, with the CAD group having less
body fat percentage (27.5±8.4 versus 36.5±8.7, p=0.004) and higher muscle mass percentage
(72.5±8.4 versus 63.0±9.8, p=0.022) compared to the non-CAD group. Significantly more
of the CAD group was on various prescribed medications compared to the non-CAD group
and self-reported significantly higher presence of chest pain with exertion (61.5% versus
3.8%, p=0.000) and shortness of breath (38.5% versus 7.7%, p=0.018). No significant
differences were observed for any measures of physical function or QOL.

Elderly CAD patients who participate in community-based maintenance CR could
perform enough PA to meet current PA guidelines, however, are not currently regularly
active throughout the week. Furthermore, the CAD patients in the present study had similar
physical function and QOL perceptions as their non-CAD peers. Therefore, it may be
suggested continued participation in community-based, maintenance CR is effective in
preserving the PA habits of elderly CAD patients and subsequently slowing the decline in
physical function, and QOL saw with older age. The limitations of this study warrant further
investigation to confirm these findings. Furthermore, the results of this present study
highlight the need for increased referral of elderly CAD patients to CR.
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Introduction
Coronary artery disease (CAD) remains one of the leading causes of mortality
worldwide, with an estimated 17.5 million attributable deaths in 2012 (1). The underlying
causes of CAD have been shown to be numerous, including atherosclerosis, obesity,
hypertension as well as lifestyle factors such as inadequate physical activity (PA) and poor
diet (2). The most common health complications CAD patients experience are those that
arise due to narrowed arteries, specifically arrhythmia, angina and myocardial infarction
(MI), all of which can cause long-term health and lifestyle complications (3). Cardiac
rehabilitation (CR) is a comprehensive and multifaceted approach to recovery developed to
attenuate the many influential risk factors of CAD. Components of CR include exercise
prescription, psychological counselling as well as cardiovascular risk factor management
(4). Subsequently, participation in CR can improve multiple physiological as well as
psychological aspects of a cardiac patient’s life (4-6). However, despite its well-documented
benefits, few eligible patients attend CR or drop out within a year of enrollment (4, 7, 8).
Furthermore, specific demographics in CR, specifically women and elderly have historically
been under referred to CR, with elderly patients approximately 77% less likely to participate
in CR compared to those patients under 65 years (9). Coupled with the high dropout rate and
under referral, the relatively short duration of phase II CR has meant few cardiac patients
adhere to the necessary level of PA to promote improved cardiovascular risk factors and
reduce patient mortality risk (8). Initial research has shown that continued participation in
maintenance CR programs, especially within a community setting, to be an effective method
of promoting adherence to healthy exercise and dietary habits (10). However, only a few
studies have examined the potential health benefits associated with participation in longterm, maintenance CR (11, 12), with many previous studies excluding cardiac patients over
the age of 65 years (13). The limited inclusion of elderly patients in previous CR research
10

has meant a significant gap in knowledge regarding the benefits of CR exists for this elderly
population. Therefore, further investigation into CR, specifically into elderly cardiac patients
who are participating in maintenance CR, could provide essential findings that reinforce
initial reports of the benefits associated with maintenance CR as well as promote increased
referral of elderly cardiac patients to CR.

Community-based CR Clubs Overview:
Within the wider Dunedin area there are two community-based CR programs; The
Otago Phoenix Club, based in central Dunedin and the Taieri Fit and Fun group based in
Mosgiel. Both CR clubs offer weekly, hour-long exercise sessions involving a mixture of
aerobic and resistance training for those individuals with a history of CAD that require longterm secondary prevention. However, despite both of these clubs being primarily involved
in secondary prevention, they do allow individuals without a history of CAD to participate.
The Otago Phoenix Club allows its members to bring their spouses as a support person while
the Taieri Fit and Fun group while also being a CR club, is a community exercise club.
Therefore, those individuals at risk of any underlying CAD developing into a clinical
endpoint such as myocardial infarction or those individuals who wish to maintain their
physical function and PA habits may participate in the weekly exercise sessions.
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Chapter One: Literature Review
1.0 Pathophysiology of Coronary Artery Disease
Coronary artery disease is a condition characterised by the progressive hardening and
thickening of the coronary vasculature through a process known as coronary atherosclerosis
(9). Atherosclerosis is a complex and chronic inflammatory process involving the infiltration
of fats, cholesterol, calcium and other inflammatory markers and their accumulation together
to form atheromatous plaques within the coronary arterial endothelium (9). The rate of
development and extent of atherosclerotic plaque coverage varies widely by nature, with
fatty streak development being reported to develop in individuals as early as their second
decade (10). Conversely, atherosclerosis development can occur over a 30 – 40-year time
span while remaining asymptomatic until the peak years of acute coronary syndrome
incidence, typically within the 6th decade for men and seventh decade for women (11).
However, those from countries of lower socioeconomic status experience CAD events early
compared to those from more developed countries (11). The rate at which atherosclerosis
develops has been reported to be heavily attributable to non-modifiable risk factors such as
age, gender and family history (2). However, multiple modifiable risk factors including
abdominal obesity, dyslipidemia, hypertension, diabetes, psychosocial health, diet, PA
levels and tobacco smoking have been shown to increase the rate of plaque development
dramatically (2). Furthermore, 80% of an individual’s risk of developing atherosclerosis and
CAD can be attributed to only five risk factors; smoking, unfavourable lipid ratios,
hypertension, abdominal obesity and diabetes (2).

Specifically, the increased vascular resistance, physical stress and susceptibility of
the arterial wall to infiltration of fatty deposits associated with hypertension, oxidative stress
from tobacco smoking and its relationship with increased lipid oxidation and retention, has
12

a strong influence on the development of atherosclerotic plaques (12, 13). In addition,
despite these risk factors having a systemic effect on the body, lesion development is not
uniformly distributed throughout the coronary vasculature (14). Instead, plaques have been
found to commonly develop within the left coronary artery, with the greatest plaque
clustering occurring in areas of highly susceptible to increased oscillatory stress, such as the
left anterior descending artery, its bifurcations and regions near distal arterial branches (14,
15). Furthermore, experimental studies have shown these physiological stimuli greatly affect
the vascular haemostasis of arterial endothelial cells, changing their permeability and
allowing the entry of blood-borne lipids and other inflammatory markers into the arterial
wall (16). The progressive accumulation of low-density lipoproteins (LDL-C) within the
arterial intima and its subsequent modification and oxidisation by enzymes and
proinflammatory cells are the initiating factors to the activation of the bodies innate
inflammation responses and the beginning of atheroma development (17). This immune
system reaction is mediated by the activation of endothelial cells causing adhesion molecule
secretion and release of chemoattractants by smooth muscle cells, influencing monocyte,
lymphocyte and other immune cell entry into the arterial intima (17). The transformation of
monocytes to macrophages and later into foam cells through the internalisation of lipid
particles is another significant step in the continued development of atherosclerotic plaques
(17). This first physiological process of macrophage transformation is the cause of further
release of inflammatory mediators and promotion of LDL-C to bind to the endothelial and
smooth muscle cells of the intima, resulting in the pooling of necrotic debris and lipids,
promoting a necrotic environment and further growth of the plaque (18).

Over time, the subtle physiological changes associated with CAD can result in the
onset of multiple heart conditions. These changes are typically associated with the narrowing
(i.e. stenosis) of the coronary vasculature leading to restricted blood flow to the myocardium,
13

the onset of ischemia and development of a hypoxic environment within the affected area of
the heart (19). Clinically, this myocardial ischemia or ‘angina pectoris’, the result of an
imbalance between oxygen demand and supply to the myocardium, is the reason many CAD
patients commonly express feelings of chest discomfort CAD (20). Furthermore, some
patients experiencing angina may show signs of referred pain or discomfort in the upper
extremities, dyspnoea, fatigue, dizziness or nausea (21). However, the onset of symptoms
associated with angina can vary greatly depending on the type of angina present. ‘Stable’
angina, often presents with symptoms common to myocardial ischemia and is exacerbated
by physical exertion or emotional stress but can be relieved by rest (19, 21). ‘Silent’ angina,
however, is asymptomatic and defined as the presence of myocardial ischemia in the absence
of any symptoms related to chest discomfort and is also the most common form of angina,
accounting for more than 75 percent of all angina cases (22, 23).

While stable angina is physiologically associated with coronary stenosis, complete
blockage (i.e. occlusion) of coronary arteries is often life-threatening. Termed ‘acute
coronary syndromes’ (ACS) and presenting as either ‘unstable’ angina or a myocardial
infarction (commonly referred to as a ‘heart attack’) either with or without ST-elevation (an
abnormality detected by 12-lead ECG machine), ACS is the result of a ‘vulnerable’
atherosclerotic plaque rupture and initiation of coronary blood clotting (i.e. thrombosis).
This mechanism of occlusion results in irreversible damage to the myocardial tissue due to
necrosis and hypoxia. The process of necrosis is a result of the prolonged ischemia due to
the little to no blood supply within the coronary vasculature (24). Atherosclerotic plaque
rupture can be influenced by multiple physical, mental and chemical ‘triggers’ such as shear
stress injuries, immune infections, large meals as well as emotional stress and cold weather
(25-28). Clinically, unstable angina is distinguished from stable angina by onset at rest for
longer than 20 minutes, new onset of angina without a history of angina or increased
14

frequency and duration of angina with less exertion than previous anginal onset (29).
Myocardial infarction itself is the endpoint of unstable angina and is differentiated by
electrocardiogram changes and an elevated presence of cardiac biomarkers, such as troponin
I (30). Both unstable angina and MI patients can present with symptoms typical of ischemia,
(i.e. chest pains, referred pain down the left arm, diaphoresis (sweating), fatigue and anxiety
fainting (31). Treatment options for both angina and ACS range from lifestyle changes (i.e.
diet changes and increased exercise) to pharmacological (i.e. nitro-glycerin and betablockers) and invasive procedures, such as angioplasty, stent insertion and heart bypass
surgeries (32).

Coronary artery disease is a leading cause of mortality worldwide (1). The numerous,
often asymptomatic co-morbidities that underpin the development of atherosclerosis such as
hypertension and obesity present a problematic situation for health organisations around the
world. However, with greater emphasis on educating the public, improvements in medical
technologies and medications including angioplasties and drug-eluting stents, the survival
rate for CAD patients has steadily improved. Future endeavours by health care systems,
especially within third-world countries must continue to focus on primary prevention
strategies. Specifically, by targeting cardiovascular risk factors that influence the
development of CAD such as abdominal obesity, diabetes and hypertension, the expected
rise in the worldwide burden of CAD may be attenuated.

1.1 Cardiac Rehabilitation
Once limited to the services available to patients following a cardiac event, continued
research into the pathophysiology and cardiology of CAD as well as vast improvements in
medical technology has seen greater rates of survivability following acute cardiac events
(33, 34). However, as the population of CAD survivors increases, secondary prevention and
risk-factor management services are crucial for stemming the growing rate of morbidity
15

associated with living with CAD as well as improving the long-term prognosis of CAD
patients (35).

Aimed at providing multidisciplinary and comprehensive rehabilitation services,
traditional CR has been developed over the past 40 years in response to the need for reducing
the mortality and morbidity associated with cardiovascular disease (33). Although primarily
for those with some CAD, individuals with other heart conditions such as heart failure,
peripheral vascular disease and patients who have undergone cardiac surgeries such as
coronary angioplasty or bypass surgery can also be referred onto CR by their physician (6).
Services commonly found in CR include patient assessment, exercise counselling, lifestyle
and behavioural modification such as psychosocial therapy, disease education,
pharmacological treatment, smoking cessation as well as nutritional counselling (6). These
services are implemented with the aim of achieving three primary goals, reduce mortality
and morbidity rates by preventing secondary cardiovascular events, improve patient QOL
and facilitate a patients recovery towards a fully active lifestyle (33).

1.1.1 Phases of Cardiac Rehabilitation
Although no single, globally recognised guideline exists for CR, many societies and
associations recommend the delivery of CR through multiple distinct phases (36, 37). Phase
I CR (the inpatient phase) includes an early introduction to remobilisation, as an attempt to
negate the effects of bed rest, following acute cardiac events such as heart attacks or surgical
interventions (33). Core components of Phase I CR involve the preliminary medical
evaluation of the patient, risk factor assessment such as smoking and body composition, as
well as patient/partner education about cardiovascular disease (4). Phase II CR (the
outpatient phase) is an essential period of transition from the hospital to home, with a
duration of approximately 4-8 weeks (38). The primary focus of this phase revolves around
16

providing a safe and supportive environment for early supervised exercise training in a
clinical setting such as a hospital. In addition, monitoring of the patient’s cardiovascular risk
factor profile and education on the importance of lifestyle modifications such as dietary
changes, smoking cessation as well as teaching patients to self-monitor their disease
symptoms are all synergistic components that can provide adequate rehabilitation during
phase II CR (39). Phase III CR (the long-term phase) is traditionally the beginning of a
‘maintenance phase’ of recovery through the initiation of home or community-based
exercise programs. Phase III aims to refine healthy behaviours such as lifelong PA and
cardiovascular disease risk factor reduction such as smoking cessation and diet modifications
that have been developed during the earlier phases of CR, to ensure the risk of any further
cardiovascular events are reduced (37).
Overall, CR is a crucial part of recovery for individuals with cardiovascular disease.
The multifaceted and comprehensive approach to rehabilitation means that each phase of CR
can be explicitly tailored to the patients’ needs. This method allows patients to attenuate both
the physiological and psychological impacts CAD has on their lives while progressively
returning to their usual activities of daily living.

1.2 Benefits of Cardiac Rehabilitation
The multifaceted approach to CR can benefit numerous aspects of a cardiac patients’
life (40). These benefits can range from improved functional capacity and cardiovascular
risk factors to psychosocial benefits, such as improved self-perceptions of health and QOL
(4, 33, 37, 41, 42).

1.2.1 Improved Physical Activity Habits
As PA counselling has long been a core component of CR programs, many studies have
investigated how exercise prescription as part of CR, can benefit CAD patients exercise
17

capacity (33). Furthermore, the current guidelines recommend CAD patients to perform at
least 30 minutes of moderate-intensity PA, five to seven days per week (43). In addition,
previous studies have recommended a minimum PA energy expenditure of 1500 kcal/week
for CAD patients participating in maintenance CR programs, with higher energy expenditure
(~2200 kcal/week) known to lower cardiovascular mortality rate (44). Regarding long-term
PA habits, previous research comparing long-term participation in maintenance CR versus
those CAD patients that had completed or never attended maintenance CR, found individuals
who participated in CR to have engaged in more PA per week, were more likely to reach
minimum PA guidelines as well as sustain their PA habits following CR graduation (45). A
study by Giannuzzi et al. (46) examining a long-term CR intervention in recent MI patients
who were randomised to either CR or a usual care group, found greater long-term PA habits
as well as decreased nonfatal MI and mortality rates in those patients assigned to CR
compared to those patients assigned to the usual care group. In addition, a subanalysis of
two randomised controlled trials using new MI patients who were assigned to an eight-week
aerobic exercise-based CR program saw a significant increase in the patient's frequency of
moderate-vigorous PA as well as their cardiorespiratory fitness (VO2peak) levels (47). Further
studies are needed to determine if participation in exercise-based CR over the long-term,
especially in community-based settings, can produce sustained increases in CAD patients
PA habits as seen in previous research.

1.2.2 Improving Cardiovascular Risk Factors
Multiple studies have reported the ability of CR programs to attenuate and reduce the
presence of cardiovascular risk factors in CAD patients (39, 48, 49). A study examining the
effects of a comprehensive CR program on elderly CAD patient’s physical status and
cardiovascular risk factors over a six-month period found no worsening of clinical CAD
symptoms in either the intervention or control group (50). However, the intervention group
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reported significantly reduced waist circumference and body composition while also
reporting significantly lower triglyceride and fasting blood glucose levels compared to the
control group (50). In addition, a previous study comparing the effects of short- versus longterm (3- vs. 12-months) CR found significant improvements in lipoprotein-lipid profiles,
smoking cessation and participant exercise capacities, with more pronounced improvements
in those participants that were part of the twelve-month CR intervention compared to the
three-month CR intervention (51). Previous studies have also shown that participation in
exercise-based CR post- MI, to be effective in lowering blood pressure after just two months
of regular attendance (52).

1.2.3 Quality of Life and Psychosocial Health
The experiences CAD patients go through during a cardiovascular event can put them
at a much higher risk of developing psychological conditions such as anxiety and depression
compared to the general population (53). Therefore, a focus point of previous literature has
been the effects CR programs have on improving the psychological health of CAD patients.
These studies have shown CAD patients commonly report improved perceptions of QOL
(54) including reduced subjective feelings of depression, anxiety, stress and hostility towards
others after regularly attending CR (55). Furthermore, a recent systematic review has
suggested there to be a bi-directional relationship between increased PA habits and QOL
improvements, with significantly greater QOL reported in those CAD patients who exercised
more frequently than those non-exercising CAD patients (56). Furthermore, previous
research had reported significant improvements in multiple psychological factors such as
general mental health, depression, anxiety, vitality as well as overall QOL, even when
participants who partook in exercise-based CR saw no improvements in their exercise
capacity (55).
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The mental health services often provided by CR programs are an essential tool in
the rehabilitation process and have been shown to be an effective method of improving
psychosocial health. Furthermore, current indications of bi-directional health benefits
extending from performing both exercise and mental health counselling give strength to the
use of the comprehensive and multifactorial services that make up CR.

1.2.4 Mortality
Despite its comprehensive services, research into the benefits of CR on reducing
mortality risk for CAD patients has produced mixed results risk (57, 58). A Cochrane review
involving 10,974 CAD patients from 47 randomised trials, demonstrated a reduction in
cardiovascular and overall mortality as well as reduced hospital admissions in those
individuals that participated in CR for longer than 12 months (59). Furthermore, a recent
systematic review of 34 randomised control trials involving 6111 MI patients, found that
those patients who attended CR had a lower risk of secondary MI, cardiovascular mortality
as well as all-cause mortality compared to those non-attenders (60). However, in contrast, a
randomised controlled trial by West et al. (58) that examined 1813 participants who were
part of either a comprehensive CR program involving exercise training, health education and
counselling for secondary prevention or a usual care group, found at two years post-referral,
there was no significant differences in all-cause mortality between those CR participants and
usual care group attendees.

Overall, current evidence suggests that participation in CR has multiple benefits for
CAD patients. The multidisciplinary nature of CR enables its many services to provide
comprehensive care that has been reported to provide significant short-term benefits for
those that attend CR. However, in the context of today’s CR programs and their
multidisciplinary approach to rehabilitation, little is currently understood about the long20

term benefits these programs have for CAD patients. Therefore, further investigation into
the effects of long-term CR is warranted.

1.3 Barriers to Cardiac Rehabilitation
Despite the known benefits of CR, previous studies have identified various barriers
that impact on current CR attendance including individual, demographic and socioeconomic/
environmental factors. (61-65).

Being the first point of contact for most CAD patients, lack of physician referral on
to CR has been reported to be the strongest predictor of enrollment into CR programs (66).
Furthermore, younger and healthier male CAD patients are more likely to be referred on to
CR compared to their female and older patient counterparts (66-68). This disparity between
referrals, specifically for older patients may be due to age indirectly presenting itself as a
barrier to CR, as older CAD patients (>65 years old) have expressed more overall barriers
to participation compared to younger CAD patients (69). Specifically, elderly CAD patients
have reported exercise to be tiring as well as expressed beliefs that CR would not improve
their health or that they had confidence in their own abilities to manage their disease (67,
69). Furthermore, elderly CAD patients have reported their health status to influence their
attendance to CR programs (69). Particularly, it has been proposed that physical health can
influence the participation of elderly CAD patients in CR, due to the higher presence of
debilitating conditions such as angina or heart failure and the associated pain, as elderly
CAD patients have commonly reported it to be too painful for them to regularly participate
in CR (69). Geographical and socioeconomic factors such as lower socioeconomic status,
long travel distances as well as issues relating to the cost of CR and involvement of insurance
coverage have also been reported to influence CAD patients attendance to CR (63, 66, 68,
70, 71). Psychosocial issues such as depression and anxiety, perceptions of poor control
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over patient illness as well as inadequate social support have also been shown to impact the
participation rate of CAD patients to CR (70).

Regardless of its benefits, it is evident that initial participation and long-term
adherence to CR is often poor, of which can lead to the worsening of a CAD patient’s
condition as well as the loss of health benefits gained from earlier participation in CR.
Therefore, future studies should examine factors that influence long-term adherence to
maintenance CR such as poor physician referral, gender and age with particular focus
towards women and elderly individuals with CAD, who are currently mostly
underrepresented and under referred.

1.4 Cardiac Rehabilitation and Physical Function
The decline in muscle strength associated with the presence of cardiovascular disease
and the aging process can significantly impact an individual’s ability to live independently
(72, 73). Therefore, current research has begun to investigate the benefits CR has regarding
preserving muscle strength in CAD patients, particularly in the elderly population (74, 75).

Mandic et al. (76) examined the long-term changes in the physical function and body
composition of 46 (69.7±8.9 years, 79% male) elderly CAD patients during a 1.6-year
follow-up. Irrespective of CR attendance and self-reported PA habits, participants saw an
increase in lower-body muscle strength and a decline in handgrip strength after the 1.6 years.
Furthermore, increases in body weight and fat percentage were observed in the follow-up
period. No significant changes in exercise capacity or physical function were seen. These
findings suggest that although there were no significant improvements in exercise capacity,
long-term maintenance CR may slow the decline in physical function and body strength seen
with aging. The limitations of this study were its 26% participant drop out and subsequent
small sample size. Furthermore, the use of self-report PA measures can be subject to recall
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bias, where elderly individuals can find it challenging to recall PA details over an extended
period (77).

A study by Asbury et al. (78) explored the impact an eight-week phase III CR
program had on cardiovascular risk factors, physical function, QOL, and psychological
health in individuals with refractory angina. Forty-four patients (65±7.3 years; 83% male)
were randomly assigned to either the eight- week CR or symptom monitoring control group.
Following CR, patients showed a significant improvement in their progressive shuttle walk
level and distance reached compared to the control group. In addition, the CR group reported
improved health anxiety reassurance and lower angina threat versus the control group. Both
the frequency and severity of angina remained unchanged in both groups, while the control
group reported increased pain on the SF-36 questionnaire pain scale. This study
demonstrates that CR can improve physical function without increasing the prevalence of
angina episodes in elderly individuals with CAD. The limitations of this study included its
pilot study design and small sample size.

Although limited research currently exists regarding later phases of CR and physical
function, initial evidence suggests long-term CR may slow the loss of physical function
associated with the presence of CAD, especially at an older age (76). However, as with most
CR research, many of the participants used for studies in this area have been low-risk
stratified males aged £70 years of age who had normal or near-normal exercise capacities.
Therefore, future studies should continue to investigate the relationship between CR and
physical function with older and less physically able CAD patients to observe if the current
benefits of CR for physical function can be found in other populations.
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1.5 Outpatient Cardiac Rehabilitation and Quality of Life
Outpatient CR programs are a vital part of the rehabilitative process for CAD
patients. With a dose-response relationship between the number of attended sessions and
positive long-term health outcomes, the greatest benefits can be seen when there is minimal
time between a patients cardiac event and enrollment into a CR program (57, 79).
Janssen et al. (80) identified a positive relationship between patients’ illness
perceptions and their QOL after participating in a three-month outpatient CR program in 158
middle-aged individuals with CAD (58±9.2 years; 80.4% male). Upon completion of the
outpatient CR program, patients reported fewer perceived consequences of their illness on
daily functioning in the context of physical, emotional and social areas of life. Furthermore,
patients reported fewer disease symptoms including dizziness, the stiffness of joints, postexercise fatigue and reduced emotional impact. These perceived psychological and
physiological improvements also had a positive influence on improving QOL upon
completion of the outpatient CR program. Due to the lack of a control group in this study, it
is not possible to determine whether the changes in QOL were directly due to participation
in CR or a general adaptation to illness over time.
A study by Niebauer et al. (81) examined the short and long-term effect of CR in
1432 outpatient (58.4±11.2 years; 83.9% male) and 1390 maintenance phase CAD patients
(58.5±10.6 years; 84.5% male). Participation in Phase II outpatient CR improved risk factors
for cardiovascular disease including a reduction in systolic and diastolic blood pressure,
LDL-C and body mass index (BMI). Outpatient CR also led to clinically significant
improvements in social, emotional and physical components of QOL. Furthermore,
improvements achieved during phase II CR were more likely to be maintained or even
increased if patients participated in phase III CR. The findings from this study provide
compelling evidence for the benefits of both short- and long-term CR. Additionally, the
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benefits were seen following a transition into long-term CR, offering support for the
continued adherence to maintenance (Phase III) CR, a phase historically associated with low
referral rates (4).

The benefits of early enrollment into CR can also be seen in a study by Hirano et al.
(82). This study involving 47 Japanese CAD patients (59.4±12.6 years; 69% male)
recovering from cardiac surgery, had participants take part in an eight-week exercise-based
CR program involving both aerobic and resistance training. Outcome measures were
VO2peak, handgrip and knee grip strength as well as health-related QOL improvements at
both one- and the three-month mark of CR attendance. After three months, all participants
showed significant improvements in VO2peak as well as muscular strength testing compared
to after one month. Furthermore, significant improvements were seen in QOL as reported in
seven subscales of the SF-36 health-related QOL survey, however only physical function
and mental health scores reached a level close to the average healthy Japanese adults. VO2peak
was the only physiological measure to be significantly associated with the SF-36 physical
function QOL score. The findings of this study reinforce previously reported evidence
regarding the positive relationship between PA and improvements in psychological mood
and QOL (56). However, the limitation of this study was its small sample size, where
stronger associations between outcome measures may have been found using a larger sample
size.

From the reviewed literature it is clear cardiac patients who participate in
comprehensive outpatient CR can see many favourable improvements in health in as little
as six months. However, there is currently an inadequate initial uptake of CR. Future
research needs to examine current barriers to participation and reduce the current lack of
inclusion of specific populations, specifically women and elderly to both outpatient CR
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programs and research. Furthermore, a stronger base of evidence could compel health care
systems to provide greater support to patients moving into maintenance CR programs, given
the initial reports of consolidated benefits seen when patients continue into long-term CR
following outpatient CR (20).

1.6 Maintenance Cardiac Rehabilitation Programs and Quality
of life
Short-term participation in CR has been shown to produce many health benefits, both
physiologically and psychologically (80, 81). However, compliance to CR in the long-term
remains low, despite evidence reporting maintenance CR to have similar beneficial effects
on health as outpatient CR (49).
Johnson et al. (83) examined the effects a 12-week post-outpatient, home walking
CR intervention had on QOL and the maintenance of PA in 144 women with CAD under 75
years of age. Contrary to other studies (25), PA declined in both the intervention group and
the usual care group over a one-year period. However, a significantly smaller reduction in
PA was observed in the intervention group compared to the usual care group. QOL improved
earlier in the intervention vs. usual care group although no overall differences at 12 months
could be detected. This study highlights the effectiveness a long-term home-based CR
program can have on helping CAD patients transition from a supervised to independent
maintenance (phase III) CR. In addition, despite the overall outcome, this study provides
evidence for the benefit CR has in the underrepresented female population.
Dugmore et al. (84) examined the changes in cardiorespiratory fitness as well as QOL
in 124 middle-aged individuals with a history of MI that was randomly allocated to either an
exercise-based CR program or control group. After 12 months, the exercise treatment group
had made significant improvements in VO2peak, psychological wellbeing and QOL.
Furthermore, the CR participants showed strong trends for reduced symptoms related to
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angina as well as fewer hospital readmissions and fewer medications taken compared to the
control group. Regarding work status, a significantly more substantial portion of the
treatment group returned to full-time work earlier compared to their matched controls. The
results of this study emphasise the benefits of long-term exercise CR. The strength of this
study was its use of a randomised control design, as casual conclusions between PA levels
and associated health benefits can be accurately established.

To determine the effects of long-term participation in maintenance CR on healthrelated outcomes, Izawa et al. (85) studied 109 acute post-MI patients (63.5±10.1 years; 87%
male) over an 18-month period. This observational study assessed physiological outcomes
(VO2peak, knee-extension and handgrip-strength) at the one- and six-month, post-MI period.
Exercise maintenance, leisure-time objective PA and QOL were measured 12-months
following completion of a five-month CR program. At 18 months, three-quarters of
participants continued to perform regular PA. Total leisure-time objective PA as measured
by daily step count and caloric expenditure, was significantly higher in long-term exercisers
compared to non-exercisers. Furthermore, seven of the eight SF-36 QOL subscales were
reported to be significantly higher in the long-term exercise group compared to the nonexercising group after 18-months. Both groups saw significant improvements in all
physiological outcome measures at six-months following CR, compared to after one-month
of CR participation. The results of this study suggest a relationship between long-term
exercise maintenance following initial CR participation and sustained improvements in both
physiologically and QOL outcome measures. The strength of this study is its long-term data
collection. The limitation of this study was its use of a cross-sectional design. Therefore
future studies should aim to use randomised, control trial designs with larger sample sizes to
find evidence that strengthens the known associations between long-term PA and health.
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With the main focus of research having been to investigate early CR programs and
their benefits for CAD patients, little emphasis has been placed on maintenance CR and the
long-term benefits for those individuals with CAD. To further emphasise and justify the
uptake of maintenance CR following early CR, future studies should continue to examine
the health benefits associated with long-term (>1-2 years) participation in maintenance CR
programs.

1.7 Cardiac Rehabilitation in Older Adults and Quality of Life
Although previous studies have indicated improvements in QOL following CR in
younger and middle-aged individuals, the effects of CR in elderly individuals remain mostly
unknown, as elderly patients with CAD have often been excluded from previous research
(67, 69). Because of this exclusion, only a few previous studies have investigated the
relationship between elderly CR participants and QOL (86-88).
Stahle et al. (55) examined changes in PA and QOL following a three-month CR
program in 101 elderly patients (71 years; 80% male) who were randomly allocated to either
a three-month, supervised outpatient CR group involving 50 minutes of exercise, three times
a week or a control group. In the treatment group, exercise capacity significantly increased
at three months with further increases seen at 12 months compared to the control group who
achieved only slight improvements. The treatment group also reported significant
improvements in multiple dimensions of QOL, including depression and self-perceived
health, with a higher number of daily activities performed after the intervention compared
to the baseline. A strength of this study was its use of a randomised controlled study design.
These findings suggest that elderly CAD patients benefit both physically as well as
psychologically the longer they attend CR.
Marchionni et al. (89) assessed total work capacity and QOL in 270 patients of three
age groups (middle aged (45-65-year-olds), old (66-75-year-olds) and (very old >75 years
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old)) who were randomised into either a hospital-based involving exercise training and
stretching, a home-based outpatient CR involving instructional sessions and training at home
or a control group for 14 months. Health-related QOL improved significantly over all three
age brackets regardless of treatment group, except in very old patients where it improved
regardless of treatment, but not when assigned to the control group. For hospital-based CR
participants, total work capacity significantly improved in all three age groups, however only
remained higher than baseline in the middle-aged patients, with old and very old patients
returning to a level like that of baseline at the 12-month follow-up. Conversely, for homebased CR, total work capacity remained higher than baseline for the entire study period in
all three age groups. The QOL improvements seen in the very old only when participating
in CR reinforces the current need for higher participation of elderly CAD patients in
maintenance CR. A limitation of this study was its high exclusion and dropout rate which
may have limited its generalizability. However, a strength of this study was its use of
multiple age groups and their randomisation into multiple treatment groups, as it examined
the needs of different age groups in CR. In addition, it included a range of elderly individuals,
an age bracket that has been previously excluded from research (66, 68).

Tolmie et al. (90) investigated a phase III CR program to see if CR was meeting the
rehabilitative needs of elderly CAD patients. Involving 31 participants (74.5±6.2 years; 52%
male) who were either non-, partial- or full-attenders to a CR program, this study examined
QOL, anxiety/depression, CAD risk factor presence as well as central themes for CR
attendance. Results showed non-attenders had lower QOL scores in all dimensions as well
as poorer depression scores compared to partial- and full-attenders of CR. Blood pressure
and waist circumference were statistically significant between all groups, with non-attenders
reporting lower blood pressure compared to both attender groups and males of the fullattender group reporting greater mean waist circumference compared to non- and partial29

attendees. Primary reasons for attendance included ‘it is the sensible thing to do’, ‘CR being
too great of an impact on daily life’ and ‘Individuals believing there was nothing to gain
from attending CR’. A larger sample size and additional measurements of cardiovascular
risk factors would have strengthened this study’s results. Strengths of this study were its
older mean participant age, use of different attendance levels as treatment groups and
examination of a phase III CR group as there is little research to date that has investigated
these variables.

It is apparent from previous investigations that comprehensive CR is crucial in
helping elderly CAD patients improve their QOL. Furthermore, it is apparent that
improvements in QOL have a bi-directional relationship with increased exercise training.
Therefore, future studies should continue to explore this relationship between exercise and
QOL, especially in the elderly CAD patient population, as current evidence suggests
improvements in QOL are dependent on PA improvements.

1.8 Accelerometers and Physical Activity Habits of Cardiac
Rehabilitation Patients
Due to the significant impact sedentarism can have on both the development of CAD
and onset of secondary CAD events, previous studies have investigated the relationship
between CR and its effect on attenuating the drop in habitual PA caused by CAD (91).

1.8.1 Accelerometers
Motion sensors such as accelerometers have recently emerged as both a viable and
popular tool in CR research. When used to assess PA, energy expenditure and body motion
capture, accelerometers are valid and reliable (92). Furthermore, objective measures of PA
such as accelerometers are not prone to the overestimation of habitual PA or recall bias that
is common when using self-report PA questionnaires, especially in elderly individuals (77,
30

93). The basis for accelerometer use when measuring PA is that acceleration is proportional
to net force (muscular force) and therefore, can directly reflect energy expenditure, allowing
the documentation of both duration and intensity of PA (94). Accelerometers can detect
acceleration in multiple planes of movement (e.g. vertical, horizontal or lateral), and are
known as either uniaxial, biaxial or triaxial depending on the sensitivity of the accelerometer
for detecting acceleration in different axes (95). Newer accelerometers can store large
periods of data at once, often multiple weeks at a time and can be analysed using specific
computer programs (95). Despite their benefits over questionnaires, accelerometers do have
limitations, specifically accelerometers cannot measure water-based activities such as
swimming and have been shown to be inaccurate when assessing upper body movements or
during stationary exercise such as cycling, which may impact the final measure of PA (95).
However, the ability for objective methods such as accelerometers to accurately measure all
levels of PA intensity reinforces the need for their use in future studies to collect accurate
data on CAD patients habitual PA. By improving the quality of data collected on CAD
patients PA habits, intervention programs may be more appropriately tailored to the needs
of CAD patients.

1.8.2 Objectively Measured Physical Activity Habits
Harris et al. (96) investigated the factors associated with PA in older, communitydwelling individuals using accelerometry (ActiGraph GT1M). This cross-sectional study
involving 238 participants (age ≥65 years, 52.1% male) examined the average daily step
count and time spent in different PA levels of participants and its association with health,
disability, anthropometric and psychosocial measures. The results showed that the PA habits
of elderly individuals differ considerably from younger individuals. The mean accelerometer
step count was 6443 steps/day, with almost all participants remaining sedentary throughout
the day and only 2.5% of participants achieving recommended PA guidelines. Self-reported
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levels of PA were borderline significantly higher than participants objectively measured PA
levels. Independent predictors of low step count included: low PA, older age, poor general
health, disability, high BMI and lower perceived control over exercise. The strength of this
study was recording step counts as the primary outcome measure, as many elderly
individuals solely perform low-intensity PA such as walking. Due to its cross-sectional
design, causality between PA associations cannot be entirely inferred. A limitation of this
study was its use of only one practice in a semi-rural, middle-income area with less than half
of potential participants responding which limited the overall generalizability to other
settings.

Trumeaux et al. (97) examined the long-term PA habits of CR participants using
objective measures. Eighty cardiac patients (age 56±11.6 years, 83% male), wore an
accelerometer (MyWellness Key actimeter) at either the 2- or 12-month period following
discharge from a phase II CR to assess the PA habits and adherence to reaching minimum
PA guidelines of 150 minutes per week. A graded cardiopulmonary exercise stress test was
used to assess peak power output following completion of CR. The results showed
approximately only half of all participants in both the 2- and 12-month assessment groups,
were classified as performing PA for the recommended 150 minutes per week, with most
participants being active for only 120 and 90 minutes each week. There was no significant
difference in total weekly energy expenditure between the two groups. There was a weak yet
significant association between total weekly energy expenditure and peak power output for
both groups. This study highlights the current trend of participant drop off associated with
completion of outpatient CR, with only half of all participants continuing to be physically
active in the long-term. The limitation of this study was its demographic recruitment, as most
participants were men, which reduced the studies generalisability to the whole CR
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participant population. However, its use of an objective measure of PA in both the short- and
long-term provides insight into the PA habits of cardiac patients.

Ayabe et al. (98) also used accelerometry to assess the PA habits of 77 CR
participants (age 68.1± 9.2 years, 69% male) on both CR and non-CR days. The CR program
involved three sessions a week for >3 months. Each participant wore a uniaxial
accelerometer (Life-Corder) on their wrist continuously for ten days. Accelerometry was
used to determine the time participants spent in light, moderate and vigorous PA levels based
on metabolic equivalents (METs) as well as overall PA duration. On CR days, almost all
participants reached recommended daily PA levels (30 minutes/day), however on non-CR
session days, less than a third of participants reached the recommended PA levels.
Participants PA intensity rarely exceeded light intensities (<3 METs), except during their
CR sessions. After adjustment for body weight, results showed no difference between
genders for total PA level or time spent in specific PA intensities. By comparing CR and
non-CR days, this study showed traditional CR programs (~3 sessions/ week) might not be
enough to prompt CAD patients to reach the PA level necessary for health promotion. The
limitation of this study was its use of uniaxial accelerometers, as those devices are prone to
underestimating the intensity of large bouts of upper body exercise, which may have reduced
the total MET values of each participant.

Similarly, Jones et al. (99) also examined the exercise habits of CR participants.
Twenty-five men (age 60±8.3 years) who were part of a hospital-based, phase III CR, wore
an accelerometer (ActiGraph GT1M) for seven consecutive days, where step count and
energy expenditure served as the primary measures of PA. Subjects attended 3.0±1.0
sessions per week, averaged 6907 steps per day and expended 466 Kcal/ day in PA during
the seven-day period. Participants achieved significantly more steps on their CR session days
compared to their non-CR days. However only half of the participants reached the
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recommended 10,000 steps/ day on their CR days. Just over half of the participants also
performed exercise at home at least once per week. Those participants that exercised at home
in addition to CR accumulated on average, more steps than those that performed CR only,
however still did not meet recommended step counts. Retired participants (n=9) took
significantly fewer steps on non-CR days compared to employed participants and were
classified as being sedentary on their non-CR days. There was a significant age difference
between those that were employed and retired, suggesting that age may potentially play a
role in the average step count/activity level reported in this study. This study was limited by
its small numbers as well as having only male participants, limiting generalizability to the
whole CR population.

Byun et al. (100) investigated the correlates of objectively measured PA in 65 premaintenance phase CR patients (58±10.6 years; 74% male). Physical activity habits,
including total time spent in PA as well as MVPA, was measured by accelerometers
(ActiGraph GT3X) for seven days before cardiac patients begun their maintenance CR
program. In addition, demographic, clinical, psychosocial and behavioural correlates of PA
were assessed using self-report questionnaire. The results from participant accelerometer
data indicated that nearly all cardiac patients did not meet recommended PA guidelines
(≥150 mins/ week MVPA)(101). Functional capacity, exercise history and PA readiness
were all positively correlated with total PA. The results of this study highlight key factors
that may help to improve the number of CR participants that transition into long-term CR.
The limitations of this study were its lack of information on environmental factors of PA and
its cross-sectional design. The strength of this study was the use of an objective measure of
PA and investigation into the correlates of PA during the transition from phase II to phase
III.
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In summary, results from previous research have shown cardiovascular disease
patients do not perform enough weekly PA to reach minimum PA guidelines. In addition,
even when participating in regular CR sessions, the PA habits of cardiovascular disease
patients, specifically in elderly individuals, is not enough to reach PA levels necessary to
achieve the health benefits associated with exercise. Future studies should continue to
examine the long-term PA habits of the elderly population using objective measures to gain
a better understanding of the trends of PA patterns among elderly individuals with
cardiovascular disease. Furthermore, objective measures of PA such as accelerometers can
allow researchers to overcome the inaccuracies in PA recall associated with self-report
methods of PA such as questionnaires. Understanding the PA habits of elderly CAD patients
will allow CR programs to better tailor interventions to help elderly individuals reach
minimum PA guidelines.

1.9 Summary
Existing literature suggests that CR can be a valid form of recovery for patients
suffering from CAD-related illnesses, where each phase of CR can be comprehensively
tailored to match the patients’ health needs. Furthermore, the early phases of CR have been
shown to be effective in providing multiple benefits for both physical and mental health.
However, most phase II CR programs are too short (e.g., 4–12 weeks) to promote long-term
adoption of new healthy behaviours effectively. Initial research has shown community-based
maintenance CR programs to be an effective way of supporting patients by bridging the
period between the completion of a phase II CR program and full adoption of new health
behaviours and exercise habits. Unfortunately, compared to the early phases of CR, little
research has been conducted on the benefits associated with the long-term, maintenance
phase of CR, especially within the elderly CAD patient population. Therefore, further
investigation into community-based, maintenance CR is warranted, as further evidence of
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the health benefits associated with participation in maintenance CR may consequently help
to better educate healthcare professionals on the importance of cardiac patient referral to CR.
In addition, a greater understanding of what makes a community-based CR program
successful may help to improve the uptake of CR by elderly cardiac patients, whom the most
need to preserve physical function and the ability to live independently.

The aim of the current study was to examine the PA, physical function and quality
of life of CAD patients who participate in community-based, maintenance CR programs
within Dunedin, compared to their similar aged, non-CAD peers who also participated in
these community-based programs. Based off previous research (11, 12), it was hypothesised
that the present study would find those elderly participants who had some form of CAD, to
have lower weekly PA levels compared to their non-CAD peers. Consequently, as physical
function and quality of life are known to be affected by PA levels, it was also hypothesised
that those participants with CAD would have poorer physical function and quality of life
compared to their non-CAD peers.

Chapter Two: Methodology
2.0 Participants
Eligibility criteria for this study were individuals of either gender, aged ≥65 years
who lived within the wider Dunedin area (Dunedin and Mosgiel), were a part of a
community-based CR program and had participated in at least one session within the past 12
months. Classification of CAD included a history of MI, coronary angioplasty or stent
insertion, valve surgery or coronary artery bypass graft surgery. Participants were ineligible
to participate in this study if they had a recent (less than 6 months) heart attack or admission
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to hospital with chest pain, chest pain coming on at rest, significant symptoms of
palpitations, symptoms related to severe narrowing of the aortic valve, significant
breathlessness and fluid build-up or swelling, lung clots, recent heart inflammation or
inflammation of the sac surrounding the heart. In addition, individuals with any implanted
medical devices such as defibrillators or pacemakers could participate in all parts of the study
apart from body composition assessment, due to safety concerns regarding electrical signal
interference from the BioImpedance scale (InBody 230, BioSpace Co Ltd, Seoul, Korea).

2.1 Recruitment
The primary method of recruitment for this study involved advertisement of the study
using the Active Living Laboratory website and through each community-based CR
program’s monthly newsletter. In addition, brief presentations were given by a researcher to
both community-based CR groups (The Otago Phoenix Club and the Taieri Fit and Fun
group) over the course of 2 to 6 weeks. These presentations were used to discuss the overall
aims and procedures of the study, as well as hand out study packages containing both
information and consent forms for the overall study and the seven-day PA assessment.
Participants who consented were then contacted by telephone to organise an appointment
and emailed further information and instructions regarding their appointment.

2.2 Ethics Approval
Ethical approval was obtained from the University of Otago Ethics Committee
(reference number H14/166, December 2016). All participants were offered both written and
verbal information about this study and signed their consent for participation before any data
collection took place (See Appendix A, B, C). At the end of the study, each participant
received a $20 grocery voucher for reimbursement for travel and parking expenses and a
summary of their PA levels and physical function scores.
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2.3 Study Design
In this cross-sectional study, participants attended one appointment for exercise
testing and performed a seven-day PA assessment. The appointments were conducted at
either the Active Living Laboratory within the School of Physical Education, Sport and
Exercise Sciences in Dunedin for members of The Otago Phoenix Club or Mosgiel Bowling
Club for those members of the Taieri Fit and Fun group. Each appointment lasted
approximately two-hours and involved the participant performing a series of physical
function assessments and completing questionnaires about demographics, medical history,
QOL and self-reported PA levels. In addition, each participant received an accelerometer
and log book to objectively measure habitual PA levels over seven consecutive days.
Participants completed their part in the study upon returning their accelerometer to the
researchers.

2.4 Outcome Measures and Measurement Procedures
2.4.1 Outcome Measures
The outcome measures of the present study were objectively measured and selfreported measures of PA, as well as physical function, QOL and participant attendance rates
for both CAD and non-CAD individuals.

2.4.2 Attendance
Attendance rates for all participants were obtained and used with verbal consent from
both The Otago Phoenix Club and The Taieri Fit and Fun groups presidents and group
committees. In addition, researchers were given consent to examine individual participants
attendance records upon participants signing of the study’s overall consent forms.
Attendance rates were determined by dividing the number of the CR sessions attended by a
participant with the total number of available sessions within their CR program since January
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2016 (or their start date as some participants joined their CR program within the last year),
and the date of assessment for this study.

2.4.3 Demographics
Participant demographics (age, gender, ethnicity, education) and medical history
including cardiovascular risk factors, comorbidities and current medications were collected
during the two-hour appointment using a questionnaire (See Appendix E). Participants home
addresses were used to determine the distance to their nearest community-based CR program
using Google Maps. A researcher (GH) was available to offer any assistance required when
completing the questionnaires, including an explanation of questions or reading questions to
alleviate any burden participants may have had due to any visual/hearing impairment.

2.4.4 Anthropometry
Height was measured to the nearest 0.01 cm using a stadiometer. Weight was
measured to the nearest 0.01 kg using an electronic scale (A&D scale UC321, A&D
Medical). Body mass index was calculated using the formula: weight in kg divided by height
squared (kg/m2) and then categorised using standardised international age and genderspecific points; normal (18.5 - 24.99), overweight (25.00 - 29.99), obese (≥40.00) (102).
Waist circumference was taken at the narrowest point of the waist and hip circumference
around the widest portion of the buttocks, both using a metal tape measure (103). Each
anthropometric measure was taken twice and averaged to produce the final value used in the
analysis. All anthropometric measures were taken by a researcher (GH) in a screened off and
private area. All anthropometric measurements were taken directly on the skin if given
verbal consent by the participant, or over minimal clothing if participants did not give
consent or felt uncomfortable getting direct measurements.
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2.4.5 BioImpedance
The participants had their body composition measured using a validated
BioImpedance Scale (InBody 230, Bioscape Co Ltd, Seoul, Korea) (103). Bioimpedance
assessment was not performed on participants with implanted electrical devices such as
defibrillators or pacemakers. The assessment required participants to be barefoot with their
heels aligned with the foot electrodes and thumbs grasping the thumb electrodes at waist
level to allow conductance of a low-level electrical current to test impedance. This
impedance provided results on weight, BMI, fat-free mass (kg), body fat (kg) as well as body
fat and fat-free mass percentages of which were all used in the final analysis.

2.4.6 Resting Hemodynamics
Resting hemodynamics (heart rate and blood pressure) were taken at the start of the
appointment after a participant had rested for at least five minutes. In addition, participants
reported coffee, tea, alcohol or food consumption before their appointment. Each participant
was set up to wear a heart rate monitor (Polar FS1 heart rate monitor) around their chest for
the duration of their appointment. Heart rate was taken after five minutes of rest and during
different physical function tests (see section 2.7 for details). Blood pressure was measured
using an automatic blood-pressure cuff (Omron HEM-712C Automatic Blood Pressure
Monitor with IntelliSense).

2.5 Questionnaires
2.5.1 Quality of Life
Quality of life assessment allows examination of an individual’s experience in
dealing with their condition, and the perceived effects the disease has on daily living. QOL
was measured using the Short Form 36 version 2 (SF-36 v2) questionnaire (104). The SF36 questionnaire is a valid and reliable tool when assessing health-related QOL and has been
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previously used in CR research (105, 106). The SF-36 is a multidimensional self-report
questionnaire consisting of 36 questions relating to the influence an individual’s conditions
has on physical, mental and social status within eight broad health concepts: physical
function, bodily pain and limitations, general health and vitality as well as social function
and general emotional and mental health (104).

Scoring of the SF-36 was completed according to a two-stage standardised scoring
protocol (107). The first phase involved individual questions being scored using a pre-coded
value, with each question scored between a range of 0-100 (107). The second phase involved
the individual scale scores summed and averaged to produce eight final subscale scores
(107). Five of the subscales (physical function, role physical, bodily pain, social function
and role emotional) were ‘unipolar’, meaning the greater the score, the greater the perceived
absence of disability (107). For the remaining scales (general health, vitality and mental
health), scoring was ‘bipolar’, covering both negative and positive aspects of health.
Therefore, a maximum score of 100 indicated the absence of disability as well as the
presence of positive health perceptions (107). Higher score values were representative of a
more favourable health perception, relative to the subscale (0, least favourable to 100, most
favourable). Blank questions were disregarded in the scoring process to reduce any
misrepresentation of the participant's average scores (107). All scoring procedures were
completed using a syntax provided by an SF-36 scoring software (QualityMetric Health
Outcomes Scoring Software, version 4.0, Lincoln, R.I).

2.5.2 Perceptions of Physical Activity Habits
Habitual PA was measured using the International Physical Activity QuestionnaireShort Form (IPAQ- SF) (108). This survey included ten questions regarding time spent in
light, moderate and vigorous levels of PA as well as the frequency of PA during the past
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seven days. Further questions were added to the PA survey including the effect of illness or
disability on a participant’s ability to perform PA, expectations of PA level within the next
six months as well as sedentary behaviours of each participant to allow comparison with
previous CR study data from this research team, as well as allow the collection of further
data regarding participant sedentarism. Each question was answered on a Likert-scale, where
the lower the number, the worse the participant’s perception was relative to the question. For
example, question six “Overall, how physically active do you consider yourself to be?”
allowed participants to answer between 1= Not physically active at all, and 5= Very
physically active.

Physical activity data collected from the IPAQ was used to categorise participants weekly
PA intensity; Inactive, minimally active or health-enhancing physical activity (HEPA). In
addition, both the frequency (days/ week) and duration (minutes/ week) of individual PA
intensities, as well as the time they spent being sedentary (hours/ day) over a seven-day
period was calculated.

2.6 Objective Physical Activity
Each participant received an accelerometer (ActiGraph, GT3XPlus, Pensacola, FL,
USA) that was initialised using ActiLife software and given to the participant at the end of
their two-hour appointment. Each participant was required to achieve a minimum wear-time
of at least 10 hours per day for a seven-day period. However, to ensure wear time
compliance, participants were advised to wear their accelerometers for a minimum of 12
hours per day over the seven-day period. An eight-day log sheet was also given to each
participant to facilitate compliance. Participants received verbal and written instructions to
put the accelerometer on as soon as they woke up in the morning and remove it when they
either went to bed or participated in any water-related activities, as the accelerometers were
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not waterproof. Following completion of the seven days wear-time, participants either
mailed the accelerometers back using a pre-paid courier bag supplied to them during their
appointment or dropped-off their accelerometer to the School of Physical Education, Sport
and Exercise Science main reception desk, where a researcher would then collect it for data
analysis.

Accelerometer data were downloaded using the MeterPlus software (version 4.3).
PA was recorded within user-defined activity counts, specifically 60-second “epochs”.
Activity cut-points were also defined using the Freedson Adult cut points; non-wear (-999
to -999), sedentary (0 – 100), light (101 -1951), moderate (1952 – 5724), vigorous (5725 15000) (109). Participants accelerometer data was screened for valid wear-time using the
MeterPlus computer program and if it was determined a participant had insufficient weartime or invalid accelerometer data, an accelerometer was sent back to the participant for rewear. The accelerometers collected data on participants bouts of activity, intensity and time
spent in light, moderate and vigorous PA as well as time spent being sedentary.
From data collected by the accelerometers, multiple indicators of PA level were
determined. Specifically, the frequency of PA (in minutes/day) performed over seven-days,
time spent being sedentary and performing PA at light-, moderate- or vigorous intensity was
calculated. With total time participants spent in PA, it was then possible to determine the
total time participants spent performing moderate-to-vigorous intensity PA (MVPA) and the
number of participants that met current minimal PA guidelines (≥ 30 minutes/ day, ≥5
days/week) (101).

2.7 Physical Function
Participants performed a series of physical function tests including the Short Physical
Performance Battery, upper body strength test as well as shuttle walking tests (see Appendix
F).
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2.7.1 Short Physical Performance Battery
The Short Physical Performance Battery is a series of short tests that measure lower
extremity muscle strength and function through the replication of activities of daily living
(110). This battery examines physical function by performing three simple tasks: gait speed,
static balance and ability to get in and out of a chair (110). Each test mimics essential
functions of daily activity that elderly individuals need for independence and have been
shown to be valid and reliable when assessing functional disabilities in patients with
cardiovascular disease (110).

Participant’s balance was evaluated using (up to) three hierarchical standing
positions. The first test started with participants feet touching together, with each successive
test increasing in difficulty, progressing to a semi-tandem stance and finishing with a full
tandem stance position (110). Each participant was required to maintain a foot position for
10 seconds before moving on to the next position of the test (110). If unable to perform any
stage of the balance test, the participant did not continue to the next balance position (110).
When assessing gait speed, participants walked four meters at their average walking speed
while being timed. Timing began when the participant was instructed to begin and stopped
once the participant had crossed over the finish line. Participants had no room to accelerate
as the distance to cover was only four meters (110). Participants were allowed to use a
walking device to support themselves if required (110). The final component of the physical
function battery involved a standard chair-stand test. This test required the participant go
from a sitting position in a chair, with feet shoulder width apart and flat on the floor as well
as arms crossed over their chest, to an upright standing position without any upper extremity
assistance (110, 111). Before testing, participants were asked to perform an initial one chairstand test to determine if they felt safe to perform the subsequent test. The test involved
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performing five chair-stands as quickly as possible while being timed by a researcher (110,
111).
Each test in this battery was scored on a subscale between 0-4, with 0 being “unable
to complete the task” and 4 being “highest level of performance”. The subscale scores from
all three tests were added to generate an overall score from 0-12. The summary score was
then categorised, with 0-3 being “severe limitations”, 4-6 “moderate limitations”, 7-9 “mild
limitations” and 10-12 “minimal limitations” (110).

2.7.2 Lower Body Muscle Strength
Lower body muscle strength was also assessed using a 30-second chair-stand test.
Participants were given instructions to complete as many chair-stands as possible, in the
same position as the physical performance battery chair-stand test within 30 seconds.
Participants could stop the test if they felt any pain or discomfort or if they no longer felt
safe performing multiple stands. Incorrectly performed stands were not counted in the
results. Both the five-chair stand and 30-second chair stand test was performed twice, with
the best result being used in the final analysis. Participants had a minimum of three minutes
rest between each chair stand test.

2.7.3 Handgrip Strength Test
Handgrip strength testing is a valid method for assessing physical function
limitations in elderly individuals (112, 113). Furthermore, weak handgrip strength has been
shown to be a reliable indicator of both upper body muscle strength and predictor of allcause mortality in older adults (114). Upper body strength was measured using a
dynamometer (Lafayette Dynamometer Model 78010) to assess handgrip strength in force
kilograms. Participants were seated on a chair with their feet flat on the floor, arm bent and
holding a dynamometer parallel to the ground with their wrist in line with their elbow (76).
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Starting with the participants’ dominant hand, a researcher instructed the participant to
squeeze the dynamometer as hard as possible until they reached their maximum strength
level. Each value was recorded, and then the test was performed on the opposite hand for a
total of 3 tests per hand (76). Between each test was at least a 30-second rest to ensure proper
recovery. Handgrip strength was determined by the average of the highest values from left
and right hands (115).

2.7.4 Six-Minute Walk Test
Cardiorespiratory exercise testing is the current gold standard test for the
determination of functional capacity, cardiovascular prognosis and when evaluating training
progression (116-118). However, these expensive and sophisticated tests are not always
available to the general practitioner. The Six-Minute Walk Test (6MWT) is a valid, reliable
and straightforward alternative for estimating submaximal functional capacity of CAD
patients (119). In addition, given the intensity of walking is determined by the participant,
the 6MWT may be a safer test of functional capacity for elderly individuals who suffer from
severe functional impairments compared to performing a maximal cardiorespiratory test
(120).

During the 6MWT, participants were asked to walk around a rectangular loop while
trying to cover as much distance as possible in six minutes (121). Due to assessment location
size, a standard 60-meter loop could not be placed. Therefore a 30-meter rectangular loop
was used for all 6MWT assessments. The total distance covered was calculated based on the
number of laps completed by the participant. Participants received standardised
encouragement (“well done” and “keep going”) once during the 6MWT. The rate of
perceived exertion (Borg 10-point scale) and heart rate (Polar Electro Oy, Kempele, Finland)
were recorded before, at every minute during the test and after one and two minutes of
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recovery after the test. Each participant performed the 6MWT twice with a minimum 60minute rest period in between to account for any learning effects and to allow for a full
recovery. Reasons for early test cessation included: chest pains/angina, muscle fatigue,
shortness of breath, technical difficulties, reached age-predicted maximum heart rate, desire
to stop or completion of the six-minutes (121).

2.7.5 10 Meter Incremental Shuttle Walk Test
A Ten-Meter Incremental Shuttle Walk Test (10SWT) was performed to measure the
exercise capacity of participants. In contrast to the self-paced nature of the 6MWT, in which
distance walked could be influenced by participant’s motivation, the 10SWT has a more
standardised protocol (122). For the 10SWT, participants walked between two cones placed
nine meters apart (providing a 10-meter course when participants walked around the cones)
for as long as was possible (up to 12 minutes) in synchronisation with an external auditory
track that was played over a loudspeaker (122). The test began at level one with a speed of
~1.8 km/h and progressively increased in speed every minute until it reached the maximum
speed of 8.5 km/h during the final minute at level 12 (122). Participants were required to
walk for as long as they could until they were no longer able to keep up with the auditory
cues, with one chance to catch back up to the cues before test cessation. Early termination
of the test occurred if the participant felt the onset of symptoms related to exercise
intolerance (including chest pains/angina, muscle fatigue, shortness of breath) or if they had
reached their age-predicted maximum heart rate, wished to stop, or if any technical
difficulties arose (76, 122). The total number of shuttles the participant achieved during the
test was recorded along with the reason for terminating the test. Both heart rate and rate of
perceived exertion were measured at the beginning of the test, at every new level and the
one- and two-minute marks at the end of the test during the recovery phase.
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2.8 Estimating VO2peak From Functional Testing
Estimated VO2peak was calculated from both the 6MWT distance and peak 10SWT
walking speed using previously published formulas designed for elderly individuals with
stable CAD (121). These equations used to estimate VO2peak included values from an
anthropometric assessment (body fat percentage) and physical function tests (30-second
chair stand) to increase the accuracy of VO2peak calculations (121).
VO2peak based on 6MWT distance was calculated using the equation:

VO2peak = 0.015 x 6MWT distance (m) + 0.239 x 30-second chair stand (n) – 0.218
x body fat (%) + 12.258

VO2peak based on peak shuttle walk speed during the 10SWT was calculated using the
equation:
VO2peak = 1.546 x shuttle speeds (km/h) – 0.219 x body fat (%) + 0.296 x 30-second
chair stands (n) + 11.399

2.9 Data Analysis
For all objective measures of PA, MeterPlus software (Version 4.3) was used to
screen, clean and analyse data. Statistical data analysis was performed using the IBM SPSS
statistical software package version 24.0 (SPSS, Chicago, IL). P values of <0.05 were
considered statistically significant.
Descriptive statistics were used to analyse the participant’s sociodemographic
information, attendance rates, medical histories and current medications. Chi-square tests
were used for any categorical variables such as demographic information to determine any
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statistical significances in data between CAD and non-CAD study groups. Furthermore, for
any continuous variables including age and anthropometry measures, independent t-tests
were used to look for statistical significance between the two study groups.
Mean values of the SF-36 version 2.0 QOL questionnaire (Optum, Eden Prairie, MN)
were analysed using the scoring program Health Outcomes Scoring Software version 5.0
(Optum, Eden Prairie, MN) with a further comparison of statistically significant differences
within the eight individual health domains compared between study groups using Chi-square
tests in the statistical software program SPSS.

Chapter Three: Results
3.0 Demographics and Medical History
A total of 39 participants were recruited for this study. Based on their history of CAD,
participants were classified as those with CAD (n = 13) or without CAD (n = 26). There
were no statistically significant differences between the two study groups regarding age,
gender, ethnicity, education, marital or employment status (Table 1). Participants attended
just over half of all available CR sessions within the past 12 months. In addition, there were
no statistically significant differences between the two groups in CR session attendance or
the distance participants had to travel to their respective clubs between the two groups (Table
1). However, the CAD group had participated in CR for a longer duration compared to the
non-CAD group (Table 1).

There were no statistically significant differences in the prevalence of the CAD risk
factors hypertension, diabetes, smoking status or family history of CAD between the two
groups (Table 2). The CAD group had a statistically significant higher prevalence of
dyslipidemia and the total number of CAD risk factors compared to the non-CAD group
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(Table 2). However, the non-CAD group had a statistically significant higher proportion of
participants that were classified as ‘obese’ by their BMI compared to the CAD group (Table
2). The most common indicator of cardiovascular disease within the CAD group was bypass
surgery and angina followed by angioplasty and MI (Table 2). There were no statistically
significant differences between the two groups in the presence of other health conditions
such as asthma, chronic obstructive pulmonary disease or mental health issues (Figure 1).

The CAD group had a statistically significantly higher prevalence of symptoms of
chest discomfort with exertion, shortness of breath, dizziness/fainting or blackouts and lower
leg cramps with short walks compared to the non-CAD group (Table 3). In addition, there
was no statistically significant difference between the study groups for the symptom of
musculoskeletal problems (Figure 1). The most commonly prescribed medications for both
groups were aspirin and lipid-lowering agents (Table 4). The CAD group also had a
statistically significantly higher prevalence of taking beta-blockers, ACE-inhibitors, aspirin
and lipid-lowering agents compared to the non-CAD group (Table 4).
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Table 1. Sociodemographic characteristics and attendance rates
Total
n=39

CAD
n=13

Non-CAD
n=26

p-value

Age (years)
Gender [n(%)]
Males
Females
Ethnicity [n(%)]
New Zealand European
Māori
Other
Marital status [n(%)]
Single
Married/living with a partner
Divorced
Widowed
Highest education [n(%)]*
Primary
Secondary-5th form
Secondary- 6th form
Secondary-7th form
University degree
Other
Employment status [n(%)]
Working - part time
Working - full time
Retired
Sick/invalid
Other

70.7 ± 5.5

71.8 ± 7.1

70.1 ± 4.6

0.362

11 (28.2)
28 (71.8)

3 (23.1)
10 (76.9)

8 (30.8)
18 (69.2)

0.615

35 (89.7)
1 (2.6)
2 (5.1)

12 (92.3)
1 (7.7)
0 (0)

23 (88.5)
0 (0.0)
2 (7.7)

0.709

2 (5.1)
30 (76.9)
1 (2.6)
6 (15.4)

0 (0.0)
9 (69.2)
0 (0.0)
4 (30.8)

2 (7.7)
21 (80.8)
1 (3.8)
2 (7.7)

0.199

1 (2.6)
14 (35.9)
3 (7.7)
3 (7.7)
10 (25.6)
8 (20.5)

1 (7.7)
5 (38.5)
1 (7.7)
1 (7.7)
3 (23.1)
2 (15.4)

0 (0.0)
9 (34.6)
2 (7.7)
2 (7.7)
7 (26.9)
5 (19.2)

0.213

6 (15.4)
1 (2.6)
30 (76.9)
1 (2.6)
1 (2.6)

1 (7.7)
1 (7.7)
10 (76.9)
0 (0.0)
1 (7.7)

0 (0.0)
5 (19.2)
20 (76.9)
1 (3.8)
0 (0.0)

0.263

Time since first cardiac event (years)

11.2 ± 10.1

11.2 ± 10.1

-

Time since last cardiac event (years)

7.4 ± 5.3

7.4 ± 5.3

-

CR membership length (years)

5.6 ± 6.8

7.7 ± 9.9

4.5 ± 4.4

0.170

49.9 ± 28.5

46.2 ± 28.4

51.8 ± 29.0

0.570

5.5 ± 5.9

7.2 ± 6.5

4.6 ± 5.5

0.192

Variable

CR Attendance over previous 12 months
(%)
Distance from CR club
CR= cardiac rehabilitation
Continuous data reported as mean ± SD
Categorical data are reported as n (%)
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Table 2. Cardiovascular risk factors and conditions
Variable

Total
n=39

CAD
n=13

Non-CAD
n=26

p-value

24 (63.2)

10 (76.9)

14 (53.8)

0.163

21 (53.8)

10 (76.9)

11 (42.3)

0.041

2 (5.1)

2 (5.1)

0 (0.0)

0.608

9 (23.1)

0 (0.0)

9 (34.6)

0.000

4 (10.5)

1 (8.3)

3 (11.5)

0.709

14 (35.9)

4 (30.7)

10 (38.4)

0.337

1.7 ± 1.1

2.1 ± 1.1

1.5 ± 1.1

0.076

9 (23.7)

9 (69.2)

0 (0.0)

6 (15.4)

6 (46.2)

0 (0.0)

5 (12.8)

5 (38.5)

0 (0.0)

11 (28.2)

11 (84.6)

0 (0.0)

1 (2.6)

0 (0.0)

1 (3.8)

1 (2.7)

1 (7.7)

0 (0.0)

2 (5.1)

2 (15.4)

0 (0.0)

Risk factors [n(%)]
Hypertension
Dyslipidaemia
Diabetes
Obesity (based on BMI)
Smoking
Family history of CAD
Total number of risk factors (n)
Cardiovascular Disease [n(%)]
Angina
Myocardial infarction
Angioplasty/stent
Bypass surgery
Heart failure
Stroke
Transient ischemic attack

0.040

BMI= body mass index, CAD= coronary artery disease
Continuous data reported as mean ± SD
Categorical data are reported as n (%)
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Table 3. History of other medical conditions
Total
n=39

CAD
n=13

Non-CAD
n=26

p-value

8 (20.5)

2 (15.4)

6 (23.1)

0.575

1 (2.6)

0 (0.0)

1 (3.8)

0.474

8 (20.5)

2 (15.4)

7 (26.9)

0.420

2 (5.1)

0 (0.0)

2 (7.7)

0.305

4 (10.3)

1 (7.7)

3 (12.0)

0.681

18 (46.2) 5 (38.5)

13 (50.0)

0.496

11 (28.2) 4 (30.8)

7 (26.9)

0.801

4 (10.3)

1 (7.7)

3 (11.5)

0.709

9 (23.1)

4 (30.8)

5 (19.2)

0.420

1 (2.6)

0 (0.0)

1 (3.8)

0.474

1 (2.6)
1 (7.7)
0 (0.0)
Depression
COPD=Chronic obstructive pulmonary disease, CVD= cardiovascular disease
Categorical data are reported as n (%)

0.152

Variable
Other medical conditions [n(%)]
Asthma
COPD
Cancer
Peripheral vascular disease
Other CVD
Musculo-skeletal conditions [n(%)]
Arthritis
Backpain
Osteoporosis
Other physical condition
Psychological conditions [n(%)]
Anxiety
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Table 4. Medications
Total
n=39

CAD
n=13

Non-CAD
n=26

p-value

Beta blockers

9 (23.1)

8 (61.5)

1 (3.8)

0.001

ACE-Inhibitors

15 (38.5)

9 (69.2)

6 (23.1)

0.005

3 (7.7)

2 (15.4)

1 (3.8)

0.202

Aspirin

12 (30.8)

10 (76.9)

2 (7.7)

0.000

Lipid lowering agent

19 (48.7)

10 (76.9)

9 (34.6)

0.013

Nitrates

1 (2.6)

1 (7.7)

0 (0.0)

0.152

GTN Spray

1 (2.6)

1 (7.7)

0 (0.0)

0.152

Diuretics

2 (5.1)

1 (7.7)

1 (3.8)

0.608

14 (53.8)

0.365

Variable
Medications [n(%)]

Calcium channel blockers

Other
19 (48.7)
5 (38.5)
ACE=Angiotensin converting enzyme, GTN=Glyceryl Trinitrate
Categorical data are reported as n (%)
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Figure 1. Presence of cardiovascular disease symptoms in CAD and non-CAD groups.
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3.1 Anthropometry
The CAD and non-CAD groups were similar with respect to height, weight, waist
circumference (including recommended gender cut point guidelines, ≥102cm for males and
≥88cm for females), hip circumference and waist-to-hip-ratio (Table 5). The CAD group had
both statistically significant lower body fat percentage and higher muscle mass percentage
compared to non-CAD group (Figure 2).

3.2 Quality of Life
There were no statistically significant differences between the two groups for any of the
eight subscales of the Short Form -36 QOL questionnaire including, physical functioning, role
limitations due to physical problems, bodily pain, vitality, social function, role limitations due
to emotional problems as well as both general and mental health (Table 6).

3.3 Physical Activity
3.3.1 Self-Reported Physical Activity
Self-reported PA data showed no statistically significant differences between the CAD
and non-CAD group for low, moderate or high-intensity PA over seven days (Table 7). Most
participants self-reported engaging in low-intensity PA and only a few participated in highintensity PA (Table 7). The CAD group self-reported engaging in significantly more moderateintensity PA compared to the non-CAD group (Table 7). Data on PA habits showed 79.5% of
the total study population had been performing PA at the same level of intensity for the past 12
months. In addition, the same 79.5% of participants reported the level of PA intensity they
partake in would not change over the next six months. The CAD group self-reported spending
significantly less time being sedentary compared to the non-CAD group (Table 8). However,
‘watching TV’ was the only individual sedentary activity to be significantly different between
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the two groups, with the CAD group spending less time compared to the non-CAD group (Table
8).

3.3.2 Accelerometer-Assessed Physical Activity
The CAD group accumulated more MVPA throughout the week and spent less time
being sedentary compared to the non-CAD group (Table 9, Figure 3). In addition, the CAD
group achieved recommended PA guidelines (≥ 30 minutes MVPA) on more days per week
compared to the non-CAD group (Table 9).

3.4 Physical Function
No significant differences were observed for any physical function test, including the
Six-Minute Walk Test, 10-Meter Incremental shuttle Walk Test, 30-second balance and chair
stand tests, or Short Physical Performance Battery (Table 10). In addition, no significant
differences were observed for both the 6MWT or 10SWT (Table 10).
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Table 5. Anthropometry, body composition and resting hemodynamics
Total
n=39

CAD
n=13

Non-CAD
n=26

p-value

Height (cm)

162.8 ± 8.4

165.2 ± 11.4

161.7 ± 6.3

0.315

Weight (kg)

72.4 ± 13.7

73.3 ± 13.5

72.0 ± 14.0

0.788

Body mass index (kg/m2)

27.2 ± 4.7

26.5 ± 3.5

27.6 ± 5.2

0.493

Normal BMI

10 (25.6)

9 (69.2)

1 (3.8)

Overweight BMI

20 (51.3)

4 (30.8)

16 (61.5)

Obese BMI

9 (23.1)

0 (0.0)

9 (34.6)

0.194

89.7 ± 13.1

91.5 ± 13.2

88.7 ± 13.1

0.539

Healthy

18 (46.2)

4 (30.8)

14 (53.8)

High

21 (53.8)

9 (69.2)

12 (46.2)

0.173

Hip circumference (cm)

102.1 ± 12.3

98.3 ± 10.6

104.0 ± 12.8

0.177

Waist to hip ratio

0.87 ± 0.10

0.91 ± 0.13

0.86 ± 0.10

0.114

Heart rate (bpm)

73.4 ± 23.8

63.9 ± 22.9

78.1 ± 23.2

0.079

Systolic blood pressure (mmHg)

147.2 ± 23.8

148.8 ± 23.8

146.5 ± 24.2

0.779

75.1 ± 20.8

0.863

Variable
Anthropometry

Weight status

Waist circumference (cm)

Resting hemodynamics

Diastolic blood pressure
(mmHg)
75.5 ± 18.7
76.2 ± 14.4
BMI= Body mass index
‘High’ waist circumference= ≥102cm for males, ≥ 88cm for females.
Categorical data are reported as n (%)
Continuous data are reported as mean ± SD
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Figure 2. Mean body fat and muscle mass percentage in CAD and non-CAD groups.
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Table 6. Quality of life (SF-36 v2) sub-scales
Total
n=39

CAD
n=13

Non-CAD
n=26

p-value

Physical functioning

85.2 ± 14.4

87.3 ± 13.9

84.2 ± 14.8

0.537

Role limitations - Physical

88.1 ± 17.8

85.1 ± 22.3

89.7 ± 15.3

0.457

Bodily pain

79.9 ± 22.3

84.8 ± 20.4

77.6 ± 23.2

0.937

General health

78.9 ± 14.4

73.1 ± 17.9

81.9 ± 11.6

0.071

Vitality

75.0 ± 11.2

74.5 ± 13.2

75.2 ± 10.5

0.371

Social function

94.1 ± 13.5

93.7 ± 12.5

94.2 ± 14.2

0.266

Role limitations - Emotional

95.1 ± 12.2

91.7 ± 14.8

96.8 ± 10.6

0.280

Mental health
87.2 ± 10.1
Continuous data are reported as mean ± SD

83.7 ± 12.1

88.8 ± 8.7

0.142

Variable
Quality of life subscales
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Table 7. Self-reported physical activity in total sample, CAD and non-CAD groups
Total
n=39

CAD
n=13

Non-CAD
n=26

p-value

Frequency (days/wk)

4.9 ± 2.2

5.1 ± 1.9

4.7 ± 2.4

0.585

Duration (mins/wk)

50.0 ± 44.6

53.3 ± 32.8

48.4 ± 49.8

0.758

Frequency (days/wk)

3.8 ± 2.0

4.7 ± 2.3

3.3 ± 1.7

0.048

Duration (mins/wk)

75.3 ± 74.0

81.9 ± 78.2

72.0 ± 73.2

0.699

Frequency (days/wk)

2.3 ± 1.5

2.50 ± 1.6

2.3 ± 1.5

0.664

Duration (mins/wk)

42.1 ± 56.5

50.8 ± 75.7

37.6 ± 44.8

0.503

0 (0.0)
6 (50.0)
6 (50.0)

1 (3.8)
14 (53.8)
11 (42.3)

0.743

Variable
Physical activity intensity
Brisk walking

Moderate-intensity activity

Vigorous-intensity activity

Physical activity category [n(%)]
Inactive
1 (2.6)
Minimally active
20 (52.6)
HEPA active
17 (44.7)
HEPA= Health-Enhancing Physical Activity
Continuous data are reported as mean ± SD
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Table 8. Self-reported sedentary activities in the total sample, CAD and non-CAD groups
Total
n=39

CAD
n=13

Non-CAD
n=26

p-value

Sedentary time (hrs/day)

14.6 ± 8.4

10.7 ± 7.4

16.5 ± 8.3

0.042

Watching tv

2.8 ± 1.4

2.2 ± 1.5

3.2 ± 1.4

0.040

On Computer

1.5 ± 3.3

0.65 ± 1.1

1.9 ± 3.9

0.234

Driving

3.9 ± 14.5

7.6 ± 24.8

2.1 ± 3.0

0.444

Reading

2.3 ± 3.1

2.0 ± 3.2

2.5 ± 3.1

0.693

Sitting

1.4 ± 1.6

1.4 ± 1.5

1.4 ± 1.6

0.986

Sleeping
7.4 ± 1.7
Continuous data are reported as mean ± SD

7.3 ± 2.4

7.4 ± 1.7

0.848

Variable
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Table 9. Objectively measured physical activity in the total sample, CAD and non-CAD groups
Total

CAD

Non-CAD

p-value

n=38

n=13

n=25

320.1 ± 69.4

351.7 ± 61.9

303.9 ± 68.7

0.044

Sedentary

514.6 ± 82.5

478.9 ± 77.8

533.1 ± 80.1

0.054

Light

289.8 ± 56.1

306.7 ± 50.3

281.0 ± 57.9

0.184

Moderate

30.0 ± 27.9

44.0 ± 34.6

22.8 ± 21.2

0.024

Vigorous

0.26 ± 0.65

0.52 ± 0.88

0.12 ± 0.45

0.141

Inactive (<5 days/week)

28 (73.7)

8 (61.5)

20 (80.0)

Active (≥5 days/week)

10 (26.3)

5 (38.5)

5 (20.0)

Variable

Total time spent in PA (mins/day)

Meeting physical activity guidelines

0.220

Average days per week classed as active
(≥30 mins/day)
2.7 ± 2.6
3.8 ± 2.2
2.1 ± 2.6
0.040
PA= Physical activity
Categorical data are reported as n (%)
Continuous data are reported as mean ± SD
Note: Accelerometer data from one non-CAD participant missing due to withdrawal from the
objective PA assessment.
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Time spent in MVPA (mins/week)

600
500
400
300
200
100
0
CAD

Non-CAD

Figure 3. Objectively measured moderate-to-vigorous physical activity per week in CAD
and non-CAD groups.
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Table 10. Physical function results
Total
n=39

CAD
n=13

Non-CAD
n=26

p-value

30-second balance test (sec)

22.9 ± 8.7

23.9 ± 7.7

22.5 ± 9.3

0.646

30-second chair stand test (n)

14.8 ± 4.7

15.5 ± 4.3

14.5 ± 4.9

0.570

Handgrip strength index (kg/F)
SPPB Physical function score (012)

28.2 ± 9.5

32.4 ± 12.2

26.1 ± 7.6

0.109

11.2 ± 1.5

11.6 ± 0.8

11.0 ± 1.7

0.267

Shuttle walk test duration (min)

7.7 ± 1.5

7.5 ± 1.4

7.8 ± 1.6

0.685

Estimated VO2peak (mL/kg-1/min-1)

17.4 ± 4.0

19.3 ± 3.8

16.4 ± 3.8

0.300

452.9 ± 103.9

456.4 ± 73.8

457.6 ± 63.5

0.959

13.8 ± 4.9

0.124

Variable
Physical functioning

Ten-meter shuttle walk test

Six-minute shuttle walk test
6-minute walk test distance (m)

Estimated VO2peak (mL/kg-1/min-1)
14.8 ± 5.2
16.6 ± 5.5
SPPB= Short physical performance battery, VO2peak= Peak oxygen uptake.
Continuous data are reported as mean ± SD
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Chapter Four: Discussion
The present study compared the PA, physical function and QOL of elderly CAD patients
compared to their age-matched non-CAD peers who participated in a community-based,
maintenance CR program. The main finding of the present study was that when measured
objectively, the CAD group performed significantly more MVPA per week compared to
participants of the non-CAD group. However, despite the significant differences in PA duration,
objectively measured PA results showed only approximately 26% of all participants met current
PA guidelines of ≥30 minutes per day, ≥5 days a week(101). In comparison to objectively
measured PA, no significant differences were observed between the two groups for any variable
of the self-report IPAQ survey. Body composition measures such as body fat and muscle mass
percentages were significantly more favourable in the CAD group compared to the non-CAD
group. In addition, there were no differences between the CAD and non-CAD participants for
any measure of QOL and physical function. The results of this study have added evidence to
the currently limited knowledge regarding the benefits of long-term CR for elderly CAD
patients. With a wider breadth of knowledge, the results of the present study along with other
previous investigations are essential in the process of better informing healthcare professionals
and subsequently reducing the current age bias seen with CR referrals, with particular emphasis
on elderly CAD patients.

4.0 Objectively-Assessed Physical Activity
Previous investigations into the PA habits of CR participants have commonly
incorporated self-report questionnaires to assess PA, most of which are prone to overestimation
of actual PA levels (123). Furthermore, despite the increased access to reliable objective
measures of PA such as accelerometers (92), only a few studies have used this technology to
assess PA habits of elderly CR participants (98, 99). Current recommendations state that CAD
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patients should perform 30-60 minutes of MVPA at least three to four times per week to prevent
secondary MI and lower the risk of mortality, with maximum health benefits seen in those who
perform five to six hours of MVPA per week (101, 124). Data from objectively-measured PA
in the present study suggest community-based, maintenance CR participants on average
perform sufficient among PA to reach recommended weekly levels adequately, with both
groups performing over 150 minutes of MVPA over a week’s duration. However, the CAD
group performed significantly more MVPA (specifically, moderate intensity PA) compared to
the non-CAD group.” Despite weekly minutes of MVPA being high in both the CAD and nonCAD group, the number of days per week on which participants were classified as being active
(≥30 minutes of MVPA/day) was less than recommended (101). Specifically, only 26.3% of all
present study participants met the current PA recommendations of ≥30 minutes per day, ≥5
days a week (101, 124), with the CAD participants classified as active on only 3.8 days and the
non-CAD participants active on 2.1 days of the week. Comparable findings were reported by
Ayabe et al. (98) who used accelerometers to assess the weekly PA habits of middle- and olderaged CAD patients participating in CR. The researchers (98) observed on days CR exercisesessions were held, participants achieved on average 92% of the recommended level of PA (≥30
minutes per day), compared to only 36% on those days CR exercise-sessions were not held.
Interestingly, Ayabe et al. (98) also found when the amount of PA performed during CR was
excluded from participants total daily PA, fewer participants achieved the recommended PA
levels necessary for health-related benefits.

The influence of CR exercise sessions on total PA has also been observed in other
previous studies investigating the training habits of elderly individuals (125, 126). An
investigation by Jones et al. (99) into the PA patterns of CAD patients participating in a phase
III CR program using accelerometry, also observed that significantly more participants
achieved PA guidelines on days CR exercise sessions were held compared to those days they
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were not. Furthermore, Jones et al. (99) reported those who did not perform exercise outside of
CR or who were classified as retired were more likely to be categorised as ‘sedentary’ on days
they did not participate in CR. However, step count was used as the primary outcome measure
of PA in the study by Jones et al. (99) compared to time spent in PA as used in the present
study. Therefore, it may be suggested that the low percentage of participants that were classified
as active in the present study was due to their reliance on the weekly CR sessions delivered by
their respective CR clubs, as each club offered two exercise sessions per week for ~50-60
minutes. This would be consistent with previous findings that have shown elderly maintenance
CR participants were more likely to self-report higher energy expenditure during CR exercise
sessions compared to leisure time PA (127). However, given the relatively high standard
deviations within each group of the present study, with a range of 2.2 to 2.6 days per week for
the CAD and non-CAD group, future studies that investigate the average weekly PA habits of
elderly CR participants with a larger study cohort using accelerometers is warranted.

A unique aspect of this study was the objective assessment of MVPA in CAD patients
compared to their non-CAD peers. Unexpectedly, the CAD group perform significantly more
MVPA over a seven-day period compared to the non-CAD group, as the higher presence of
CAD-related symptoms and known diagnosis of CAD has been shown to reduce PA levels in
CAD patients (69, 128). This is the first study to compare objectively measured PA levels of
CAD and non-CAD community-based, maintenance CR participants, therefore, no direct
comparison can be made to other studies. However, a previous investigation by our research
team into a comparable group of CR participants has reported similar findings from self-report
measures of PA (87). Specifically, it was observed that CAD patients were more active than
their non-CAD peers who also participated in maintenance CR (87). Based on previous research
(88), it could be suggested that the more significant amount of MVPA performed by the CAD
group was attributed to higher levels of motivation to perform PA and attend CR. This is evident
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in the previous research of Horwood et al. (88), that investigated the motivators and barriers to
participation in CR by CAD patients in a similar cohort of community-based, maintenance CR
participants. Horwood et al. (88) found that those high attendees of CR were likely to be more
physically active, had greater health concerns and perceived more significant benefits to regular
participation in CR compared to their low or non-attender counterparts (88). Consequently,
given the potential inclusion of highly motivated CR participants, caution is warranted when
comparing differences in the objectively measured PA of the present study. Furthermore,
although novel in its approach, these objective PA results may not be representative of the entire
population of the two CR clubs the present study recruited from. Therefore, continued research
into community-based CR using accelerometers is necessary to determine if similar motivations
and PA levels found in this present study are relatable to the broader CAD population itself.

4.1 Self-Reported Physical Activity
Results from the present study’s self-reported PA habits showed approximately 97% of
all participants were classed as being active based on current PA guidelines (101). Bock et al.
(45) found CAD patients who either were currently participating or had participated in a
maintenance CR program were more likely to self-report performing more PA per week as well
as meet PA guidelines more regularly compared to those CAD patients who did not participate
in maintenance CR. In contrast, Hansen et al. (8) reported a lack of long-term adherence to PA,
with only 27% of 119 elderly CAD patients self-reporting enough PA to meet current PA
guidelines at 18 months following graduation from phase II CR. The results of Hansen et al.’s
(8) study are highly comparable to the present study, as similar moderate- and vigorousintensity PA levels were reported by participants in Hansen et al.’s research using the IPAQ,
however, different phases of CR were examined between Hansen and the present study.
Subsequently, it could be suggested that continued participation in maintenance CR following
outpatient CR appears to influence the PA habits of CR participants positively and may explain
the contrasting results between Hansen et al. (8) and the results of other studies (46) including
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the present study. However, due to the nature of self-reported PA caution must be warranted
when interpreting results due to PA recall inaccuracies.

4.2 Community-based Cardiac Rehabilitation and Body
Composition
Anthropometric and body composition results of the present study showed 51.3% of
participants were categorised as having overweight BMI. The overweight and obese BMI
categories accounted each for approximately 24% of the remaining participants. In addition,
53.8% of participants were categorised as having a waist circumference above the threshold for
being a risk factor of CAD (129). These findings are similar to recent investigations into the
adverse long-term changes in body composition associated with the aging process (76, 130). In
the present study, the CAD group had more favourable body composition with lower body fat
and higher muscle mass percentages compared to the non-CAD group. A possible explanation
for this is the significantly higher amount of PA performed by the CAD group, as previous
studies have found CAD patients who participated in long-term exercise training programs,
were able to make greater changes to their body composition compared to their less active
counterparts (131, 132). Brubaker et al. (49) also found extended-length CR (≥1 year) to be
more beneficial for body composition compared to standard-length CR (3 months) (49).
Furthermore, it has been shown that extended-length CR participants are better able to maintain
their improved body composition over the long-term compared to the individuals attending
standard-length CR (49). However, Brubaker et al. (49) examined younger male CAD patients.
Therefore the effects of aging in elderly individuals may not have been as apparent. The
findings of Brubaker et al. and the present study contrast findings from previous investigations
(133, 134) as well as a previous report by our research team that found during a 1.6-year followup of a similar cohort of maintenance CR participants, unfavourable changes in body
composition occurred regardless of attendance to CR and self-reported PA level (76). Due to
the cross-sectional nature of this previous study, it cannot be concluded to what extent the
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higher level of PA in the CAD group directly influenced their more favourable body
compositions over the long-term. Given the controversial findings regarding the benefits of
increased PA and its effect on elderly body composition, further research into the effects of CR
on elderly body composition is warranted.

4.3 Community-based Cardiac Rehabilitation and Quality of Life
In contrast to previous studies (55, 135), no significant differences in QOL variables
measured using SF-36 questionnaire were observed between the two groups of the present
study. Seki et al. (136) reported the effectiveness of participation in a six-month phase III CR
program had on elderly CAD patients QOL compared to age-matched controls, using the SF36 questionnaire. The researchers (136) observed that after six months of CR, significant
improvements in multiple domains of QOL had occurred compared to the controls.
Furthermore, the lack of significant differences in QOL between the two groups of the present
study may in part be related to the ability of CR to improve elderly CAD patients QOL to a
level similar to their healthy, non-CAD peers. This is evident in findings by Izawa et al. (85)
who reported that in elderly Japanese CAD patients who regularly performed PA for >18
months, including participation in a six-month CR program post-MI, were able to reach SF-36
QOL scores similar to the healthy elderly Japanese population. The findings of Izawa et al. (85)
and the significantly higher PA levels of the present study’s CAD group suggests CR may
influence increased PA levels and its long-term maintenance which in turn, may help to improve
the QOL of CAD patients. The beneficial relationship between CR and QOL would agree with
previous research that has found increased PA to generally have a positive, bi-directional effect
on improving QOL in elderly individuals, both with and without CAD (56, 137). However, as
improved physical function and more favourable anthropometric measures, two byproducts of
increased PA are also known to improve QOL in elderly individuals (137), it cannot be
concluded to what extent a direct relationship existed between increased PA as part of CR and
improved QOL in CAD patients. Therefore, future randomised control studies using
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accelerometers are warranted to examine what extent of PA is needed to make improvements
in elderly CAD patient’s perceptions of QOL.

4.4 Community-based Cardiac Rehabilitation and Physical
Function
In the present study, there were no significant differences in measures of muscle strength
(30-second chair stand and handgrip tests), physical function (Short Physical Performance
Battery and Six-Minute Walk Test) or exercise capacity (Ten-Meter Incremental Shuttle Walk
Test). This lack of difference may be explained by the participants in the present study already
having high baseline levels of physical function. The high baseline level is evident when
physical function results are compared with previous findings by our research team who
performed a 1.6-year follow-up in a cohort of maintenance CR patients highly comparable to
the cohort of the present study (76). Similarly, Rengo et al. (138) who assessed elderly CAD
patients participating in outpatient CR using the Short Physical Performance Battery, found
those with lower baseline scores of physical function, made significant improvements in
multiple measures of physical function following CR compared with those participants who
had higher initial baseline scores in the Short Physical Performance Battery. In addition, it was
also observed that those participants with higher baseline exercise capacities (≥5 METs, ~17.5
mL/kg/min) had higher total Short Physical Performance scores compared to those with
exercise capacities <5 METs (138). Therefore, it can be suggested the lack of observed
difference in physical function between the present study’s CAD and non-CAD groups was due
to a previously proposed ‘ceiling effect’ (138), where little to no improvements can be seen in
physical function as measured by the Short Physical Performance Battery for those with high
baseline physical function. Furthermore, in the present study, there were no differences in
physical function despite the CAD group performing more PA compared to the non-CAD
group, a mediator known to be related to improvements in physical function (139). This finding
is similar to reports by our research team who examined the same population of CR participants
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as the present study a few years earlier (86). The researchers (86) observed elderly CAD patients
who were participating in community-based maintenance CR had similar exercise capacities
and physical function to those of their age- and gender-matched non-CAD ‘less active’
counterparts. However, as both studies recruited from only two local CR clubs, the similar
physical function levels may be related to the nature of this population of CAD and non-CAD
individuals and the CR clubs themselves, rather than the differences between CAD and nonCAD individuals over all. The results of the present study’s physical function and its similarity
to research conducted in the same population a few years earlier suggest that the participation
in long-term maintenance CR may slow the inevitable decline in physical function seen with
aging (140). However, it cannot be concluded to what extent maintenance CR helped to improve
physical function in these elderly individuals or just maintained the physical function of these
participants. This highlights the need for future longitudinal studies to examine the physical
function of CAD patients, especially elderly CAD patients from outpatient CR through the
transition into maintenance CR, to observe at what point improvements in physical function
change into its preservation.

4.5 Implications of Findings
Given the comprehensiveness of CR, the relationship between PA and its effect on
physical function and QOL is complex. In addition, the current breadth of knowledge regarding
community-based, maintenance CR and its benefits for elderly CAD patients remains low.
Therefore, the results of the present study along with other previous research on communitybased CR (87, 88, 141) should be used to better inform health care providers on the benefits
long-term participation in community-based CR has with regard to both the physical and mental
status of elderly CAD patients. As physician referral remains one of the leading barriers to
increased referral onto CR (66), raising awareness about the benefits of PA among physicians
and medical students (142) while improving their ability to provide PA advice (143) is an
essential step in improving the referral rates to CR programs, especially among elderly
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individuals with CAD. In addition, better education of physicians about the physiological and
psychosocial benefits of participation in CR programs in all eligible CAD patients, including
the elderly, may lead to increased rates of referrals to CR programs in the future (143). There
remain many additional barriers to long-term participation in CR including geographical
distance to nearest CR program and subsequent travel time to and from CR. In addition, high
costs may impact the long-term participation in CR within some, but not all areas of the world
(64, 71). The close geographical location, self-governance and low-cost of CR programs
examined in the present study (141) may be key factors in their long-term success and relatively
high number of observed attendees in the two CR clubs the present study recruited from.
Therefore, although the structure of CR programs varies greatly, by implementing strategies
that address the needs of the community and the local participants of CR, including social and
economic aspects as well as the evaluation of program proximity, it may promote increased
participation in maintenance CR (141). Increasing long-term membership and participation in
maintenance CR is crucial, as the multiple health benefits associated with CR are essential for
the preservation of health benefits acquired during earlier stages of CR (6).

4.6 Study Limitations
Despite its use of objective PA measures, the present study did have several limitations,
including the ability to recruit from only two CR clubs within the wider Dunedin area. Having
limited access to potential participants meant that when we encountered problems with
recruitment, primarily the low interest in participation, there were fewer additional CR
participants to recruit from. Therefore, the final small sample size of this study may have
reduced any statistical power for the relationship between PA, physical function and QOL.
Furthermore, it is possible that those participants who were recruited and took part in all aspects
of the study were a selection of highly motivated CR participants, of whom may be nonrepresentative of the entire population of the two CR clubs the present study recruited from.
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This selection of highly motivated individuals is evident in the fact that most participants, both
CAD and non-CAD were performing PA long enough to meet most of the recommended
weekly PA guidelines (101). Therefore, it cannot be determined to what extent results of this
study regarding physical function and QOL would be seen in less motivated and physically
active CR participants. Despite previous studies having validated the used of BioImpedance
machines for infield body composition measurement (144), these machines have been reported
to provide potentially inaccurate measures of body fat percentage and free fat mass, tending to
underestimate the body fat percentage of those individuals classed as obese (145). Therefore,
measuring body composition with a BioImpedance machine may have produced inaccurate
final data of the present study’s body composition trends. However, the portability of the BIA
machine and its relative acceptability as an alternative to current gold standard methods of body
composition, such as DXA scans made it an appropriate alternative for the present study. The
selection of highly motivated participants may have introduced problems with recall and social
desirability bias when self-reporting PA habits (146). In this study, accelerometers were used
to overcome the potential introduction of elderly recall bias when self-reporting PA habits.
However, despite accelerometers being able to measure PA in multiple planes of movement,
they are potentially insensitive to non-ambulatory exercises such as cycling, swimming or
upper-extremity movement (95). This inability of accelerometers to detect such exercise may
have misinformed the overall objectively measured PA habits of participants, as both CR clubs
offered opportunities to use stationary exercise equipment and perform multiple seated
exercises using the body’s upper extremities. Furthermore, The Otago Pheonix Club offered its
members swimming sessions, therefore given the accelerometers were not waterproof it cannot
be determined how much PA was performed during those swimming sessions and if it would
have changed the observed results of the present study.
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4.7 Future Study Recommendations
Given the proximity of the present study’s participants to their respective CR clubs and
potential self-selection of highly motivated individuals, it is uncertain to what extent the impact
of participation in these maintenance CR programs influence the measures of PA, physical
function and QOL as well as how representative these results are of the entire population of the
two CR clubs this study recruited from. Therefore, to reduce the potential bias of self-selection,
future studies should aim to recruit from a larger population of community-based, maintenance
CR programs from multiple regions. With a greater sample of elderly CAD patients, results
may be more generalizable to the whole maintenance CR population and less subject to the
influences of individuals CR clubs. Furthermore, a longitudinal (1-3 year) assessment of elderly
CR participants PA habits using accelerometers at periodic intervals should be used to assess
the influence CR has on preserving PA levels over the long-term.

Conclusions
The present study found elderly CAD patients who are participating in communitybased, maintenance CR can perform adequate amounts of weekly PA to a level similar or higher
than their non-CAD peers. In addition, the high PA and long-term participation in CR may be
a positive influencer for improving body composition and QOL, as well as help to preserve
elderly CR participants physical function. Evidently, modern CR is a comprehensive and
practical approach to the secondary prevention of CAD. However, current lack of knowledge
and subsequent poor referral rates, especially for specific populations such as the elderly, has
meant few eligible CAD patients have attended CR or have dropped out within the first year.
Results of this study back-up previous reports that continued participation in community-based,
maintenance CR can have beneficial effects for an elderly CAD patient, including the ability to
maintain PA levels like that of their non-CAD peers. Given physician referral remains at the
forefront of potential barriers to participation in CR, the findings of the present study highlight
76

the importance of better-educating health care providers and medical students on the benefits
of long-term participation in CR. By improving awareness and education of the health benefits
associated with maintenance CR, it may consequently increase the referral of CAD patients,
particularly those elderly CAD patients who the most need to preserve physical function and
the ability to live independently. Encouraging closer proximity community-based CR programs
that employ strategies of self-governance may also promote increased adherence to
participation in community-based CR. Therefore, despite the limitations of self-selection and
small sample size, the findings of the present study warrant continued research that investigates
community-based, maintenance CR using a more extensive and broader population of CR
participants over the long-term. By increasing the knowledge of the multiple phases and aspects
of CR, it may prove to be an effective strategy for improved participation and incorporation of
CR into secondary prevention programs worldwide.
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